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Obesityis the most common nutritional disorder in dogd eats (Roudebush et al.,
2008; Lusby et al., 2009) being a growing conceswadays. Its increasing incidence
appears to be mirroring the trend observed in hsm&ennie and Jebb, 2005). In
humans almost two-thirds of adults in the Unit¢aké&s are overweight or obese (Flegal
et al., 2002). Similarly, studies in companion aalgnfrom various parts of the world
have estimated the incidence of obesity in the alwod) cat population to be between 22
and 40% (Burkholder et al., 2000; McGreevy et2005).

Main risk factorsassociated with weight gain in dogs and cats Brencontrolled
food intake producing an excess calories intakela@y of activity and exercise, 3)
spaying/neutering leading to reduced metabolic, rated 4) breed pre-disposition
(Gossellin et al., 2007). Excess of body weightdogs and cats is associated with
endocrine, cardio-respiratory, orthopaedic or otliseases (Kopelman, 2000; German,
2006). There is also evidence of obesity-associsttediened lifespan in dogs (Kealy et
al.,, 2002; Lawler et al., 2008). Obesity caredispose to diseasby two main
mechanisms (German et al., 2010): firstly, the dejmm of excess fat can have
mechanical/physical effects that exacerbate ortbdipa disease, constrict upper
airways, restrict grooming and reduce heat dissipaBecondly, and most importantly,
the perturbation of the normal endocrine functibrwbite adipose tissue can trigger a
number of associated conditions, such as insulgsistance, and increased blood
pressure among others.

Adipose tissue is not only a storage organ for &xcenergy, but an active
endocrine organ known to produce and release a @uailbioactive proteins. Proteins,
hormones, and cytokines derived from adipose tissaecalledadipokines(Halberg et
al., 2008). Adipokines may contribute to the regalaof diverse biological processes,
including energy balance, metabolism, inflammatiand immune function,
hematopoiesis, and cell proliferation and angiogené.ago et al., 2007). Although
many adipokines have been discovered, extensieanmas has been conducted in only a
few of them, being the three most studieptin, adiponectin andghrelin (Lusby et al.,
2009). In companion animals, similarly as in humanesreasing adiposity is related to
increased plasma leptin concentration (Sagawa .et2@D2) and decreased ghrelin
concentration (Hoenig et al., 2007). Furthermoreight loss results in decreased leptin
concentrations (Jeusette et al.,, 2006; Hoenig et 2007) whilst the ghrelin

concentration are increased (Jeusette et al., 2005)

19



There are also some other analytes that, althoogin primary production site is
not fat, are intimately related with obesity. On@maple isinsulin-like growth factor 1
(IGF-1), a peptide hormone which is synthesized in therlilt is involved in the
regulation of growth and metabolism, and mediatesmynof the anabolic effects of
growth hormone in different tissues (Klapper et 883). Low concentrations of IGF-1
have been associated with insulin resistance ih homans (Janssen et al., 2002) and
cats (Reusch et al., 2006). Nutrition also playsmportant role in the regulation of
IGF-I, with both caloric and protein restrictiondwn to decrease IGF-1 concentration
in humans and a variety of other species (Prewdt.£1982).

When data about obesity in companion animals wevesed before starting this
PhD work, 4 areas in which a gain of knowledge dohénefit the progress and
advances in the understanding of this disorder @etected:

A. Validation studies of commercially available assay for determination of
the main adipokines (leptin, adiponectin, and ghreh) and other analytes
related with obesity such as IGF-1For determination of these analytes in dog or
cat sera, only radioimmuneassay (RIA) methods @it al., 2005) or locally
developed ELISAs existed (Ishioka et al., 2006ju&ion that limited the use of
these biomarkers for research studies in dogs airsd ¢

B. Possible variations of adipokines and analytes reked to obesity due to
other but obesity factors. For example diurnal variation, effect of food kea
castration, renal failure, and sepsis.

C. How obesity and obesity-associated disorders can fimence adipokines,
acute phase proteins (APPs) and other analyte§Vhen reviewing literature two
controversies and three aspects not studied wéeetdd in this point:

- Contradictions were found about: (1) the existen€ relationship between the
adipokine adiponectin and canine obesity. Some oasitldescribed a negative
association between adiponectin and canine ob@sitjoka et al., 2006), similarly
as occur in humans (Chandran et al., 2003), whitere deny it (Verkest et al.,
2011). (2) Also the link between obesity and infltaation remains controversial in
human and veterinary medicine. For example, in msman increase C-reactive
protein (CRP) in obesity has been described. Howéhies increase in many cases is
mild and inside the range of non-inflammatory val(Esposito et al., 2003). In the
dog a similar situation occurs, since very mildr@ases and even decreases in CRP
has been described in obese individuals (Veiga,e2@08; German et al., 2009).
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- The three not studied aspects were: (1) existefeeetabolic syndrome (MS) in
obese dogs. (2) association between excess agipositrenal functional alterations
in dogs. (3) the behaviour of adipokines and infleatory markers in obesity-related
diseases, such as hypothyroidism.
D. Study and identification of new potential serum bimarkers involved/linked
to obesity. In human medicine, two enzymes: paraoxonase tyg€CN1) and
butyrylcholinesterase (BChE), were found to becéd in obesity. BChE activity is
increased (Randell et al., 2005), while PON1 aigtiis decreased in this situation
(Kotani et al., 2009). Both enzymes seem to betfonally related since BChE is
inherently protected from oxidative stress by P(Nfek et al., 2007). However, to
our knowledge, no studies have examined BChE or Pi@Nanine or feline obesity.
In addition, in order to identify new potential gar biomarkers involved/linked
to obesity, proteome analysis had been performetutiies of obesity in humans
and experimental animal models such as mice asdDPatyarathna et al., 2008), but
not in dogs or cats.
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2. Objetives
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This PhD Thesis was designed to try to produce razb&in the areas mentioned in

introduction section and therefore its main objexgtiwere:

1. To validate commercially available assays for aklipes and IGF-1 for use in

dogs and cats (Articles 2-6).

2. To analyze possible causes of the variations duethier but obesity factors,
(such as diurnal variation, effect of food intakastration, renal failure, and
sepsis). For this purpose the analytes that gaeguate validation results in
point 1 and were more economic, easy and fast timnpe would be selected
(Articles 7-10).

3. To clarify the possible effect of obesity on adipotin and acute phase proteins
in dogs and cats. Also to explore if obese dogiesfiiom metabolic syndrome,
evaluate if obesity could be related with changesenal biomarkers, and to
study how adipokines and acute phase proteinsfleeed by an obesity-related
disease, such as hypothyroidism (Articles 11-17).

4. To study and identify new potential serum biomaskarolved/linked to obesity
(Articles 18-23).
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3.1 Review of methods for measuring

the degree of obesity in dogs
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METODOS PARA MEDIR EL GRADO DE LA OBESIDAD EN PERROS:
ENTRE LA FISICAY LA BIOQUIMICA

Methods for obesity grade measurement in dogs: between physics and biochemistry
Tvarijonavicinte A., Martinez-Subiela 8., Ceron Madrigal J.J.

Departamento de Medicina y Cirugia animal. Facultad de velerinaria. Campus de espinardo.
Espinardo, 30100 Murcia.

*Autor de relerencia: José Joaquin Ceron Madrigal. ‘Tel.: 968364722; bax: 968 36 4147; E-mail:
jiccron@um.cs

RESUMEN

La obesidad se define como un acumulo excesivo de tejido adiposo en el cuerpo. La causa de obesidad nor-
malmente es una excesiva ingesta o un metabolismo inadecuado, que ocasiona un balance positivo de energia.
Ademas de las multiples enfermedades que se asocian con la obesidad en el perro, se ha visto que los animales
obesos viven hasta dos afios menos en comparacidn con animales sanos. Esto hace que, hoy en dia, sea de gran
importancia la correcta determinacién, valoracién y tratamiento de los perros obesos.

Para medir grado de obesidad se han descrito muchos métodos que pueden ser divididos en dos grupos:
fisicos y bioquimicos. En este trabajo se van a analizar los métodos mas utilizados en veterinaria para medir
grado de obesidad en el perro; asi dentro de los métodos fisicos se estudiaran el peso corporal, las medidas an-
tropomeétricas, escalas morfoldgicas, absorciometria de rayos X de doble energia (DXA) y dilucion de isétopos
de oxido de deuterio (1D,0). Por otra parte dentro de los métodos bioquimicos, nos centraremos en dos proteinas
que en el futuro podrdn ser utilizados como biomarcadores de la obesidad: la leptina y adiponectina.

Palabras clave: obesidad, perro, métodos, leptina, adiponectina.

ABSTRACT

Obesity is defined as an exesive accumulation of adiposc tissue in the body. Frequently the main cause of
obesity in dogs is an execive ingest or an inadequate metabolism, that causes positive energy balance. Besides
of the high number of associated diseases that obesity can cause, longevity of obese animals is two years shorter
than normal weight animals. For these reasons the correct determination, valoration and treatment of obesity in
dogs is of great importance nowadays in routine practice.
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In this review we will deal with several methods for obesity grade measurement that can he divided into
two groups: physical and bivchemical. In physical we will include body weight. morphometric methods, tape
measurcments, dual X-ray absorptiometry (DX A), deuterium isotope dilution (ID,0). Regarding the biochemical
methods, we will focus on two proteins: leptin and adiponectin that in the tuture could be used as biomarkers

of obesity in canine species.

Keywords: obesity, dog, methods, leptin, adiponectin.

INTRODUCCION

La obesidad es la enfermedad nutricional
mas [recuente en los perros y se deline como
una acumulacion excesiva de tejido adiposo en
el cuerpo (Burkholder y Toll, 2000). De forma
similar a lo que ocurre en humana, la obesidad
en el perro es un problema en continuo aumen-
to, afectando a entre el 22 y 40 por ciento de la
poblacidn segun diversos estudios (McGreavy
et al., 2005). Es importante detectar y con-
trolar la obesidad, ya que los perros obesos
tienen mas riesgo de padecer prohlemas de sa-
lud tales como enfermedades ortopédicas trau-
mdticas y degenerativas, cardiovasculopatias,
enfermedades dermatoldgicas, distocias, des-
censo de Ia tolerancia al calor y ejercicio: pre-
disposicion a diabetes mellitus, hiperiension,
hiperlipidemia, descenso de respuesta inmune
y aumento del riesgo en anestesia (Edney y
Smith, 1986; Fettman et al., 1997; Burkholder
2001; Kuruvilla y Frankel, 2003, Ishioka et
al., 2002).

Iin humana se han establecido criterios para
definir el “sobrepeso” y la “obesidad”. Listos
criterios normalmente estdn basados en medi-
das de tejido adiposo tales como el indice de
masa corporal (BMI, body mass indcx) que se
calcula en base a la relacién entre el peso y la
altura (BMI= peso (kg) / altura® (m)). Por ejem-
plo, un individuo adulto se define con sobrepe-
so cuando su BMI >25 kg/m-, y obeso cuando
sobrepasa 30 kg/m?* (Eknoyan, 2008).

Sin embargo, en el perro (odavia no se ha
definido un “gold standard” para determinar
el grado de obesidad. Asi, existen numerosos
métodos descritos, algunos muy simples, que
pueden ser utilizados en la practica clinica ha-
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hitual, y otros mas complejos que necesitan un
equipamiento especifico y que se realizan en
centros de investigacion. El objetivo de este
trabajo serd describir los métodos actualmente
mis ulilizados hoy en dia en velerinaria para
detectar y medir el grado de la obesidad ca-
nina y los que pueden tener mas potencial en
el futuro. Dividiremos los métodos en fisicos
y quimicos, y realizaremos un énfasis especial
en estos ultimos, basados en la medicion de
metabolitos relacionados con la obesidad, que
han sido descubiertos en los iltimos aiios y que
pueden tener un futuro prometedor en la clinica
de pequenos animales.

METODOS FISICOS

Existen numerosos métados para medir el
grado de obesidad en animales de compaiiia
(Tabla 1). El objetivo de todos estos métodos
es comparar la cantidad de grasa con la masa de
los tejidos corporales. Desde un punto de vista
practico, se pueden dividir en:

Meétodos que no necesitan equipos comple-
jos:

1 Peso corporal. Ll peso corporal del perro
se compara con el peso dptimo de la raza y se
calcula el porcentaje de aumento o descenso
del peso del animal. Es muy importante que
las condiciones de pesado del animal estén es-
tandarizadas: al mismo tiempo del dia, con el
mismo sistema de peso y por la misma persona.
En perros se indica que hay sobrepeso cuando
pesan un 15% (Lallamme 2001; Simpson et al.,
1993) mais de su “peso 6pumo”, y obesos cuan-
do sobrepasa el 30% (Burkholder y Toll, 2000).
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Tabla 1. Métodos de analisis de composicion corporal en perros y gatos ( adaptada de German

ct al., 2006 b

Métodos de analisis de composicion corporal en perros y gatos mas utilizados en

veterinaria

Métodos fisicos

Peso corporal

Medidas antropométricas

Liscalas morfologicas:
-Escala de 9 puntos
-Escala de 5 puntos

-Sistema 7 letras o S.H.A.PE (size, health and phisical evaluation)*
Absorciometria de rayos X de doble encrgia (DXA o DEXA)

Dilucidn de isétopos de oxido de deuterio (D,0)

Mgétodos quimicos
Leptina
Adiponectina

Sin embargo, estos criterios no han sido confir-
mados con un estudio epidemioldgico riguroso,
y tampoco hay datos suficientes y fiables sobre
cl peso ideal de los perros de raza, ademas los
perros mestizos carecen de estandar y por lo
tanto no se puede saber su peso ideal (German
2006 a).

2 Medidas antropométricas. En perros las
medidas antropométricas s¢ loman utilizando
una cinta de medir graduada en centimetros
(Burkholder v Toll, 2000; Pendergrass et al.,
1982). Las medidas que se suelen utilizar son:
la altura del perro a nivel del hombro; la lon-
gitud desde el centro de la parte craneal de la
escapula hasta base de cola; la longitud desde
la protuberancia occipital hasta la base de cola;
perimetro a nivel del flanco; vy la longitud des-
dc tuberosidad del caledanco hasta cl ligamento
patelar (Burkholder y Toll, 2000). Estos datos
permiten calcular:

» Tndice de masa corporal adaptado para
perros (BMI) = peso corporal (PC),_/
(altura a mivel del hombro_  x longitud
desde la protuberancia occipital hasta la
base de cola_ ).

¢ Masa de grasa corporal (GC), que se cal-
cula dependiendo del sexo del animal:
Machos (%GC) = -1.4 (longitud desde
tuberosidad del calcanco hasta ligamen-
to patelar ) + 0.77 (alrededor del flan-
co_ ) +4
Hembras (%GC) = -1.7 (longitud desde
tuberosidad d calcdneo hasta ligamento
patelar ) +0.93 (alrededor del [lanco_ )
+5

Se ha apreciado que existe una correlacion
entre estas medidas morfométricas y la canti-
dad de grasa corporal (Burkholder y Toll, 2000;
Pendergrass et al., 1982). Incluso se ha visto
correlacion baja, aunque significativa, entre las
medidas antropométricas y los datos obtenidos
con absorciometria de rayos X de doble cner-
gia (DXA) (1’=0.54, P<0.001) (Mawhy ct al,,
2004).

Las medidas antropométricas parecen ser
mds objetivas para ver la composicidén corporal
que la utilizacidon de otros sistemas como los de
puntos, pero sus principales problemas radican
en la gran variedad de tamaifios y formas de
perros, y en el hecho de ser un método laborio-
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so que hace que en numerosas ocasiones no se
pueda utilizar de forma rutinaria en la clinica
veterinaria.

3 Escalas mortolégicas. Estos sistemas se
bhasan en evaluar la obesidad en base a unas
caracteristicas morfoldgicas externas (Tabla 2).
Hay métodos que olorgan a los perros un valor
numérico en base a escalas de 5 o 9 puntos,
llamados sistemas de condicién corporal (BCS,
body condition score) y también se puede utili-

zar un sistema basado en 7 letras para valorar el
estado corporal del animal (German et al., 2006
a) (Tabla 3). Todos estos sistemas incluyen ca-
racteristicas visuales v palpables como la grasa
subcutdnea, grasa abdominal y musculatura su-
perficial, y por esta razdén son muy subjetivos;
pero se ha demostrado que los resultados oble-
nidos por DXA vy por los sistemas de 9 puntos
y 7 letras ticnen corrclacidn significativa (Ger-
man 2006 a; T.aflamme 1997).

Tabla 2. Sistemas de evaluacién corporal de cinco y nueve puntos en perros (Tams 2003).

Rasgo Deseripcion

5 9
puntos  puntos

Caquéclico

Las costillas se palpan con lacilidad sin cobertura grasa; las 1 1

cstructuras dscas son prominentes v de fdeil identificacion;
tono y masa musculares a menudo deprimidos; poco o
nada de grasa subcutanea: manto piloso de mala calidad;

abdomen muy recogido.

Subpeso

Las costillas se palpan con facilidad con escasa cobertura

3o
'~

grasa; abdomen recogido; estructuras Oseas palpables pero
no prominentes; manto piloso de mala calidad; tono y
masa musculares normales o algo deprimidos.

Ideal

Las costillas se palpan con facilidad, pero hay cobertura 3 5

grasa; forma de reloj de arena y abdomen recogido, pero
no pronunciado; las promincncias dscas son palpables
pero no visibles; hay grasa subcutanea pero no grandes
acumulaciones; tono v masa musculares normales; manto

piloso de huena calidad.

Sobrepeso

Las costillas se palpan con dificultad debido a la acumulacién 4 7

de grasa superpuesta; la forma de reloj de arena no es
prominente, ahdomen no recogido; grasa subcutinea
evidente en algunas dreas de acumulacion; tono y masa
musculares normales; la calidad de manto piloso puede estar
reducida; no se pueden identificar prominencias éseas.

Obeso

Las costillas son imposibles de palpar debido a la grasa 5 9

superpuesta; falta la forma de reloj de arena y el animal
puede tener apariencia redondeada; la grasa subcutdnea
cs evidente v hay acumulaciones en ¢l cucllo, base del
rabo y regién abdominal; tono y masa musculares pueden
estar reducidos; la calidad del manto piloso puede estar

deprimida.

36



AN. VCT. (IMURCIA) 24 17-30 (2008). OBLSIDAD EN LL PERRO. TVARIJONAVICIUTL. A.. CTAL. 21

Tabla 3. Sistema de 7 letras para evaluar condicion corporal en perros (adaplada de German
et al., 2006a).

Pasando los dedos en la direccion contraria del erecimiento A EXTREMA
de los pelos sin utilizar la presion se notan la caja DELGADEZ
toracica, columna y huesos de la cadera prominentes.

Pasando los dedos en la direccion contraria del crecimiento B MUY DELGADO
de los pelos sin utilizar la presion se notan la caja
toracica y columna, pero los huesos de la cadera no son
evidentes.

Pasando los dedos en la direccion contraria del erecimiento C DELGADO
de los pelos sin utilizar la presion se notan solamente las
costillas, pero ni la columna, ni los huesos de la cadera
no se notan.

Pasando los dedos en la direccidn contraria del crecimiento D IDEAL
de los pelos utilizando leve presion se puede notar las
costillas. No existe capa de grasa encima de las costillas.

Pasando los dedos en la direccion contraria del crecimiento E LIGECRAMENTL
de los pelos utilizando leve presion se puede notar las OBESO
costillas. Existe pequena capa de grasa encima de las
costillas. Acariciando animal por debajo de cavidad
toracica y los lados se nota concavidad delante de las
extremidades posteriores y concavidad en la cintura

Pasando los dedos en la dirceeidn contraria del erecimiento F MODERADAMENTE
de los pelos utilizando leve presion se puede notar OBLSO
las costillas. Existe importante capa de grasa encima
de las costillas. Acariciando animal por debajo de
cavidad tordcica no sc nota concavidad delante de las
extremidades posteriores, pero se nota la concavidad en
la cintura.

Pasando los dedos cn la dirceeién contraria del erecimicnto G SEVERAMENTE
de los pelos utilizando leve presion no se puede notar OBLSO
las costillas. Existe gran cantidad de grasa encima
de las costillas. Acariciando animal por debajo de
cavidad toracica no se nota concavidad delante de las
extremidades posteriores, ni la concavidad en la cintura.

Meétodos que necesitan equipos complejos 140 kVp) para diferenciar el tipo y cantidad de
cada tejido en la parte de cuerpo escaneado. Asf

1 Absorciometria de rayos X de doble permite diferenciar tejidos corporales: masa de
energia (DXA). Se basa en el uso de dos ni-  grasa corporal, masa de tejidos no grasos sin
veles diferentes de energia de rayos X (70 y  hueso, contenido mineral de hueso, y densidad
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osea. El uso de DXA en perros ha sido validado
por Lauten et al. (2001), apreciando una buena
correlacion entre los datos obtenidos por esla
técnica y los niveles de grasa corporal obteni-
dos durante necropsia. En la Tabla 4 aparece
breve descripcion de la técnica de DXA aparece
en la Tabla 4.

2 Técnica de dilucién de is6topos de oxido
de deuterio (D, O) esta basada en el hecho de
que el agua cor[_-)oral estd asociada predominan-
temente con los tejidos no-grasos del cuerpo;
por esto la medicion de agua total corporal me-
diante 1,0 proporciona una estimacion indirecta

17-30 (2008). OBCSIDAD [N LEL FLRRO. TVARIIONAVICIUTL. A.. LT AL,

de la masa de los tejidos no-grasos. Esta técnica
ha sido aplicada en el perro por Burkholder y
Thatcher (1998) v se describe en Tabla 5.

METODOS QUIMICOS
1 Leptina

Metabolismo y funcién. La leptina es una
proteina, sintetizada y secretada por el tejido
adiposo como respuesta al balance energético
positivo. Estudios en humana y animales de la-
boratorio confirman que la leptina, aparte de en

Tabla 4. Breve descripcion de realizacion de técnica DXA

Para efectuar el procedimiento, los perros tienen que ser anestesiados o sedados

profundamente para evitar mavimientos ya que el proceso dura unos 20) minutos. Se utiliza el
programa para personas adultas de todo el cuerpo, ya que se ha visto que es adecuado para los
perros de mas de 10 kg (Speakman et al., 2001). Ll porcentaje de masa grasa se calcula segiin
la formula siguiente (g son gramos):
[Masa de la grasa(g) / (masa de la grasa(g) + masa de los tejidos no grasos sin hueso(g)
+ contenido mineral de hueso(g)) X 100]

Tabla 5. Breve descripcion de realizacion de técnica D,O

El éxido de deuterio se administra intravenoso (IV) a dosis de 0.275 g/PC_, (PC es el peso
carporal). Este compuesto es estable, no toxico y se intercambia con agua ficilmente.

Después de dos horas post-inyeccion se saca sangre para analisis con espectroscopia de
resonancia magnética nuclear (RMN) (Son 1998). El agua total corporal se calcula segin la
siguiente formula:

Agua total corporal (g) = (g D,O inyectado) — (m, — m,) X (D, — D,)/100) X 0.985 X
18/20 + (D, - D,)/100

Dondc m = peso del perro justo antes de inyectar D,0; m = peso del perro justo antes
sacar muestra de sangre; D, = % de los dtomos de D,O en el plasma obtenido después de
administracion de D,0 y equilibrio de de D,0; D, = % de los atomos de D.O en el plasma
anles de administrar la dosis de D O; 0.985 = cormreccidn de la incorporacion de deulerio a
los constituyentes organicos no cambiables; 18/20 = factor de correccién de la diferencia de
peso molecular de H,O y D,O. Asumiendo que tejidos no-grasos tienen 73.2% de humedad, el
porcentaje de grasa corporal (%GC) se calcula con la siguiente formula:

%GC =100 - % agua corporal total/0.732

Donde 0.732 es factor de correccion.
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tejido adiposo, también se sintetiza en otros Or-
ganos como placenta, ovarios, misculo esque-
lético, estémago, higado, y glindula pituitaria
(Muoio y Lynis, 2002; [shioka et al. 2006). La
leptina actiia como estimulo aferente inhibitorio
del centro de la saciedad y afecta a los circui-
tos centrales del hipotdlamo, bajando la ingesta
de alimento y aumentando el gasto de energia.
Asf la leptina controla los depdsitos de grasa
corporal y el balance energético (Friedman y
Halaas, 1998).

Aparte de los efectos neuroendocrinos men-
cionados anteriormente, en humana se ha visto
que la leptina sc unc a receptores cn pulmones,
intestino, rinones, higado, piel, estdémago, co-
razén, bazo y otros érganos (Dal Farra et al.,
2000; Masuzaki et al., 1997; Smith-Kirwin et
al., 1998; Bado et al., 1998; Bado et al., 2005),
actuando en la regulacion de la pubertad y re-
produccion, aumentando la resistencia a la insu-
lina en las células musculares v hepdticas, pre-
viniendo la deposicién ectdpica de los lipidos, ¥
vinculando el sistema endocrino e inmune para
la reparacion de la piel (Bjorbaek v Kahn, 2004:
Margetic et al., 2002).

Se ha observado un aumento de la expresion
de la leptina en casos de incremento de gra-
sa corporal en distintas especies como huma-
nos, roedores y perros (Frederich el al., 1995b,
Considine et al., 1996, Ishicka et al.. 2002).
Los niveles de leptina en sangre en perros con
sobrepeso son aproxidamente el doble de los
valores de animales con peso normal y en los
obesos puede llegar a aumentar hasta 3.5 veces
(Ishicka et al., 2006, Juesette et al.. 2006). Los
niveles de leptna sérica también pueden au-
mentar secundariamente a la accion de hormo-
nas (como insulina, estrogenos, glucocorticoi-
des) o mediadores inflamatorios (como «TNF,
I1-1) (Margetic et al., 2002). En contraste, se
ha apreciado una disminucién de los niveles de
leptina como respuesta a los agonistas de beta-
adrenoreceptores, andrégenos, frio, thiazolidi-
nediones, y al humo del tabaco (Margetic et
al., 2002).

Niveles normales. [.os niveles normales de
leptina obtenidos por diferentes autores apare-
cen en la Tabla 6. En el estudio realizado por
Sagawa et al. (2002) con 20 beagle hembras
con BCS 3/5, los niveles de leptina en san-
gre fueron de 0.59 +0.9ng/ml. Sin embargo en
el estudio de Ishioka et al. en 2007 con 166
animales la concentracidn de leptina en perros
con BCS 3/5, fue mas alta, de 3.0 +0.4ng/ml;
aunque en algunos de los animales incluidos la
concentracion de leptina era mas baja que el
limite de deteccidn. Las diferencias entre los
niveles de leptina en sangre obtenidos por di-
ferentes autores se pueden atribuir al diferente
tiempo trascurrido después de la dltima comida
antes de la extraccion de la sangre para el and-
lisis. Ya que durante la inanicion, las concen-
traciones de leptina en suero bajan, pero suben
en unas horas después de la ingesta de comida
(Ishioka et al., 2005; Ishicka et al., 2006). Nis-
hii et al. (2006) han descrito que los niveles
de leptina empiezan subir a las dos horas v al-
canzan el maximo (528% en comparacion con
los niveles en ayunas) seis horas después de la
ultima comida.

Influencias fisioldgicas:

Sexo. Esta descrito que en humanos (Os-
tlund et al., 1996) y ratones (Frederich et al.,
1995a) las concentraciones de leptina son mas
altas en las hembras. La causa no esta muy cla-
ra, pero sc sospecha que la diferencia puede
ser causada por la sintesis de leptina en tejidos
no-adiposos. Asi, existen publicaciones que in-
dican gue la leptina se sintetiza en la placenta
(Masuzaki et al., 1997) v glandula mamaria de
las mujeres (Smith-Kirwin et al., 1998) y en el
estdmago de las ratas (Bado et al., 1998, Bado
et al., 2005). En perros no se han detectado
otras fuentes de sintesis de leptina distintas al
tepdo adiposo, pero los organos analizados no
incluyeron ni placenta, ni el estdmago (Iwase et
al., 2000). De todas formas en perros tampoco
se observo diferencia significativa de los nive-
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les de leptina entre hembras y machos (Ishioka
et al., 2002; Ishioka et al., 2007).

Edad. Ishioka et al (2007) en un estudio re-
trospectivo utilizando 166 perros, no encontra-
ron una correlacién significativa entre la edad y
los niveles de leptina en sangre en perros con
diferentes condiciones corporales.

Raza. Ishioka et al (2007) han analiza-
do si existen diferencias de niveles de leptina
entre razas. En este estudio se seleccionaron
seis razas (teckel miniatura, shih tzu, pastor de
shetland, golden retriever, labrador retriever, y
mestizos) no viéndose diferencias significativas
entre animales con BSC 3/5.

Relacién con parametros de obesidad.
Esta descrito que en perros que se presentan
a consulta veterinaria o en condiciones expe-
rimentales, la concentracion de leptina se co-
rrelaciona con el BCS (body condition score)
y que la concentracion de leptina sérica refleja
la grasa corporal mejor que el peso del animal,
ya que el tamaifio y peso corporal varia mucho
seglin la raza del perro (Ishioka et al., 2007,
Ishioka et al., 2002, Sagawa et al., 2002).

2 Adiponectina

Metabolismo y funcion. La adiponectina es
una adipocitoquina que esta sintetizada exclusi-
vamente en el tejido adiposo blanco, sus cantida-
des en sangre superan tres veces las cantidades
de los demas adipocitoquinas y representa el
0.01% de las proteinas totales circulantes en los
mamiferos (Phillips et al., 2003). La secuencia de
genes de la adiponectina es altamente homologa
entre las distintas especies: raton:perro 84-85%:;
rata:perro 83%, humano:perro 87%, rata:ratdon
92% (Ishioka et al., 2006, Brunson et al., 2007).

En estudios realizados en humana y en ani-
males de laboratorio se ha observado que los
niveles sanguineos de adiponectina disminuyen
en la obesidad (Arita et al., 1999; Chandran
et al., 2003; Ishioka et al., 2006). En perros
con sobrepeso la disminucién de adiponectina
es de un 25 por ciento y de un 50 por ciento

[§]
i

en obesos (Ishioka et al., 2006). Los niveles
sanguineos de adiponectina también bajan en
animales que presentan resistencia a la insulina
(Weyer et al., 2001; Kondo et al., 2002), diabe-
tes tipo II (Hotta et al., 2000; Hotta et al., 2001)
y dislipidemia (Matsubara et al., 2002), y estan
especialmente bajos en pacientes con patolo-
gias en arterias coronarias (Ouchi et al., 2001;
Zoccali et al., 2002). En cambio, la pérdida de
peso (Yang et al., 2001) y el tratamiento con
thiazolidinediones para aumentar la sensibili-
dad a la insulina estan asociados con aumen-
tos de los niveles de adiponectina en humana
(Maeda et al., 2001; Combs et al., 2002; Yang
et al., 2002).

Se ha indicado que la adiponectina puede
tener una funcién estimuladora de la accién de
la insulina, ya que se ha observado que el frag-
mento C-terminal de la adiponectina es capaz
de disminuir la concentracion plasmatica de la
glucosa en todo el cuerpo, aumentar la oxida-
cion de acidos grasos en el misculo y favorecer
la inhibicion de la secrecion de la glucosa por
los hepatocitos inducida por la insulina (Lu et
al., 2006; Fasshauer y Paschke, 2003).

Niveles normales. .os niveles normales de
adiponectina obtenidos por diferentes autores
aparecen en la Tabla 6. Se ha descrito que los
niveles normales de adiponectina en humanos
son de 5 a 30pg/ml (Gil-Campos et al., 2004) y
enratas de 9 a 17.4ug/ml (Q1 et al., 2004). Los
niveles medios de adiponectina en perros con
un peso ideal segiin Ishioka et al. (2006) son de
33.4 + 2.9 pug/ml. Sin embargo Brunson et al.
(2007) encontraron valores mas bajos, de 0.85
a 1.5 pg/ml

Influencias fisiologicas:

Sexo. Se ha visto que la testosterona inhi-
be la secrecidn de adiponectina de adipocitos in
vitro (Nishizawa et al., 2002), y también se ha
apreciado un efecto similar “in vivo” en huma-
nos (Bottner et al., 2004; Cnop et al., 2003) y
ratones (Combs et al., 2003). Asi, en adultos, los
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niveles de adiponectina son significativamente
mas bajos en machos que en hembras. Sin em-
bargo, en perros no se han observado diferencias
significativas de los mveles de adiponectina en-
trc hembras (32.9 £ 3.5 pg/ml) y machos (33.8
+ 4.6 ng/ml) (Ishioka et al., 2006).

Edad. En estudios realizados en humanos
(Battner et al., 2004; Cnop et al., 2003) y ra-
tones (Combs et al., 2003) se observo que los
niveles de adiponectina bajan en los machos
después de la madurez sexual, debido a que la
testosterona inhibe la secrecién de adiponectina
en los adipocitos (Nishizawa et al., 2002). No
existen estudios que valoren dilerencias de ni-
veles de adiponectina en perros segun su edad.

Raza. No existen estudios que valoren di-
ferencias de niveles de adiponectina en perros
segln su raza.

Relacién con otros parametros de obe-
sidad. [xiste una correlacién negativa entre
los niveles sanguineos de adiponectina y lep-
tina (Ishioka et al., 2006), siempre cuando la
muestra de sangre para medir leptina se ob-
tenga 14 horas después de la tltima comida.
Ya que, como sc ha mencionado anteriormente,
las concentraciones de leptina en suero bajan
en ayunas, pero suben en unas horas después
de ingesta de la comida (Ishioka et al., 2005;
Ishiocka et al., 2006).
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Validation of 2 commercially available enzyme-linked immunosorbent
assays for adiponectin determination in canine serum samples

Asta Tvarijonaviciute, Silvia Martinez-Subiela, José ]. Ceron

Abstract

The aim of this study was to validate 2 commercially available enzyme-linked immunosorbent assays (ELISAs) for adiponectin
in dogs, 1 canine-specific and 1 originally designed for measurements in humans. Intra-assay and interassay precision was
evaluated by multiple measurements in canine serum samples, and assay accuracy was indirectly determined by linearity under
dilution. Interference caused by hemolysis and lipemia was also studied. Both assays were subsequently used for measuring
adiponectin concentrations in clinically healthy dogs and those with different grades of obesity. The intra-assay and inter-assay
precision was less than 7.5% and 13.5% in serum samples with low and high adiponectin concentrations, respectively. Lipemia
and hemolysis did not affect the results of any of the assays. Both assays were able to differentiate lean dogs from those that
were overweight or obese on the basis of the measured adiponectin concentrations. From these results it can be concluded that
canine adiponectin concentrations can be measured reliably by means of the 2 ELISAs evaluated in this study.

Résumeé

L'objectif de la présente étude était de valider deux trousses commerciales d'épreuve immunc-enzymatique (ELISA) pour mesurer l'adiponectine
chez les chiens, une spécifique a I'espéce canine et une développée au départ pour utilisation chez I'humain. La précision intra- et inter-
essais a été évalude par des mesures multiples d'échantillons de sérum canin, et la précision de I'épreuve a été mesurée indirectement par ln
linérarité aprés dilution. L'interférence causée par I'hémolyse et la lipémie a également éié examinée. Les deux épreuves ont par la suite été
utilisées pour mesurer les concentrations d'adiponectine chez des chiens cliniquement en santé et d'autres avec différents grades d’obésité. La
précision intra-essai et inter-essai était respectivement de moins de 7,5 % et 13,5 % dans des échantillons de sérum avec des concentrations
faibles et élevées d adzponechne La lipémie et I'hémolyse n’ont pas affecté les résultats des deux trousses. Les deux épreuves étaient en mesure
de différencier les chiens maigres de ceux avec un surplus de poids ou obéses a partir des concentrations d'adiponectine mesurées. A partir
de ces résultats il peut étre conclu que les concentrations d’adiponectine canines peuvent étre mesurées de maniere fiable a I'aide des deux
trousses ELISA évaluées dans cette étude.

(Traduit par Docteur Serge Messier)

(ELISA) instead of RIA has several advantages, such as nonexposure
to radioisotopes, easy integration into laboratory functions, and

Introduction

Adiponectin is a cytokine produced in adipocytes that reduces
plasma glucose concentrations and increases fatty acid oxidation
(1-3). It also inhibits the inflammatory process of arteriosclerosis
by suppressing the expression of adhesion molecules on endothelial
cells (4). The serum concentration of adiponectin decreases with
budy [al accumulalion and is considered a biomarker [or obesily in
humans (5,6). In addition, levels of adiponectin decrease with resis-
tance to insulin (7,8), type 2 diabetes (9,10), dyslipidemia (11), and
abnormalitics of the coronary arteries (4,12). In dogs, adiponcctin
has gained attention recently after reports that its concentrations
are lower in obese dogs than in dogs with a normal body condition
score (BCS) (13,14).

Most of the published studies in animal species, including dogs,
have used multispecies radioimmunoassay (RIA) for adipornectin
quantification (14-17). Use of enzyme-linked immunosorbent assay

rapid turnaround (18).

Although different ELISA methods are commercially available for
adiponectin measurement, to our knowledge no validation studies
of their use in dogs have been putlished. However, adiponectin is
highly homologous among different species, with 87% homology
in the case of humans and dogs (13,14). The objective of this study
was to validate 2 commercially available ELISAs for adiponectin
in dogs, 1 canine-specific and 1 originally designed for measure-
ment in humans, the postulation being that the latter could be used
to quantify canine adiponectin. For the validation, the analytical
performance of the assays was determined. In addition, the effects
of hemolysis and lipemia on the assays, as well as the ability of the
assays to differentiate low and high adiponectin concentrations,
corresponding to obesity and optimal BCS, respectively, were
studied.
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Materials and methods

Dogs and samples

Dogs with potentially high and low serum adiponectin concentra-
tions were selected for the study. The client-owned dogs, of different
sexes, breeds, and ages, had presented at private clinics in southern
Spain for routine checkups between January and July 2008. None
had evidence of acute or chronic disease (except for obesity) from
physical and clinical examination or from routine hematologic and
biochemical analysis. Assessment of their nutritional status was
based on a 5-scale BCS: 1 — thin; 2 — underweight; 3 — optimal
(lean); 4 — overweight; 5 — obese (19). Serum specimens with a
potentially high adiponectin concentration were obtained from dogs
with an optimal BCS; specimens with a potentially low concentra-
tion were obtained from dogs that were overweight or obese. Of the
30 dogs selected, 22 were overweight or obese [12 females (6 neu-
tered) and 10 males (1 neutered); BCS > 3; body weight, 3.2 to 50 kg;
age, 1 to 16 y; mixed breeds]; the other 8 were of optimal weight for
health (4 females and 4 males; BCS = 3; body weight, 5 to 18.9 kg;
age, 1.2 to 7 y; mixed breeds).

Blood samples were collected the morning after an overnight fast
of at least 12 h by puncture of the jugular or saphenous vein and
placed in tubes containing a clotting accelerator (TapVal; Aquisel,
Barcelona, Spain). Samples were centrifuged at 2000 X g for 10 min
at room temperature to obtain serum, which was stored in aliquots
in plastic vials at -20°C. On the day of analysis, the aliquots were
brought to room temperature and thoroughly vortexed before the
adiponectin measurement.

Adiponectin analysis

Canine-specific assay — The commercially available canine sand-
wich ELISA (Canine Adiponectin ELISA Kit; Millipore, St. Charles,
Missouri, USA) used in our study has the following sequence of
steps: 1) capture of canine adiponectin by polyclonal antibodies
against adiponectin; 2) washing away of unbound materials; 3) bind-
ing of antibodies with horseradish peroxidase (HRP); 4) quantifica-
tion of immobilized antibody-enzyme conjugates by monitoring of
HRP activity in the presence of the substrate 3,3 5,5 -tetramethyl-
benzidine (TMB); and 5) addition of an acidic solution (0.3 M HCI)
to stop the reaction. The enzyme activity is measured spectropho-
tometrically by increased absorbance at 450 nm, corrected for the
absorbance at 590 nm, in a microtiter plate reader (PowerWave XS;
Bio-Tek Instruments, Winooski, Vermont, USA). Since the increase
in absorbance is directly proportional to the amount of captured
canine adiponectin, the concentration in the studied serum sample
can be calculated from the reference curve generated in the same
assay with reference standards of known concentrations of canine
adiponectin. The calibration curve was established by duplicate
determination of calibrators.

High-sensitivity assay of human adiponectin — This assay (Human
Adiponectin ELISA, High Sensitivity Kit; BioVendor-Laboratorni
medicina, Modrice, Czech Republic) has the following sequence of
steps: 1) capture of adiponectin by polyclonal antibodies against
adiponectin; 2) washing away of unbound materials; 3) binding
of antibodies with HRP; 4) washing away of unbound materials;

5) reaction of HRP-conjugated antibodies with a hydrogen peroxide/
TMB substrate; and 6) addition of an acidic solution (0.2 M H2804)
to stop the reaction. The enzyme activity is measured spectropho-
tometrically at 450 nm in a PowerWave XS microtiter plate reader.
A standard curve is constructed from duplicate determination of
calibrators by plotting absorbance values against the adiponectin
concentrations of the calibrators, and the concentrations in studied
samples are determined by means of this standard curve.

Species-specific standards are highly recommended to achieve
similar affinity of antiserum against standards and samples (20), and
the use of serum samples as a standard is preferred in many cases
instead of purified protein (it is more economical, yields a more suit-
able physiological matrix, and can ensure a consistent, long-lasting
supply of standard material) (20-22). A canine serum sample with
the adiponectin concentration determined by the canine-specific
adiponectin ELISA was evaluated as a standard for curve calibration
of the human adiponectin ELISA.

For this purpose, 12 canine samples were analyzed with the
assay for human adiponectin and the use of 2 different standard
curves: the original curve from the kit (human standard), which has
an upper value of 150 ng/mL, and a curve prepared from a canine
serum sample with an adiponectin concentration of 30 pg/mL as
measured by the commercially available canine-specific ELISA. This
canine serum sample was serially diluted with dilution buffer, and a
standard curve was constructed with a range of 0.137 to 30 pg/mL.
This canine standard was used for the remainder of the analytical
and clinical validation of the human assay.

Analytical validation

For analytical validation of both methods the following param-
eters were calculated.

Precision — The intra-assay coefficient of variation (CV) was
calculated after analysis of 2 samples of low adiponectin concentra-
tion and 2 of high concentration 5 times in a single assay run. The
inter-assay CV was determined by analyzing the same samples in
5 separate runs, carried out on different days.

Accuracy — Owing to the lack of a reference method or commer-
cially available certified reference material for canine adiponectin,
which would be optimal for testing accuracy (23), accuracy of the
assays was evaluated indirectly by linearity under dilution (24). Two
canine serum samples with high adiponectin concentrations were
serially diluted with the corresponding sample diluent provided
with each assay.

Limit of detection — This was calculated on the basis of data from
11 replicate determinations of the zero standard (dilution buffer) as
the mean value plus 2 standard deviations.

All samples used for repetitive analysis were frozen in aliquots,
and only the vials needed for each run were used, to avoid possible
changes due to repetitive thawing and freezing,

Effects of hemolysis and lipemia

To investigate the effects of hemolysis and lipemia on the assays,
2 canine serum samples were mixed with different concentrations
of hemoglobin or lipid solution, and each preparation was run in
duplicate.
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A fresh hemolysale was prepared by adding dislilled waler Lo
packed saline-washed canine erythrocytes from a healthy dog. The
concentration of hemoglobin in the hemolysate was determined with
the Vet ABC Animal Blood Counter (ABX Diagnostics, Montpellier,
France) and adjusted to 200 g/L by adding assay buffer to produce
a stock solution. The stock solution was serially diluted with sample
diluent buffer, and 10 pL of each dilution was added to 2 samples
of 90 pL of canine serum with high and low adiponectin concentra-
tions. The final hemoglobin concentrations were 8, 4, 2, 1, 0.5, and
0.0 g/L (10 pL of sample diluent buffer was added to the samples
to give a 0.0 g/L concentration), which would correspond to slight
hemolysis (0.5 g/L), moderate hemolysis (1 and 2 g/L), and marked
hemolysis (4 and 8 g/L).

A commercial fat emulsion (Lipofundina 20%; Braun Medical,
Barcelona, Spain) with a triglyceride concentration of 200 g/L was
serially diluted with sample diluent buffer, and 10 pL of each dilu-
tion was added to 2 samples of 90 pL of canine serum with high
and low adiponectin concentrations. Homogeneity was achieved
by vorlexing. The final triglyceride concentrations were 5, 2.5, 1.25,
0.625, and 0.3125 g/L, which would correspond to slight lipemia
(0.3125 and 0.625 g/L), moderate lipemia (1.25 and 2.5 g/L), and
marked lipemia (5 g/L).

Statistical methods

Arithmetic means, medians, and intra-assay and interassay CVs
were calculated by means of routine descriptive statistical proce-
dures and software [Excel (Microsoft, Redmond, Washington, USA)
and GraphPad Prism (GraphPad Software, San Diego, California,
USA)]. Differences between results obtained with human and canine
standards and comparison of the results for lean dogs with those
for overweight or obese dogs obtained with the assay for human
adiponectin were studied by use of Student’s t-test with a signifi-
cance level of P < 0.05. In addition, Bland-Altman plots were used
to evaluate the clinical agreement between results obtained in the
ELISA for human adiponectin with 2 different standards and to
reveal any bias. Bias was computed as the mean difference between
scores for the 2 methods. Values for 95% limits of agreement (LOA)
were computed as the mean difference + 1.96 standard deviations
of the difference. Linearity under dilution was accomplished by
ordinary linear regression analysis comparing the measured levels
of adiponectin with the expected levels. Interferograms were pre-
pared to show the differences in adiponectin concentration when
hemoglobin or lipid was added. On the graphs the X-axes show
increasing concentrations of hemaglobin or lipid; the Y-axes show
the percentage change in adiponectin [V;(Vo) % 100]. Additionally,
regression analysis was applied in the comparison of results of the
canine and human ELISAs to derive regression data. The significance
level used in each case was P << 0.05.

Assay characteristics

Canine-specific ELISA— The time needed to perform the assay was
4 h. The intra-assay and inter-assay CVs were 4.40% and 13.31% for
samples with low adiponectin concentrations and 6.26% and 8.52%

for samples with high concentralions (Table I). The linearily under
dilution of 2 canine samples is shown in Figure 1: dilution of the
samples with different adiponectin concentrations resulted in linear
regression equations with correlation coefficients of 0.999 and 0.997.
The detection limit was 0.098 (mean, 0.019; standard deviation,
0.039) pg/mL.

High-sensitivity ELISA of human adiponectin — In the evaluation of
canine serum as a standard for curve calibration in this assay, the
use of canine standards resulted in significantly higher adiponectin
values (P < 0.001) than the use of human standards for the same
12 canine serum samples. In addition, Bland-Altman analysis indi-
cated a proportional bias (Figure 2). The mean difference between
adiponectin values obtained with the canine and human standards
was 4.95 (95% LOA, -2.04 to 11.95) pg/mL.

The time needed to perform the assay was 2.5 h. The intra-assay
and inter-assay CVs were 2.48% and 10.60% for samples with low
adiponectin concentrations and 7.45% and 9.52% for samples with
high concentrations (Table I). The linearity under dilution of 2 canine
samples is shown in Figure 3: dilulion of the samples with different
adiponectin concentrations resulted in linear regression equations
with correlation coefficients of 0.996 and 0.999. The detection limit
was 0.74 (mean, 0.49; standard deviation, 0.13) pg/mL.

Effects of hemolysis and lipemia on adiponectin
analysis

The different degrees of hemolysis and lipemia tested in
this study did not affect the measured levels of adiponectin in
either the canine-specific assay or the high-sensitivity assay of
human adiponectin, as shown by the interferograms presented in
Figures 4 and 5, respectively.

Ability of the assays to differentiate lean and
obese dogs

The adiponectin concentration in the 30 serum samples from the
client-owned dogs ranged from 0.12 to 28.52 pg/mL as determined
by the canine-specific ELISA and 2.37 to 26.69 pg/mL as determined
by the TLISA for human adiponectin, Regression analysis (Figure 6)
demonstrated high correlation (r = 0.9173) between the results with
the 2 methods. With both methods, the samples from the overweight
or obese dogs showed significantly lower adiponectin concentrations
(P < 0.005 and 0.0005, respectively) than the samples collected from
the lean dogs (Figure 7).

There are numerous methods to determine grade of obesity in
dogs, but most of them are complicated, expensive, or time-intensive
(25). So in recent years it has become of great interest to find new,
rapid, and reliable methods to diagnose and monitor obesity in this
species. Adiponectin is decreased in obese dogs and can be used
as an obesity marker (13,14). But the measurement of adiponectin
concentrations is not very common in companion animal practices,
which often use RIA kits, These kits have the inherent disadvantages
of the need to have special installations and to dispose of radioactive
wastces, as well as being labor-intensive and having a long processing

time. The development of adiponectin assays based on the ELISA
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Table l. Intra-assay and inter-assay coefficients of variation (CVs) in the adiponectin concentration of serum samples with high
and low values [mean and standard deviation (s) for 2 samples] as determined by a canine-specific enzyme-linked immunosorbent
assay (ELISA) and an ELISA originally designed to measure the adiponectin concentration in human serum

Obtained in present study Reported by manufacturer

Adiponectin
concentration
Number of (pg/mL) Mean adiponectin
ELISA Comparison samples Mean 5 CV (%) concentration (pg/mL) CV (%)
Canine-specific Intra-assay 2 20.20 1.26 6.26 13.39 2.86
2 7.11 0.31 4.40 1.58 4,21
Inter-assay 2 25.81 2.20 8.52 13.47 0.46
2 5.59 0.74 13.31 1.73 8.97
Human Intra-assay 2 18.58 1.39 7.45 13.75 4.2
2 5.45 0.135 2.48 6.59 6.7
Inter-assay 2 18.54 1.76 9.52 19.08 9.5
2 5.52 0.59 10.60 6.41 7.6
35
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0 Figure 2. Bland-Altman plot illustrating the 95% limits of agreement
0 1 20 30 40 (LOA) for adiponectin values (pg,/mL) determined by the ELISA for human
Expected concentration (jLg/mL) adiponectin with canine (A) and human (B) standards in 12 canine blood
samples. The top and bottom horizontal dotted lines represent the 95%
values (calculated as the mean difference = 1.96 x the standard deviation
45 ) of the difference); the middle line represents the mean difference (bias).
40 y = 0.999x + 0.6592 corresponding analyte, provide repeatedly accurate results, and
a5 R = 0.997 discriminate between healthy and diseased animals (26).
40 This study validated 2 different ELISA kits for adiponectin mea-

surement in dogs: 1 canine-specific and 1 designed for measuring
adiponectin in humans. The use of a canine serum sample with a
known adiponectin concentration measured by the canine-specific
assay to calibrate the human adiponectin ELISA was evaluated. A
proportional bias was detected between the human and canine stan-
dards. Although the reasons for this bias are not clear and should be
further investigated, from a practical point of view this bias could

Observed concentration (Lg/mL)

indicatc that the use of a canine serum sample as a standard might
contribute to better differentiation between low and high adiponectin

(t] 10 20 30 40

Expected concentration (p.g/mL)

concentrations in overweight or obese and lean dogs, respectively.
Figure 1. Linearity under dilution of 2 canine serum samples with different

adiponectin concentrations measured with the canine-specific adiponectin
enzyme-linked immunosorbent assay (ELISA).

technique represents substantial progress from the technologic, eco-
logic, and economic viewpoints (18), but the commercially available
ELISA methods have not been validated for use in dogs. Validation
studies must ensure that analytical methods are able to detect the

In this study similar CVs were obtained in the 2 assays. However,
except for the intra-assay CV for low adiponectin values in the
human assay, the CVs obtained with both ELISA kits for intra-assay
and interassay precision were higher than those reported by the
manufacturers. A murine RIA kit previously used for quantification
of adiponectin in dogs gave a higher intra-assay CV (9.5%) but a
slightly lower interassay CV (9.7%) than the kits in our study (14).
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Figure 3. Linearity under dilution of 2 canine serum samples with different
adiponectin concentrations measured with the ELISA originally designed
to measure the adiponectin concentration in human serum.

Nevertheless, both ELISA kits appear to be suitable for measuring
canine adiponectin concentrations, as the CVs did not exceed 15%,
the limit of the analytical objective performance standard for preci-
sion (27).

The accuracy of the adiponectin ELISAs was indirectly evalu-
ated by linearity under dilution. This procedure is an alternative
used with canine adiponectin measurements when no reference
method or commercially available certified reference material is
available (24,28). Regression analysis revealed high accuracy of both
assays: r = 0.09989 and 0.9958 for the canine-specific ELISA and
r = 0.997 and 0.9996 for the ELISA for measurement in humans. The
canine-specific assay had a lower limit of detection (0.098 pg/mL)
than the assay for human adiponectin (0.74 pg/mL), which could
suggest that the canine assay detects low adiponectin concentrations
more efficiently.

Veterinary clinical pathology laboratories usually have to deal
with hemolytic or lipemic serum. In dogs, hemolysis can be attrib-
uted to various diseases or to complications at the time of blood
sampling. Lipemia is usually related to recent ingestion or endocrine
diseases related to obesity. For these reasons it is important to know
the influence of hemolysis and lipemia on adiponectin values in
dogs. We found that concentrations up to 5 g/L of triglycerides and
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Figure 4. Interferograms showing the effect of hemoglobin and triglyceride
on adiponectin determinations by the canine-specific ELISA. The Y-axes
show the percentage change in adiponectin concentration for a given con-
centration of hemoglobin or triglyceride. Vf — final value; V, — original
value.

up to 8 g/L of hemoglobin did not cause differences in the adiponec-
tin values in the 2 assays, which suggests that lipemia and hemolysis
would not influence the adiponectin values measured in canine
samples with either of the assays used in our study. These results
agree with those of previous reports on the same high-sensitivity
ELISA for human adiponectin and a latex particle-enhanced turbidi-
metric immunosorbent assay for human adiponectin: neither method
showed significant interference of hemoglobin concentrations up
to 500 mg/dL (18,29). In addition, it was reported that triglyceride
levels up to 2000 formazin turbidity units did not alter adiponectin
values obtained with the human assay used in our study (29). This
could be of practical importance because obese dogs frequently
have lipemic serum, and lipemia predisposes to hemolysis, so both
interferences could often be present in obese dogs.

The results of the 2 assays evaluated in the present study showed
high correlation (r = 0.9173) in regression analysis. However, this
finding should be interpreted with caution because there may be a
dependence between the methods since calibration material used for
the human assay was established by the canine-specific ELISA (21).

With both assays, the overweight or obese dogs in this study
had significantly lower serum adiponectin concentrations than
the lean dogs, as has been reported previously (13,14). The mean
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Figure 5. Interferograms showing the effect of hemoglobin and triglyceride
on adiponectin determinations by the ELISA for human adiponectin.

concentrations in the 2 groups of dogs were higher than those
reported by another group of investigators (14), who found an adi-
ponectin concentration in normal dogs of 1.22 pg/mL, but lower
than those reported by others (13), who found means of 168 + 3.5
pg/mLand 33.4 = 2.9 pg/mL in obese and lean dogs, respectively.
The differences can be attributed to different methods used in the
studies.

The main limitations of the validation performed in this study
are that neither method was compared with a reference method for
adiponectin measurement in dogs (but, to the authors” knowledge,
such a method does not exist) and that spiking recovery tests with
reference materials of known adiponectin concentrations were not
performed (because canine adiponectin is not commercially avail-
able). However, the linearity under dilution, which in cases of lack of
a reference method or reference materials could be an estimation of
accuracy, provided very high correlations, indicating that both meth-
ods could measure adiponectin in a linear and proportional way.

In summary, the 2 commercially available ELISAs for adiponec-
tin determination in dogs that were validated in this study exhibit
analytical characteristics that allow their use in the laboratory, with
adequate precision, linearity under dilution, and ability to discrimi-
nate between high and low adiponectin values, corresponding to

30
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Figure 6. Regression analysis of the adipenectin concentrations determined
by the 2 ELISAs.
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Figure 7. Serum adiponectin concentrations in lean dogs (those of optimal
body condition score) determined by the canine-specific (l) and human (V)
ELISAs and in overweight or obese dogs determined by the canine-specific
(@) and human (A) ELISAs.

lean and overweight or obese dogs, respectively. It is expected that
validation of these 2 assays will increase the analytical options of
veterinary laboratories for canine adiponectin measurement and will
contribute to a wider use of adiponectin as a marker of obesity and
related diseases in canine clinical practice.
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Assessment of five ELISAs for measurement

of leptin concentrations in dogs

Asta Tvarijonaviciute, DVM; Jose ]J. Ceron, DVM, PhD; Silvia Martinez-Subiela, DVM, PhD

Objective—To evaluate 5 commercially available ELISAs for determination of leptin
concentrations in serum samples from dogs.

Sample Population—Serum samples from overweight-obese and thin—ideal weight client-
owned dogs.

Procedures—Serum samples with high and low leptin concentrations (n = 7 samples
each) were used for validation of the assays. Intra- and interassay precision, linearity under
dilution, spiking recovery, and limit of quantification were determined. In addition, leptin
concentrations in thin—ideal weight (n = 8) and overweight-obese (37) dogs were quantified.

Results—Use of 2 of the 5 ELISAs (A and B) revealed reactivity with canine leptin. Intra-
and interassay coefficients of variation were < 6.1% and 7.6%, respectively, for assay A and
14.0% and 13.7%, respectively, for assay B. In assays A and B, dilutions of canine serum
pools were used to determine linear regression equations. Recoveries were 77% to 101%
for assay A and 67% to 125% for assay B. Significant differences in leptin concentrations
between thin-ideal weight and overweight-obese dogs were detected only when analyzed
with assay A.

Conclusions and Clinical Relevance—Among 5 leptin ELISAs evaluated, a canine-specific
leptin ELISA had adequate precision, linearity, and ability to discriminate between high and
low leptin concentrations corresponding to overweight-obese and thin-ideal weight dogs,
respectively. (Am J Vet Res 2011,72:169-173)

besity is the most common nutritional disorder

in dogs and a major risk factor for a number of
diseases.! Data published in 2006 for 21,754 dogs
examined in US veterinary practices revealed that
29.0% of adult dogs were overweight and 5.1% were
obese.? To diagnose and monitor obesity, veterinarians
have used BCS systems that correlate with more
complex measures of adiposity, such as dual-energy
x-ray absorptiometry’* However, BCS systems are
subjective because visual and tactile cues are used to
assign a numeric value to a dog’s degree of adiposity.
Recently, the possible use in dogs of serum markers for
obesity such as leptin or adiponectin, which correlate
with the degree of adiposity, has gained attention.>*

Leptin is a protein that has similarities to cytokines
and is mainly synthesized and secreted by adipose
tissue.!! Leptin concentrations are markedly increased
in obesity and, because they are positively correlated
with body fat content, are considered a good adiposity
marker?®!? Therefore, the measurement of leptin
concentrations may be used in obesity control programs
to ensure adequate fat loss or to study obesity-associated
diseases.

Previous studies™ that investigated leptin in lean
and obese dogs used ELISAs that unfortunately are not
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ABBREVIATIONS
BCS Body condition score
CV Coefficient of variation

commercially available. However, several ELISAs for
leptin quantification in dogs as well as other species are
presently available commercially. The purpose of the
study reported here was to evaluate 5 leptin ELISAs (2
canine specific, 2 human specific, and 1 designed for
mice or rats) for determination of leptin concentrations
in canine serum samples.

Materials and Methods

Dogs and samples—Dogs were of different sexes,
breeds, and ages and were evaluated at private clinics in
southern Spain for routine checkups between February
and July of 2008. The dogs had no remarkable findings
via physical, clinical (with the exception of obesity),
hematologic, or serum biochemical evaluations.
Assessment of the nutritional condition of dogs was
performed by use of a 5-point BCS following a weight
guide chart based on the characteristics of ribs, tail
base, side view, and overhead view. Dogs were classified
as follows: 1/5, very thin; 2/5, thin; 3/5, ideal weight;
4/5, overweight; and 5/5, obese.” Serum samples
with expected high and low leptin concentrations
were used for analytic validation of the assays. Low
leptin concentration specimens were obtained from 7
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thin or ideal-weight dogs (BCS, 2/5 or 3/5), and high
leptin concentration specimens were obtained from 7
overweight or obese dogs (BCS, 4/5 or 5/5). None of
the samples were of sufficient volume for all analyses
required for complete analytic validation of all 5 ELISAs,
so samples with expected low leptin concentrations
were pooled and samples with expected high leptin
concentrations were pooled.

After food was withheld overnight for at least 12
hours, blood samples were collected in the morning
via saphenous venipuncture with a 21-gauge needle
and placed into 5-mL tubes containing a clotting
accelerator.® No later than 15 minutes after collection,
samples were centrifuged at 2,000 X g for 10 minutes at
20°C to obtain serum, and serum was stored in aliquots
in plastic vials at —20°C until analysis. Duration of
storage was < 6 months. On the day of analysis, samples
were thawed (1 hour at 20°C) and thoroughly vortexed
prior to leptin measurement.

Leptin analysis—Five commercially available
ELISAs developed for serum leptin determinations
in dogs (A" and Bf), humans (C? and D¢), and mice
or rats (E) were evaluated for leptin determination
in the canine serum samples (Appendix). All
spectrophotometric measurements were performed in
a microtiter plate reader.s

Analytic validation—To evaluate the existence
of reactivity between assay antibodies and leptin in
canine sera, 3 pools prepared from overweight-obese
dogs’ serum samples were analyzed in duplicate by use
of all 5 ELISAs. Because purified canine leptin was not
commercially available, it could not be used for test
reactivity, so it was supposed that a positive analytic
signal corresponded to leptin present in the canine sera.
The ELISAs that yielded a positive signal were further
tested for precision, accuracy, linearity under dilution,
spiking recovery, and limit of quantification.

For evaluation of precision, intra-assay CV was
calculated after analysis of 2 serum pools with high and
low leptin concentrations, 5 times in a single assay run.
Interassay CV was determined by analysis of the same
serum pools in 5 runs performed on different days.

Accuracy was indirectly evaluated by investigation
of linearity under dilution and spiking recovery
because neither a certified species-specific reference
material nor a reference method was available." To
assess linearity under dilution, 2 canine serum pools
with high leptin concentrations were serially diluted.
In assay A, pools were diluted with the corresponding
sample diluent provided with the assay, and in assay
B, saline solution (NaCl, 9 g/L) was used because no
diluent was provided by the manufacturer.

To evaluate the ability of the assays to recover the
amount of analyte added to baseline serum samples,
a spiking recovery was performed. Because purified
canine leptin was not commercially available, this test
was based on the addition of a calibrator.’” For this
purpose, 2 samples were divided into 4 aliquots and each
aliquot was mixed with an equal amount of calibrator
(calibrator included in each assay kit [A or B] was
used for the corresponding assay) at 3 concentrations
or dilution buffer. Test recovery (percentage) was

calculated for each dilution for comparison of expected
versus measured leptin concentrations.

Limit of quantification was calculated as the amount
of analyte that could be measured with an intra-assay
variation < 15%.'%!7 Six dilutions (100%, 75%, 30%,
37.5%, 18.75%. and 9.38%) of 2 serum pools (1 for
each assay tested) were prepared and analyzed 5 times.
The CV of each dilution was calculated and plotted as a
function of leptin concentration.

All pools used for repetitive analysis were frozen in
aliquots, and only vials needed for each run were used
Lo avoid possible changes caused by repetitive thawing
and freezing.

Comparison ol assays with positive reactivity
and ability of assays to differentiate between thin—
ideal weight and overweight-obese dogs—Samples
from 45 client-owned dogs were included for method
comparison and to determine whether leptin ELISAs
were able to differentiate between thin—ideal weight and
overweight-obese dogs. Thirty-seven mixed-breed dogs
were overweight or obese (20 females [3 neutered]| and
17 males [4 neutered]; BCS, 4/5 or 5/5; body weight
range, 3.0 to 48.5 kg; age range, 1.5 to 11 years), and
8 were thin-ideal weight, healthy mixed-breed dogs (4
females [1 neutered] and 4 males; BCS, 2/5 or 3/5; body
weight range, 5 to 14.1 kg; age range, 1.0 to 6.0 years).

Statistical analysis—Arithmetic means, medians,
and intra- and interassay CVs were calculated by
use of routine descriptive statistical procedures
and software."! Comparison of leptin concentrations
between thin-ideal weight and overweight-obese
dogs was determined by use of the Mann-Whitney
test because data did not pass the Kolmogorov-
Smirnov normality test. Visual inspection of results
of linear regression analysis comparing measured
and expected concentrations of leptin was used to
evaluate the linearity under dilution. Bland-Altman
plots were used to compare the results obtained with
the assays that had reactivity with canine leptin. The
95% limits of agreement were calculated as mean
difference + 1.96 X SD of the difference. For all tests,
a value of P < 0.05 was considered significant.

Results

Assay characteristice—Mean results obtained from
3 canine serum pools from overweight-obese dogs that
were analyzed to evaluate the existence of reactivity
between assay antibodies and leptin, along with mean
values of blank samples from all kits evaluated, were
determined (Table 1). Because a positive result that
could be differentiated from that obtained with the
blank was not detected by use of any of the human or
mouse or rat leptin ELISAs, the rest of the study was
focused on evaluation and validation of assays A and B.

Assays A and B had intra-assay CVs < 6.1%
and 14.0% and interassay CVs < 7.6% and 13.7%,
respectively (Table 2). Linearity under dilution of 2
canine serum pools for assays A and B was determined
(Figures 1 and 2). In assay A, dilution of pools with
different leptin concentrations resulted in linear
regression equations with correlation coefficients of
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0.99 and 0.99; in assay B, these correlation coefficients
were 0.97 and 0.95. Recovery between observed and
expected leptin concentrations ranged from 77% to
101% for assay A and from 67% to 125% for assay B
(Table 3). Limits of quantification were 3.6 ug/L for
assay A and 11.6 ug/L for assay B (Figure 3).

Comparison of canine leptin ELISAs and ability of
the assays to differentiate between thin—ideal weight
and overweight-obese dogs—Seven of 8 serum samples
collected from thin-ideal weight dogs did not yield a
resultwhenanalyzed with assay A (leptin concentrations
of these samples and all samples with results less than
the limit of quantification were set to 0 pug/L for further
statistical analysis; however, values are reported as less
than or equal to the limit of quantification). For the
45 clinical samples, ranges of leptin concentrations
obtained with assays A and B were < 3.6 to 45.9 pg/L
and < 11.6 to 103.8 ug/L, respectively. A Bland-Altunan
plot of comparison between the methods revealed a

Table 1—Mean leptin concentrations (ug/L) obtained by use of &
ELISAs from 3 pools prepared from canine serum samples and
blank samples.

Sample AssayA AssayB AssayC AssayD AssayE
Pool 1 6.4 19 ND 0.1 12
Pool 2 51 26.2 ND 0.6 12
Pool 3 42 281 ND 0.2 12
Blank ND 6.5 15 0.1 1.1

ND = Mot detected.

Table 2—Intra- and interassay variability of leptin concentrations
i!.;ﬁfu determined by use of 2 ELISAs in canine serum pools with
ifferent concentrations of analyte (high and low).

Method Comparison Pool Mean CV (%)
Assay A Intra-assay Low 40 48
High 109 6.1
Interassay Low 37 6.9
High 109 76
Assay B Intra-assay Low 130 14.0
High 318 5.9
Interassay Low 124 9.7
High 296 13.7

proportional error indicated by differences in leptin
concentrations increasing relative to the increase in
mean value (Figure 4).

When assay A was used, samples collected from
overweight-obese dogs (median, 7.2 ng/L; 10th to 90th
percentile range, 4.2 to 25.0 pug/L) had significantly
(P < 0.001) higher leptin concentrations than those:
collected from thin-ideal weight dogs (median, < 3.6
ug/L; 10th to 90th percentile range, < 3.6 to 5.4 ug/L)..
In contrast, no significant (P = 0.89) difference was:
observed in leptin concentration when serum samples:
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Figure 1—Linearity under dilution of 2 canine serum pools (circles.
and squares) with different leptin concentrations measured by
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Figure Z—Linearity under dilution of 2 canine serum pools (circles:
and squares) with different leptin concentrations measurad by
use of an ELISA (assay B).

Table 3—Percentage recovery of leptin by use of 2 ELISAs. Calibrators with different amounts of leptin
were mixed with serum samples with known leptin concentrations.

Leptin
concentration (ug/L)
Method Sample Calibrator Expected value (ug/L) Observed value (ug/L)  Recovery (%)
Assay A 5.79 25 154 11.8 110
125 9.1 89 97.5
31 45 43 95.6
0 29 24 81.6
11.75 25 18.4 15.2 82.6
125 12.1 103 85.0
31 14 12 96.2
0 59 59 1011
Assay B 33.95 50 41.9 316 754
25 29.5 25.1 85.2
5 19.5 222 1139
0 17.0 201 1182
88.28 50 69.1 86.1 1245
25 56.6 317 66.6
5 46.6 351 75.3
0 441 314 na
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Figure 3—Limits of quantification for 2 ELISAs used to measure
canine leptin concentrations. Different dilutions of 2 serum pools
were assayed with assay A and B, and the CVs were plotted as
a function of leptin concentration. Dotted line indicates 15% CV,
which is considered the acceptable limit of quantification.
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Figure 4—Bland-Altman plot illustrating the 95% limits of
a%reement for I\Hjtm concentrations determined by use of 2
ELISAs (A and B). Upper and lower horizontal dashed lines
represent 95% limits of agreement, and the middle horizontal
dotted-dashed line represents mean difference (bias).

from overweight-obese (median, 28.1 pg/L; 10th to
90th percentile range, 13.7 to 92.3 ng/L) and thin-ideal
weight dogs (median, 27.6 ng/L; 10th to 90th percentile
range, 20.8 to 81.0 pug/L) were analyzed with assay B.

Discussion

Leptin concentration is high in obese dogs and can
be used in the study of obesity and obesity-associated
diseases in this species.”® However, leptin concentration
is still not widely used in canine practice, perhaps
because, to the authors’ knowledge, no validation
studies for use in dogs have been published for any
leptin ELISA methods that are presently commercially
available. Validation studies are needed to ensure that
analytic methods can successfully measure the analyte
and provide reproducible and accurate results that are
useful to discriminate between healthy and diseased
animals.'®

In the study in dogs reported here, we tested 5
ELISA kits for leptin measurement: 2 for use in dogs,
2 for use in humans, and 1 for use in mice or rats.
Despite an 82% and 79% homology in amino acid
sequence between canine and human or mouse leptin,

respectively, only canine-specific ELISAs (A and B)
yielded a positive reaction with canine serum. These
results could suggest that antibodies of the different
kits recognize leptin epitopes located in regions with
a high heterogeneity in the protein sequence between
species." It must be pointed out that canine serum with
potentially high leptin concentrations was used instead
of purified canine leptin to evaluate the presence of
reactivity between assay antibodies and leptin; therefore,
it was supposed that the analytic signal obtained did
indicate the presence of leptin because antibodies of the
positive reacting kits were canine leptin specific.

The CVs reported by assay A manufacturers (5.9%
and 6.7% at mean concentrations of 3.1 and 20.8 pg/L,
respectively) were slightly higher than those observed
in the present study. Manufacturers of assay B do
not provide such data with the ELISA kit. However,
obtained results indicated that assay A was more
precise in measuring leptin in canine serum samples
than assay B, and assay B imprecision was near 15%,
which is considered the maximum acceptable value for
analytic methods.*

The accuracy of A and B ELISAs was indirectly
evaluated by use of linearity under dilution and spiking
recovery.'"” Regression analysis revealed that both
assays yielded linear results when measuring leptin in
differentdilutions of canine serumsamples. The recovery
study revealed that assay A slightly underestimated
serum leptin concentrations because most recovery
values were < 100%. The low recovery found at the
expected value of 2.9 pg/L could be attributable to the
fact that it was less than the limit of quantification of
the assay (3.6 ug/L). Leptin values obtained with assay
B were highly under- or overestimated (reaching up to
33% of the expected value), compared with expected
values.

When assay A was used, overweight-obese dogs
had higher plasma leptin concentrations, compared
with thin-ideal weight dogs, which was similar to
previous reports.>” In the present study. the median
leptin concentration in overweight-obese dogs (7.2
ug/L) obtained with assay A was lower than reported
by Ishioka et al®" in dogs with a BCS of 5/5 (12.3 =
1.5 ng/L and 12.8 + 0.8 pg/L, respectively). However,
no comparison could be made in thin-ideal weight
dogs between assay A and reports from Ishioka et al®”
because median values obtained in our assay were less
than the limit of quantification of the method.

No significant difference in leptin concentrations
was detected between overweight-obese and thin—ideal
weight dogs when analyzed with assay B. Factors that
might explain these results were the high imprecision
and poor performance in recovery studies. In addition,
this assays high limit of quantification reflected a
limited ability to measure low concentrations of leptin.

Of the 5 leptin ELISAs evaluated in the present
study, 1 canine-specific ELISA had adequate analytic
characteristics of precision, linearity, recovery, and
ability to discriminate between high and low leptin
concentrations corresponding to overweight-obese and
thin-ideal weight dogs, respectively. Although these
results should be interpreted with caution because
no purified canine leptin was available for cross-
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reactivity studies and variations in reactivity may be
obtained with different batches of antibodies used in
the canine kit, this assay could be used for canine leptin
determination. Nevertheless, it would be desirable to
decrease its limit of quantification to permit better
detection of low concentrations of leptin. In addition,
results of this study stress the importance of performing
validation studies on every analytic kit before routine
use in a veterinary laboratory.

a.  TapVal, Aquisel. Barcelona, Spain.

b.  Canine leptin ELISA kit, Millipore, Mo.

c.  Goatanti-canine leptin, BPB Biomedicals Inc, Franklin, Calil.

d.  Leptin EASIA, BioSource Europe SA, Nivelles, Belgium.

e. Human Leptin ELISA, BioVendor-Laboratorni Medicina AS,
Modrice, Czech Republic.

L Mouse/rat enzyme immunoassay kit, SPlbio, Montigny le
Bretonneux, France.

g.  PowerWave XS, Bio-Tek Instruments Inc, Winooski, Vt.

h.  GraphPad Prism, version 3 for Windows, GraphPad Software
Inc, San Diego, Calil.
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Appendix
Characteristics of b ELISAs used for determination of leptin concentrations in various species.
Measurement

Assay Species Antibodies wavelength (nm)
Av Canine Polyclonal and hiuti_nllated monoclonal anti-leptin 450-590
Be Canine Polyclonal anti-leptin o 450
ce Human Monoclonal and HRP-monoclonal anti-leptin 405-650
D® Human Polyclonal and HRP-polyclonal anti-leptin S 450
E Mouse orrat  Biotinylated polyclonal and HRP-polyclonal anti-leptin 450

*This assay also uses biotinylated leptin and streptavidin-HRP as a measurement indicator.

HRP = Horseradish peroxidase.

AR, Vol 72, No. 2, February 2011

173

65



66



3.2.3. Article 4

67






ORIGINAL ARTICLE

DOI: 10.1111/j.1439-0396.2010.01112.x

Validation of two ELISA assays for total ghrelin measurement

in dogs

A. Tvarijonaviciute, S. Martinez-Subiela and J. J. Ceron

Department of Animal Medicine and Surgery, Faculty of Veterinary Medicine, University of Murcia, Murcia, Spain

Keywords
dog, ELISA, ghrelin, glucose, validation

Correspondence
1_ 1. Ceron, Department of Animal Medicine

and Surgery, Faculty of Veterinary Medicine,

University of Murcia, 30100 Espinardo,
Murcia, Spain. Tel: +34 868 884722;
Fax: +34 868 886414; Email: jjceron@um.es

Received: 3 August 2010;
accepted: 1 November 2010

Summary

The aim of this study was to validate two commercially available ELISA
assays for total ghrelin measurement in «dogs: one canine-specific and
one originally designed for measuring human ghrelin. The two assays
showed intra-assay coefficient of variations (CVs) lower than 10%,
while the inter-assay CVs exceeded the 15% limit. Sample dilutions
resulted in linear regression equations with correlation coefficients close
to 1. In order to compare methods and verify ability of the ghrelin
assays to differentiate between low and high levels, ghrelin concentra-
tions were measured in plasma samples obtained before and at different
times after glucose administration in five Beagle dogs. A statistically
significant changes in ghrelin after glucose administration was recorded
only with agsay B. In conclusion, the human ELISA validated in this
study showed a good intra-assay precision, accuracy, and when applied
to the glucose injection study, was better in distinguishing high and low

canine ghrelin levels than the canine ELISA assay.

Introduction

Ghrelin is a 28-amino acid peptide that acts as the
ligand for the growth hormone (GH) secretagogue
receptor type 1a and is able to stimulate GH secretion
from pituitary gland cells in many species such as
rats, humans, goats and dogs (Kojima et al., 1999;
Date et al., 2000; Hayashida et al., 2001; Bhatti et al.,
2002; Hosoda etal, 2003). Ghrelin is a cardinal
hormonal regulator of energy homeostasis, as it
stimulates appetite, increases food intake, gastric acid
secretion, gastric motor activity, induces adiposity
and decreases fat use (Masuda et al., 2000; Tschop
et al., 2000; Gualillo et al., 2003; Hagemann et al.,
2003; Tung et al., 2004). Because ol its functions,
ghrelin is highly studied in human patients
suffering nutritional disorders such as hyperphagia,
cancer anorexia, anorexia nervosa, and syndrom of
Prader-Willi (Cummings et al., 2002; English et al.,
2002; Tanaka et al., 2003). In the recent years, ghre-
lin is gaining importance in the human medicine due

to its orexigenic and gastric motility stimulating
effects among others (Kojima and Kangawa, 2005)
and also as a potential pharmacological compound
for the treatment of obesity and anorexia (Yokoyama
et al., 2005).

Recently, there is an increased interest in studies
investigating the role of ghrelin in dogs, especially in
relation to obesity and anorexia (Yokoyama et al.,
2005). In addition, as ghrelin seems to have similar
functions in the dog and the man and the distribu-
tion of ghrelin-immunoreactive cells in the canine
stomach resembles that of the human stomach, the
dog is considered as a suitable experimental model
(Yokoyama et al., 2005).

Serum ghrelin in dogs has been measured in
most published studies by radioimmunoassays (RIA)
(Jeusette et al., 2005; Yokoyama et al., 2005; Bhatti
et al., 2006; Yilmaz et al.,, 2007). The use of ELISA
techniques has several advantages over RIA which
include the lack of exposure to radiation, higher shelf-
lives of reagents, no need for special facilities and
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rapid turnaround time of results (Risch et al., 2006).
Therefore, the use of ELISAs could contribute to a
widespread use of ghrelin measurements in dogs. In
addition, it has been shown that ELISA sandwich
assays can distinguish different ghrelin responses
better than RIAs (Prudom et al., 2010). Even so, to
the authors” knowledge there are no complete valida-
tion studies published about the use of ELISA Kits for
the measurement of ghrelin in dogs. We postulated
that a human ELISA assay could be used to quantify
canine ghrelin, as ghrelin is highly homologous
amongst different species. In addition, the canine and
human ghrelins differ only in two amino acids, and
the 10 amino acids in their NH, termini in particular,
are identical (Tomasetto et al., 2001; Angeloni et al.,
2004; Kojima and Kangawa, 2008). The aim of this
study was to validate two commercially awailable
ELISA assays: one canine-specific and one originally
designed for measuring ghrelin in people. For the
validation, the analytical performance ol the assays
was determined.

Materials and methods

Animals and samples

Plasma samples obtained from five University owned
female Beagle dogs (age, 5.2 + 0.5 years; BCS, 3/5;
BW, 14.13 £ 0.7 kg) were wused [or the analytical
validation of the assays. In order to obtain specimens
with potentially different ghrelin concentration, the
procedure of Mori et al. (2009) was followed: glu-
cose solution (0.5 g/kg body weight) was injected
intravenously for over 30 s to these dogs as a sterile
25% solution (50% solution was diluted by physio-
logical saline). Blood samples from all animals were
collected [rom the jugular vein prior to and 5, 10,
30, 60, 120, 180 min after glucose infusion.

Blood samples were placed into tubes on ice con-
taining EDTA and aprotinin (100 ul/ml) (Aprotinin;
Phoenix Pharmaceuticals, Burlingame, CA, USA)
(Goodyear et al., 2010), and were immediately centri-
fuged, at 3500 g for 7 min at 4 °C, to minimise ghrelin
degradation. After centrifugation, plasma aliquots
were stored at —20 °C till analysis. On the day of anal-
ysis, samples were brought to room temperature and
thoroughly vortexed prior to performing the assays.

Ghrelin analysis

Assay A

Canine ghrelin assay (Canine Ghrelin ELISA; Phoe-
nix Pharmaceuticals) is a competitive ELISA assay
for the quantitative measurement of ghrelin in
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canine plasma samples. It employs microtitre wells
coated with secondary antibodies, primary antica-
nine ghrelin antibodies, biotinylated ghrelin and
streptavidin-horseradish peroxidase. After the sub-
strate  3,3,5,5-tetramethylbenzidine is added, the
enzymatic activity is measured spectrophotometri-
cally from the absorbance at 450 nm of the formed
products following their acidification with 2 N HCL

Assay B

Human ghrelin assay (Human unacylated Ghrelin
ELISA; BioVendor-Labaratorni Medicina a.s., Mod-
rice, Czech Republic) is a double-antibody sandwich
ELISA assay for the quantitative measurement of
ghelin in human serum samples. It employs microti-
tre wells coated with monoclonal antibodies specific
to the C-terminal part of ghrelin, acetylcholineter-
ase-Fab’ conjugate and Ellman’s reagent. Manufac-
turers of the assay B indicate that the absorbance
should be read spectrophotometrically at 450 nm,
30-60 min after the addition of the substrate
solution.

In order to verify possible changes due to different
final incubation times, absorbance readings were
performed at 30, 45 and 60 min after the substrate
solution has been added. As no significant dilfer-
ences were detected between the three readings
(data not shown), the 30-min incubation was per-
formed in all cases.

Analytical validation

Preliminary tests

[n order to verify the existence of reactivity between
antibodies and canine ghrelin, two canine plasma
samples were analysed five times each, while two
other samples were serially diluted and analysed
with both assays.

Analytical validation

For the analytical validation of the two methods, the

following parameters were calculated:

®  Precision: (i) Intra-assay coefficient of variation
was calculated after analysis of two serum pools,
five times in a single assay run; (ii) inter-assay
coefficient of variation (CV) was determined by
analysing the same samples in five separate runs
carried out on five consecutives days.

® Accuracy: This evaluated indirectly by linearity
after dilution and by recovery studies. To assess
linearity after dilution, two canine serum samples
with high ghrelin concentrations were serially
diluted with the corresponding sample diluent
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provided with each assay. To evaluate the ability
of the assays to recover the amount of analyte
added to baseline serum samples, a spiking recov-
ery was performed (Guidance for Industry, 2010).
For this purpose, two different samples were
divided into five aliquots and each different ali-
quot was mixed with a known amount of puri-
fied canine ghrelin [Ghrelin (Canine) 100 ug;
Phoenix Pharmaceuticals] (Table 2). Test recovery
(%) was calculated for each dilution for compari-
son between the expected and the measured
ghrelin.

® Lower (LLOQ) and upper (ULOQ) limit of quanti-
fication were calculated as the lowest and highest
level of analyte that can be measured with an
intra-assay variation under 20% (Tholen etal.,
2003; Rauh et al., 2007). To that end, two plasma
pools (one for each assay tested) were serially
diluted in corresponding assay buffer and analy-
sed in five replicates in the same analytical run.

Then CV of each dilution was calculated and

plotted as a function of ghrelin concentration.

All samples used for analysis were frozen in aliqu-
ots. In order to avoid possible sample deterioration
due to repetitive thawing and freezing only vials
needed for each run were used.

Agreement of nmethods and ability to differentiate ghrelin
values

In order to compare methods and verify ability of
the assays to detect different ghrelin levels, ghrelin
concentrations were measured with both assays as
described above in plasma samples obtained before
and at different times after glucose administration in
the five Beagle dogs.

Statistical methods

Arithmetic means, medians, intra-assay and inter-
assay CVs were calculated using standard descriptive
statistical procedures and software (GraphPad Prism;
GraphPad Software, San Diego, CA, USA). Linearity
under dilution was accomplished by ordinary linear
regression analysis comparing the measured levels
of ghrelin with the expected levels. Bland-Altman
plots were used to evaluate the clinical agreement
between results obtained with the two ELISA assays.
Bias was computed as the mean difference between
scores for the two methods. Values for the 95% lim-
its of agreement (LOA) were computed as mean dif-
ference £1.96 SD. One-lactorial repeated-measures
awova with Dunnetts multiple comparison post-test
were used to compare ghrelin levels after glucose

lournal of Animal Physiology and Animal Nutrition. © 2010 Blackwell Verlag GmbH
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administration. The significance level used in each
case was p < 0.05.

Results

Assay characteristics
Preliminary tests
Preliminary performance of the assay A showed that
all samples exceeded the absorbance detection limit
of the assay and no linearity was observed. Adjust-
ments based on different dilutions of the samples
were performed in order to detect if any dilution
could fit the range of absorbance measurement of
the assay. It was found that a sample dilution of 1:8
showed major repeatability and the linearity under
dilution resulted in a lineal regression equation.
When assay B was tested, good repeatability and
linearity was observed.

Analytical validation

Assay A: Mean intra- and inter-assay CVs ranges
were 8.5% and 43.8%, respectively (Table 1). The
linearity after dilution of two canine samples is
shown in Fig. 1. Dilution of serum samples with dif-
ferent ghrelin  concentrations resulted in linear
regression equations with correlation coefficients of
0.991 and 0.924. The recovery between observed
and expected ghrelin concentrations ranged from
101% to 120% (Table 2). LLOQ and ULOQ were
0.52 and 17.31 ng/ml, respectively (Fig. 2).

Assay B: Mean intra- and inter-assay CVs were
4.6% and 17.4%, respectively (Table 1). The linear-
ity alter dilution of two canine samples is shown in
Fig. 1. Dilution of serum samples with dilferent
ghrelin concentrations resulted in linear regression
equations with correlation coefficients of 0.999 and

Table 1 Intra- and inter-assay variation In determinations of ghrelin
concentration in canine plasma samples with canine and hurnan ELISA
assays

Ghrelin concentrations

Method Comparison  Pools  Mean 5] CV (%
Assay A (ng/ml)  Intra-assay 1 5.05 05 100
2 11.08 08 6.9
Inter-assay 1 4.95 27 544
2 9.27 31 335
Assay B [pgiml]  Intra-assay 1 655.93 9.8 3.0
2 432191 2953 6.1
Inter-assay 1 08423 1941 19.5
2 531631 8141 153
CV, coefficient of variation.
3
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Fig. 1 Linearity under dilution of two canine serum samples with different ghrelin concentrations measured with assay A (a, b) and assay B (c, d).

0.998. The recovery between observed and expected
ghrelin concentrations ranged from 83% to 96%
(Table 2). LLOQ and ULOQ were 168 and 7720 pg/
ml, respectively (Fig. 2).

Agreenrentt of methods and ability to differentiate between
high and low ghrelin values
When assaying the 35 plasma samples obtained after
glucose administration, the range of ghrelin concen-
tration obtained with assays A and B were 4.35-
13.75 ng/ml and 435.62-6089.67 pg/ml, respec-
tively. Bland-Altman plot of comparison between
the two methods (A and B) showed a proportional
error; the difference in ghrelin concentrations
increased as the mean value increased (Fig. 3). The
mean difference between the ghrelin levels obtained
using canine and human ELISA assays
5483.0 pg/ml (95% LOA, 3077.4-7888.6 pg/ml).

Changes in circulating levels of ghrelin after glu-
cose administration determined with assays A and B
are presented in Fig. 4.

In comparison with the basal values, a mean
decrease of 17% and a mean increase of 19% in
ghrelin concentrations were observed 5 and 120 min

was
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after glucose administration, respectively, when
analysed with assay A. However, no statistically
significant changes were recorded.

When assay B was used, a decrease of over 30%
in plasma ghrelin levels was detected 10 min after
glucose administration (p < 0.05), followed by 50%
increase in plasma ghrelin levels 120 min after glu-
cose injection (p < 0.05) when compared with the
basal levels.

Discussion

Ghrelin circulates in the bloodstream in two differ-
ent forms: acylated and desacylated. The acylated
form bears a unique post-translational octanyl modi-
fication due to the esterification of a fatty acid on
its third serine residue (Kojima et al., 1999) and it is
presented in amounts far lower (only ~10% of
total ghrelin) than desacylated form (Kojima and
Kangawa, 2005). In this paper, we validated two
ELISA kits for total ghrelin measurement. Both
assays use antibodies that recognise an epitope
common to the acylated and desacylated ghrelin,
measuring in this way the total ghrelin (Liu et al,
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Fig. 2 Lower and upper limits of quantification. Different dilutions of
two serurn pools were assayed with assay A (a) and B (b) and the CVs
(%) were plotted as a function of ghrelin concentration (ngfl and pg/mi,
respectively).

Table 2 Spiking recovery method. Different amounts of purified ghre-
lin were mixed with serum samples in which ghrelin concentrations
were known

Ghrelin
concentration

—_  Expected Observed Recovery

Method Sample Purified value value (%)
Assay A [ng/mi) 63 25 15.7 189 1205
125 94 111 1177
6.25 63 6.3 1011
Assay B (paiml) 435.6 10 000 5217 8 5030.8 964
5000 2717 8 24105 887
1000 7178 EB5.0 830

2008). Although in humans, there are methods to
separately measure the acylated and desacylated
ghrelin, in dogs only quantification of total ghrelin is
usually performed. The causes for that could be the
inexistence of wvalidated methods for measurements
of acylated and desacylated ghrelin as well as the
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Fig. 3 Bland=Altman plot illustrating the 95% LOA for ghrelin values
[pa/ml) determined by canine ELISA assay (A} and human ELISA assay
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Fig. 4 Plasma ghrelin response to IV glucose (0.5kg of body weight)
injection in four Beagle dogs measured with assay A (O) and assay B
(A).

instability of the particular antigenic portions of the
acylated form (Jeusette et al., 2005). Although, it
has been reported that total and acylated ghrelin
are regulated in parallel (McCowen et al., 2002), it
would be desirable in the future the development of
assays that would allow the separate measurements
of both forms in the dog. Such assays would be valu-
able in elucidating the physiological role of ghrelin
as well to investigate the interconversion of ghrelin
and desacyl-ghrelin in tissues and plasma (Rauh
et al., 2007).

Validation that analytical
methods are able 1o detect the corresponding analyte
providing repetitive and accurate (Tecles

studies must ensure

results
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et al., 2007). For this, precision, accuracy and limits
of quantification. The intra-assay CV reported by the
manufacturers of the assay B (4.3% at mean con-
centrations of 200 pg/ml) was similar to the one
observed in this study, while the inter-assay CV
reported by manufacturers (4.6% at mean concen-
trations of 200 pg/ml) was much lower in compari-
son with the one generated in this study. This
discrepancy could be attributed to the different mean
ghrelin concentrations (200 vs. 990 pg/ml) and the
use of different species samples. Even so, the CVs of
the assay B were below 20%. It is generally recom-
mended that CVs must be lower than 10% for ana-
lytical determinations, but it is accepted that those
CV% can reach values of 15-20% for immunological
assays if concentrations of the analyte are low and
close to the detection limit (Guidance for Industry:
Bioanalytical Method Validation, US, 2001). The
high inter-assay CVs (up to 54%) obtained with
assay A could be influenced by the high inter-kit
variability (data not shown). For this reason if assay
A is employed, it would be recommended to analyse
the samples in the same run and also with the
same kit.

The accuracy of A and B ghrelin ELISA assays was
indirectly evaluated by linearity under dilution and
spiking recovery (Jensen, 2006). Regression analysis
revealed that both assays were linear when measur-
ing ghrelin in different dilution of canine serum
samples. The recovery study showed that both assays
were able to accurately measure the different con-
centrations of added ghrelin. These results were sim-
ilar 1o those reported for human ghrelin RIA, where
recoveries of 150 and 500 ng/l recombinant ghrelin
(mean + SD) in EDTA plasma were 99 + 12% and
98 + 6%, respectively (Groschl et al., 2002).

The range of detection reported by the manufac-
turers of the assay B was 6-250 pg/ml and was rec-
ommended in samples with concentrations higher
than 250 pg/ml to repeat the analysis following dilu-
tion. LLOQ as well as ULOQ of the assay B in the
present study were higher than those reported by
the manufacturers. Unfortunately, manufacturers of
the assay A did not include such data. In the current
study, ghrelin levels obtained with the two assays
were within LLOQ and ULOQ ranges. Similar data
have been reported for human ELISAs, where less
than 1% of the samples were outside the observed
range (4.6-1000 pg/ml) of the assays (Prudom et al.,
2010).

Despite a good correlation, Bland-Altman test
revealed a mean difference in values obtained with
the two assays higher than 5000 pg/ml. Variations in
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ghrelin measurements using different assays have
been also described in humans, where 10-fold differ-
ences have been reported when two commercial RIA
kits were compared (Grdschl et al, 2004). In our
case, the varation found could be attributed to pos-
sible affinity divergence of the antibodies to the
canine ghrelin (species-specific and non-specific,
assay A and B, respectively). Also it could be due to
the different calibrators used (Groschl et al., 2004).
Ideally a calibrator of canine ghrelin with a known
concentration measured by a validated or a reference
method such as mass spectrometry should be used
in the assays (Stockl et al.,, 1997; Keevil et al., 2002;
Fierens et al., 2003).

Glucose has been demonstrated to be the most
potent inhibitor of systemic ghrelin levels in humans
and rodents (McCowen et al, 2002; Haltia eral.,
2010), suggesting that decreased plasma ghrelin
levels during hyperglycaemia may represent a com-
pensatory mechanism under condition of a positive
energy balance (Nakagawa et al, 2002). Also in
dogs, ghrelin is increased by short-term fasting and
suppressed immediately after feeding (Bhatti er al,
2006). Based on these previous studies and in order
to evaluate the ability of the assays in the present
study to differentiate between different ghrelin
levels, glucose was administered intravenously to
the dogs and samples obtained at different times
were analysed for ghrelin. Likewise as in humans
and rats, ghrelin levels decreased after glucose infu-
sion and returned to normal values within 3 h. The
greater relative changes in ghrelin values were
obtained with assay B in comparison with assay A.
Differences in the ability to detect ghrelin in serum
samples have been reported also in human when
different ghrelin assays were compared (Prudom
et al., 2010). Ghrelin is considered as a peptide diffi-
cult to quantily, as depending on the assay there are
numerous factors that can affect ghrelin measure-
ments. One of these factors is that due to its strong
basic charge and hydrophobic acylation, ghrelin has
a tendency to stick onto surfaces. Also ghrelin anti-
sera differ in their ability to detect ghrelin bound to
carrier proteins (Stockl et al., 1997).

In conclusion, assay B showed a good precision,
accuracy and was able to significantly detect changes
in serum total ghrelin concentrations. We concluded
that it could be used for measurement of total ghre-
lin in dogs and that due to its simplicity and lack of
need for special equipment, could facilitate in the
future the ghrelin measurements in this species. Our
study also underlined the importance of an adequate
validation of methods before their application in the
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laboratory, as the two compared assays showed
marked differences in precision and ability to detect
different serum ghrelin concentrations, differences
that could significantly alter the interpretation of the
results.
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Serum insulin-like growth factor-1 measurements in dogs:
Performance characteristics of an automated assay and study
of some sources of variation

Asta Tvarijonaviciute, Fernando Tecles, José M. Carillo, Monica Rubio, José J. Ceron

Abstract

The aim of this study was to evaluate the performance characteristics of an automated immunoassay for canine insulin-like
growth factor 1 (IG F- 1) measurement and to investigate the possible effects of some sources of variation, such as diurnal
variations, feeding/fasting cycles, and glucocorticoid administration, in dogs. The immunoassay evaluated had an adequate
analytical performance with intra- and inter-assay coefficients of variation (CVs) lower than 10%, linear regression equations with
correlalion coellicients of 0.9993 and 0.9988 aller serial dilulions, and a limil of quantification of 7.1 ng/mL thal was even lower
than that reported by the manufacturer. The assay was significantly affected by hemolysis and lipemia producing a significant
decrease in IGF-1 concentrations, but not by bilirubinemia.
Serum IGI-1 concentrations did not show significant diurnal changes in fed or fasted dogs and were not affected by
glucocorticoid administration.

Résumeé

L'objectif de Ia présente étude était d’¢valuer les caractéristiques de performance d'une éprewve immuno-enzymatique automatisée pour In
mesure du facteur de croissance 1 apparenté a Uinsuline (IGF-1) et d'étudier chez les chiens les effets possibles de quelques souirces de variation,
telles que les variations diurnes, les cycles alimentation[jetine, et 'administration de glucocorticoides. L'éprmrve inmuno-enzymatique évalude
avait une performance analytique adéquate avec des m:’fﬁrmmq de variation (CV) intra- et inter-essais infériewr i 10 %, des f’qivannnq de
régression linéaire avec des coefficients de (,9993 et 0,9988 aprés des dilutions sériées, et une limite de quantification de 7,1 ngfmL qui état
inférieure o celle mentionnée par le manufacturier. L'épreuve était affectée de maniere significative par de I'hémolyse dans I'échantillon et
urie lipémie, qui entrainatent une réduction significative des concentrations d’IGF-1, mais pas par une bilirubinémie.

Les concentrations sériques d'IGF-1 n'ont pas wiontvé de changements significatifs assoctés aux variations diurnes chez des chiens nourris

ou mis au jefine et n'étaient pas affectées par 'administration de glucocorticoides.

Insulin-like growth factor 1 (IGF-1) is a small polypeptide hormone
consisting of 70 amino acids that is synthesized in the liver. It is
involved in the regulation of growth and metabolism and mediates
many of the anabolic effects of growth hormone (GH) in different tis-
sues, such as bones, muscles, kidneys, spleen, hearth, liver, or mam-
mary gland (1). Serum IGF-1 measurements have garnered increased
attention recently in dogs. It has been proposed as a marker of liver
function with a diagnostic value nearly comparable with fasting
bile acids (2). Also it has been reported to be higher in obese subjects
and return to normal values after weight loss (3). Additionally, as in
humans, the possible relationships between IGFE-1 and neoplasia or
cardiovascular disease have been studied, with a recently demon-
strated a link having been found between serum [GF-1 concentrations
and a worse prognosis in canine mammary cancers (4).

(Traduit par Docteur Serge Messier)

To facilitate studies on IFG-1 in dogs automated assays for deter-
mination of this factor need to be validated. Most of the studies
published on the dog have used a multispecies radioimmunoassay
(RIA) or enzyme-linked immunasorbent assay (ELISA) for IGF-1
quantification (2-4). The use of an automated solid-phase, enzyme-
labelled chemiluminescent immunometric assay would have several
advantages, such as easy integration into laboratory functions, high
throughput, and rapid turnaround time. Secondly, knowledge about
possible effects of some sources of variation, such as diurnal varia-
tions, feeding/fasting cycles, or corticoid administration on IGF-1,
would allow proper interpretation of the values of this analyte. The
aim of this study was to evaluate the performance characteristics of
an automated immunoassay for canine ICF-1 measurement and to
investigate the possible effects of some sources of variation, such
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Figure 1. Linearity under dilution of 2 canine serum samples with differ-
ent insulin-like growth factor (IGF-1) concentrations measured with an
assay (IMMULITE 1000).

as diurnal variations, feeding/fasting cycles, and glucocorticoid
administration in dogs.

Canine serum samples used for the validation study were obtained
from 3 apparently healthy dogs of different sex, breeds, and ages
that were presented at the Veterinary Teaching Hospital of Murcia
University for routine check-ups. Dogs showed no remarkable find-
ings on physical and clinical examination and in routine hematology
and biochemistry analysis. In addition, samples were obtained from
3 dogs with chronic hepatitis, the diagnosis of hepatopathy was
made as described by Neumann et al (2).

Eight young intact beagle dogs [4 females and 4 males; age range:
3.2to 5.1 y; bodyweight (BW) range: 12.6 to 18.9 kg; body condition
scores (BCS): 3 to 4], were included to investigate diurnal variations
and influence of food intake on IGF-1. Fourteen young intact beagle
dogs (8 males and 6 females; age range: 3.2 to 5.5 y; BW range: 10.1 to
17.9 kg; BCS: 3 to 4), were used to investigate possible effects of glu-
cocorticoids on serum IGF-1. None of these dogs had ever received
exogenous glucocorticoids. A single breed (beagle) within a narrow
age range was used to avoid heterogeneity. All animals had a nega-
tive serological titer for Leishmania infantum and Erlichia canis. Animal
care and procedures were in accordance with the guidelines of the
University of Murcia, Spain. The assessment of the nutritional con-
dition was based on a 5-scale BCS: 1 — thin; 2 — lean; 3 — optimal;
4 — obese; 5 — gross (5).

An automated solid-phase, enzyme-labelled chemilumines-
cent immunometric assay (Immulite 1000 IGF-1 assay; Diagnostic
Products, Los Angeles, California, USA) was used. [t was configured
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—=— sample 2 IGF-1

0 1 2 8 4 5 6 7 8 o
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Figure 2. Interferograms corresponding to the effect of hemoglobin (a),
triglycerides (b), and bilirubin (¢) concentrations on insulin-like growth
factor (IGF-1) determination by assay (IMMULITE 1000). Y-axes show
percentage of change in IGF-1 [(Vf/V ) X 100] for a given concentration
of hemoglobin, triglycerides, or bilirubin, respectively. V£, final value;
V,, original value.

and calibrated on an instrument in our laboratory according to
manufacturer’s instructions. The assay has test units containing one
bed coated with monoclonal murine anti-IGF-1, alkaline phosphatase
(bovine calf intestine) conjugated to polyclonal rabbit anti-IGF-1 in
buffer, chemiluminescent substrate (phosphate ester of adamantyl
dioxetane in an AMP buffer with enhancer).

Cortisol was analyzed with using an automated chemilumines-
cent immunoassay (Immulite System; Siemens Health Diagnostics,
Deerfield, Illinois, USA). Glucose was analyzed on an automated
clinical chemistry analyser (Olympus AU2700; Olympus Diagnostica
GmbH, Hamburg, Germany) as per the manufacturer’s instructions.

For analytical validation of the method, the precision; accuracy;
lower limit of quantification (LLOQ); and effects of hemolysis, lipe-
mia, and bilirubinemia were investigated.

Two serum pools with different IGF-1 activities were prepared,
one from the population of healthy dogs (mean IGF-1 close to
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Figure 3. Mean = standard deviation variation of serum insulin-like
growth factor (IGF-1) concentrations. Four beagle dogs were fed at
09:00 h (Fed+) and 4 beagle dogs were fasted (Fed—) all day long.

315.20 ng/mL), and the other from dogs with chronic hepatopathics
(mean 1GE-1 close to 38.02 ng/mL) and were used for precision
studies. Intra- and inter-assay coefficients of variation (CV) were
calculated after analysis of these 2 serum pools 5 times in a single
assay or on 5 consecutive days, respectively.

Accuracy of the assay was evaluated indirectly by linearity under
dilution. This procedure is an alternative used in situations, as in this
study, when no reference method is available and no commercially
available certified reference materials exist (6).

To evaluate effect of hemolysis, lipemia, and bilirubinemia,
2 canine serum samples were mixed with different concentrations
of hemoglobin, lipid, or bilirubin solution following previously
described procedures (7) and each preparation was run in duplicate.

To investigate diurnal variation and possible effect of food intake
on serum IGF-1, a previously described protocol (8) with some
modifications was used. Briefly: 8 adult beagle dogs were divided
into 2 groups of 4 dogs (2 males and 2 females in each). One group,
defined as group Fed+, was fed at 09:00 as on previous days. The
other group, defined as group Fed-, was fasted 24 h. Blood samples
were taken prior to feeding at 08:00 and at intervals of 2, 4, 8, 10,
12,16,and 20 h.

To study effects of glucocorticoids on serum IGF-1, 14 adult
beagles were assigned to control (n = 4) and test groups (n = 10).
Dogs in the control group (2 males and 2 females) were injected
SC 0.9% NaCl (0.1 mL/kg). Dogs in the test group were divided
into 2 subgroups: group 1 (n = 5, 3 males and 2 females) and group 2
(n =5, 3 males and 2 females). Methylprednisolone (Urbason 40 mg;
Aventis Pharma 5.A., Alcorcon, Madrid, Spain) was injected once SC
1 mg/kg BW and 5 mg/kg BW in groups 1 and 2, respectively. The
experiment was started at 08:00 after 12 h fasting in all groups. Blood
samples were collected prior to treatment at 08:00 and at intervals
of 2,4, 8,12, and 20 h. This protocol was chosen on the basis of data
from previcus studies (9,10).

Blood samples were collected by venipuncture in the cephalic
vein into tubes containing clotting accelerator (TapVal; Aquisel,
Barcelona, Spain). Samples were centrifuged at 2000 X g for 10 min
at room temperature to obtain serum, which was then stored in
plastic vials at —20°C for less than 6 mo (11). Serum samples used
for repetitive analysis were frozen in aliquots and only vials needed
for each run were used, to avoid possible changes due to repetitive
thawing and freezing.

40- —&— Control group

—m- Group 1
c
—@— Group 2
= 304
= /TN
2 VAN
< 207 / N
@ a
S
S 10 / b .
[ =
8:00  10:00 12:00 16:00 20:00
b) Time of day
3004
—a— Cortrol group
[ - Group 1
%‘ 2004 —@— Group 2
E
p=2
=
& 100-
0 T T T T T
8:00 10:00 12:00 16:00 20:00
Q) Time of day

Figure 4. Mean =+ standard deviation plasma cortisol (a) and insulin-like
growth factor (IGF-1) (b) response to subcutaneous (SC) bolus of meth-
ylprednisolone: 1 mg/kg BW (group 1; n = 5) and 5 mg/kg BW (group 2;
n = 5). Four dogs in the control group were injected SC 0.9% NaCl
(0.1 ml/kg). @ Statistically significant (P < 0.01). ® Statistically significant
(P < 0.001). ° Statistically significant (P < 0.0005).

Arithmetic means, medians, intra-assay and inter-assay CVs were
calculated using routine descriptive statistical procedures and soft-
ware (GraphPad Prism, GraphPad Software; San Diego, California,
USA). Linearity under dilution was accomplished by using ordinary
linear regression analysis comparing the measured levels of IGF-1
with the expected levels. Interferograms were prepared to show
the differences in IGF-1 concentration when hemoglobin, triglyc-
erides, or bilirubin were added. The influence of hemoglobin and
triglycerides was investigated using a 1-way analysis of variance
(ANOVA) and Dunnetts’ post test. Repeated measures ANOVA with
Newman-Keuls multiple comparison post test was used to analyze
the possible effects of feeding/fasting cycles and glucocorticoids
on IGF-1 levels in dogs. A two-way ANOVA with Bonferoni post
test was used to compare the biochemical parameters between fed
and fasted animals, and between different groups of dogs in gluco-
corticoid experiment. The significance level used in each case was
P < 0.05.

Intra-assay CVs were 7.4% and 4.1%, while inter-assays CVs of
the same serum pools were 9.2% and 8.6%. In the present study,
CV values from the assay (IMMULITE [GF-1) gave slightly higher
intra- and inter-assay CVs than those reported by the manufacturers.
Nevertheless, the assay appears to be suitable for detecting canine
IGF-1, as CV values did not exceed 15%, the limit of the objective
analytic performance standard for precision (12).

Dilution of 2 serum samples resulted in linear regression equa-
tions with correlation coefficients of 0.9993 and 0.9988 (Figure 1).
The LLOQ was 7.1 ng/mL with the precision within 15% verified
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by repeated analysis (13), and it was lower than that reported by
manufacturers (20 ng/mL). This fact could help for detecting the
low values of IGF-1 that can be expected in liver diseases.

Interferograms showing effects of hemolysis, lipemia, and bili-
rubinemia on determining IGF-1 concentrations are presented in
Figure 2. On the graphs, X-axes show increasing concentrations of
hemoglobin, triglycerides, or bilirubin while Y-axes show percent-
age change in IGF-1 [(Vf/VG) K 100]. A one-way ANOVA showed
significant decrease in IGF-1 concentrations in presence of hemolysis
(P =0.0015) and lipemia (P = 0.0043), but not bilirubinemia (P = (.1).
Dunnetts” post test showed a statistically significant decrease in
IGF-1 concentrations when hemoglobin concentrations were 1, 2,
4,and 8 g/L (P <0.05, P < (.05, P <0.01, P < 0.005, respectively),
and when any amount of triglycerides was added to the samples
(P < 0.01, in all cases). These results would partly agree with ones
reported by manufacturers, as they indicate the influence of low
grade hemolysis on IGF-1 levels and that the presence of conjugated
and unconjugated bilirubin in concentrations up to 200 mg /L had no
effect on the results. But it is contradictory in the case of lipemia, as
the manufacturers have reported that the presence of triglycerides,
up to 3000 mg/dL, had no cffect on the IGF-1 levels.

Figure 3 shows serum IGF-1 levels over a 20 h period in fed and
fasted dogs. No consistent statistically significant diurnal patterns
in total IGF-1 levels were observed in both groups. These data are
in accordance with results published in human medicine, in which
most studies agree that circulating IGF-1 levels remain relatively
stable during the day and are unaffected by meal intake, as well as
the type of meal (14-16). Conversely, in other studies on humans,
there is evidence of a nocturnal decline in IGF-1 levels from midnight
to 04:00 h, following which the levels return to baseline (16,17). This
can be explained by shifts in plasma volumes (18).

Responses of cortisol and total IGF-1 to methylprednisolone,
in comparison with placebo injection, are shown in Figure 4.
Circulating cottisol levels increased 180.5% in group 1 (P = 0.0008)
and 1318.9% in group 2 (P = 0.0003) 2 h after methylprednisolone
injection. Four hours after methylprednisolone injection cortisol
levels in group 1 returned to normal values (P = 0.5), while in
group 2 cortisol levels were still significantly increased 36.4%
(P = 0.0089) and returned to normal values 12 h after corticoid
injection. Methylprednisolone 1 mg/kg BW and 5 mg /kg BW sub-
cutaneously did not cause alterations in circulating IGF-1 levels, and
no significant difference was found between the control group and
groups that received glucocorticoids. Similar results were reported
by Wolthers et al (19,20) as no changes in circulating IGF-1 levels
in children with asthma treated with low doses of precnisolone
(2.5 mg) or inhaled glucocorticoids were detected. In addition,
normal IGF-1 levels have been reported in humans with Cushing’s
syndrome (21). Conversely, Miell et al (22) reported that treatment
of men with dexamethasone (2.5 mg) for 3 d significantly stimulated
total IGF-1 levels.

In conclusion, the automated method that was tested in the
present study exhibited analvtical characteristics validating its
use in the laboratory, including adequate precision and linearity
under dilution. Since it is robust, safe, and totally automated, this
method will facilitate widespread studies and applications of ICF-1
measurements in dogs. Furthermore, we have demonstrated, that

canine IGF-1 was significantly influenced by hemolysis and lipemia,
so hemolytic or lipemic samples should, ideally, be discarded or
interpreted with caution. However it was not affected by meal, fast-
ing, or methylprednisolone administration, so in practice no strict
standardization of the sampling condition (lime of the day, fasting
versus non-fasting, no previous corticoid treatment) is required for
collection of blood for IGF-1 measurements.
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feline insulin-like growth factor 1
(IGF-1), adiponectin and ghrelin
measurements
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Abstract

The objective of this study was to evaluate three commercially-available human assays for the determination of
adiponectin, ghrelin and insulin-like growth factor 1 (IGF-1) concentrations in feline serum samples. Intra- and
interassay coefficients of variation were lower than 20%, 15% and 6% for adiponectin, ghrelin and |GF-1 assays,
respectively. Dilutions of feline serum pools resulied in linear regression equations in all kits. Mean recovery of
adiponectin, ghrelin and IGF-1 assays were 107%, 102% and 105%, respectively. Significant differences were
detected in adiponectin and ghrelin concentrations between lean and obese cats (P <0.05 in both cases), but there

was no difference in IGF-1 concentrations (P = 0.12).

Accepted: 10 November 2011

Introduction
Obesity is an important disease in cats! and research
interest in this topic is growing, driving a demand for
more investigations in this field. Numerous studies have
reported changes in different analytes that could proceed
to obesity-related diseases such as diabetes mellitus and
skin and oral pathologies, among others.>* Thus, acces-
sible, fast, precise and accurate methods for evaluating
the physiopathological changes associated with obesity
and its related diseases are necessary in this species.*
Adiponectin, ghrelin and insulin-like growth
factor 1 (IGE-1) are serum proteins associated with
obesity and different metabolic diseases.>” In cats, adi-
ponectin concentrations decrease in obesity and return
to their initial values after weight loss.® Additionally,
low concentrations of adiponectin are associated with
decreased insulin sensitivity and increased susceptibil-
ity to inflammation.” Ghrelin is gaining importance in
human medicine owing to its orexigenic and gastric
motility stimulating effects,!” and also as a clinical phar-
macological substrate in the treatment of obesity and
anorexia.'! IGF-1 is involved in the regulation of growth
and metabolism, and also mediates many of the ana-
bolic effects of growth hormone in different tissues.®

Currently, measurement of these analytes in cats is
limited. Ghrelin and IGF-1 assays have usually been
performed with radioimmunoassay (RIA) technology
which requires special equipment and facilities'>!? and
there is a paucity of commercially-available validated
assays for adiponectin measurements in feline serum
samples.®'* Therefore, the objective of this study was to
perform an analytical evaluation of commercially-avail-
able enzyme-linked immunosorbent assays (ELISAs)
for adiponectin, ghrelin and IGF-1 on cat serum sam-
ples. Effects of lipaemia, haemolysis and bilirubinaemia
on the determination of the three analytes were also
investigated. In addition, overlap performance of the

1Department of Animal Medicine and Surgery, Faculty of
Veterinary Medicine University of Murcia, Spain

2Department of Obesity and Endocrinclogy, University of
Liverpool, Leahurst Campus, Chester High Road, Neston,
Wirral, UK

Corresponding author:

Jose J Ceron PhD, Department of Animal Medicine and Surgery,
Faculty of Veterinary Medicine University of Murcia, 30100
Espinardo, Murcia, Spain

Email: jjceron@um.es

87



Tvarijonaviciute et al

139

assays was studied in order to assess the ability of the
assays to detect different concentrations of adiponectin,
ghrelin and IGF-1 concentrations in obese and lean cats.

Materials and methods

Adiponectin, ghrelin and IGF-1 analysis

A human adiponectin ELISA (High Sensitivity Kit;
BioVendor-Labaratorni Medicina, Modrice, Czech
Republic) was used for measurement of serum adi-
ponectin. This assay employs microtitre wells coated
with polyclonal antibody, horseradish peroxidase, hydro-
gen peroxide/3,3", 5,5 -tetramethylbenzidine (TMB) sub-
strate solution and acidic solution to stop the reaction.
Fifteen minutes after substrate is added, the reaction
is stopped by the addition of the acidic solution. The
enzyme activity is measured spectrophotometrically at
450 nm in a microtitre plate reader (PowerWave XS; Bio-
Tek Instruments, Winooski, VT, USA). A standard curve
was constructed from the measurement of calibrators by
plotting the absorbance values versus adiponectin con-
centrations of calibrators. Concentrations of unknown
samples were then determined using this standard curve.
All samples were diluted 1:300 with the dilution buffer
provided in the kit prior to analysis, as recommended by
the manufacturers. A dilution of 1:200 was also tested but
gave poorer results in the linearity tests (data not shown).

A human ghrelin double-antibody sandwich ELISA
(BioVendor-Labaratorni Medicina) was used for meas-
urement of circulating ghrelin concentration. It employs
microtitre wells coated with monoclonal antibodies spe-
cific to the C-terminal of ghrelin, acetylcholinesterase-
Fab’ conjugate, and Ellman’s reagent. Absorbance is
measured spectrophotometrically at 450 nm, 3060 min
after adding the substrate solution in a microtitre plate
reader (PowerWave XS; Bio-Tek Instruments). A standard
curve was then constructed from measurement of cali-
brators by plotting absorbance values versus ghrelin con-
centrations of calibrators; concentrations of unknown
samples were then determined wusing this standard curve.

In order to verify any changes that could occur with
different final incubation times, absorbance readings
were initially preformed at 30, 45 and 60 min after the
substrate was added. As no significant differences were
noted amongst the three time points (data not shown),
all measurements were performed at 30 min after adding
the substrate solution. Although the manufacturers of
the ghrelin assay recommend diluting samples 1:10, pre-
liminary analyses demonstrated that a 1:2 dilution gave
more repeatable and accurate results for feline serum
ghrelin (data not shown).

For IGF-1, the Immulite 1000 IGF-1 assay (Immulite
1000; Diagnostic Products, Los Angeles, USA), an auto-
mated solid-phase, enzyme-labelled chemiluminescent
immunometric assay was used. The kit was config-
ured and calibrated on an instrument in our laboratory
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according to the manufacturer’s instructions. It employs
test units containing one bead coated with monoclonal
murine anti-IGF-1, alkaline phosphatase (bovine calf
intestine) conjugated to polyclonal rabbit anti-IGF-1 in
buffer, chemiluminescent substrate [phosphate ester of
adamantyl dioxetane in a 2-amino-2-methyl-1-propanol
(AMP) buffer with enhancer]. A dilution of 1:5 was used,
as recommended by the manufacturers.

Analytical performance

Feline serum samples used for the analytical perfor-
mance study were obtained from six lean [body condi-
tion score (BCS), 4-5 based on a 9-point scale]'® and
six obese (BCS, 7-9/9) cats of different sexes, breeds and
ages presented to the Veterinary Teaching Hospital of
Murcia University for routine evaluation. Cats had no
abnormalities on physical examination (apart from
obesity in six cats). Routine haematology (Advia 120;
Siemens Healthcare Diagnostics, Bad Nauheim,
Germany) and serum biochemistry (Olympus AU2700;
Olympus Diagnostica, Melville, NY, USA) were within
the reference intervals established for the cats.

Blood samples were collected by jugular or saphenous
venepuncture in the morning, after an overnight fast of at
least 12 h, and placed in tubes containing clotting accelera-
tor (TapVal; Aquisel, Barcelona, Spain). The samples were
then centrifuged at 2000 x g for 10 min at room tempera-
ture to obtain serum and were then stored in aliquots in
plastic vials at —20°C until analysis. On the day of analysis,
samples were brought to room temperature prior to meas-
uring adiponectin, ghrelin and IGF-1 concentrations.

For analytical performance of the three methods,
assay precision, accuracy and limit of detection were cal-
culated. All samples used for repetitive analysis were
frozen in aliquots and only vials needed for each assay
run were used, to avoid possible changes caused by
repetitive thawing and freezing.

For assay precision, three pools of sera with different
concentrations of analytes that corresponded to low,
mid-point and high ranges of the assays were prepared
from serum samples obtained from obese and lean cats
and used in each assay. For interassay precision, the
pools were divided into aliquots and stored in plastic
vials at —20 °C until analysis. Intra-assay coefficient of
variation (CV) was calculated, after analysis of the three
serum pools, five times in a single assay run. Inter-assay
CV was determined by analysing the same samples in
six separate runs carried out on different days.

The accuracy of the assays was evaluated indirectly
by linearity under dilution and recovery studies.'®
For linearity under dilution, the two feline serum pools
were serially diluted with diluent provided with the
kit (adiponectin, ghrelin, IGF-1) and analysed using the
procedures previously described. The pools had the
concentration of 7121.27 ng/ml and 4022.68 ng/ml of
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adiponectin, 233.62 ng/ml and 120.18 ng/ml of ghrelin,
and 315.00 ng/ml and 114.00 ng/ml of IGF-1. As certi-
fied species-specific reference material was not available,
to perform a spiking recovery test, two samples with
different amount of analytes were mixed in different
ratios.!-18 Thus, samples with high adiponectin, ghrelin
and IGF-1 concentrations (5553.40 ng/ml, 109.07 ng/ml
and 1562.00 ng/ml, respectively) were mixed at different
ratios with the serum samples with low adiponectin,
ghrelin and IGF-1 concentrations (1788.79 ng/ml, 44.19
ng/ml and 205.00 ng/ml, respectively) to reach % dilu-
tions of 100, 75, 62, 50, 37.5, 25 and 0%. Test recovery,
expressed as a percentage, was calculated for each dilu-
tion for comparison of expected versus measured con-
centrations. Limit of detection was calculated on the
basis of data from 20 replicate determinations of the zero
standard (buffer of assays), as mean value plus three
standard deviations.

To investigate the effects of haemolysis, lipaemia and
bilirubinaemia, two feline serum pools were mixed with
different concentrations of haemoglobin, lipid or bilirubin
solution following previously-described procedures."”

Effects of haemolysis and lipaemia

To investigate the effects of lipids, a commercial fat
emulsion (Lipofundina 20%; Braun Medical, Barcelona,
Spain) with a triglyceride concentration of 200 g /I was
serially diluted with sample diluent buffer; 10 pl of each
dilution was added to two samples of 90 pl of feline
serum. Sample homogeneity was then achieved by vor-
texing. The final triglyceride concentrations were 5, 2.50,
1.25, 0.625 and 0.3125 g /1. These triglyceride concen-
trations would correspond to slight lipaemia (0.3125
and 0.625 g /1), moderate lipaemia (1.25 and 2.5 g /1) and
marked lipaemia (5 g/1).

To investigate the effect of haemolysis, a fresh
haemolysate was prepared by addition of distilled
water to packed, saline-washed, feline red cells from
a healthy cat. The haemoglobin concentration in the
haemolysate was determined by using a Veterinary
Animal Blood Counter (Vet ABC; ABX Diagnostics,
Montpellier, France) and adjusted to 200 g/1 by adding
assay buffer to produce a stock solution. This stock solu-
tion was serially diluted with sample buffer and 10 pul of
each dilution was added to the samples of 90 ul of feline
serum. The final haemoglobin concentrations were 8, 4,
2,1, 05and 0.0 g/1 (10 pl of sample diluent buffer were
added to the samples to give 0.0 g/l concentration).
These haemoglobin concentrations would correspond to
slight haemolysis (0.5 g/1), moderate haemolysis (1 and
2 g/1) and marked haemolysis (4 and 8 g/1).

To study the effects of hyperbilirubinaemia, 6 mg of
bilirubin (Sigma Chemical, St Louis, MO, USA) were
suspended in 1 ml of the sample diluent provided in the
corresponding commercial kit for adiponectin, ghrelin
and IGF-1 assays. This stock solution was serially

diluted with sample buffer and 10 ul of each dilution
was added to the samples of 90 pl of feline serum. The
final bilirubin concentrations were 0.15, 0.075, 0.037,
0.018, 0.009 and 0.0 g/1 (10 ul of sample diluent buffer
were added to the samples to give 0.0 g/l concentra-
tion). These bilirubin concentrations would correspond
to slight bilirubinaemia (0.009 g/1), moderate bilirubi-
naemia (0.018 and 0.037 g/1) and marked bilirubinae-
mia (0.075 and 0.15 g/1).

Overlap performance

In order to evaluate whether the assays were able to
detect differences in analyte concentrations between
lean and obese individuals, samples from 20 client-
owned cats were tested. Two groups were studied: group
C1 comprised 10 overweight/obese neutered cats (BCS
7-9/9), all of which had been referred to the Royal Canin
Weight Management Clinic, University of Liverpool
(female/male 2/8; body weight range 5.8-10.7 kg; age
range 5-10 years; mixed breeds); group C2 comprised
10 healthy normal weight entire cats (BCS 4-5/9), pre-
sented to the Veterinary Hospital, University of Murcia,
Spain for routine check-ups or castration (female/male
2/8; body weight range 3.1-4.5 kg; age range 4.2-8.0
years; mixed breeds). Blood samples were collected by
jugular or saphenous venepuncture in the morning after
an overnight fast of at least 12 h. All cats were clinically
normal (apart from obesity in 10 cats) and had normal
haematology (Baker 9010 analyzer; Serono-Baker: Advia
120; Siemens Healthcare Diagnostics) and serum bio-
chemistry (Kone Specific Supra biochemistry analyser;
Thermo Fisher Scientific: Olympus AU2700; Olympus
Diagnostica) results.

Statistical methods

Arithmetic means, medians, intra- and interassay CVs
were calculated using routine descriptive statistical
procedures and software (Excel, Microsoft, Redmond,
WA, USA; GraphPad Prism, GraphPad Software, La
Jolla, CA, USA). Linearity under dilution was accom-
plished by ordinary linear regression analysis compar-
ing the measured concentrations of analyte with the
expected levels. Interferograms were prepared to show
the differences in analyte concentrations when triglyc-
erides, haemoglobin or bilirubin were added, as previ-
ously described.!® The influence of haemoglobin,
triglycerides or bilirubin was investigated using one-
way repeated measures analysis of variance (ANOVA)
and Tukey’s multiple comparison post-test. Student’s
t-test for similar variances was used to evaluate the dif-
ference of adiponectin and IGF-1 as an F test revealed
that the variances did not differ significantly, while
Student'’s t-test for different variances was used to eval-
uate the difference of ghrelin between healthy and
obese cats as an F test revealed that the variances dif-
fered significantly. The significance level used in each
case was P <0.05.
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Table 1 Intra- and interassay coefficients of variation (CV) of adiponectin, ghrelin and IGF-1 assays in feline serum pools

Table 2 Spiking recovery. Two samples with different amounts of analytes were mixed in different ratios and recavery,
expressed as a percentage, was calculated for each dilution for comparison of expected versus measured concentrations

Results Dilution of feline serum samples with different adi-
Assay characleristics ponectin concentrations resulted in linear regression
Intra- and interassay CVs of the three pools were below equations with correlation coefficient close to 1.0 in the
7-16%, respectively (Table 1). The linearity under dilu- meanrange from 90-7000 ng/ml. The recovery between
tion of two feline serum pools is shown in Figure 1. ©observed and expected adiponectin concentrations
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Figure 1 Linearity under dilution of two feline serum pools with different adiponectin (A), ghrelin (B) and IGF-1

(C) concentrations

ranged from 100-112%, with a mean of 107% (Table 2).
The detection limit was 2.0 ng/ml [mean 0.2 ng/ml,
standard deviation (5D) 0.6 ng/ml].

For ghrelin, intra- and interassay CVs of the three
pools were below 15% in both cases (Table 1). The lin-
earity under dilution of two feline serum pools is
shown in Figure 1. Dilution of feline serum samples
with different adiponectin concentrations resulted in
linear regression equations with correlation coefficient
close to 1.0 in the mean range from 30-130 pg/ml. The
recovery between observed and expected ghrelin
concentrations ranged from 91-112%, with a mean of
102% (Table 2). The detection limit was 9.6 pg/ml
(mean 1.8 pg/ml, SD 2.6 pg/ml).

For IGF-1, intra- and interassay CVs of the three
pools were below 3% and 6%, respectively (Table 1). The
linearity under dilution of two feline serum pools is

shown in Figure 1. Dilution of feline serum samples with
different adiponectin concentrations resulted in linear
regression equations with correlation coefficient close to
1.0 in the mean range from 10-1600 ng/ml. The recovery
between observed and expected IGF-1 concentrations
ranged from 100-112%, with a mean of 105% (Table 2).
The detection limit was lower than 0.01 ng/ml.

Interferograms showing effects of lipaemia, hae-
molysis and bilirubinaemia on adiponectin, ghrelin
and IGF-1 concentrations determination are presented
in Figures 2-4.

The different degrees of lipaemia, haemolysis and
bilirubinaemia tested in this study did not affect the
measured concentrations of adiponectin or ghrelin in
the feline serum samples. Lipaemia with a lipid concen-
tration up to 5 g/1 and bilirubinaemia with a bilirubin
concentration of up to 0.15 g/1 did not affect IGF-1
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Figure 2 Interferograms corresponding to the effect of triglycerides (A), haemoglobin (B) and bilirubin (C) concentrations on
adiponectin determination in two feline serum pools. In these graphs, results obtained with the two pools are presented with open
boxes and with open triangles, respectively. X-axes show increasing concentrations of haesmoglobin, triglycerides or bilirubin,
whilst Y-axes show percentage of change in adiponectin [(Vf/Vgy)=100]. Vf = final value; V; = original value

determination in feline serum. However, one-way
ANOVA showed a significant decrease (P <0.05) in IGF-1
concentrations in the presence of severe haemolysis with
a haemoglobin concentration of 8 g /1.

Overlap performance

Serum adiponectin (P = 0.01) and ghrelin (P = 0.03)
concentrations were lower in obese cats (group C1)
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compared with normal weight cats (group C2), but there
was no difference in IGF-1 concentrations between
groups (P = 0.12) (Table 3).

Discussion

A primary function of any methodology is to minimise
the amount of error so that test interpretation, patient
care and consumer safety are not compromised.lé
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Therefore, a common task in clinical laboratories is to
validate new tests, assuring that test results reflect the
status of the animals more than they reflect variation
caused by the laboratory itself. Furthermore, validation
studies must ensure that analytical methods can detect
the corresponding analyte and provide repeatedly accu-
rate results.? The three assays evaluated in the present
study showed adequate precision for adiponectin, ghre-
lin and IGF-1 measurements in feline serum samples
with intra- and interassay CVs lower than 20%, the
limit of the objective analytic performance standard
for precision.” However, interassay CVs for low and
medium adiponectin concentrations were greater than
15%, which is considered to be poor by some authors.
Therefore, when adiponectin is measured, analysing
all samples in a single batch, if possible, would be

L]
S

Figure 4 Interferograms corresponding to the effect

of triglycerides (A), haesmoglobin (B), and bilirubin (C)
concentrations on IGF-1 determination in two feline serum
pools. In these graphs, results obtained with the two pools
are presented with open boxes and with open triangles,
respectively. X-axes show increasing concentrations of
haemoglobin, triglycerides, or bilirubin, whilst Y-axes show
percentage of change in IGF-1 [(VF/V;)x100]. Vf =final
value; V,; = original value

recommended in order to minimise the effect of problems
with interassay precision. Further, given such variability,
it would not be advisable to use such assays for the pur-
pose of clinical diagnosis, where assays with better preci-
sions are preferred. The IGF-1 assay gave results with the
best precision, possibly because it was automated.
Automated assays are usually more robust and have the
additional advantage of more rapid turnaround time.
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Table 3 Serum adiponectin, ghrelin and IGF-1 in obese (C1) and normal weight (C2) cats

Similar results (CV <20%) were obtained when these
three assays were validated in the authors” laboratory for
use with canine serum samples.Z2-24

Given that neither certified species-specific reference
material nor a ‘reference” method were available, accu-
racy was indirectly evaluated by linearity under dilution
and spiking recovery,” performed by mixing different
samples at different proportions. Ideally, the regression
analysis of the relationship of the obtained and expected
analyte values should result in a regression equation
approximating R? to 1.0. For spiking recovery, percent-
ages between 80% and 120%, should be recorded.!6 In the
present study, regression analysis revealed that the three
assays were linear when measuring adiponectin, ghrelin
and IGF-1, respectively, in different dilutions of feline
serum samples with the regression equation R? close to
1.0. Additionally, given the lack of defined species-spe-
cific standards, the methods performed satisfactorily with
the materials available for the recovery procedures, the
recovery study showed that the three assays could accu-
rately measure the different concentrations of adiponec-
tin, ghrelin and IGF-1 when two samples were mixed at
different ratios with a mean recovery close to 100% (107%,
102% and 105%, respectively). These findings confirm all
three assays to be accurate when quantifying their respec-
tive analytes in feline serum samples.

The lower linearity ranges observed in evaluated tests
were acceptable for measurement of adiponectin, ghre-
lin and IGF-1 in all studied cats. In some cases, serum
from lean cats had analyte concentrations exceeding the
linearity ranges of the assays. In such cases, the authors
would recommend diluting the sample further and
repeating the analysis.

In the present study, the three methods were per-
formed with the human standards provided by the
respective manufacturers because of a lack of feline ref-
erence material with known amounts of adiponectin,
ghrelin and IGF-1, respectively. However, for the future,
it would be desirable to use species-specific standards in
order to achieve similar affinity of antiserum against
standards and samples.?®

Adiponectin and ghrelin concentrations were signifi-
cantly less in obese cats compared with normal weight
cats, which is similar to findings from previous reports.#1214
Mean concentrations of adiponectin found in our study in
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obese and normal weight cats are in an equivalent range to
those found by Hoenig et al®* who reported concentrations
of around 3 ng/ml (3000 pg,/ml) in lean and 1 ng/ml (1000
pg/ml) in obese cats; however, they are less than those
reported by Ishioka et al'* who found concentrations of
18000 ng/ml in lean and 7200 ng,/ml in obese cats. Also,
our concentrations for ghrelin are less than those reported
by Backus et al'? in cats, with values of around 2000 pg/
ml. Differences in the standard used in the assays, as well
as affinity in the antibodies, could be a factor that contrib-
uted to such diverse results. No difference in serum IGF-1
concentration has been observed between lean and obese
cats in contrast to the findings in obese humans.”?® This
could be because of a high interindividual variability of
the serum IGF-1 in cats' or because of the study was per-
formed comparing neutered and intact cats, as castration
can affect IGF-1 concentrations.” It may be that differences
in circulating IGF-1 levels would be evident between lean
and obese cats either if larger groups were compared, or if
IGF-1 was measured in the same group of cats before and
after weight loss. However, mean concentrations found
for IGF-1 in our study for lean cats were similar to the val-
ues previously reported by Alt et al1® which reported
mean IGF-1 concentrations of 452 ng/ml.

In conclusion, we have made a preliminary assess-
ment of commercially-available assays for adiponectin,
ghrelin and IGF-1 for use with feline serum samples. All
methods exhibited acceptable analytical characteristics,
allowing their use in the laboratory with an adequate
precision, linearity under dilution and recovery. Further,
each assay can detect different concentrations of its
respective analyte in lean and obese cats, respectively.
Use of these assays in future research studies may help
to improve understanding of the pathogenesis of feline
obesity and obesity-related diseases.
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SERUM ADIPONECTIN CONCENTRATION IN DOGS —
ABSENCE OF DIURNAL VARIATION AND
LACK OF EFFECT OF FEEDING AND
METHYLPREDNISOLONE ADMINISTRATION
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The aim of the study was to determine the magnitude of diurnal variability
of serum adiponectin in healthy beagle dogs, and the possible roles of feeding and
glucocorticoids on adiponectin concentrations. For this, adiponectin was meas-
ured at 8:00, 10:00, 12:00, 16:00, 20:00, 24:00 and at 4:00 h in 4 beagle dogs that
were fasted on the day of the experiment and m 4 dogs that were fed as usual at
9:00 h. Diurnal variability in serum adiponectin concentrations was negligible in
both the fed and the fasted dogs. To study the possible effect of glucocorticoids
on adiponectin, beagle dogs (n = 14) were assigned to one of three experimental
groups. Dogs of the control group were injected with 0.1 ml/kg 0.9% NaCl subcu-
taneously, while dogs of Groups 1 and 2 were injected with 1 mg/kg and 5 mg/kg
of methylprednisolone, respectively, and adiponectin was measured at 8:00,
10:00, 12:00, 16:00, and 20:00 h. Average serum adiponectin levels were not sig-
nificantly different before and after methylpredmisolone exposure at different
time-points in the two treated groups. In conclusion, no evidence of postprandial
changes in adiponectin level or effects of single-dose glucocorticoid administra-
tion on adiponectin were observed in the present study.

Key words: Adiponectin, diurnal variation, dog, glucocorticoids, methyl-
prednisolone

Adiponectin is a secretory protein predominantly expressed by adipocytes
and released at a high rate into circulation (Chandran et al., 2003). Unlike most
other adipokines, serum levels of adiponectin are decreased in obesity (Chandran
et al., 2003). Data from patients and experimental animals suggest that adi-
ponectin has insulin-sensitising, antidiabetic, anti-inflammatory and cardiopro-
tective properties (Weyer et al., 2001; Zoccali et al., 2002; Nishii et al., 2006).
Furthermore, the ease with which the levels of adiponectin can be measured ow-
ing to its high abundance, small diurnal variation and high stability in plasma had
made it a popular target for measurements in many human clinical studies
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(Chitalia ct al.. 2010). In dogs, adiponcetin has gained attention over the past few
years as it was reported that in controlled studies its average concentrations were
lower for obese dogs than for dogs of normal weight (Ishioka et al., 2006;
Brunson et al., 2007), although other studies did not find adiponectin concentra-
tion decreases in obese dogs (Verkest et al., 2011).

In previous studies another adipokine, leptin, has been mvestigated as a
quantitative diagnostic marker of adiposity and obesity 1n dogs (Ishioka et al.
2002; Jeusette et al., 2005). It was demonstrated that leptin has diurnal changes
n association with feeding—tfasting cycles in dogs as well as in humans (Schoel-
ler et al., 1997, Ishioka et al., 2005) and 1s influenced by endogenic and exogenic
glucocorticoids (Masuzaki et al., 1997; Ishioka et al., 2002; Nishu et al., 20006:
Yilmaz et al., 2007). However, no studies have been made about the mfluence of
the above-mentioned factors on adiponectin m dogs, despite the interest that this
knowledge may have for a proper interpretation of the values of this adipokine in
veterinary diagnostic laboratories. So the aim of this study was to determine the
magnitude of diurnal variability of serum adiponectin in healthy beagle dogs, and
the possible roles of feeding and glucocorticoids on total adiponectin concentra-
tions.

Materials and methods

Animals

Liight young intact beagle dogs (4 females and 4 males; age range: 3.2—
5.1 years; body weight [BW] range: 12.6-18.9 kg; body condition score [BCS]:
3—4) were included in Experiment 1. In Experiment 2. 14 young intact beagle
dogs (8 females and 6 males: age range: 3.2-5.5 years; BW range: 10.1-17.9 kg:
BCS: 3—4) were used. A single breed (beagle) within a narrow age range was
used m order to avoid possible breed- and age-associated difterences in adi-
ponectin levels. All animals were housed in their usual kennels, one or two dogs
per kennel, in a room with controlled temperature (23 £ 2 °C) and a standard
12:12 light-dark cycle. The size of the kennel was 3 x 4 m. All dogs were fed a
standard dry food (Premmum Croc Adult, Affinity Petcare S.A., Barcelona, Spain).
containing 24.0% crude protem, 16.1% crude fat, 2.5% crude fibre, 6% crude
ash, 8% moisture, daily al 9:00 h. All dogs ate the food within 10 min aller it was
offered. Waler was available ad libitum. General animal care was carried oul by
professional stall not associated with the research (eam. Prior to cach experi-
ment, general health examinatons including complete blood count and bio-
chemical profiles were performed (0 conlirm normal health status and the ab-
sence of apparent abnormalities. All ammals were serologically negative [or
Leishmania infantum and Erlichia canis. Animal care procedures were in accor-
dance with the guidelines of the University of Murcia.
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Experiment 1: Diurnal variation of serum adiponectin and food intake

A previously described protocol (Ishioka et al., 2005) with some modifica-
tions was used. Eight beagle dogs were assigned into two groups of four dogs
(2 males and 2 females in each). One group, defined as Group Fed+, was fed at
9:00 a.m. as on the previous days. The other group, defined as Group Fed—, was
fasted on the day of the experiment. Blood samples were taken at 8:00, 10:00,
12:00, 16:00, 20:00, 24:00 and at 4:00 h.

Experiment 2: Effects of glicocorticoids on serum adiponectin

Fourteen beagles were included in this experiment. None of these dogs
had a history of exogenous glucocorticoid exposure. The dogs were assigned to a
control (n = 4) and a test group (n = 10). Dogs in the control group (2 males and
2 females) were given 0.9% NaCl (0.1 ml’kg) by subcutaneous (s.c.) injection.
The dogs in the test group were distributed to two subgroups: Group 1 (n =5, 3
males and 2 females) and Group 2 (n = 5, 3 males and 2 females). To investigate
the effects of glucocorticoids on serum adiponectin, methylprednisolone (Aventis
Pharma S.A., Alcorcon, Madrid, Spain) was injected once s.c. in a dose of 1 mg/kg
and 5 mg/kg in Groups 1 and 2, respectively. The experiment was started at 8:00
a.m. after 12-h fasting in all groups. Blood samples were collected prior to treat-
ment at 8:00, 10:00, 12:00, 16:00, and at 20:00 h. The design of this experiment
was based on protocols developed in previous studies (Martinez-Subiela et al.,
2004; Yilmaz et al., 2007).

Samples

Blood samples for the biochemical assays of this study were collected
from the cephalic vein by venipuncture into collection tubes containing clotting
accelerator (TapVal, Aquisel, Barcelona, Spain). Samples were centrifuged at
2000 g for 10 min at room temperature to isolate serum from heavier cellular
components. Serum samples were distributed to plastic vials and stored (for no
more than two weeks) at —20 °C. Serum samples were thawed on ice in prepara-
tion for biochemical assays.

Assays of serum analytes

Total serum adiponectin concentration was determined by human high-
sensitivity adiponectin ELISA (Human Adiponectin ELISA, High Sensitivity
Kit, BioVendor-Laboratorni Medicina, Modrice, Czech Republic), previously
validated in our laboratory for use in dogs. It employs microtitre wells coated
with polyclonal anti-human adiponectin antibody, horseradish peroxidase, hy-
drogen peroxide/TMB substrate solution, and an acidic solution to stop the reac-
tion. The enzyme activity is measured spectrophotometrically at 450 nm in a mi-
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crotitre plate reader (PowerWave XS. Bio-Tek Instruments Inc.. Vermont USA).
The absorbance is proportional to the concentration of adiponectin. A standard
curve 1s constructed by plotting absorbance values against concentrations of ca-
nine serum standards, and concentrations of unknown samples are determined
using this standard curve. Intra- and mnter-assay coefficients of variation were be-
low 11% 1in all cases. The assay was linear over the range of 0.8 to 26 ng/ml
based on linear regression coefficients of 0.996 0.999. The limit of detection
was 0f 0.74 ng/ml (Tvarijonaviciute et al., 2010).

Cortisol concentrations were determined with the solid-phase, competitive
chemiluminescent enzyme immunoassay (Immulite System, Siemens Health Di-
agnostics, Deerfield, IL, USA), previously validated in dogs (Reimers et al.,
1996). Glucose determination was performed using a hexokinase-based method
on an automated clinical chemistry analyser (Olympus AU2700, Olympus Diag-
nostica GmbH) following the instructions of the manufacturer.

Data analysis

Data arc precsented for cvery dog and as the mcan of the different groups
of animals. The results for each parameter were evaluated for approximate nor-
mality of distribution by using the Kolmogorov-Smirnov statistics. Because the
data were not distributed normally, data were /og transformed to reduce non-
normality. An unpaired r-test was used to compare BW and BCS between the
different groups of dogs. Differences of adiponectin between individual dogs
were analysed by one-way analysis of variance (ANOVA). Inter-individual coef-
ficient of variation (CV) among the dogs with different BCS in Experiment 1
was calculated as SD divided by the average and multiplied by 100 (Faraj et al.,
2008). One-way repeated measures ANOVA with Tukey’s post-hoc test was used
to evaluate possible changes of biochemical analytes in dogs in Experiment 1.
Paired 7-test was used to identify possible treatment-related differences of bio-
chemical analytes in dogs in Experiment 2. Correlations between adiponectin, BW
and BCS were estimaled using Spearman’s correlation coellicient. Values of P <
0.05 were considered significant.

Results

Experiment 1: Diurnal variation of serum adiponectin and food intake

Spearman’s rank correlation test showed a statistically significant negative
correlation between serum adiponectin concentrations and BW (P < 0.05; r =
—0.8333), and BCS (P < 0.01, r = —0.8452) when data from the two groups were
pooled. No statistically significant difference was recorded n serum adiponectin
levels, BW or BCS between the two groups. No differences were observed be-
tween the two sexes in adiponectin levels (males vs. females, 11.69 = 5.8 pg/ml
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vs. 10.82 + 3.9 pg/ml; P — 0.4) at 8:00 a.m. The inter-individual CV was 38%
and 54% (P < 0.0001 in both cases) for serum adiponectin in dogs with BCS of
3/5 and 4/5, respectively.

Figure 1 shows mean + SD serum adiponectin and glucose levels of fed
and fasted dogs over a 20-h period. One-way ANOVA and Tukey’s Multiple
Comparison Test showed no consistent diurnal patterns in total adiponectin lev-
els in the two groups. There were significant drurnal rhythms of serum glucose i
fed and fasted dogs (Fig. 1).
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Fig. 1. Postprandial variation of scrum adiponcctin (a) and glucosc (b) conecntrations. Four beagle
dogs were fed at 2:00 h and 4 beagle dogs were tasted all day long. P <0.05

Experiment 2: Effects of glicocorticoids on serum adiponectin

Spearman’s correlation test showed a statistically significant negative corre-
lation between serum adiponectin concentrations and BW (P <2 0.05: r = —0.5874)
as well as BCS (P <2 0.005, r = —0.7681) when data from the three groups were
pooled. No statstically significant differences were recorded in serum adi-
ponectin levels, BW or BCS between the three groups. No differences were ob-
served between the two sexes in adiponectin levels (males vs. females, 17.06 +
11.1 pg/ml vs. 11.47 £4.6 ug/ml; P =0.1) at 8.00 a.m.
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Individual and mean data of response of cortisol and total adiponectin lev-
els to methylprednisolone in comparison with placebo injection are presented in
Figs 2, 3 and 4. Circulating cortisol levels increased by 0180.5% in Group 1 (P —
0.000&) and 1318.9% in Group 2 (P = 0.0003) 2 h after methylprednisolone n-
jection. Four h after methylprednisolone injection cortisol levels in Group 1 re-
turned to normal values (P = 0.5). while in Group 2 cortisol levels were still sig-
nificantly increased (by 36.4%, P — 0.0089) and returned (o normal values 12 h
atter corticoid injection.
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Fig. 2 Plasma cortisol (2) and serum adiponectin (b) response (mean + SD) to a subeutaneous
bolus of methylprednisolone: Group 1 (1 mg/kg) and Group 2 (5 mg/kg). Dogs in the control group
received 0.9% NaCl (0.1 ml/kg) by subcutaneous injection. P < 0.01; P < 0.001; P < 0.0005

Methylprednisolone administered s.c. at a dose of 1 mg/kg and 5 mg/kg
did not produce alterations in circulating adiponectin levels, and additionally no
significant difference was found between the control group and the groups that
received glucocorticoids at different time-points.
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subculaneous mjection. Discontinuous lines represent corfisol concentrations m mdividual dogs
(malcs: dashed lincs. fomales: dotted lines). Continucus line: mean cortisol concentration.

P < 0.01; "P<0.001; P < 0.0005

Discussion

The objective of this study was to analyse the possible effects of different
factors such as diurnal variations. feeding and glucocorticoids on total adi-
poncetin concentrations in dogs. The results show that serum adiponcctin levels
were stable m individual animals. Inter-individual variability of serum adi-
ponectin was high and statistically significant, i the same way as it has been de-
scribed in humans (Gavrila el al., 2003). However. the variability in the present
study could not be explained by time of day, meal timing or methylprednisolone
trcatment, as these factors had little impact on scrum adiponectin levels, despite
changes observed in glucose or cortisol levels. These results are consistent with
the findings of some studies conducted in humans and animals that found no di-
urnal vanation or postprandial alterations in adiponecun levels (Shand et al.,
2006). However, it is not consistent with other studies. For example, Gavrila et
al. (2003) showed a diurnal variation in serum adiponectin levels, characterised
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by a nocturnal decline starting late in the evening and at night, reaching the nadir
in the early morning; although in their study the variations of leptin and cortisol
were more pronounced than the drurnal variability of adiponectin (Gavrila et al.,
2003).

Group 1 Group 2
50 1 25 -
‘_TEI e T e IE‘ 20 1 ““‘—'"";___j_':.".f.‘..':."_j_':".'*
B B N '
- 30 1 - 15 1
£ = .
B B S
5 20 A 5 10 1 Ty
o o - ';________: ------- —=——
< 10+ < 51 =
D T T T T T D T T T T T
8:00 10:00 12:00 16:00 20:00 8:00 10:00 12:00 16:00 20:00
Time of day Time of day

Adiponectin, ug/mL
b=
]

1
]
i
|
4
1
b
i.
f
1
)
i
|
[
%

S:IUC 10:00 12I:00 18:.00 20:00
Time of day
Fig. 4 Scrum adiponcetin responsc to a subcutancous bolus of methylpredmisolone: Group 1 (1 mg/kg)
and Group 2 (5 mg’kg). Dogs in the control group received 0.9% NaCl (0.1 ml/kg) by
subcutaneous injection. Discontinuous lines represent adiponectin concentration in individual dogs
(males: dashed lines. temales: dotted lines). Continuous line: mean adiponectin concentration

Basal adiponectin levels varied significantly between the individual ani-
mals. This could be influenced by different body weight/body condition score as
described previously (Ishioka et al., 2006), although other studies did not find
this effect (Verkest et al., 2011). However, the inter-individual variability was
significant when it was calculated for different BCS separately. Despite the low
number of animals used, gender in the same way as reported previously re-
ported (Ishioka et al., 2006; Verkest et al.. 2011) — did not influence adiponectin
values in our work. High inter-individual variability in adiponectin was also
found in humans (Gavrila et al., 2003). These data suggest that adiponectin may
not be a good diagnostic indicator of obesity when different individuals are com-
pared and could partly explain the lack of variation m adiponectin between lean
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and obese dogs found in previous studies (Verkest et al., 2011), but it still may
be useful for individual monitoring of treatment-associated health effects. So
baseline levels are important to be established in individual animals.

Methylprednisolone was administered in the present study as it is one of
the glucocorticoids most frequently used in veterinary medicine. There are many
variations in the route, dose and time of its administration: dose rates of 0.5 to
1 mg/kg per day are considered as anti-inflammatory, whereas doses of 2 4 or
more mg/kg per day are prescribed for immunosuppressive treatments (Sturgess,
2002). In this study two protocols were tested: an anti-inflammatory protocol
with a low dose of methylprednisolone (1 mg’kg), and an immunosuppressive
protocol with a high dose of methylprednisolone (5 mg/'kg), to cover the most
common protocols using glucocorticoids n clinical canine practice (Martinez-
Subiela et al., 2004; Yilmaz et al., 2007). In the present study, no consistent
variations were observed in circulating adiponectin concentrations after methyl-
prednisolone injection despite the increase in serum cortisol levels.

There are contradictory results in the literature regarding glucocorticoid
effects on adiponectin. A direct inhibitory effect exerted by cortisol on adi-
ponectin has been suggested, as an acute, about 25% decrease of adiponectin
levels m response to 1.v. exogenous hydrocortisone (25 mg/person) administra-
tion was observed in healthy human subjects (Fallo et al., 2004). Similarly, se-
rum adiponectin levels were significantly decreased in both non-obese and obese
rats after a 20-day administration of hydrocortisone at 3—15 mg/kg/day (Shi et
al., 2010). It also has bcen shown that dexamcthasone reduces adiponectin gene
expression in murine 3T3-L1 adipocyles (Fasshauer et al., 2002), and that this
glucocorticoid tended to inhibit adiponectin mRNA in human and rat adipose tis-
sue (Halleux et al., 2001; Shi et al.. 2010). However, other authors did not ob-
scerve a difference in adiponcectin levels 1n overweight and obesc subjccts after
short-term oral dexamethasone (0.5 mg/person of dexamethasone every 6 h for
48 h) admimmistrations (l.ewandowski et al., 2006), while a third group of authors
described increases in serum adiponectin levels after glucocorticoid administra-
tion. For cxample, mercased circulating adiponcctin levels were observed n
neonatal rats after a 3-day tapering regimen of dexamethasone treatment from
postnatal day (PD) 3—6 (Raft and Bruder, 2006), and in healthy humans when
adiponectin was measured after treatment with dexamethasone at 4 mg daily for
4 days (Jang et al., 2008). Contradictory results obtained by distinct authors
could be attributed to different corticoid, dose, route and time of administration.

Total adiponectin was measured without separating the different molecular
forms of adiponectin. There are three forms of adiponectin in humans, which can
be differentiated on the basis of molecular weight. The highest molecular weight
(HMW) form is thought to be the most biologically active form (Leth et al., 2008).
Although studies have demonstrated a correlation between HMW and total adi-
ponectin in type 1 diabetes (Leth et al., 2008), in some situations such as for moni-
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toring improvement of insulin sensilivily alter reatment, HMW seems (o be more
sensitive than the measurcment of total adiponectin (Suzuki ct al., 2007). Also, the
evaluation of HMW may strengthen the inverse relationship between adiponectin
Icvels and chronic discasc risk (I.ara-Castro ct al., 2006). Since the three 1soforms
of adiponectin have been characterised in the dog (Brunson et al., 2007), in the fu-
ture 1t would be desirable to conduct studies that could comparatively analyse the
behaviour of total adiponectin and the different subforms of adiponectin in differ-
ent metabolic disorders, as well as to develop LLISA tests that would allow the
measurement of different adiponectin subforms in an easy way in dogs.

A limitation of the present study could be the short sampling time after
glucocorticoid treatment, although the study was designed to evaluate the possi-
ble eflect ol single-dose glucocorticoid administration on canine adiponectin as
described elsewhere (Yilmaz et al.. 2007). In the future, studies should be per-
[ormed o evaluate the possible ellects of long-term glucocorticoid administra-
tion 1n dogs, as many glucocorticoid-associated disturbances in metabolism are
thought to be mediated via the downregulation of receptors (Jang et al., 2008; de
Oliverra ct al., 2011). 'This process can take months or ycars, and if rceeptor
numbers are in excess, may not be apparent at all in functional assays. Also, pro-
longed glucocorticoid therapy might well contribute to the mechanism of obesity
that could account for lower-than-normal adiponectin levels. Another limitation
could be the low number of animals used for this study; however, it was in line
with a previous study published about diurnal variations of the adipokine in dogs
(Ishioka et al., 2005).

In conclusion. in the present study it was demonstrated that canine adi-
ponectin was not affected by meal, fasting or single-dose methylprednisolone
administration. These properties make it an attractive candidate marker for stud-
ies ol obesity and obesily-related disease processes in dogs. Changes in serum
adiponectin could potentially predict metabolic changes. in which case low lev-
els would indicate the need for dietary changes. Also, serum adiponectin levels
may bc a usciul quantitative marker of positive lifestyle changes or therapeutic
effectiveness, interventions that would likely increase the average lifespan of
dogs.

References

Brunson, B., Zhong, Q., Clarke, K. J., Bedi, D., Braden, T. D., Van Santen, E. and Judd, R. L.
(2007): Serum concentrations of adiponectin and characterization of adiponectin protein
complexes in dogs. Am. J. Vet. Res. 68, 57-62.

Chandran, M, Ciaraldi, T.. Phillips, S A and Henry, R. R. (2003): Adiponectin: more than just
another fat cell hormone? Diabetes Care 26, 2442-245().

Chitalia. N.. Raja. R. B., Bhandara, T.. Agrawal. P., Kaski, J. C.. Jha. V. and Banerjee. D. (2010):
Serum adiponectin and cardiovascular risk in chronic kidney disease and kidney transplan-
tation. J. Nephrol. 23, 77-84.

Acia Veterinarin Hungarica 60, 2012

110



SERUM ADIPONECTIN TN DOGS 499

de Oliveira, C., de Mattos, A. B., Biz, C., Oyama, L. M., Ribeiro, E. B. and do Nascimento, C. M.
2011): High-fat diet and glucocerticoid treatment cause hyperglycemia associated with
adiponectin receptor alterations. Lipids Health Dis. 18, 10 11

Fallo. F.. Scarda, A., Sonino. N., Paolctta. A.. Boscaro. M., Pagano. C., Federspil, G. and Vettor,
R. (2004): Eftect of glucocorticoids on adiponectin: a study in healthy subjects and in
Cushing’s syndrome. Eur. J. Endocrinol. 150, 339344,

[araj, M.. Beawregard. G.. Tardif. A., Loizon, L., Godbout, A., Cianflone, K., Vidal, II. and Ra-
basa-Lhoret. R. (2008): Regulation of leptin. adiponectin and acylation-stimulating protein
by hyperinsulinaemia and hyperglveaenia in vivo in healthy lean young men. Diabetes
Metah. 34, 334-342.

Fasshauer, M.. Klein, J., Neumann, S., Eszlinger, M. and Paschke. R. (2002): Hormonal regulation
of adiponectin gene expression in 3T3-L1 adipocytes. Biochem. Biophys. Res. Commun.
200, 1084-1089.

Gavrila, A., Peng. C. K., Chan, J. L., Mietus, J. E., Goldberger, A. L. and Mantzoros, C. S. (2003):
Diurnal and ultradian dynamics of serum adiponectin in healthv men: comparison with
leptin, circulating soluble leptin receptor, and cortisol patterns. J. Clin. Endocrinol. Metab.
88, 2838 2843.

German, A J.. Ryan, V. H.., German. A. C.. Wood. 1. 8. and Trayvhum, P. (2010): Obesity. its asso-
ciated disorders and the role of mflammatory adipokines in companion animals. Vet. J.
185, 4-9.

[lalleux. C. M., Takahashi. M., Delporte. M. L.. Detry, R.. T'unahashi. T.. Matsuzawa. Y. and
Brichard. S. M. (2001): Secreticn of adiponectin and regulation of apM1 gen expression in
human adipase visceral tissue. Biochem. Biophys. Res. Commun. 288, 1102-1107.

Islnoka, K., Hata1, H.. Komabayashi. K., Sohman, M. M., Sinbata, H.. Honjolr, T, Kinura, K. and
Sailo, M. (2005): Diurnal vartations of seruwn leptin m dogs: eflects of fasting and re-
feeding. Vet. J. 169, 85-90.

Ishioka, K., Omachi, A.. Sagawa, M., Shibata, H.. Honjoh, T., Kimura, K. and Saito, M. (2006):
Canine adiponectin; ¢DNA structure, mRNA expression in adipose tissues and reduced
plasma levels in obesity. Res. Vet Sci. 80, 127-132.

Ishioka, K., Soliman, M., Sagawa. M. M., Nakadomo, F., Shibata. H.. Honjoh, T., Hashimoto, A.,
Kitamura. H.. Kimura, H. and Saito, M. (2002): Experimental and clinical studics on
plasma leptin m obese dogs. J. Vet Med. Sci. 64, 349-353.

Jang, C., Inder. W. I.. Obeyesekere, V. R. and Alford, F. P. (2008): Adiponectn. skeletal muscle
adiponectin receptor expression and insulin resistance following dexamethasone. Clin. En-
docrinol. (Oxford) 69, 745-750.

Jeusette, I. C., Lhoest, E. T.. Istasse, L. P. and Diez, M. O. (2005); Influence of obesity on plasma
lipid and lipoprotein concentrations in dogs. Am. J. Vet. Res. 66, 81-86.

Lara-Castro, C.. Luo. N, Wallace, P Klem. R. L. and Garvey. W T. (2006): Adipunectin mul-
tineric complexes and the metabolic syndrome (rait cluster. Diabeles 55, 249-259.

Leth, H., Andersen, K. K., Frystvk, I., Tarnow, L.. Rossing, P., Parving, H. H. and Flyvbjerg. A.
(2008): Elevated levels of high-molecular-weight adiponectin in type 1 diabetes. J. Clin.
Endocrin. Metab. 93, 3186-3191.

Lewandowski, K. C., Szosland, K. and Lewinski, A. (2006): Short-term dexamethasone admini-
stration does not alter serum adiponectin or resistin concentrations in overweight and obese
subjects despite an inercase in msulin resistance. Clin. Endocrinol. (Oxford) 63, 551-552.

Libe, R., Morpurgo. P. S.. Cappicllo, V., Mattimi, A., Bondioni, S.. Locatelli, M., Zavanone, M.,
Beck-Peccoz, P. and Spada. A. (2005): Ghrelin and adiponectin m patients with Cushing’s
disease before and after successful transsphenoidal surgery. Clin. Cadocrinol. (Oxford) 62,
30-36.

Martinez-Subiela, S, Ginel, P. J. and Ceron, I. . (2004) Effects of different glicocarticoid treat-
ments on sermm acute phase proteins in dogs. Vet. Rec. 154, 814-817.

Acra Veterinaria Hungarica 60, 2012

111



500 TVARVONAVICLUTE et al.

Masuzaki. H.. Ogawa, Y., Hosoda, K.. Miyawaki, T., Hanaoka, 1., Hiraoka, T, Yasuno, A., Nishi-
mura, H., Yoshimasa, Y., Nishi, S. and Nakac, K. (1997): Glucacorticoid regulation of
leptin synlhesis and secretion i humans: elevated plasma leptin levels m patients with
Cushing’s svndrome. J. Clin. Endocrinol. Metab. 82, 2542-2547.

Nishii, N., Takasu, M., Ohba, Y., Maeda, S.. Kitoh, K., Ohtsuka, Y., Honjo, T., Saito. M. and Ki-
tagawa, H. (2006): Effects of administzation of glucocorticoids and feeding status on
plasma leptin concentrations in dogs. Am. J. Vet. Res. 67, 266-270.

Ouchi, A., Kihara, S.. Arita, Y., Nishida, M., Matsuyama, A.. Okamoto, Y., Ishigami, M., Kuri-
vama, H., Kishida, K.. Nishizawa, H.. Hotta, K., Muraguchi, M., Ohmoteo, Y., Yamashita.
S.. Funahashi, T. and Matsuzawa, Y. (2001): Adipocyte-derived plasma protein, adi-
ponectin. suppresses lipid accumulation and class A scavenger receptor expression m hu-
man monocyte-derived macrophages. Circulation 103, 1057-1063.

Raff, II. and Bruder, L. D. (2006): Adiponectin and resistin in the neonatal rat. Cffects of dexa-
methasone and hypoxia. Endocrine 29, 341-344.

Remmers, T. I, Salemo, V. I. and Tamb, S, V. (1996): Validation and application of sohid-phase
chemnlummescent mmuuneassays lor diaguosis of endocrine diseases m auimals. Cowp.
Haematol. Int. 6, 170-1735.

Schoeller, D. A, Cella, L. K., Sinha, M. K. and Caro, J. F. (1997): Entrainment of the diurnal
thythm of plasma leptin to meal timing. J. Clin. Invest. 100, 18821887

Shand, B., Elder, P., Scott, R., Frampton, C. and Willis, J. (2006): Biovariability of plasma adi-
ponectin. Clin. Chem. Lab. Med. 44, 1261-1268.

Shi, I. H.. Du, W. H., Liu, X. Y., Fan. Y. P., Hu, X. L., Zhou, H. Y., Xu, H. B., Zhang, X. M.,
Xiang, P. and Chen, F. L. (2010): Glucocorticoids desercase serum adiponcetm levels and
WA'T adiponcctin mBENA cxpression i rats. Steroids 75, 853-858.

Sturgess. K. (2002): Rational use of corticosteroids in small amimals. In Practice 24, 368-375.

Suzuki. S.. Wilson-Kubalek. E. M., Wert, D., Tsac. T.-S. and Lee, D. IL. (2007): The oligomeric
structure of high molecular weight adiponectin. TLBS Lett. 581, 809-814.

Tvarjouaviciute, A Martinez-Subiela, S, and Ceron, I. I (2010): Validauon of two comuercially
available enzyme-linked nmmunosorbent assays for adiponectin delermimation m camne se-
rm samples. Can. J. Vet, Res. 74, 279-285.

Verkest, K. R.. Rose. F. J.. Fleeman. L. M., Rand, J. S., Morton, J. M.. Richards. A. A., Ishioka, K.
and Whitehead, J. P. (2011): Adiposity and adiponectin in dogs: investigation of causes of
discrepant results between two studies. Domest. Anim. Endocrinol. 41, 35-11.

Wevyer, C., Funahashi, T., Tanaca, S., Hotta, K., Matsuzawa, Y., Pratley, R. E. and Tataranni, P. A.
{2001): Hvpeadipenectinemia in obesity and type 2 diabetes: close association with insulin
resistance and hypermsulinemia. J. Clin, Endocrinol. Mctab. 86, 1930-1935.

Yilmaz, Z., Ilcol, Y. O. and Goleu, E. (2007): Scrum leptin and ghrelin levels mn response to
methylprednisolone injection in healthy dogs. Res. Vet Sci. 82, 187-194.

Zoccali, C., Mallamaki, T'.. Tripepi, G.. Benedetto, I'. A.. Cutrupi. S.. Parlonge, S., Malatino. L. S.,
Bonanno, G.. Seminara, G., Rapisarda, T'., Fatuzzo. P., Buemi. M.. Nicocia, G.. Tanaka, S..
Omnchi, N, Kihara. S., Funahashi, T. and Matsuzawa, Y. (2002): Adiponectin, metabolic
risk factors, and cardiovascular events among patients with end-stage renal disease. I Am.
Soc. Nephrol. 13, 134-141.

112



3.3.2. Article 8

113






Reproduction in Domestic Animals

Reprod Dom Anim doi: 10.1111/5.1420-0531.2011.01765.x
155N 0936-6768

Effects of Orchidectomy in Selective Biochemical Analytes in Beagle Dogs

A Tvarijonaviciute, S Martinez-Subiela, JD Carrillo-Sanchez, F Tecles and JJ Cercon

Depariment of Animal Medicine and Surgery, Facuity of Veterinary Medicine, University of Mwrcie, Mwcia, Spain

Contents

The objective of this study was to evaluate the possible effects
of orchidectomy and associate hormonal changes on circulat-
ing concentrations of acute-phase protzins (APPs) (CRP —
C-reactive protein; Hp — haptoglobin; Cp — ceruloplasmin),
adiponectin and IGF-1 in dogs. For this, a total of five adult
Beagle dogs were subjected to orchidectomy. Blood samples
were taken before neutering, during six consccutive days and
on weeks 2, 4, 8 and 12 after surgerv. Appropriate diet regime
was maintained to keep stable body weight of the dogs.
Concentraticns of APPs significantly increased on days 2-3 for
CRP and 2-7 for Hp and Cp. On days 34 after neutering,
adiponectin levels were significantly lower than before surgery
(p < 0.05 and <0.01, respectively). After this initial change,
adiponectin did not show any significant alteration during the
3 months. Serum IGF-1 concentrations were significantly
decreased at days 2-5 after neutering. In addition, on weeks
8 and 12 scrum IGF-1 levels were significantly lower
(p < 0.001 and <0.01 respectively) in comparison with thosc
before surgery. In conclusion, orchidectomy induced a short-
term inflammatory process that was associated with the
increase 1in serum levels of APPs and decrease in 1GF-1 and
adiponectin levels. However, orchidectomy did not result in
long-term changes of circulating concentrations of APPs or
adiponectin. Although a decrzase in IGF-1 levels was recorded
2 months after surgery, possibly as a consequence of associ-
ated decrease in androgen levels or food restriction.

Introduction

In dogs, surzical sterilizationis one of the mostcommonly
procedures performed in veterinary practice (Howe 2006;
Kustritz 2007), and is considered as 2 method of contra-
ception to aid in the pet overpopulation problem, as well
as to prevent diseases associated with the reproductive
system, such as benign prostatic hyperplasia or behaviour
problems (Schreider et al. 1969; Brendler et al. 1983;
Olzon et al. 1986). However, to the authors’ knowledge,
little is known about the possible physiopathological
consequences of androgen deficiency in the male dog
caused by sterilization procedure. In contrast, the ques-
tion of an androgen deficiency of the ageing male
syndrome (ADAM) is a matter of interest in human
medicine (Morales et al. 2000). This syndrome is associ-
ated with muscle weakness, hypertrophy of adipose tissue
and impaired neurotransmission among others clinical
signs (Bain 2010). To elucidate this process, many studies
have been undertaken in men and animals such as mice.
cats or pigs to investigate the effects of decrease in
androgen levels on biochemical parameters related with
inflammation and body composition (Umapathy et al.
1997: Alexandersen and Christiansen 2004; Martin et al.
2006; Ohlscn et al. 2006).

C-reactive protein (CRP), a major acute-phase pro-
tein (APP), seems to be partly regulated by androgens

© 2011 Blackwell Verlag GmbH

(Alexandersen and Christiansen 2004). Studies in trans-
genic mice infected with Strepioccocus preumoniae have
revealed the testosterone-dependent expression of CRP
(Szalai et al. 1997). Furthermore, reports in human
medicine indicate the significantly higher levels of CRP
in women in comparison with men (Alexandersen and
Christiansen 2004; Cartier et al. 2009; Khera et al.
2009).

Regarding biochemical anzlytes related with body
composition, insulin-like growth factor-I (IGF-I) is a
growth hormone (GH)-depended peptide (hat plays an
important role in growth and differentiation of many
tissues (Florini et al. 1991). In boars, castration led to
fall in serum GH and IGF-1 levels (Arbona et al. 1989;
Dubreuil et al. 1989; Louveau ct al. 1991). Although in
ruls, pre-pubertal castration led (o increase in circulating
1GE-1 levels (Handelsman etal 1987). In human
medicine, also controversial data have been reported
according to the relationship between circulating levels
of IGF-1 and testosterone, as some studies indicated
that testosterone increases IGF-1 levels (Marin et al.
1992; Hobbs et al. 1993), whereas others report that
testosterone alone does not have a stimulatory effect on
levels of TGF-1 (Gibney et al. 2005).

Adiponectin is a cytokine produced in adipocytes that
decreases in serum with body fat accumulation and it is
considered a serum biomarker of obesity in humans and
dogs (Arita et al. 1999; Ishioka et al. 2006). An inverse
ralation hetween adiponectin and testosterone in rodents
and humans has been observed (Mishizawa et al. 2002;
Lanfranco et al. 2004; Page et al. 2005), and human and
mice females have elevated serum adiponectin levels
compared with males (Arita et al. 1999; Combs et al.
2003).

Despite the above data showing the relationship
between androgens and different biochemical analytes,
no studies have been performed in dogs to investigate
the possible effects of orchidectomy and associated
decreasz in androgen lavels on markers of inflammation,
such as APPs, or analytes associated with body compo-
sition, such as IGF-1 and adiponectin. So the objective
of this study was to evaluate the possible effects of
orchidectomy and associate hormonal changes on
inflammatory markers and analytes associated with
body composition. For this, circulating concentrations
of APPs (CRP, Cp, Hp), IGF-1, and adiponectin were
investigated in dogs that underwent orchidectomy.

Material and Mecthods
Animals and experimental set-up

A total of five male adult, university-owned beagle dogs
(Canis familiaris) were used in this study [age range,
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5.1-7.4 vears; body weight range, 14.3-21.0 kg, body
condition score (BCS) 3-4]. The assessment of the
nutritional condition was based on a five-scale body
condition score: 1, thin; 2, lean; 3, optimal; 4, obese; 5,
gross (McGreevy et al. 2005). Dogs were maintained in
their usual kennel (one dog per kennel) with controlled
temperature (23 + 2°C) and light (lights on at 08:00-
20:00 hours). The size of each kennel was 3 x 4 m.

During the study, all dogs were fed a standard dry
food (Premium Croc Adult, Affinity Petcare, Affinity
Petcare S.A., Barcelona, Spain), containing 24.0% crude
protein, 16.1% crude fat, 2.5% crude fibre, 6% crude
ash, 8% moisture, metabolizable energy 4420 kJ/kg as
ted. After surgery, the fed amount was reassessed each
week and adjusted if necessary to maintain optimal BW
by a reduction or an increase of 5% of the amount
offered (Jeusette et al. 2004). Water was available
ad libitum.

All dogs passed general health examinations weekly
during the whole study and complete blood count and
biochemical profiles were performed at the beginning of
the study to confirm that there were no apparent
abnormalities. All animals had a negative serological
titre for Leishmania infantum and Erlichia canis.

Surgical procedures

The dogs were fasted for 24 h before surgery. All dogs
were pre-medicated with 0.01 mg/kg IM medetomidine
hydrochloride (0.1 mg/ml; Domitor, Pfizer Inc., New
York, NY, USA) and 0.3 mg/kg IM butorfanol
(10 mg/ml; Torbugesic, Fort Dodge, Iowa, USA),
after 20 min anacsthesia was induced (5 mg/kg 1V)
and maintained [constant rate infusion (CRI)
1.5 mg/kg/h] with propofol (Propofol, Abbott animal
health, Queenborough, UK) during all surgery. Open
pre-escrotal castration method was performed as
described by Fossum (2007). Each dog was treated
with an antibiotic (amoxicillin LA, 15 mg/kg; Biva-
mox LA, Boehringer Ingelheim Espana, Barcelona,
Spain). Post-operative care consisted of cleansing of
surgical wounds and oral administration of
4 mg/kg/24 h Carprofen (Rimadyl Palatable 50 mg,
Ptizer Inc.) for 5 days. No complications were detected
in any of the dogs during the post-operative period.

Samples
Blood samples were collected on the morning after an
overnight fasting of at least 12 h by venipuncture’ in
the cephalic vein into tubes containing clotting accel-
erator (TapVal, Aquisel, Barcelona, Spain) for bio-
chemical assays from all dogs before castration (D1),
during six consecutive days (D2-D7} and on weeks 2,
4, 8 and 12 (W2-WI12) after castration. Tubes for
analytes assays were centrifuged at 2000 x g for 10 min
at room temperature to obtain serum, which was
stored in plastic vials at —20°C unti! analysis. On the
day of analysis, samples were brought to room
temperature and thoroughly vortexed prior to mea-
surements.

The experimental set-up was approved by the
Animal Care Commission of Murcia University,
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additionally housing and care was performed accord-
ing to guidelines for the care and use of laboratory
animals established by the European Union (Guide-
lines on the Care and Use of Animals for Scientific
Purposes 2004).

Analysis

Testosterone was analysed with an automated solid-
phase, enzyme-labelled chemiluminescent immunomet-
ric assay (Immulite System, Siemens Health Diagnostics,
Deerfield. IL. USA). Preliminary validation of the
method was performed in authors’ laboratory for use
in dog serum, showing intra- and inter-run CVs lower
than 10% and a limit of detection of 34.5 ng/dlL

C-reactive protein concentration was measured using
a human immunoturbidimetric assay (CRP OSR 6147
Olympus Life and Material Science Europe GmbH,
Lismeehan, (O’Callaghan’s Mills, Co. Clare, Treland),
previcusly validated in dogs (Gentilini et al. 2005). This
assay showed a correlation of 0.98 with a specific canine
ELISA assay (Tridelta Phase range canine CRP kit,
Tridelta Development Ltd, Brey, Ireland) which has
been validated for use in dogs (Martinez-Subiela and
Ceron 2005). The limit of detection for this method in
our laboratory was 0.053 mg/1.

Hp concentration was measured by a commercially
available colorimetric method (Tridelta Phase range
haptozlobin kit, Tridelta Development Ltd) that was
validated previously for use in dogs (Martinez-Subiela
and Cerdn 2005) with a limit of detection of 0.02 g/1.

C-reactive protein and Hp were measured in serum on
an automatcd biochemistry analyser (Olympus 2700
Automatic Chemistry Analyzer, Olympus Europe
GmbH, Hamburg, Germany) and had intra- and inter-
run coefficients of variation < 10%.

Serum concentration of ceruloplasmin was measured
by use of a spectophotometric method based on the
in vitro oxidase activity of Cp with p-phenylendiamine
validated for use in canine samples (Ceron and
Martinez-Subiela 2004). Determinations were made by
use of an automated biochemistry analyser (Cobas Mira
Plus multiparametric autoanalyser, ABX Diagnostics,
Montpellier, France) and results are reported as the
change in absorbance per minute at 550 nm. This assay
showed intra- and inter-run CVs lower than 10% and a
limit of detection of 0.0007 Aabs/min.

Serum IGF-1 concentrations were determined with an
automated solid-phase, enzyme-labelled chemilumines-
cent immunometric assay (Immulite System, Siemens
Health Diagnostics, Deerfield, IL, USA) previously
validated in our laboratory for use in dogs (Tvarijona-
viciute et al. 2011). This assay showed intra- and inter-
run CVs lower than 10% and a lower limit of quanti-
fication of 7.1 ng/ml.

Serum adiponectin concentration was determined by
a human high sensitivity adiponectin ELISA (Human
Adiponectin ELISA, High Sensitivity Kit, BioVendor-
Labaratorni medicina, Modrice, Czech Republic), pre-
viously validated in our laboratory for use in dogs
(Tvarijonaviciute et al. 2009). This assay showed intra-
and inter-run CVs lower than 11% and a limit of
detection of 0.74 ug/ml.
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Fig. 1. Evolution of mean body weight (kg) of five Beagle male dogs
during study period

Statistical analysis

Arithmetic medians, means and standard deviation (SD)
were calculated using routine descriptive statistical
procedures and software (SPSS statistical program;
SPSS Inc., Chicago, IL, USA). The results for each
parameter were evaluated for approximate normality of
distribution by using the Kolmogorov-Smirnov statis-
tics. Repeated measures anova with Dunnett’s Multiple

Comparison post-test were used to compare changes of
BW and biochemical analytes in dogs. Values of
p < 0.05 were considered significant.

Results

The mean BW of the dogs had no significant variations
during all experimental period (Fig.1). Before the
castration, plasma testosterone levels of five adult male
dogs varied widely from 112 to 800 ng/dl, with a median
of 242.0 ng/dl. Subsequent days after castration, testos-
terone levels were below the lower quantification limit of
the assay (34.5 ng/dl).

Repeated measures ANOVA test revealed a significant
variation in circulating CRP, Hp, Cp, IGF-1
(p < 0.0001 in all cases), and adiponectin (p < 0.05)
levels throughout the study (Fig. 2).

Dunnet post-test indicated that during the first 2 days
after orchidectomy, CRP concentrations showed a
significant increase of 17- and 10-fold respectively.
CRP tended to decrease on subsequent days till got
into similar ranges as those recorded before castration
and no significant changes were observed during the rest
of the study (Fig. 2a).

Hp concentrations began to increase on the second
day after surgery and reached maximum on the day
three with a twofold increase (Fig. 2b). On day 4,
Hp concentrations began to decrease but remained
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Table 1. Correlaticn coefficients between plasma C-reactive protein
and other analytical variables in beagle dogs after orquidectomy

n P r
Huptoglobin < 0.0001 0.6719
Ceruloplasmin < 0.0001 0.5025
IGF-1 0.0117 —0.4338
Adiponectin 55 0.m —0.3446

significantly higher during the following 3 days com-
pared with the results obtained before orchidectomy.
Then reached values recorded before castration and
showed no changes during the rest of the study period.

Serum Cp showed a statistically significant increase
during seven consecutive days (~1.5-fold) after castra-
tion (Fig. 2¢); then decreased and reached initial values.

Dunnet post-test showed a significant decrease in
adiponectin levels on days 3 and 4 after orchidectomy
(p < 0.05 and <0.01, respectively) (Fig. 2d). After this
initial change, adiponectin returned to the initial levels,
and did not show any significant alterations during the
3 months of the experimental period.

Serum IGF-1 concentrations were significantly de-
creased at days 2-5 after castration (Fig. 2e), then began
to increase and showed similar values as recorded before
castration on weeks 2 and 4 after surgery. However, on
weeks 8 and 12 serum IGF-1 levels were 0.8-fold lower
(p < 0.001 and <0.01, respectively) in comparison with
ones recorded before castration.

Serum CRP levels showed positive correlation with
the levels of CP and Hp, and negéative correlation with
IGF-1 and adiponectin (Table 1). Stronger correlation
was detected between CRP and IGF-1 (p = 0.0008;
r = —0.9725), and adiponectin (p = 0.0059; r =
—0.4563) when only data of the first week after
castration was compared. Spearman correlation analysis
showed strong significant positive correlation between
circulating levels of IGF-1 and adiponectin
(p < 0.0001, r = 0.7901).

Discussion

Gonadectomy has been shown to have various effects on
the release of hormones in dogs (Giinzel-Apel et al.
2009). However, to the authors’ knowledge, no studies
have been reported about the possible effects of orchi-
dectomy and associate hormonal changes on circulating
concentrations of biochemical analytes related with
inflammation, such as APPs, or related with body
composition, such as IGF-1, and adiponectin in dogs.
This is contradictory with the importance that these
studies are having in human medicine as it has been
reported possible implication of a testosterone deficit in
the pathogenesis of different diseases (Allan and
McLachlan 2010; Malkin et al. 2010; Vigano et al.
2010).

In present study, APPs, CRP, IIp and Cp, showed an
initial rise in their circulating levels caused by the
inflammation and within a week after surgery returned
to the initial values. This finding agrees with the
dynamics of APPs during injury (Ceron et al. 2005). In
our case, the return to initial values of the APPs was
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accompanied with the inexistence of any complication
during the post-operative period. APPs can be used in
the diagnosis of reproductive diseases such as pyometra
and have been demonstrated to be useful markers for
monitoring the post-operative period in bitches under-
going ovariohysterectomy and their determination
facilitates early detection of post-operative complica-
tions (Dabrowski et al. 2009).

After this initial increase, no significant changes in
APPs were recorded during the 3 months period after
orquidectomy, situation in which inflammation associ-
ated with the surgery was finished and the circulating
levels of testosterone were low. In human medicine,
experimental studies investigating the effect of dehydro-
epiandrosterong and testosterone on inflammation have
yielded divergent results. Some authors evidenced the
androgen regulation of the inflammatory response due
observations that testosterone down-regulates the cyto-
kine interleukin 6 (IL-6), a potent stimulator of inflam-
mation and CRP, and that plasma IL-6 concentrations
were higher in women after menopause and in aging
men (Ershler and Keller 2000). Also a study with 5504
patients indicated an inverse association between CRP
and total and free testosterone in men (Kupelian et al.
2010). In contrast, in a study that included 715 midle-
aged men (35-59 years), no association was observed
between CRP and sex hormone levels, including total
and free testosterone, sex hormone-binding globulin and
oestradiol (Van Pottelbergh et al. 2003). Finally, data
from testosterone replacement therapy among older
men (age > 60 years) did not observe differences in
CRP levels (Ng et al. 2002).

The decrease in IGF-1 levels in dogs during the first
week after orchidectomy could be associated with
inflammation as an inverse correlation was detected
between serum levels of CRP and 1GF-1. In humans and
dogs, similar relationship between serum levels of IGF-1
and inflammation has been reported (Eivindson et al.
2005; Tvarijonaviciute et al. 2010).

Regarding to the second decrease of IGF-1 levels
observed on weeks 8 and 12 post-castration in dogs in
present study, it could be attributed to the direct effect
of the decrease in androgens, similarly as reported in
pigs (Arbona et al, 1989; Dubreuil et al. 1989), because
expression of IGF-1 is through gonadotropins and GH
through cAMP-signal transduction induced (Sirotkin
2005). This fact would explain also an increase in IGF-1
levels was observed in male calves during the onset of
puberty (Renayville et al. 1996).

Although a previous study (Martin et al. 2006)
indicates that castration in cats led to a further increase
in body weight associated with the increased levels of
IGF-1 and hypothesize that the increase in IGF-1
secretion could be partially due to the decrease in
circulating testosterone, it could be postulated that this
increase in IGF-1 would be more related with the
enlargement in body fat, as it has been reported the
increment of IGF-1 receptors and circulating IGF-1
levels in obese humans (Frystyk et al. 1995; Nam et al.
1997; Louveau and Gondret 2004). In contrary than in
the cat study, in our work during all experimental period
body weight of the dogs did not vary significantly, so the
effects of castration on IGF-1 was investigated without
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the influence of changes in body fat mass. However, on
the other hand, reports in humans and different species
of animals such as rats and pigs show that decrease in
IGF-1 levels is susceptible to feed restriction (Prewitt
et al. 1982; Spicer et al. 1992; Jull 2003). So the food
restriction applied in the study to maintain stable body
weight could also negatively affect circulating levels of
IGF-1.

Controversial data have been published about the
influence of testosterone on adiponectin levels. Recently,
it was shown the inverse relation between adiponectin
and testosterone in rodents and humans (Nishizawa
et al. 2002; Lanfranco et al. 2004; Page et al. 2005).
Castration in mice significantly increased the concen-
trations of plasma adiponectin, but subsequent testos-
terone injections reduced its levels (Nishizawa et al.
2002). In general, a sexual dimorphism for adiponectin
has been reported in a number of investigations even
after controlling for differences in body composition
(Peake et al. 2005; Laughlin et al. 2006). However, on
the other hand, one in vitro study with cultured cells
reported that increasing concentrations of testosterone
or oestradiol influenced neither adiponectin mRNA
expression and secretion nor intracellular protein
expression of high-, middle-, and low-molecular weight
(HMW, MMW, LMW) adiponectin multimers (Horen-
burg et al. 2008). Moreover, Ishioka et al. (2006) in dogs
found no difference in adiponectin levels related with
sex. Our report would be in line with those studies,
because serum adiponectin concentrations were not
affected by the decrease in serum testosterone levels in
dogs 3 months after castration.

The statistically significant decrease of adiponectin
levels observed on the third and fourth days after
orchidectomy was associated with an increase in CRP

levels. Some studies in human medicine found an inverse
association between adiponectin and inflammatory
markers such as TNF-z, interleukin 6, and CRP in
normal subjects and in patients with metabolic syn-
drome (Engeli et al. 2003; Kern et al. 2003; Matsubara
et al. 2003; Ouchi et al. 2003). In addition, it was
demonstrated that expression of CRP was detected in
adipose tissue and the expression of adiponectin is
inversely associated with that of CRP (Ouchi et al.
2003). Furthermore, inverse association between serum
adiponectin and APPs has been described in dogs by the
authors (Tvarijonaviciute et al. 2010).

Although a limitation of this study could be the low
number of dogs evaluated and ideally more dogs should
be used to confirm these findings, in conclusion, the
results obtained in present study indicate that orchidec-
tomy induce a short-term inflammatory process caused
by the surgical procedure that was associated with the
increase in serum levels of APPs and decrease in serum
levels of IGF-1 and adiponectin. However, orchidectomy
did not result in long-term changes of circulating
concentrations of APPs or adiponectin. Although, a
decrease in IGF-1 level was recorded second and third
months after surgery possibly as a consequence of
associated decrease in androgen levels or food restriction.
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Serum and urinary adiponectin in dogs with
renal disease from leishmaniasis

A. Tvarijonaviciute, ). J. Ceron, S. Martinez-Subiela, ). D. Garcia-Martinez

The objective of this study was to perform an analytical validation of a commercially
available ELISA kit (human adiponectin) for urinary adiponectin determination in dogs,
and to evaluate urinary adiponectin in dogs with glomerular injury. For this purpose, urine
samples from three healthy dogs and three dogs with diagnosed kidney disease were used
for analytical validation of the method. In order to evaluate possible influence of kidney
damage on urinary adiponectin, serum and urine samples from six healthy and 58 dogs with
leishmaniasis were included. The diseased dogs were allocated to three groups according
to their urine protein/creatinine (UPC) ratio as non-proteinuric (NP), borderline proteinuric
(BP), and proteinuric (P). Intra- and inter-assay coefficients of variation (CV) were lower
than 10 per cent and 12 per cent, respectively. Dilutions of canine urine samples resulted

in linear regression equations close to 1. Mean recovery was of 112 per cent. The detection
limit was 0.75 ng/ml. Urinary adiponectin and urinary adiponectin/creatinine (UAC) ratio
showed significantly higher values in urine of P group dogs compared with healthy, NP and
BP dogs. In conclusion, an ELISA kit can be used for precise and accurate urinary adiponectin
measurement in dogs. Urinary adiponectin is increased in dogs with proteinuria suggesting

its possible use as a marker of kidney damage.

Introduction

Chronic kidney disease is an important cause of morbidity and mor-
tality in dogs with the prevalence of 15 per cent of dogs over 10 years
old being affected (Polzin and others 1989). Early diagnosis may
allow therapeutic intervention that prevents further damage and pro-
gressive decline of renal function. However, only a decrease of >75
per cent of renal functional mass will be detected by current diagnos-
tic tests, such as serum urea nitrogen and serum creatinine concentra-
tions (Braun and Lefebvre 2008). Because there is a high risk of pro-
gression to irreversible renal damage in patients with chronic kidney
disease, there is a current need of biomarkers for early detection of
kidney dysfunction in both humans and dogs (Maddens and others
2010). Urinary markers are considered to be more sensitive indicators
of renal injury than the serum markers, and also have the potential to
reflect the site and severity of damage. These markers are a group of
proteins whose concentration in urine is determined by permeability
of the glomerular barrier and/or by protein reuptake in renal proximal
tubular cells, and the capacity of these cells to degrade the filtered
proteins (’amico and Bazzi 2003, Raila and others 2005). Thus,
detection of certain urine proteins may provide a new approach for
the diagnosis of particular pathological processes in the glomeruli
(eg, urine albumin, urine protein:creatinine ratio (UPCR)), proximal
tubules (retinol binding protein), or beth (Forterre and others 2004,
Raila and others 2010).
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Adiponectin is a small (30 kDa) adipose-derived adipocytokine
(Maeda and others 1996) involved in modulating whole-body
metabolism and other vital functions related to inflammation
and immune response (Berg and Scherer 2005). In dogs, similarly
as in humans, adiponectin has been shown to be related to obes-
ity and inflammation (Ishioka and others 2006, Tvarijonaviciute
and others 2011). However, in recent years in human medicine, it
was demonstrated that adiponectin is involved in the glomerular
function (von Eynatten and others 2009) and it was suggested to
be a marker of glomerulus injury (Koshimura and others 2004, von
Eynatten and others 2009) being cansidered as an early marker of
kidney damage in human systemic lupus erythematosus (Rovin and
others 2005). However, no data about urine adiponectin have been
published in dogs.

The objectives of the present study were (1) to perform an
analytical validation of the ELISA kit originally designed for
measuring human adiponectin, for urine adiponectin determina-
tion in dogs and (2) to investigate the possible influence of renal
damage due to glomerular injury on urinary adiponecrin in dogs.
For this purpose, urinary and serum adiponectin were measured in
healthy dogs and dogs with leishmania which presented different
degrees of proteinuria.

Materials and methods

Western blot analysis of urinary adiponectin
Cross-reactivity between canine urinary adiponectin and the polyclonal
goat anti-human adiponectin (Horseradish peraxidase (HRP)-labelled
goat anti-human adiponectin antibody, BioVendor-Laboratomi medic-
ina, Modrice, Czech Republic) was evaluated and compared by sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PACE) and
Westem blot analysis, as previously described (von Eynatten and others
2009). Adiponectin standard 1 from ELISA kit (Human Adiponectin
ELISA High Sensitivity Kit, BioVendor-Laboratorni medicina) was
used as a control. Samples (5 ul each) were separated in 10 per cent
SDS-PAGE gels together with a colorimetric marker (Amersham
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full-range rainbow molecular weight markers (12-225 kDa), GE
Heathcare Europe GmbH, Freiburg, Germany), and 5 ul human adi-
ponectin standard 1 (150 ng/ml, BioVendor-Laboratorni medicina).
After gel electrophoresis, the separated proteins were electroblotted
onto a nitrocellulose membrane with a Tris-glycine-based transter
buffer containing 15 per cent methanol. Tris buffered saline with
5 per cent milk powder was used to block non-specific binding sites
on the blot. The membrane was incubated at room temperature during
two hours with a 1/1000 diluted polyclonal goat anti-human adiponec-
tin antibody conjugated with HRP. Proteins were visualised using a
chemiluminescence substrate (ECL Plus Western Blotting detection
reagents, RPN2132, Amersham Biosciences Europe GmbH, Freiburg,
Germany), and blots were visualised using a scanner (Typhoon 9410,
GE Healthcare, Piscataway, New Jersey, USA).

Adiponectin analysis

Serum and urine adiponectin concentrations were determined with
a commercial sandwich enzyme immunoassay for the quantitative
measurement of human adiponectin (Human Adiponectin ELISA,
High Sensitivity Kit; BioVendor-Laboratorni medicina) previously
validated for use in dog serum using a canine species-specific standard
(Tvarijonaviciute and others 2010). Serum samples were diluted 1:300
with a dilution buffer provided with the kit as previously described,
while urine samples were analysed without any dilutions. To perform
the assay, standards, quality controls and sarnples were incubared in
microplate wells pre-coated with polyclonal anti-human adiponec-
tin antibody. After 60 minutes incubation and washing, polyclonal
anti-human adiponectin antibody, conjugared with HRP was added
to the wells and incubated for 60 minutes. Following another wash
step, the remaining HRP conjugate was allowed to react with the sub-
strate solution (TMB). The reaction was stopped by addition of acidic
solution, and absorbance of the resulting yellow product is measured
at 450 nm with reference wavelength 630 nm in a microtiter plate
reader (PowerWave X5, Bio-Tek Instruments Inc., Vermont, USA).
The absorbance is proportional to the concentration of adiponectin. A
standard curve was constructed by plotting absorbance values against
concentrations of standards using the four-parameter algorithm, and
concentrations of unknown samples were determined using this stand-
ard curve.

Urinary adiponectin concentrations (ng/ml) were adjusted
for urinary creatinine excretion (UAC) and expressed as micrograms
per gram of creatinine for statistical analysis as previously described
(von Eynatten and others 2009).

Analytical validation

Urine samples from three healthy dogs (complete blood count, bio-
chemical analysis and urinalysis were unremarkable, and indirect
immunofluorescence titres (IF]) for leishmania was negative) and three
dogs with leishmania (positive [Fl) and with serum creatinine >1.4 mg/dl
and UPCR >0.5 (Elliot and Watson 2009), wete diluted 1:2 with con-
servative solution (stabilisation solution for urine samples; reference
number CS019, BioVendor-Laboratorni medicina), and were used for
analytical validation of the method for adiponectin quantification in
urine; and the following parameters were calculated.

Precision

(1) Intra-assay CV was calculated after analysis of two urine pools
(one was made by mixing urine samples obtained from three healthy
dogs and the other by mixing urine samples obtained from three dogs
with kidney discasel, five times in a single assay run. (2) Inter-assay
CV was determined by analysing the same pools in five separate runs
carried out on five consecutives days. All samples used for repetitive
analysis were frozen in aliquots and only the required aliquots for each
run were thawed, to avoid possible changes due to repetitive thawing
and freezing.

Accuracy

Accuracy of the assays was evaluated indirectly by linearity under
dilution and by recovery studies. To assess linearity under dilution,
two canine urine samples with high adiponectin concentrations
that were obtained from dogs with kidney disease were serially
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diluted with the sample diluent provided with assay. To evaluate
the ability of the assays to recover the amount of analyte added to
baseline urine samples, a spiking recovery was performed (Food
and Drug Administration and others 2001). For this purpose, two
samples with different amounts of adiponectin were mixed at dif-
ferent ratios (Table 1). Test recovery (in per cent) was calculated
for each dilution for comparison of expected versus measured
adiponectin.

Limit of detection

The detection limit was defined as the lowest concentration of adi-
ponectin that could be distinguished from a specimen of zero value.
For detection limit calculation we measured the blank (sample diluent
buffer) 10 times, and as data were not normally distributed, the fol-
lowing formula was used: Q3 + 1.5 x IQR, where Q3 = 75th percen-
tile and IQR = interquartile range (Larson 2006).

Urinary adiponectin stability

In order to evaluate urinary adiponectin stability, four urine samples
with expected high adiponectin concentrations were collected from
dogs with serum creatinine >1.4 mg/dl and UPCR >0.5. Each urine
sample was analysed on the day of urine extraction, and was then
stored in different aliquots with (dil. 1:2) and without conservative
solution (stabilisation solution for urine samples, reference number
C5019, BioVendor-Laboratorni medicina) in order w evaluare ellect
of storage at —20°C during one month, and of three freezing/thawing
cycles on the stability of urinary adiponectin.

Study of adiponectin concentrations in dogs

with kidney disease

The current study was performed at the Veterinary Medicine School,
Murcia University. It was approved by the Local Ethical Committee
and was performed in compliance with the laws RD32/2007 and
RD1201/2005 related to animal experimentation in Spain.

Sixty-four dogs, 39 males and 25 females were included in this
study. 5ix dogs, three males and three females, with ages berween
3.83 and 10.92 years, body weight (BW) between 9 and 25 kg, and
body condition score (BCS) of 3/5, were healthy dogs without any
abnormality in the physical examination, and in the haematologic,
biochemistry and urinary tests, and had negative IFI for leishmania,
and had come to clinics for routine check-ups. The assessment of the
nutritional condition was based on a five-scale BCS: 1, thin; 2, lean; 3,
optimal; 4, obese; 5, gross (Edney and Smith 1936).

Fifey-eight dogs, 36 males and 22 females, with ages between
0.8 and 14.2 years, BW between 3 and 60 kg, and BCS between
2 and 5/5 were dogs with leishmaniasis that were staged based on
urine protein/creatinine (UPC) ratio. The basis of the proteinuria
classification was used similar to how it was defined in the IRIS
scheme (Elliot and Watson 2009). Thus, the dogs were staged into
three groups: as non-proteinuric group (NP; UPC ratio: <0.2; #n=9),
borderline proteinuric group (BP; UPC ratia: 0.2-05; #=7), or pro-
teinuric group (P; UPC ratio; >0.5; #n=42). Further, the P group was
subdivided based on plasma creatinine concentrations in non-azotaemic
dogs (subgroup P1; serum creatinine <1.4 mg/dl; #=31), and azotae-
mic dogs (subgroup P2; serum creatinine >1.4 mg/dl; n=11).

TABLE 1: Spiking recovery method

sample volume (%) Urine adiponectin (ng/ml)

Sample 1 Sample 2 Expected Observed Recovery (%)
100 0 10313 103.13 1000
75 25 88.70 100.22 T30
63 37 81.56 99.46 1220
50 50 4.27 91.10 1227
63 37 6713 76.88 T14.5
25 75 59.85 65.31 1091
13 87 53.02 59.98 1131
0 100 45.42 45.42 1000

Two canine urine samples with different amounts of adiponectin were mixed in
different ratios.
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The dogs with leishmaniasis had clinical and/or analytical signs
compatible with leishmaniasis (in case of group NF, only hyperglob-
ulinemia in serum) and the diagnosis was confirmed by positive [Fl to
detect serum antibodies against the leishmania infection and/or visual-
isation of Leishimania spp. amastigotes in bone marrow samples. Some
of the dogs did not show evident clinical sings, whereas, others pre-
sented weight loss, varying degrees of generalised lymphadenopathy;
or skin lesions. Alterations found most commonly in haemograms
and serum biochemical analyses were mild non-regenerative anaemia,
hyperproteinemia with hypoalbuminemia and hyperglobulinemia.

All dogs (healthy and with leishmaniasis) were tested for pres-
ence of Canine Heartworm, Anaplasma Phagocytophylum, Borrelia
Burgdorferi and Ehrlichia Canis antibodies using SNAP test (Canine
SNAP 4Dx, IDEXX Laboratories, IDEXX Europe BV, Hoofddorp,
The Netherlands). Fifteen dogs were excluced as they were suspected
of having associated systemic or infectious diseases different from
leishmaniasis, that could be a cause of glomerulopathy, or if active
sediment in the urine was detected. Excluded dogs were out of the 64
dogs finally included in the study.

Blood samples were obtained from all dogs for routine serum
biochemistry (Cobas Mira Plus Analyser, Horiba ABX, Montpellier,
France) after at least a 12 hour fasting period. At the same time, a
urine sample was obtained by cystocentesis (5 ml, 22 G needles) for
sediment examination, and the urine protein and creatinine measure-
ments. Using an automatic analyser (Cobas Mira Plus Analyser, Horiba
ABX), urine protein was determined by the pyrogallel method using
acommercially available reagent (Protein u & csf, Spinreact SAU, Sant
Esteve de Bas, Spain), while creatinine was measured using the modi-
tied Jaffe method using a commercially available reagent (Creatinine-],
Spinreact SAU) on samples diluted 1:20 with deionised water The
UPC ratio was then calculated with the formula: UPC ratio = pro-
tein (mg/dl)/creatinine (mg/dl). The urine samples were immediately
diluted to 1:2 with a stabiliser solution (stabilisation solution for urine
samples, reference number CS019, Bio Vender-Laboratorni medicina).
Serum and urinary aliquots were stored at  20°C until analysis of
adiponectin was performed.

Statistical analysis

Intra- and inter-assay CVs, recovery and detection limits were cal-
culated using routine descriptive statistical procedures (Graph Pad
Prism V.5 for Windows, Graph Pad software, San Diego, California,
USA). Ordinary regression analysis was used to investigate linearity
under dilution. Kolmogorov-Smimov test was performed to assess
the normality of data, giving a nonparametric distribution; data
were then log transformed and one-way analysis of variance and
Newman-Keuls multiple comparison post-test were used to compare
values of different groups by using a statistical programme (Graph
Pad Prism V.5 for Windows, Graph Pad software Inc). Data for
healthy and leishmaniotic dogs is reported as median and 25-75
per cent percentile ((QR). A Spearman correlation analysis was used
for the comparison of UPCR and serum creatinine with urine adi-
ponectin and UAC. Receiver operating characteristic (ROC) curves
of the urine adiponectin, UAC, and urine:serum adiponectin ratio
were constructed to determine the optimal cut-off point for the diag-
nosis of proteinuria. Statistical significance was defined as a P<0.05
on two-tailed testing.

Results

Western blot analysis of urinary adiponectin

Western blot analysis showed a high specificity of the polyclonal
goat anti-human adiponectin antibody for canine urinary adiponec-
tin (Fig 1). In canine urine, specific adiponectin oligomers were found
at ~70 kDa, which represents the LMW trimer, two bands at ~ 140
and ~180 kDa, which represents the MMW hexamers, and the
HMW complex at >300 kDa. No albumin-bound LMW trimers were
observed in canine urine samples (~ 110 kDa).

Analytical validation of the assay for urine adiponectin
measurements

Intra- and inter-assay CVs of the two urine pools from (1) healthy and
(2) dogs with kidney disease were below 10 per cent and 12 per cent,

kDa

} HMW
225-
} MMW

102-

} AlbLMW
76-
} LMW

38-

at-

17-

12-

FIG 1: Western blot analysis showed a high specificity of the
polyclonal goat anti-human adiponectin antibody for canine
urinary adiponectin. Specific adiponectin oligomers were found
at ~-70 kDa, which represents the LMW trimer, a single band

at approximately 110 kDa, which represents albumin-bound
LMW trimer (albLMW), two bands at ~140 and ~180 kDa, which
represents the MMW hexamers, and the HMW complex at

=300 kDa, as described previously (Bobbert and others 2005).
(1) Human adiponectin standard (5 pl, 150 ng/ml standard, Human
Adiponectin ELISA High Sensitivity Kit, BioVendor-Laboratorni
medicina); (2) urine sample from dog with proteinuria (5 pl)

TABLE 2: Intra- and inter-assay variation in determinations of

adiponectin concentration in canine urine pools with human
adiponectin ELISA assay

Adiponectin concentrations (ng/ml)

Comparison Pool Mean SD v (%)
Intra-assay 1 4712 19 41
2 148.65 143 96
Inter-assay 1 4778 5.6 ne
2 146.43 14.0 96

v coefficient of variation

respectively (Table 2). The linearity under dilution of two canine
urine samples is shown in Fig 2. Dilution of canine urine samples
with adiponectin concentrations of 103 ng/ml and 165 ng/ml result-
ed in linear regression equations with correlation coefficient close
to 1.0 in the mean range of 3-160 ng/ml. The recovery between
observed and expected adiponectin concentrations ranged from
100 to 123 per cent, with a mean of 112 per cent (Table 1). The lower
limit of detection was (.75 ng/ml.

No significant changes in urinary adiponectin concentrations
were detected in aliquots with stabilisation solution after three freeze/
thaw cycles, and after one month of storage ac ~20°C. In all aliquots
without stabilisation solution, a mean per cent decrease of 33 per cent
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FIG 2: Linearity under dilution of two canine urine samples with
different adiponectin concentrations

after the first freeze/thaw cycle (P<(.05), and a mean per cent decrease
of 41 per cent after one month of storage at <20°C in urine adiponec-
tin was observed.

Adiponectin concentrations in dogs with renal damage
Mean (IQR) data of BCS, BW, age, UPCR and serum creatinine are
presented in Table 3. No statistically significant differences were
observed in BCS, BW, age or serum creatinine between different
groups of dogs (with the exception of serum creatinine, being higher
in subgroup P2 in comparison with the rest of the groups). UPCR
was higher in P group when compared with healthy dogs, NP and BP
groups (P<(.001 in all cases).

Serum adiponectin, UPC ratio, urine adiponectin, UAC and
urine:serum adiponectin ratio in different groups of dogs are presented
in Figures 3 and 4. Median (IQR) serum adiponectin concentrations
in the group of healthy dogs was 10.6 (8.3-11.6), in the NP group it
was 13.9 (4.5-20.5), in the BP group it was 12.9 (8.8-19.1), and in
the P group it was 8.6 (4.5-14.7) (P>0.5). Urine adiponectin concen-
trations were higher in group P dogs (48.8 (10.7-76.8) ng/ml) when

Log serum adiponcetin, ng/mL

T T
Healthy NP BP P1 P2

FIG 3: Serum adiponectin concentrations in healthy dogs and dogs
with Leishmania without proteinuria, with borderline proteinuria,
and proteinuria (P). The central lines present median and IQR.
*P<0.05 vs. P1 group

compared with healthy dogs (4.3 (3.4-5.4) ng/ml), and groups NP (4.7
(3.7-8.0) ng/ml) and BP (4.0 (2.4-9.4) ng/ml) (P<0.001 in all cases).
Also, higher UACs were observed in group P dogs (33.0 (10.5-93.0)
ng/g creatinine) when compared with healthy dogs (1.6 (0.8-2.8) ng/g
creatinine), and groups NP (2.8 (1.5-7.1) ngl/g creatinine) and BF (2.9
(1.3-5.4) ug/g creatinine) (P<0.001 in all cases). Higher urine:serum
adiponectin ratio was observed in group P (4.4 (2.7-7.8)) when com-
pared with healthy dogs (0.4 (0.4-0.5)), group NP (0.5 (0.3-1.9)), and
group BP (0.5(0.2-1.7)) (P<0.001 in all cases).

When the group of dogs with proteinuria was subdivided into two
subgroups according to the presence or not of azotaemia, serum adi-
ponectin concentrations were higher in azotaemic dogs (subgroup P2;
median (sd), 13.7 (10.6-18.7)) in comparison with non-azotaemic do
(subgroup P1; median (sd), 6.4 (3.7-12.8)). Significantly higher UPC
ratio, urine adiponectin concentrations, UAC ratio and urine:serum
adiponectin ratio were observed in group P2 in comparison with
healthy dogs, NF, BP and P1 groups. Also, significantly higher UPC
ratio, urine adiponectin concentrations, UAC ratio and urine:serum
adiponectin ratio were observed in group P1 in comparison with
healthy dogs, NP and BP groups.

When data from all groups were pooled, serum creatinine was
positively correlated with serum (r=0.306, P<0.05) and urinary
(r=0.420, P<0.01) adiponectin, UPCR (r=0.304, P<0.05), UAC
(r=0.376, P<0.01), and urine:serum adiponectin ratio (r=0.252;
P=<0.05). Positive correlation was observed between UPC ratio and
urine adiponectin (r=0.822, P<0.001), UAC (r=0.875, P<0.001), and
urine:serum adiponectin ratio (r=0.819, P<0.001). No significant cor-
relation was observed between serum adiponectin and urine adiponec-
tin, UPC or UAC ratios.

The ROC curve analysis indicated that the optimal cut-off point
for urinary adiponectin for detecting proteinuria is 7.0 ng/ml with an
area under the ROC curve of 0.93 (95 per cent CI, 0.866 w0 0.991),
a sensitivity of 93 per cent and a specificity of 80 per cent (Fig. 5a).
The optimal cut-off point for UAC is 5.0 with an area under the
ROC curve of 0.94 (95 per cent CI, 0.888 to 0.998), a sensitivity of

TABLE 3: Median (IQR) body weight (BW), body condition score (BCS), age, urine protein:creatinine ratio (UPCR), serum creatinine and the

IRIS stage of the groups of dogs included in the study

Group Subgroup

Healthy NP BP P P1 P2
Number of animals 6 9 7 42 3 "
BW, kg 233(21.5-25.0) 29.0(18.0-36.2) 18.6 (17.0-25.0) 25.0 (10.6-37.0) 25.0 (8.6-38.0) 24.4(15.3-37.5)
BCS 3(33) 3.5(2.5-4.8) 3(2-3) 3.5(2-5) 3(2.53) 2(20-3.5)
Age, years 6.2 (3.8-10.9) 3.4(2.014.2) 6.6 (2.8-12.0) 46(0.8-11.0) 48(2.97.2) 35(3.07.2)
UPCR 0.06 (0.03-0.11) 0.13 (0.06-0.18) 036 (0.28-0.44) 219 (106-3.65) 171(0.93-3.12) 6.83(2.39-1476)
Serum Creatinine, 0.8 (0.6-0.9) 0.8 (07-0.8) 09(0.7-12) 0.9 (0.7-17) 0.8 (07-1.0) 2.3(1.95.4)
mg/dL

IRIS stage (number of = =
animals per stage)

1(7) 1(31),2(3),3(5).4(3)

1(31) 2(3),3(5.403)

1QR Interquartile range, NP Group of dogs without proteinuria (UPC ratio, <0.2), BP Group of dogs with borderline prateinuria (UPC ratio, 0.2-0.5), P Group of dogs with proteinuria (UPC
ratio, >0.5), P1 Group of dogs with proteinuria without azotaemia (UPCR >0.5; serum cratinine <1.4 ma/dl), P2 Group of dogs with proteinuria and azotaemia (UPCR >0.5; serum creatinine

=1.4 mg/dl).
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FIG 4: Urine protein:creatinine ratio (a), urine adiponectin (b), urine adiponectin corrected by urinary creatinine (ug/g creatinine) (c), and
urine:serum adiponectin ratio (d) in healthy dogs and dogs with Leishmania without proteinuria, with borderline proteinuria, and proteinuria
(P). The central lines present median and IQR. (a) P<0.001 vs. P2 group of dogs; (b) P<0.001 vs. P1 group of dogs; (c) P<0.01 vs. P2 group

of dogs; (d) P<0.05 vs. P1 group of dogs

90 per cent and a specificity of 80 per cent (Fig. 5b). The optimal cut-
off point for urine:serum adiponectin ratio is 1.2 with an area under
the ROC curve of 0.94 (95 per cent CI, 0.883 to 0.998), a sensitivity of
93 per cent, and a specificity of 85 per cent (Fig. 5c).

Discussion

The first objective of the present study was to evaluate the use of an
ELISA kit designed to measure adiponectin in human serum samples
for urine adiponectin measurements in dogs. Western blotting experi-
ment showed that (a) the goat anti-human adiponectin antibody
included in ELISA kit crossed-reacted with canine adiponectin and
(b) that these antibodies did not cross-react with urine proteins other
than adiponectin. Stability results revealed urine adiponectin is unsta-
ble when stored at —20°C unless a stabilisation solution is used. Thus,
in order to avoid the adiponectin degradation in urine, use of conserva-
tive solution (dil. 1:2) would be recommended.

The analytical validation data indicated that the assay was pre-
cise and accurate when measuring this adipocytokine in canine urine
samples. Intra- and inter-assay CVs were below 20 per cent, the limit
of the objective analytic performance standard for precision (Food and
Drug Administration and others 2001). Additionally, linearity under
dilution and recovery studies revealed the high accuracy of the assay
in detecting adiponectin in canine urine samples. Ideally, the regres-
sion analysis, of the relationship of the obtained and expected ana-
lyte values should result in a regression equation approximating 1.0
(lensen and Kjelgaard-Hansen 2010). In the present study, a regression
equation approximating 1.0 (0.999) was observed when one urine
sample was setially diluted. However, the dilution of a second sam-
ple resulted in a more curvilineal line, and the regression correlation
coefficient was 0.922. Tt could be postulated that some dogs could
present interfering substances in the urine that could slightly modify
the concentrations of adiponectin, although this variation is of lim-
ited importance since no interactions of adiponectin antibody were
observed in Western blotting analysis. The recovery study showed
that the assay slightly over-estimated adiponectin concentrations
when intermediate adiponectin values were measured in urine; how-
ever, percentages between 80 per cent and 120 per cent for spiking
recovery are acceptable to confirm the correct accuracy of the assays
(Jensen and Kjelgaard-Hansen 2010). These findings confirm that the
evaluated assay is accurate when quantifying adiponectin in canine
urine samples.

The second aim was to investigate the possible influence of pro-
teinuria and renal damage on serum and urinary adiponectin in dogs.
For this purpose, only dogs with leishmaniasis were included in the
study mainly because of two reasons. (1) Canine leishmaniasis was
considered as a natural model of kidney disease (Cortadellas and oth-
ers 2009), as it causes different degrees of glomerular disease that can
lead to chronic kidney disease (Cuy and others 1993). The immune
complexes originated due to the infection cause a secondary inflam-
matory reaction and a reduction in the perfusion of the peritubular
capillaries that leads to tubular and interstitial damage (Nieto and oth-
ers 1992, Ciaramella and others 1997). (2) Canine leishmaniasis is
an endemic disease in the Mediterranean area with a prevalence of
67-80 per cent (Berrahal and others 1996, Cabral and others 1998,
Solano-Gallego and others 2001), what allowed us to obtain disease-
homogenous population of dogs.

In the present study, higher serum adiponectin levels were
detected in subgroups of dogs with proteinuria and azotaemia (P2) in
comparison with those with proteinuria but without azotaemia (P1),
while no significant differences were observed between the rest of the
groups. These results could explain the positive correlation between
serum adiponectin and serum creatinine observed in our work. In
humans, it has been described that serum adiponectin concentrations
are increased in presence of severe renal damage cases (Koshimura
and others 2004, Shen and others 2007), and it was hypothesised
that these results, at least in part, could be attributed to the decreased
BW in patients with kidney disease (Koshimura and others 2004).
However, in our study, although the median BCS was lower in the P2
subgroup in comparison with P'1, there was no statistical significance.
This could be attributed to a relatively low number of animals in the
subgroups, and high inter-individual variability of BCS in our groups
of animals. Furthermore, the different degrees of inflammation asso-
ciated with leishmaniasis and kidney failure, are factors that could
influence serum adiponectin concentrations. Longitudinal studies, or
worlc with a more homogenous BCS population, would be required
to clarify the mechanisms that could regulate the serum adiponectin
concentrations in dogs with kidney disease.

The results of this study indicate that adiponectin in urine is
increased in dogs with proteinuria, similarly as described in humans
(Koshimura and others 2004, Rovin and others 2005, von Eynatten
and others 2009). In human medicine, two principal hypotheses were
formulated in order to explain this finding. (1) The increase in urinary
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FIG 5: Receiver-operator characteristic (ROC) curves of urinary
adiponectin (a), urinary creatinine excretion (UAC) (b) and urine:
serum adiponectin ratio (c) to differentiate dogs with (urine
protein:creatinine ratio (UPCR) >0.5) and without (UPCR <0.5)
proteinuria. The true-positive rate (sensitivity (y axis)) is plotted
against the false-positive rate (100-specificity (x axis)). The white
circle on the ROC curve indicates the cut-off level of 7.0 ng/ml, 5.0,
and 1.2 for best sensitivity (93 per cent, 94 per cent, 94 per cent)
and specificity (80 per cent, 80 per cent, 85 per cent) for urinary
adiponectin, UAC, and urine: serum adiponectin ratio, respectively

adiponectin appears to be due to glomerular capillary leak as a result
of a glomerular damage (Rovin and others 2005). This hypothesis is
supported by the strong correlation between UPC ratio and urinary
adiponectin, as well as UAC ratio, similarly as described elsewhere
(Koshimura and others 2004). (2) On the other hand, von Eynatten
and others (2009) found that adiponectin in normal kidneys is lining
glomerular capillaries and intrarenal arterioles, and hypothesised that
binding of adiponectin to the glomerular endothelium could be essen-
tal for kidney homeostasis, and that subsequent increase of adiponec-
tin in the urine come from the adiponectin lining glomerular vessels
reflecting carlier vascular damage than the vascular leakage detected
by albuminuria (von Eynatten and others 2009). This hypothesis, at
least in part, could explain the high concentrations of urine adiponec-
tin of some leishmaniotic dogs without proteinuria (groups NP and
BP) had when compared with the healthy dogs (although no statis-
tically significant differences were found between the groups). This
suggested that these dogs probably already had some renal injury,
undetected by UPC ratio, as has been indicated in human systemic
lupus erythematosus (Rovin and others 2005). However, other studies
with more animals, and including histopathologic analysis, should be
done to confirm this aspect.

ROC curve analysis revealed a high diagnostic accuracy of the
urine:serum adiponectin ratio, as well as urine adiponectin and
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UAC, to distinguish dogs with and without evident proteinuria.
Furthermore, it is worth mentioning that in the present study, the
three evaluated variables (urine adiponectin, UAC and urine:serum
adiponectin ratio) showed similar results, suggesting the possible util-
ity of the three of them for glomerulus damage evaluation in dogs.

Conclusion

The commercial ELISA assay evaluated in this study can be used
for precise and accurate urinary adiponectin measurement in dogs.
Urinary adiponectin was increased in dogs with proteinuria suggest-
ing its possible use as a tool for glomerular injury evaluation.
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The objective of this study was to evaluate the influence of an experimentally induced acute
inflammation on serum adiponectin and insulin-like growth factor 1 (IGF-1) levels in the
dog, and to compare their evolution with other well-established acute phase proteins {APPs)
such as C-reactive protein (CRP), and haptoglobin (Hp). Therefore levels of adiponectin, IGF-
1 and a profile of APPs were measured in healthy dogs after intravenous administration of

igwor:g;_n E. coli LPS (0.02 mg/kg) and compared with dogs injected with saline solution (0.2 mL/kg).
CRPW ! Adiponectin and IGF-1 were both decreased in response to endotoxins in the dog. Signif-
Hp icant positive correlations were found between adiponectin and IGF-1 (r=0.31; p<0.05).

Dog Adiponectin had also asignificant negative correlation with CRP(r=-0.39; p< 0.05) and Hp
Endotoxaemia (r=—-0.27; p<0.05), whereas IGF-1 had significant negative correlation with CRP (r=-0.52;

IGF-1 p<0.001).

The results obtained in the present study indicate that adiponectin and IGF-1behave as
negative acute phase proteins after acute inflammatory stimulus in dogs.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Adiponectin is a peptide hormone produced by the
adipose tissue that has gained increased attention in the
last years due to its involvement in glucose metabolism
and insulin sensitization. Adiponectin decreases lipid syn-
thesis and glucose production in the liver and causes
decrease in glucose and free fatty acid concentrations in
the blood. Decreased adiponectin concentrations are asso-
ciated with insulin resistance and hyperinsulinemia (Meier
and Gressner, 2004). Also a negative correlation between
obesity and circulating adiponectin has been established in
the dog (Ishioka et al., 2006).

A relationship between adiponectin and some compo-
nents of the inflammatory reaction has been described. The
cytokine TNF-alpha suppresses adiponectin production in

* Corresponding author. Tel.: +34 968264722, fax: +34 968364147,
E-mail address: jjceron@um.es (].]. Ceron).

0165-2427/% - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.vetimm.2010.11.011

adipose tissue (Stumvoli, 2003), and on the other hand
adiponectin has showed to have an anti-inflammatory
effect since it reduces the secretion of TNF-alpha from
monocytes, macrophages and foam cells, and also atten-
uates the biological effects induced by this cytokine
(Fernandez-Real et al., 2003).

Insulin-like growth factor 1 (IGF-1), also known as
somatomedinC, is a peptide hormone, which is synthesized
in the liver. It is involved in the regulation of growth and
metabolism and mediates many of the anabolic effects of
growth hormone (GH) in different tissues (Klapper et al.,
1983). Overall IGF-1 is considered a true mulfi-potent
growth factor, controlling cell proliferation, differentiation
and apoptosis, tissue growth and organ-specific functions
throughout the body (Frystyk et al., 2010), During inflam-
mation, IGF-1 synthesis in the liver and the levels in
serum are decreased (Priego et al., 2003 ). Furthermore, the
decrease in circulating IGF-1 during inflammation accurs
despite an increase in GH levels, inducing a situation of GH
resistance that contributes to direct amino acids away from
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growth and skeletal muscle accretion towards the hepatic
synthesis of acute-phase proteins (Frost and Lang, 2004).

Despite the influence that inflammation can have
in both adiponectin and IGF-1, to the author's knowl-
edge there is no data published about the behaviour of
adiponectin and IGF-1in inflammation in the dog, and no
studies were reported having evaluated simultaneously
both hormones in an inflammatory situation. The objective
of this study was to evaluate the influence of an experimen-
tally induced acute inflammation on adiponectin and IGF-1
levels, and to compare their evolution with other well-
established acute phase proteins (APPs) such as C-reactive
protein (CRP), and haptoglobin (Hp). Therefore, levels of
adiponectin, IGF-1 and a profile of APPs were measured in
healthy dogs after intravenous administration of E. coli LPS
and compared with dogs injected with saline solution. This
canine model of endotoxaemia has proven to be useful in
replicating the signs and laboratory findings observed in
canine and human sepsis/endotoxaemia (llcol et al., 2005;
Yilmaz et al., 2006)

2. Material and methods
2.1. Animal and general procedures

A total of 10 adult healthy mongrel dogs (6 male and
4 female) were used in this study. The dogs weighed
14.2-31.3 ke (mean +SD, 24.3 +4.6 kg) and ranged from 2
to 5 years (mean +£SD, 3.2 £ 1.4 years). The animals had a
body condition score (BCS) of 3 in all cases. BCS was eval-
uated in accordance with a 5-point scale (McGreevy et al.,
2005).

The dogs were housed in individual cages in a controlled
room (18-24°C and 12/12 h light/dark cycle) for 3 days
before the experiment at the Veterinary Teaching Hospi-
tal, Uludag Umiversity, Bursa, Turkey. All dogs were kept
in similar conditions, provided with ad libitum water, and
were fed twice daily with an extruded diet (IAMS-Propet,
Istanbul, Turkey). The dogs were clinically healthy based
on normal clinical examinations and results of CBC and
biochemistry, including C-reactive protein, were within
reference limits.

The experimental protacol was approved by the Animal
Care and Use Committee of the University of Uludag.

2.2. Experiments

The dogs were assigned to the control (n=5; 2 male and
3 female) and LPS group (n=>5; 2 male and 3 female).

Dogs in the control group received an intravenous vehi-
cle (0.9% NaCl, 0.2 mL/kg), whereas endotoxin was injected
intravenously once at 0.02 mg/kg to the dogs of LPS group.

The experiment was initiated at 9:00am, after 14h of
fasting in both groups of dogs. All dogs were monitored
clinically for 48 h after the treatment. During this period,
dogs were fed four times (at 12, 24, 36 and 48 h just after
blood sampling).

2.3. Sample collection and measurements

WVenous blood samples were collected into tubes with
and without EDTA (Vacutest EDTA K3, BD, 3mL, and
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Vacutest, BD, 10mL, Hema & Tube Tic. Litd. Sti., Ankara-
Turkey) before (baseline) and at 0.5, 1, 4, 24 and 48h
post-treatment.

Total serum adiponectin concentration was determined
by human high sensitivity adiponectin ELISA {(Human
Adiponectin ELISA, High Sensitivity Kit, BioVendor-
Labaratorni medicina, Modrice, Czech Republic), previ-
ously validated in our laboratory for use in dogs. Intra-
and infer-assay coefficients of variation were below 11%
in all cases, linearity under dilution resulted in lineal
regression equations with correlation coefficients of 0,9989
and 0.9958 and the limit of detection was of 0.74 pg/mL
(Tvarijonaviciute et al., 2010).

IGF-1 was analyzed with an automated solid-phase,
enzyme labelled chemiluminescent immunometric assay
(Immulite System, Siemens Health Diagnostics, Deerfield,
IL, USA). This immunoassay had an adequate analytical per-
formance withintra- andinter-assay CVsrangeslower than
10%, linear regression equations with correlation coeffi-
cients of 0.9993 and 0.9988 after serial dilutions, and lower
limit of quantification of 7.1 ng/mL (Tvarijonaviciute et al.,
1N press).

CRP concentration was measured using a human
immunoturbidimetric assay (CRP OSR 6147 Olympus
Life and Material Science Europe GmbH, Lismeehan,
OrCallaghan’s Mills, Co. Clare, [reland) that showed a corre-
lation of 0.98 with a specific canine ELISA assay (Tridelta
Phase range canine CRP kit, Tridelta Development Ltd.,
Brey, Ireland) which has been validated for use in dogs
(Martinez-Subiela and Ceron, 2005). A pooled canine serum
sample with high concentration of CRP measured by a
canine specific time resolved fluorometric immunoassay
was used as standard.

Hp concentration was measured by a commercially
available colorimetric method (Tridelta Phase range hap-
toglobin kit, Tridelta Development Ltd.) that was validated
previously for use in dogs (Martinez-Subiela and Ceron,
2005).

CRP and Hp were measured in serum on an auto-
mated biochemistry analyzer (Olympus 2700 Automatic
Chemistry Analyzer, Olympus Europe GmbH, Hamburg,
Germany) and had intra-run and inter-run coefficients of
variation <10%.

2.4. Chemicals

Endotoxin (lipopolysaccharide, Escherichia coli serotype
055:B5, purity >97%) was purchased from Sigma Chemical
(St. Luois, M0O); it was dissolved in sterile saline solution
(0.9% NaCl) immediately before the experiment. The vol-
ume of selution injected intravenously was 0.2 mL/kg.

2.5, Statistical analysis

Summarized data is shown as mean=SD. The results
for each parameter were evaluated for approximate nor-
mality of distribution by using the Kolmogorov-Smirnov
statistics. Because the data was not distributed normally,
data was log transformed to assess normality. Repeated
measures ANOVA with Dunnetts Multiple Comparison post
test was used to evaluate changes of proteins in dogs’
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Fig. 1. Mean=5D changes of adiponectin (a), IGF-1 (b), CRP (c}, and Hp (d} levels during experimental period in dogs treated with 0.9% NaCl sol. (Control
group, &) and in dogs that were injected LPS (Test group, ®). "p< 0.05; **p<0.01 vs. 0 h.

sera in different groups. Pearson correlation test was pro-
ceeded in order to verify the possible correlations between
adiponectin, IGF-1 and APPs. Values of p<0.05 were con-
sidered significant

3. Results and discussion

Perturbations in adiponectin concentrations have been
generally associated with obesity and metabolic syn-
drome. However, data about the role and behaviour of
adiponectin in inflammation and sepsis is limited even in
human medicine (Venkatesh et al., 2009) and studies about
the mechanisms that could clarify the relation between
adiponectin and inflammation are currently demanded
(Owecki, 2009). In our work we describe for the first time
a decrease in serum adiponectin (of 30% at 48 h post-
treatment) and IGF-1 (of 42% at 24h and of 35% at 48 h
post-treatment) levels after experimentally induced endo-
toxaemia by LPS administration in dogs (Fig. 1). Similarly
to our study a significant decrease in plasma adiponectin
concentrations was detected in rats when endotoxaemia
was induced by cecal ligation and puncture (Tsuchihashi
et al., 2006). Our results would also agree with the down-
regulation of adiponectin expression in adipose tissue
induced by LPS that have been demonstrated both “in vivo”
after injection of LPS in mice (Leuwer et al., 2009) and in
“in vitro"” studies on canine adipocytes incubated with LPS
(Ryan et al., 2010). However, these findings are in contrast
with a previous report in humans in which inflamma-
tion associated with endotoxaemia did not change plasma
concentrations of adiponectin (Keller et al., 2003). These
divergences could be attributed to the different doses
and/or types of endotoxins used.

The reasons for the decrease in adiponectin levels after
induction of endotoxaemia in dogs observed in the present
study are not totally clear.(1) Some authors postulated that
the decrease in adiponectin levels is due to the binding
of adiponectin to LPS in order to produce LPS neutraliza-
tion (Tsuchihashi et al., 2006). (2) In addition, based on
the results of our study it could be hypothesised that the
decrease in adiponectin could be related with the low levels
of IGF-1 that was detected after the endotoxin administra-
tion. Although it has not been described in the dog, the
decrease in IGF-1 after an inflammatory-infectious stimu-
lus has been reported in other species such as rats, mice,
pigs and steers (Frost and Lang, 2004) being caused in part
due to the inhibitory effect of proinflammatory cytokines
on the IGF-1 expression in the liver (Colson et al., 2003).
IGE-1 has been demonstrated to increase adiponectin syn-
thesis in adipose tissue (Meier and Gressner, 2004), so
the decrease in IGF-1 that appears in the acute phase
response could produce an associated lower production
of adiponectin and decreased serum adiponectin levels.
(3) Finally the decrease in adiponectin could be associated
with the increase in TNF-alpha that has been described to
be produced in an endotoxin injection in a similar experi-
mental model that was used in this study (Ilcol et al., 2005)
and that suppresses adiponectin production in adipose tis-
sue (Stumvoli, 2003).

A limitation of this study would be the measurement
of total adiponectin without separating the different
molecular forms of adiponectin. Although the three
isoforms of adiponectin have been characterized in the
dog (Brunson et al, 2007), to the authors’ knowledge,
no methods for comparative analysis of the total and
different subforms of adiponectin in dogs are validated
in this specie. The measurement of the three different
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subforms of adiponectin (the highmolecular-weight
(HMW), the medium-molecular-weight (MMW) and
the low-molecular-weight (LMW) forms) have gained
attention in human medicineg in previous years. The HMW
subform is believed to be the primary biologically active
form (Leth et al., 2008), although studies in humans have
demonstrated the existence of the correlation between
HMW and total adiponectin (Leth et al., 2008).

Since adiponectin has an anti-inflammatory effect, a
significant fall in adiponectin may add to the upregu-
lation of inflammatory cytokines that is produced after
an inflammatory stimulus in leading to a major and
severe pro-inflammatory response that can have a nega-
tive impact on the organism (Leuwer et al., 2009). Overall
adiponectin was considered as a protective factor (Zoccali
et al., 2003), so it could be postulated that the decrease
observed in adiponectin levels during inflammation should
not be too severe in order to preserve an adequate anti-
inflammatory response of the organism. There are some
practical evidences that would support this theory: obe-
sity is a risk factor for intensive care unit mortality in
patients with sepsis (Yaegashi et al., 2005). In these cases,
the reduced adiponectin levels that appear in obesity
would lead to an impaired neutralization of LPS activity
and a higher inflammatory response {Tsuchihashi et al.,
2006). In humans critical illness was associated with lower
adiponectin concentrations as compared with controls
(Venkatesh ef al., 2009). Administration of rosiglitazone,
which increases plasma adiponectin concentrations, sig-
nificantly lowers inflammatory mediators in plasma and,
might improve management of patients with sepsis (Uji
etal,2010).

A controversy exists about the relation between
adiponectin and inflammation, since some autoimmune
and chronic inflammatory conditions such as rheumatoid
arthritis, systemic lupus or inflammatory bowel disease
showed increased serum concentrations of adiponectin.
The explanation could be that increases in adiponectin can
help survival during periods of catabolism secondary to
chronmic inflammation, since adiponectin decreases energy
expenditure and limits the amount of adipose tissue loss
during fasting (Fantuzzi, 2008). Further studies should be
undertaken to elucidate the differences in the behaviour
of adiponectin between acute and chronic inflammatory
conditions.

The increase of CRP after LPS imjection that reached
significance at 4h and peaked (22-fold) at 24h and the
increase in Hp that reached significance and peaked later
with 2-fold increment (at 24 and 48 h, respectively) (Fig. 1),
indicated that an inflammatory acute phase response was
produced in our experimental model, as evidenced by the
behaviour of these two proteins which are major (CRP)
and moderate (Hp) positive acute phase proteins (Ceron
et al, 2005). The APP is a blood protein which, influ-
enced by the interaction of the cytokines (produced at
the site of the lesion) with the tissue in which the APP is
produced, increase or decrease its circulating levels after
an inflammatory stimulus. Positive acufe phase proteins
increase their concentrations whereas negative APPs show
a decrease in serum levels (Ceron et al., 2005). Taking this
conceptinconsideration, adiponectinand IGF-1 behaved as
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Table 1
Correlations between adiponectin, IGF-1 and APPs.
Adiponectin IGF-1
R P R P
CRP —0.3903 0.004 —0.5155 =0.001
Hp —0.2745 0.046 —0.1737 0.21
Adiponectin —0.3098 0.024

CRP—C-reactive protein: Hp—haptoglobin.

negative acute phase proteins in our experimental model
in that they showed a decrease in serum concentrations,
probably induced at least in part by the effects of TNF-alpha
or other cytokines in their tissues of production (adipose
tissue and liver, respectively). Aweak although significant
correlation was found between the values of CRP, the most
sensitive and specific acute phase protein, adiponectin
and IGF-1 (Table 1). Simularly, correlation between CRP
and adiponectin has been previously described in humans
(Xydakis et al., 2004). This data would support the hypoth-
esis that both adiponectin and IGF-1 are negative acute
phase proteins in the dog.

The present study demonstrated that adiponectin and
IGF-1 are both decreased in response to endotoxins in the
dog. Further studies should be performed in order to clarify
the roles of these decreases in adiponectin and IGF-1 in the
physiopathological mechanisms during endotoxaemia as
well the clinical implications that both proteins could have
in the management, treatment and prognosis of inflamma-
tory diseases and sepsis.
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The purpose of the study was to analyse serum concentrations of four different positive acute phase pro-
teins (APPs): C-reactive protein, haptoglobin, serum amyloid A and ceruloplasmin in a model of experi-
mentally short-term developed obesity in Beagle dogs. All APPs were quantified by commercially

available ELISA methods and C-reactive protein was also determined by a highly sensitive time-resolved

fluorometric assay. There were no significant differences between APPs concentrations at the beginning

Keywords: and the end of the study in groups of dogs that increased their body condition scores. In addition, dogs
‘32; with body condition scores of 4 and 5 did not shown significant differences for any of the acute phase
CRP proteins studied compared with control dogs of BCS of 3, with exception of a decrease in haptoglobin.
cp It was concluded that overweight induced in the experimental conditions of this study does not produce
Hp a significant change in acute phase proteins.
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Obesity

1. Introduction

Obesity is one of the most important nutritional problems in
dogs; approximately 25-40% of dogs receiving veterinary care in
western countries are overweight to grossly obese (Mc Greevy
et al., 2005). The dog has been used as an animal model for the
study of the physiological and genetic basis of obesity, and it is
even expected in the near future an expansion in activity using
the dog as an animal model, as the epidemic of human obesity con-
tinues and spreads geographically (Speakman et al., 2008).

Positive acute phase proteins (APPs) such as C-reactive protein
(CRP), haptoglobin (Hp), serum amyloid A (SAA) and ceruloplasmin
(Cp) increase its rate of synthesis and release when an inflamma-
tion occurs (Ceron et al., 2005; Dabrowski et al., 2009; Eckersall,
2000). Measurements of APPs can be used in dogs as screening test
for systemic response to an inflammatory stimulus and are consid-
ered as the most accurate markers of inflammation (Cer6n et al.,
2008). However, there are some aspects of the APP response in
dogs that have not been widely evaluated such as the possible vari-
ations in obesity. Regarding this aspect, although reports indicating
that serum CRP is increased in obese humans have been published
(Park et al., 2005; Zagorski et al., 2005), a recent paper have postu-
lated that CRP production can be inhibited in obese dogs (Veiga
et al,, 2008).

* Corresponding author.
E mail address: frecles@um.es (F, Tecles).

0034-5288/$ - see front matter @ 2010 Elsevier Led, All rights reserved.
doi:10.1016/j.rvsc.2010,05.008

The main objective of the present study was to evaluate influ-
ence of overweight in the acute phase proteins in dogs. For this
purpose CRP, SAA, Hp and Cp were measured in Beagle dogs with
different weight and body conditions obtained after an experimen-
tal short-term induced overweight trial.

2. Material and methods
2.1. Animals and experimental set-up

A total of fourteen adult intact, university-owned beagle dogs
(Canis familiaris) were used in this study (6 females and 8 males;
age range, 5.1-7.4 years; body weight range, 12.4-18.6 kg). Dogs
were maintained in their usual kennel (one or two dogs per kennel)
with controlled temperature (23 +2°C) and light (lights on at
08:00-20:00). The size of each kennel was 3 x4 m.

To obtain a wide range of weights and body conditions, a proto-
col previously described (Sagawa et al., 2002) with some modifica-
tions was used (Tvarijonaviciute et al., 2009). Dogs were separated
into two groups and maintained for 10 weeks as follows: group A
(3 dogs, 2 males and 1 female) was fed a standard dry food (Pre-
mium Croc Adult, Affinity Petcare), containing 24.0% crude protein,
16.1% crude fat, 2.5% crude fibre, 6% crude ash, 8% moisture. Group
B (11 dogs, 6 males and 5 females) was fed a high-energy diet (Ad-
vance Performance, Affinity Petcare) containing 31.0% crude pro-
tein, 21.0% crude fat, 20% crude fibre, 6.5% crude ash, 8%
moisture. For all dogs food and water was available ad libitum.
The assessment of the nutritional condition was based on a five-
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scale body condition score (BCS): 1, thin; 2, lean; 3, optimal; 4, ob-
ese; 5, gross (Mc Greevy et al., 2005). At the beginning of the study
all dogs in group A (2 males/1 female) had optimal weight (BCS 3);
and in group B, 7 dogs (4 males/3 females) had optimal weight
(BCS 3)and 4 dogs (2 males/2 females) were obese (BCS 4).

All dogs passed general health examinations weekly during the
whole study and complete blood count and biochemical profiles
were performed at the beginning of the study to confirm that there
were no apparent abnormalities (except obesity). Female dogs
were in anestrus during study period, although oestrus cycle has
no effect on APPs (Ulutas et al., 2009). All animals had a negative
serological titre for Leishmania infantum and Erlichia canis.

Blood samples were collected on the morning after an overnight
fasting of at least 12 h by venipuncture in the cephalic vein into
EDTA tubes for CBCs and tubes containing clotting accelerator
(TapVal, Aquisel, Barcelona, Spain) for APP assays. Samples were
taken from all dogs at the beginning (T1) and the end (T2) of the
experimental period. Tubes for APP assays were centrifuged at
2000g for 10 min at room temperature to obtain serum, which
was stored in plastic vials at —20 =“C until analysis. On the day of
analysis, samples were brought to room temperature and thor-
oughly vortexed prior to measurements.

The experimental set-up was approved by the Animal Care
Commission of Murcia University, additionally housing and care
was performed according to guidelines for the care and use of lab-
oratory animals established by the European Union (European Eco-
nomic Community, 1986).

2.2, Analysis
Concentrations of CRP were analyzed by two methods:

- A solid-phase sandwich immunoassay specific for canine CRP
(Tridelta Ltd., Brey, Ireland) in accordance with directions pro-
vided by the manufacturer. Final absorbance of samples was
measured by use of a microtiter plate reader (PowerWave XS,
Bio-Tek Instruments Inc., Vermont USA) at 450 nm. This method
was validated in the laboratory of the authors for canine serum
(Martinez-Subiela and Cerén, 2005).

- A time-resolved immunofluorometric assay (TRFIA) previously
validated for canine samples using goat anticanine polyclonal
antibodies (Parra et al, 2006). The fluorescence, proportional
to the concentration of CRP in the sample, was measured in a
VICTOR 1420 multilabel counter (Perkin-Elmer Lifesciences,
Wallac Oy; Turku, Finland). This method has a lower limit of
detection and a lower between-run imprecision compared with
other commercial kits for CRP analysis (Parra et al., 2006).

Serum concentrations of haptoglobin were determined by use
of the hemoglobin-binding method using a commercial kit (Trid-
elta Ltd., Brey, Ireland) and an automated biochemistry analyzer
(Cobas Mira Plus multiparametric autoanalyser, ABX Diagnostics,
Montpellier, France). Concentrations of SAA were determined by
use of a solid-phase sandwich ELISA. The ELISA was designed for
use in determining concentrations of SAA in different animal spe-
cies such as dogs. Final absorbance of samples was measured by
use of a microtiter plate reader at 450 nm. Both methods were val-
idated in the laboratory of the authors for canine serum (Martine z-
Subiela and Cerdn, 2005).

Serum concentration of ceruloplasmin was measured by use of
a spectrophotometric method based on the in vitro oxidase activity
of Cp with p-phenylendiamine based validated for use in canine
samples (Ceron and Martinez-Subiela, 2004 ). Determinations were
made by use of an automated biochemistry analyzer (Cobas Mira
Plus multiparametric autoanalyser, ABX Diagnostics, Montpellier,
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France) and results were reported as the change in absorbance
per minute at 550 nm.

CBC was determined by an impedance hematological analyser
(Vet Abc, ABX Diagnostics, Montpellier, France).

2.3. Statistical analysis

Data are shown as mean # SD that were calculated using routine
descriptive statistical procedures and software (SPSS statistical
program, SPSS Inc., Chicago, IL, USA). Data were log transformed
to assess normality. Two-way ANOVA of repeated measures was
used to compare concentrations of the different APPs at the begin-
ning (T1) and the end of the study (T2) between different groups.
Paired t test was used to compare concentrations of the different
APPs at the beginning (T1) and the end of the study (T2) within
the same group. Values of p <0.05 were considered significant.

3. Results

The protocol of feeding used in this study produced a wide
range of weight gain and BCS in the dogs. Dogs in group A main-
tained their BCS of 3 as did not change body weight (BW). At the
end of fattening period dogs from group B were divided into two
groups based on their BCS: group B1 had 5 dogs (3 males/2 fe-
males) with BCS 4, and group B2 had 6 dogs (3 males/3 females)
with BCS 5.

Table 1 shows the values of the body weight and APPs of the dif-
ferent groups of dogs at the beginning and the end of the trial.
When compared the different groups for the BW and APPs no sig-
nificant differences were found at T1; however, BW statistically in-
creased at T2 in group B2 if compared with group A (p <0.05).

Comparing T1 and T2 within each group, mean BW statistically
increased in groups B1 and B2 (p<0.05 and p<0.005,
respectively).

Obtained SAA concentrations were below detection limit (Mar-
tinez-Subiela and Cerdn, 2005) in one animal at T1 and in six ani-
mals at T2, so statistical study could not be performed for this
acute phase protein. When serum concentration of hs-CRP, CRP
and ceruloplasmin were compared between the group of dogs of
optimal weight and both groups of overweight dogs at any time,
no statistically significant differences were detected. Hp showed
a statistically significant decrease in the group B2 compared with
the groups A (p<0.01) and B1 (p<0.001) at T2.

When serum APPs concentrations were also assessed between
T1 and T2 within each group, statistically significant differences
were only observed for ceruloplasmin in group A (from 8.10 to
6.60 x 10~ Aabs/min, respectively; p < 0.05) and for Hp in group
B2 (from 1.17 to 0.71 g/L, respectively; p <0.05).

4. Discussion

The objective of this study was to evaluate serum concentra-
tions of positive APPs in animals with different overweight degrees
experimentally induced in order to elucidate the possible role of
APPs in canine obesity. For this reason two major, CRP and SAA,
and two moderate APPs, Hp and Cp, were evaluated. Major APPs
have an early and marked high rise following by a rapid decline
in concentration, while the moderate ones require more time to in-
crease in concentration, show increases of less magnitude and have
slower decline (Ceron et al., 2005).

In present study, APPs showed no significant differences before
and after fattening period. When data was analysed in individual
animals, they were inside the limits of the critical differences (dif-
ferences produced by individual variation) described for CRP, Hp
and Cp (Martinez-Subiela et al., 2003). The critical differences
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Table 1
Values of body weight and the different acute phase proteins of the groups A, Bl and B2 at the beginning (T1) and the end of the study (T2).
BCS BW (kg) Ceruloplasmin ( Aabs/min) hs-CRP (mg/L) CRP (mg/L) SAA (mg/L) Hp (g/L)

Animal T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2

Group A Al 3 3 12.8 13.5 0.0085 0.0074 4.63 378 3.90 430 0.84 1.16 1.33 122
A2 3 3 15.8 16.5 0.0078 0.0059 411 0.68 5.00 250 ND 1.42 1.14 1.03
A3 3 3 139 13.6 0.0080 0.0065 187 0.30 3.20 0.60 1.42 ND 1.30 1.34
Mean 1417 14.53 0.00810 0.00660" 3.54 1.58 4.03 247 1.13 1.29 1.26 1.20
sd 152 1.70 0.00036 0.00075 147 191 091 1.85 041 0.19 0.10 0.16

Group B1 Al 3 4 15.6 17.4 0.0086 0.0065 288 380 1.70 3.60 248 ND 148 122
A2 3 4 134 14.4 0.0080 0.0051 852 0.89 720 2.80 094 ND 1.68 1.03
A3 3 4 127 152 0.0068 0.0062 245 262 320 390 0.94 1.00 115 1.03
Ad 3 4 15 15.5 0.0086 0.0108 8.85 124 10.20 320 232 ND 1.51 1.44
A5 3 4 12.8 15.8 0.0057 0.0046 298 0.88 390 250 1.05 ND 132 1S
Mean 13.90 15.66' 0.00754 0.00664 513 1.89 524 320 155 1.00 143 1.17
sd 132 110 0.00126 0.00245 325 129 343 0.57 0.78 0.20 017

Group B2 Al 3 5 14,1 221 0.0102 0.0051 320 143 340 450 493 280 144 056
A2 3 5 18.6 24 0.0086 0.0129 4.87 775 5.00 2.80 254 2322 1.19 = b L
A3 4 5 12.7 16.4 0.0087 0.0063 237 349 5.80 1.00 6.43 7.87 123 0.62
Ad 4 5 129 15 0.0076 0.0065 290 038 320 3.60 1.16 ND 1.19 0.74
A5 4 5 159 19.8 0.0105 0.0064 237 140 211 0.60 424 2.96 092 052
A6 4 5 124 17.6 0.0104 0.0049 5.85 210 7.60 210 15.04 9.21 1.07 0.65
Mean 14.43 19.15+" 0.00933 0.00702 357 276 452 243 572 5.01 L 1 iy Rokoae
sd 241 346 0.00120 0.00296 145 265 2.01 1.50 492 3.27 017 0.24

BCS - body condition score; BW - body weight; hs-CRP - high sensitivity C-reactive protein; CRP - C-reactive protein; SAA - serum amyloid A; Hp - haptoglobin; ND - not

detected.

* p=<0.05vs. group A

* p<0.01vs. group A.
*** p<0.001 vs. group B1.
' p<005,T1 vs. T2.

¥ p<0.005,T1 vs. T2

could also influence the differences in CRP previously described be-
tween lean and obese dogs in a clinical work (2.72 vs. 0.76 mg/L)
(Veiga et al., 2008). Future studies are necessary to assess if the dif-
ference in the APPs between lean and obese dogs could be due to
individual variations and not due to the proper effect of obesity.

These results suggest that short-term induced obesity in exper-
imental conditions, does not produce a significant increase of APPs
contrarily to the findings described in humans for CRP (Park et al.,
2005; Zagorski et al., 2005) and ceruloplasmin (Cignarelli et al.,
1996). Increase in cytokines such as TNF (Gayet et al., 2004) and
also variations in adipokines such as adiponectin and leptin have
been described in the obese dogs (Sagawa et al., 2002). From a
practical point of view and using the same experimental model
that was in this report, we have found that other serum biomarkers
such as butyrylcholinesterase or adiponectin were more sensitive
to detect obesity in dogs in these conditions (Tvarijonaviciute
et al,, 2009).

In the case of CRP, it could be postulated that the lack of differ-
ences found in obese dogs with the commercial ELISA used in our
study would be due to not using ultransensitive methodology
(highly sensitivity CRP) as is made in human medicine. In addition
the values obtained for CRP in our study were very close to the lim-
it of detection of the ELISA method used, which also can have a
high imprecision at low CRP levels, In order to solve these limita-
tions we also analyzed CRP in all samples by a TRFIA which is much
more sensitive than the current commercial ELISAs (Parra et al.,,
2006) and we did not find significant differences in CRP between
obese and lean dogs. So in the case of CRP there is not much meth-
od influence in the values obtained in our study.

One of the limitations of experimental procedure used in this
study is that short-term induced overweight does not reflect real
clinical situation, especially in those chronic obesity cases. How-
ever, this experimental protocol avoids different variations that
can occur when studies are performed in a clinical environment
such as the use of different diets and environmental conditions,

different lengths in the onset of obesity, medications, and possible
secondary diseases, that could have some effect on APPs (such as
diabetes, pancreatitis, hypothyroidism, dyslipidemia, osteoarthri-
tis, and altered kidney function or respiratory distress). Anyway
it should be desirable in the future to undertake studies in order
to clarify APPs evolution in chronic obesity.

Other limitation could be the low number of animals used. This
was mainly due to ethical reasons. However, the number of ani-
mals is in line with previously published studies about induced
obesity in dogs (Jeusette et al., 2006; Briand et al., 2008). In the fu-
ture it would be desirable to perform long-scale studies with high
number of animals as studies in human are made.

In conclusion short-term induced overweight in the experimen-
tal conditions of this study does not produce significant changes in
positive acute phase proteins in the dog. This fact should be taken
in consideration if this species is used as a model for the study of
inflammatory changes associated with obesity and also when acute
phase proteins are interpreted in obese dogs.
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The objective of this study was to evaluate the effects of weight loss on selected serum inflammatory bio-
markers in ohese dogs. An experimentally induced hodyweight reduction of approximately 2 5% /week

was accompanied by significant decreases in metabolic markers of obesity (lipidic profile, fructosamine,
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ity-related inflammation.

and insulin-like growth factor-1). The concentrations of acute phase proteins and of sclected cytokines
remained within reference ranges in obese dogs during weight loss, suggesting that significant infllamma-
tion was not a major component of this experimental model. However, adiponectin concentrations
increased following the period of weight lass suggesting reduced susceptibility of these animals to obes-

© 2012 Elsevier Ltd. All rights reserved.

Obesity isaverycommon nutritional disorderin dogsand a major
risk factor for a number of diseases {German et al., 2010). Although
there is increasing evidence of relationships between obesity and
inflammarion, the exact nature and derails of these links remain tn
be determined. The objective of this study was toevaluate the effects
of weight loss on a profile of serum inflammatory biomarkers in ob-
ese dogs. The study was approved by the Ethics Committee of The
School of Veterinary Medicine, Murcia University.

Six obese, intact female beagles, aged 3.2-6.1 years were used
in the study. The animals were obese, >30% of bodyweight (BW)
with body condition scores (BCSs) of 5/5, and remained on the
study for 3 months by which time their BCS had reduced to 3/5,
a score more compatible with an ideal BW (Yamka et al., 20006).
All dogs remained in anoestrus during the weight loss period and
were given a strictly controlled amount of a hypo-energetic com-
mercial diet (Obesity Management, Royal Canin) once daily (see
Appendix A, Supplementary material). The quantity of food offered
was progressively adjusted to induce a rapid weight loss (2-3% of
BW/week), yet providing minimal protein requirements (Blan-
chard et al., 2004). Drinking water was available ad libitum.

BCS and BW were assessed weekly and a measure of body fat
mass (FM) was obtained prior to and after weight loss using dilu-
tion of a single dose of deuterium oxide (275 mg/kg) (Son et al.,
1998). Blood samples were collected by cephalic venepuncture in
the morning following overnight fasting at study commencement
(obese state, TO) and then monthly (T1-T3) during the weight loss
period. Fasting plasma glucose, fructosamine, total HDL- and LDL-

* Corresponding author. Tel.: +34 86884722,
F-mail address: jjceron@um.es (]J. Cerdn).

1090-0233/$ - see front matter @ 2012 Elsevier Ltd. All rights reserved.
hetp://dx.doi.org/10.1016/j.tvjl.2012.02.015

cholesterol, triglycerides, and immunoglobulin (Ig) G, M, and A
were measured using an autemated analyser (Olympus AU2700,
Olympus Diagnostica). Insulin-like growth factor (IGF)-1 was mea-
sured using an automated chemiluminescent immunometric assay
(Immulite System, Siemens Health Diagnostics). Fasting plasma
insulin cancentrations were calculated using a canine insulin ELISA
(Mercodia). As an indirect assessment of insulin resistance, insu-
lin:glucose (I:G) ratios were calculated (German et al,, 2009). C-
reactive protein (CRP), haptoglobin (Hp), ceruloplasmin (Cp), and
adiponectin were measured as previously described (Tvarijonavic-
iute et al.. 2011a).

Results are shown as medians (with ranges) unless otherwise
stated and were calculated using routine descriptive statistical
procedures and software (Graph Pad Prism, Version 5). The Kol-
mogorov-Smirnov test was used to assess the normality of the
data. When not normally distributed, the data were log trans-
formed for further analysis. A paired Student’s [ test was used to
compare changes in BW and in the selected analytes prior to,
and during the weight loss period. Values of P < 0.05 were consid-
ered significant. The mean BW and FM reductions in the dogs in
the study were considered satisfactory (approximately 2.5% and
3.7%jweek, respectively) (Table 1). Weight loss was accompanied
by significant decreases in the following serum analytes: ‘lipidic
profile’; fructosamine; insulin; I.G ratio; and IGF-1 (Table 2). These
changes were consistent with the findings of previous studies
(Yamka et al., 2006; German et al., 2009).

Changes in the concentrations of adiponectin, acute phase pro-
teins (APPS), and Igs at different time points are illustrated in Fig. 1.
Serum interleukin (11.)-6 values remained helow the detection limit
in all dogs during the experiment. No significant changes were
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Table 1
Baodyweight and body fat mass (FM) measurements of six obese beagles before, and
after, a 3 month period of experimentzlly-induced weight loss.

Beagle no. Bodyweight (kg) Body FM (%)
Belore After Before Alter
1 247 16.0 46.8 23.8
2 19.7 134 40.3 333
3 18.1 13.0 553 20.3
4 201 13.4 41.4 18.4
5 204 14.8 49.4 30.0
6 17.6 14.0 45.9 26.5
Mean + 5D 20125 14.1£1.1° 46.6 £5.7 254157

2 P<0.05 vs. ‘before’.
® P<0.001 vs. "before’.

observed in APPs after weight loss, and the concentrations of this
biomarker in our cbese dogs remained within the reference ranges
used by our laboratory.

Previous research has provided contradictory data as regards
alterations in the concentrations of CRP in obese dogs. Increases
in APP concentrations were observed in obese animals by German
el al. (2009), with these levels decreasing following weight loss.
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Table 2

Concentrations of recognised biomarkers of obesity in six obese beagles before, and
after, a 3 month period of experimentally-induced weight loss. HDL-C, high density
lipaprotein cholesterol; LDL C, low density lipoprotein cholesterol; TG, triglycerides;
IGF-1, insulin-like growth factor 1.

Biomarker Befare After p
Median (range) Median (range)

Serum total cholesternl (pg/dl) 233.00 178.55 n.00s
(184.20-279.90) (115.10-231.50)

Serum HDL-C (pg/dL) 17215 143.30 0.018
(151.00-190.80)  (91.50-163.30)

Serum [N1-C {pgjdl.) 29.10 52.80 n.001
(55.80-112.70) (34.00-73.80)

Serum TG (pg/dL) 48.65 37.10 n.101
(45.00-76.80) (24.90-62.40)

Serum fructosamine (pmol/L) 72630 422.20 0.010
(476.10-946.10)  (290.60-566.20)

Serum IGF-1 (ng/mL) 159.00 105.00 0.030
(117.00-201.00) (91.40-148.00)

Serum glucose (mg/dL) 89.10 98.05 0.693

(85.70-108.80) (59.90-107.70)
23.76 (4.80-101.51) 4.80 (4.80-68.37) 0.046
2743 (4.55-115.22) 6.98 (4.46-71.14) 0.049

Serum insulin {UI/mL)
Insulin:glucose (pl/mg)
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Fig. 1. Changes in the concentrations of the serum inflammatory biomarkers adiponectin, C-reactive protein (CRP), haptoglobin, ceruloplasmin, immunoglebulin (Ig) G, M
and A in six obese beagles (B1-B6) at monthly intervals (TO-T3) over a 3 month period of experimentally-induced weight loss. °, P<0.03; *", P<0.01 vs. TO, respectively.
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However, Tvarijonaviciute et al. (201 1h) did not nhserve significant
differences in the levels of APPs during experimentally induced
abesity, and Veiga et al. (2008) reported decreased CRP in obese
dogs. It is notewarthy, that in these studies, APP concentrations
in both obese and control dogs did not reflect an inflammatory
state. In cases of human obesity, CRP is usually found at intermedi-
ate concentrations lower than 10 mg/L, limit for clinically signifi-
cant inflammation, but higher than 3 mg/dL, limit for normal
values. It has been postulated that these intermediate values could
be due to genetic, demographic, behavioural or dietary factors
(Kushner et al, 2006). Since IL-6 and APP concentrations were
within the reference ranges in our obese dogs, and did not vary
after weight loss, the results support the hypothesis that inflam-
mation is not a significant component in this particular model of
canine obesity.

A decrease in IgA was observed in dogs following the period of
weight loss, whereas no changes were recorded in the concentra-
tions of either IgG or M. Why IgA levels increased remains unclear
and requires further study. Adiponectin concentrations increased
following the weight loss period. In humans, adiponectin is consid-
ered anti-inflammatory molecule with low levels associated with
an increased risk of inflammation (Zoccali et al., 2003 ). A significant
fall in adiponectin concentrations may thus contribute toa deleteri-
ous up-regulation of pro-inflammatory cytokines (Leuwer et al.,
2009). Taken together, these findings suggest that, similar to hu-
mans, weight loss in dogs could result in an adiponectin-mediated
decreased risk of obhesity-related inflammation (German, 2010,

Our results demonstrate that short term weight loss in obese
dogs improves their metabolic status (lipidic profile, insulin and
IGF-1 concentrations, and I:G ratio). The fact that the concentra-
tions of the selected inflammatory biomarkers remained within
reference ranges suggests that significant inflammation was not in-
duced in this model of canine obesity. The increased adiponectin
concentrations observed following the period of weight loss could
be beneficial in reducing the risk of obesity-related inflammation.

Conflict of interest statement
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Supplementary data associated with this article can be found, in
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Abstract

Background: Measurements of immunoglobulins (Igs) in companion animals can be useful to detect
immunodeficiencies of the humoral system that can be associated with secondary infections,

immune-mediated disorders, or neoplasms of B cells.

Objective: The purpose of this study was to evaluate human automated commercially available
immunoturbidimetric assays for Igs G, M, and A measurements in canine and feline serum using

species specific calibrators.

Methods: Canine and feline serum samples with different concentrations of Igs were used for the
analytical validation of the assays. Intra- and inter-assay precision, linearity under dilution, spiking
recovery and limit of detection were determined. In addition effects of lipaemia, haemolysis, and
bilirubinaemia were evaluated. For overlap performance concentrations of Igs in groups of healthy

and diseased dogs and cats were quantified.

Results: Spiking recovery and linearity under dilution tests showed that the assays were able to
measure Igs in canine and feline serum samples in an accurate way. Intra and inter assay imprecision
were lower than 15% in all cases. Significantly higher IgG, IgM and IgA levels were observed in dogs
with Leishmania, while dogs with pyometra showed a statistically significant increase in IgM and IgA
in comparison with healthy ones. Significantly higher IgG and IgM levels were observed in cats with

FIV compared with healthy ones.

Conclusions: The methods for Igs determination in dogs and cats, evaluated in present study,
showed an adequate precision and accuracy. In addition they were able to discriminate between

different concentrations of Igs that appear in healthy and diseased animals.
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Introduction

Measurements of immunoglobulins (Igs) in companion animals can be useful to detect
immunodeficiencies of the humoral system that can be associated with secondary infections," as well
as increases in Igs that occur in immune-mediated disorders, neoplasms of B cells or infectious
diseases.”* Additionally, in cat hypergammaglobulinaemia has been observed in feline
immunodeficiency virus (FIV) that was extensively studied for its similarity to human

immunodeficiency virus.’

Previous studies quantifying canine or feline Igs have generally been performed using single radial
immunodiffusion (SRID)® or ELISA.>”*? SRID and ELISA are performed manually and this procedure
could influence assay precision and implies prolonged turn-around time for samples analysis.
Turbidimetric immunoassays (TIAs) can be easily automated and are based on the principle of
immunologic agglutination and light scattering of the agglutination products. The use of automated
analysers for Igs quantification could improve assay precision and decrease the time needed for
analysis in each sample. TIAs for human immunoglobulin quantification that can be performed on
automated chemistry analyzers have been developed. In addition, an automated TIA initially
designed for humans has been validated for Igs determination in foals.”* However, to the authors’
knowledge no automated TIA has been evaluated for Igs measurements in dogs and cats. Therefore,
the aim of the current study was to validate automated human TIAs for immunoglobulin G (IgG),

immunoglobulin M (IgM), and immunoglobulin A (IgA) measurement in canine and feline serum.

Material and methods

Samples
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The current study was approved by the Local Ethical Committee of the Veterinary Medicine
School, Murcia University. In addition it was performed in compliance with the laws RD32/2007 and

RD1201/2005 about animal experimentation in Spain.

Canine and feline serum samples with different IgG, IgM and IgA concentrations were used for
the evaluation of the analytical performance of the assays. Dogs and cats were of different sex,
breeds and ages presented at teaching veterinary hospital of University of Murcia, Spain and San
Marco veterinary hospital, Padua, Italy, between June and December of 2010. High IgG, IgM and IgA
concentration specimens were obtained from dogs with untreated Leishmania and cats with feline
immunodeficiency virus (FIV) infection. In addition, specimens with expected normal IgG, IgM and
IgA concentrations were obtained from healthy dogs and cats, presented to the clinics for routine
check-ups or elective surgery that showed no remarkable findings on physical and clinical

examination, or in routine haematology and biochemistry analysis.

Blood samples were collected in the morning after an overnight fast of at least 12 hours by
venipuncture in the saphenous vein using a 21G needle and placed into 5 mL tubes containing a
clotting accelerator (TapVal, Aquisel). None of the samples was lipaemic or haemolytic. No later than
fifteen minutes after collection, samples were centrifuged at 2000g for 10 min at room temperature
to obtain serum and were then stored in aliquots in plastic vials at -202C until analysis. Duration of
storage was less than 6 months in all cases. It was observed that Igs were stable for at least one year

at -20 °C (data not shown).

Pools of samples were used for the analytical performance procedures, as none of the samples
contained sufficient volume of serum for repeated analyses."* Therefore serum samples were pooled
on the basis of expected Igs concentrations: four serum samples from diseased animals were used to
prepare pools with potentially high Igs concentrations; and five serum samples from healthy animals

were used to prepare pools with potentially normal Igs concentrations.
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IgG, IgM, IgA analysis

Serum 1gG (Code number OSR6145, Olympus Europe GMBH), IgM (Code number OSR6146,
Olympus Europe GMBH), and IgA (Code number OSR1171, Olympus Europe GmbH) levels were
measured by using of commercial kits with an automated analyser (OLYMPUS AU600, Olympus
Europe GmbH) following the instructions of the manufacturer. The general procedure of the all
methods is: 1) sample is mixed with buffer (R1) and antiserum solution (R2), containing polyclonal
goat anti-human IgG, IgM or IgA antibodies, to yield insoluble aggregates; 2) immune complexes
formed in solution scatter light in proportion to their size, shape, and concentration; 3) turbidimeter
measure the reduction of incidence light due to reflection, absorption or scatter, which is

proportional to Ig concentration in the sample.

The methods were calibrated with their own species specific calibrator. Canine calibrator
(Bethyl dog reference serum, Catalog Number RS10-105, Bethyl Laboratories, Inc.) presented 31000
mg/L of 1gG, 2500 mg/L of IgM, and 1500 mg/L of IgA. Feline calibrator (cat reference serum, Catalog
Number RS10-106, Bethyl Laboratories, Inc.) presented 5400 mg/L of IgG, 550 mg/L of IgM, and 220
mg/L of IgA. The manufacturers indicate that Igs classes of the calibrators were quantitated by RID
and ELISA using highly purified normal dog/cat immunoglobulins for reference. Five dilutions of each
calibrator were prepared (Table 1) and a five-point non-linear (polygonal) calibration curve (option
available from the Olympus AU600 software) was constructed from measurement of these five
dilutions of calibrators by plotting absorbance values versus Igs concentrations of the 5 calibrators,
and concentrations of unknown samples are then determined using this standard curve. Feline
calibrator had a very low concentration of IgA (220 mg/L), so neither calibration nor programming
could be done for this immunoglobulin measurement in cats. Programming data for canine and feline

Igs are presented in Table 2.

Cross-reactivity of antigen
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Ouchterlony procedure® was performed in a 0.7% agarose gel. Antiserum solution (R2) with
polyclonal goat anti-human IgG, IgM or IgA antibodies from the assay kits were placed in the centre
wells. Human serum was used as a positive control, and canine and feline serum samples from
healthy and diseased animals were placed in adjacent wells. Samples were used without any

previous dilution.

Analytical performance

The following parameters were calculated for analytical performance of methods:

» Accuracy was evaluated by spiking recovery and linearity under dilution studies. To evaluate
the ability of the assays to recover the amount of analyte added to baseline serum samples, a spiking
recovery test was performed following a previously described procedure.™ A recovery between 80%
and 120% will be considered as acceptable as previously described.”’ For this purpose, two
commercially available reference serum with known amounts of the different Igs, for dogs (Bethyl
dog reference serum) and cats (Bethyl cat reference serum) were used. For each species and Ig, the
reference serum was mixed at five different concentrations with five aliquots of a serum pool of
known Ig concentration (1:1) and Igs were measured with the methods evaluated in present study.
Test recovery (in percent) was calculated for each dilution for comparison of expected versus
measured Igs. To assess linearity under dilution, 2 canine/feline serum samples with different 1gG,
IgM or IgA concentrations were serially diluted with distilled water. The linearity test will be
considered as appropriate if correlation coefficient not differ significantly from 1, the confidence
intervals of slope include 1, confidence interval of intercept include 0, and Runs-test show not

significant deviation from linearity."
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» Precision: 1) Intra-assay coefficient of variation (CV) was calculated after analysis of 2 serum
pools with high and low IgG, IgM or IgA concentrations, ten times in a single assay run. 2) Inter-assay
coefficient of variation was determined by analysing the same serum pools in ten separate runs
carried out on different days. The precision of the assay will be considered as acceptable with the CV
<15% as reported elsewhere.'®

All pools used for repetitive analysis were frozen in aliquots and in order to avoid possible
changes due to repetitive thawing and freezing only vials needed for each run were thawed at room

temperature immediately before analysis.

» Lower and upper limits of quantification (LLOQ and ULOQ) were calculated as the maximum
and minimum amount of analyte that can be measured with an intra-assay variation under 15%." To
that end, different dilutions of three canine and three feline serum pools were prepared and each
dilution was analysed five times. Then % CV for each dilution was calculated and plotted against its
concentration.

» Effects of haemolysis, lipaemia, and bilirubinaemia. Two canine and two feline serum pools
were mixed with different concentrations of haemoglobin, lipid (Lipofundina 20%, Braun Medical SA,
Barcelona, Spain), or bilirubin (Bilirubin, Sigma Co., St. Luis, MO, USA) solution following previously
described procedures.'® The clinically relevant interferences will be considered when ANOVA test
show significant difference in concentrations of measured analytes in aliquots with different

concentrations of haemoglobin, lipids, or bilirubin.

Overlap performance

Samples from 50 client-owned dogs and 20 client-owned cats were included in the study. Dogs
were divided into three groups: group D1 was formed of 14 healthy dogs (female/male, 9/5; body
weight range, 5 to 20.1 kg; age range, 0.5 to 12.0 years; different breeds); group D2 was formed of 21

dogs with Leishmania (female/male, 9/12; body weight range, 3.0 to 48.5 kg; age range, 1 to 10
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years; different breeds); and group D3 was formed of 15 female dogs with pyometra (body weight

range, 5.3 to 48.5 kg; age range, 4.5 to 12.5 years; different breeds).

Similarly all cats were divided into 2 groups: group C1 was formed of 10 healthy cats
(female/male, 6/4; body weight range, 2.3 to 4.5 kg; age range, 0.5 to 8.5 years; different breeds),
and group C2 was formed of 10 cats with FIV (female/male, 3/7; body weight range, 2.0 to 3.7 kg;

age range, 1 to 10 years; different breeds).

The dogs with leishmaniasis had clinical signs consistent with the disease and the diagnosis was
confirmed by positive IFl titres against the leishmania infection and visualization of Leishmania spp.
amastigotes in bone marrow samples. In case of pyometra, case history and physical examination
data were registered and the diagnosis pyometra confirmed by identification of a pus-filled enlarged
uterus during ovariohysterectomy. Cats with FIV presented symptoms consistent with the disease

that was confirmed by a PCR test.

Statistical methods

Arithmetic means, medians, intra-assay and inter-assay CVs were calculated using routine descriptive
statistical procedures and software (GrafPad Prism 5.00, GraphPad Software). Runs-test was
performed to determine whether data deviated significantly from the linearity. Interferograms were
prepared to show the differences in immunoglobulin concentration when haemoglobin, triglycerides,
or bilirubin were added. On the graphs, X-axes show increasing concentrations of haemoglobin,
triglycerides, or bilirubin while Y-axes show percentage change in IgG, IgM, or IgA [(V¢/V,)*100]. The
influence of haemoglobin, triglycerides, or bilirubin was investigated using repeated measures
ANOVA and Dunnets’ post test. Comparison of IgG, IgM and IgA concentration between different
groups of animals was determined by use of One Way ANOVA with Newman-Keuls Multiple

Comparison Test, since Gausian distribution of the data was confirmed by D'Agostino & Pearson
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omnibus normality test. Ordinary linear regression analysis comparing measured and expected
concentrations of 1gG, IgM and IgA was used to evaluate the linearity under dilution. The significance

level used in each case was p<0.05.

Results

Cross-reactivity of antigens

Ouchterlony procedure indicated that goat anti-human IgG and IgM antibodies used in the TIA were
able to precipitate with canine and feline serum samples (Fig. 1). Canine Igs showed a reaction of
partial identity with human Igs, as canine serum precipitation line fused completely with human
serum precipitation line, whereas the latter (human) extended a spur beyond the site of coalescence
with canine serum. Similarly, feline Igs showed a reaction of partial identity with human Igs, as feline
serum precipitation line fussed completely with human serum precipitation line, whereas the latter
(human) extended a spur beyond the site of coalescence with feline serum. Bands that were
generated from diseased animals were more intense than those from healthy animals. IgA antibodies

formed only weak bands of precipitation with canine serum.

IgG, IgM, and IgA assays characteristics

Dogs. The recovery between observed and expected Igs concentrations ranged from 104 to 121% for
IgG, from 102 to 110% for IgM, and from 75 to 118% for IgA (Table 3). Dilution of canine serum pools
with different Igs concentrations resulted in linear regression equations (Table 4) in which correlation
coefficients did not differ from 1, confidence intervals of the slope and intercept included 1 and O,

respectively and Runs test revealed no deviation from linearity (P>0.1).
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Intra- and inter-assay CVs were below 1 % and 4 % respectively for 1gG, below 2 % and 15 %
respectively for IgM, and below 5 % and 15 % respectively for IgA (Table 5). LLOQ for IgG, IgM, and

IgA were 353 mg/L, 35 mg/L, and 206 mg/L, respectively (Fig. 2).

Cats. The recovery between observed and expected Igs concentrations ranged from 98 to 118% for
IgG and from 98 to 121% for IgM (Table 3). Dilution of feline serum pools with different
immunoglobulins concentrations resulted in linear regression equations (Table 4) in which
correlation coefficients did not differ from 1, confidence intervals of the slope and intercept included

1 and 0, respectively , and Runs test revealed no deviation from linearity (P>0.1).

Intra- and inter-assay CVs were below 4% and 6 %, respectively for IgG (Table 5). Intra- and
inter-assay CVs were below 5 % and 10 %, respectively for IgM (Table 5). LLOQ for IgG and IgM were

380 and 105 mg/L, respectively (Fig. 3).

Upper limits of quantification of all Igs in dog and cat serum samples were not possible to
determine because of high precision of the methods. The authors observed that even when the Ig

value was outside the calibration curve the CV was lower than 15%.

Effects of lipaemia, haemolysis, and bilirubinaemia

Interferograms showing effects of haemolysis, lipaemia, and bilirubinaemia on IgG, IgM, and

IgA concentrations in canine and feline serum pools are presented in Figs. 4 and 5.

Dogs. A statistically significant decrease in IgM levels appeared in samples with triglyceride

concentrations of 0.625 g/L (p<0.05), 1.25 g/L (p<0.01), 2.5 g/L (p<0.01), and 5 g/L (p<0.001), and
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with haemoglobin concentrations of 8 g/L (p<0.05). A statistically significant increase in IgA levels

appeared in samples with triglycerides at a concentration of 2.5 g/L (p<0.05), and 5 g/L (p<0.01).

Cats. A statistically significant increase in IgG levels appeared in serum pools with triglyceride
concentrations of 5 g/L (p<0.05). IgM levels were decreased in samples with concentrations of

triglyceride of 5 g/L (p<0.01) and bilirubin of 0.15 g/L (p<0.05).

Overlap performance of the assays

Immunoglobulin G, M, and A levels in different groups of dogs are presented in Fig. 6. Three of
14 serum samples collected from control dogs gave IgA result below LLOQ (206 mg/L) (for further
statistical analysis IgA concentrations of these samples were calculated as 206 mg/L). A statistically
significant increase in 1gG (p<0.001), IgM (p<0.001), and IgA (p<0.01) concentrations was detected in
dogs with Leishmania when compared with healthy control dogs. When immunoglobulin
concentrations were compared in dogs with pyometra vs. control dogs, a statistically significant
increase in IgM and IgA was detected (p<0.05 in both cases). Higher I1gG levels were recorded in dogs

with Leishmania vs. dogs with pyometra (p<0.001).

IgG and IgM levels in different groups of cats are presented in Fig. 7. 1gG and IgM levels were
significantly higher in cats with FIV when compared with healthy ones (p<0.001 and p<0.05,

respectively).

Discussion

Changes in immunoglobulin levels in dogs and cats are associated with different pathologies
such as infection or immunodeficiency and could be used as an aid for the diagnosis and monitoring

of treatment of immune diseases.**° However, immunoglobulin determination in routine practice in
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250 companion animals is quite unusual and one of the reasons could be the absence of precise and fast
251 methods for their measurements. The present study demonstrates the utility of the automated

252 human TIA for the measurement of immunoglobulins G, M and A in dog and IgG and IgM in feline
253 sera. The advantages of the methods evaluated in present study over SRID or ELISA include

254 automation, a shorter turnaround time (<1 hour after submission to the laboratory), and elimination

255  of human error in measurement of the precipitin ring diameter or pipetting.*®

256

257 Although the assays used in this study were initially designed for use in humans, the

258 Ouchterlony procedure showed a significant precipitation in wells that contained human, canine, and
259  feline serums with IgG and IgM antibodies. Igs of different species gave the reaction of partial

260 identity indicating that the antibodies used may recognize fewer epitopes of canine and feline Igs in
261  comparison with epitopes recognized in human Igs, resulting in lower signal. An evident although
262  weak precipitation was observed between IgA antibodies and serum of diseased dog; this weak

263 precipitation could be the reason of the reduced ability of the assay to recognize low values of IgA.
264  However, the precipitations were more intense when serum samples from diseased animals with
265 higher Igs concentrations were used. Additionally, the spiking recovery and linearity under dilution
266  tests indicated that the assays could also detect and accurately measure the different canine and
267  feline Igs. In order to assure that measurements are in linear ranges, it would be recommend to
268 dilute the sample when Igs levels exceed the upper limit of calibration curve in a first assay (authors
269 did not observe prozone effect in samples with very high concentrations of Igs). Ideally for the

270  accuracy study, a comparison with a “gold standard” assay should have been done. However, the
271  only commercially available species-specific assay that has been validated is an ELISA that showed
272  imprecision that could reach up to 25%"" and should not be considered as a “gold standard” for the
273  assay. Therefore we evaluated accuracy by spiking recovery and linearity under dilution as

274 recommended in cases in which a reference method is not available."’
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Use of species-specific standards is highly recommended to achieve similar affinity of
antiserum against standards and samples.” For this reason the human calibrators supplied by

manufacturers were replaced by canine/feline specific ones.

The methods showed good intra and inter-assay repeatability with CVs lower than 15%® and
were similar to those reported by manufacturers for human serum samples. Higher intra- and inter-

112 The lower

assay CVs (up to 25%) were reported for canine and feline ELISA for Igs determination.
CVs observed in present study could be due to the automation of the methods that decrease

pippeting imprecision.

The lower limits of quantification for immunoglobulin G, and M were slightly higher for cats
than dogs. However, LLOQs of canine and feline IgG and IgM observed in present study were low
enough to be used for measuring Igs in healthy animals. Also these LLOQs were low enough to detect
the values reported till now in dogs with immunodeficiencies (IgG, 1200 mg/L - 14000 mg/L; IgM, 210
mg/L - 3500 mg/L).***** The LLOQ for canine IgA determination was 206 mg/dL, being the main
limitation of this method as some healthy animals in present study showed lower IgA values. This
must be taken in account when analysing sera from healthy dogs or dogs with immunodeficiencies,

as IgA values lower than 206 mg/dL were observed in these dogs.”***

In dogs and cats, haemolysis, lipaemia, and bilirubinaemia can be attributed to different
diseases, difficulties at the time of blood sampling, recent meal, or, in contrast, starving.25

Haemolysis and bilirubinaemia significantly only affected IgM in our study, although manufacturers
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indicate that haemoglobin and bilirubin produce interferences also in IgG and IgA. Regarding
lipaemia, even low concentrations of triglycerides decreased IgM in canine serum samples, reaching
up to a 25 % reduction at a concentration of 5 g/L of triglycerides, while a significant decrease in
feline IgM was observed only at the highest concentration of triglycerides. The presence of lipaemia
can interfere with many clinical chemistry tests by different mechanisms, the most frequent
mechanism is due to the scattering of light rays by the lipids (mainly chylomicrons and very low

density lipoproteins).?®

It should be pointed out that although human methods can be conveniently modified for use in
veterinary practice, but, especially when immunological assay are used, as in this case, methods must
be validated for each new species (e.g. canine and feline) using a species-specific standards if
available,”” and analytical validation must be undertaken with each lot and every time the antibody

batch is changed.”®

In this study IgG, I1gM, and IgA levels in healthy dogs were similar to those reported by different
authors (Table 6). 1gG ad IgM levels observed in healthy cats in this work were 2 fold lower than
those reported by other authors (Table 6). These discrepancies may be explained by several factors.
The animals used in the different studies were of different breeds, ages, and sex, factors that have

20,29,30

been shown to influence circulating Igs levels. Furthermore, divergences in the obtained results

could be attributed to the different methods used for immunoglobulin determination.

When assays were applied to serum samples from dogs with different inflammatory diseases, a
2.5 fold significant increase in IgM was observed in dogs with pyometra, whereas dogs with

Leishmania showed a significant 5 fold increase in I1gG and IgM. IgM is considered by some authors to
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be an immunological marker for the early phase of infections as its levels increases relatively rapid,
while increase in circulating levels of IgG is generally observed later than this of IgM but lasts long

after infection.>*

The results of present work are in line with these studies, as significantly higher
IgM, but not IgG, levels were detected in dogs with pyometra, an acute inflammatory disease.
However, when the dogs were affected by a chronic disease as Leishmania, statistically significant

increases were observed in both Igs, similarly as described in experimental studies.****

In the present study cats with FIV showed significantly higher 1gG (1.5 fold) and IgM (2 fold)
levels than healthy ones. Increases in 1gG have been described by other authors in cats with FIV.>**
Although the pathogenesis of the increment of Igs in cats with FIV is not totally clear, it has been
postulated that B-cell abnormalities associated with this disease would result in decreased specific
antibody responses to many non-FIV antigens but an overall increase in the total levels of serum

immunoglobulins. The excess immunoglobulins apparently would reflect the response to FIV itself

and not to unrelated antigens, as described in HIV-infected people.*®

Overall, measurements of circulating Igs provide an insight into humoral immune response.
Although Igs are very sensitive to detect the activation or deficiency of this humoral immune
response, they are highly unspecific in provide information of the cause of this activation or

deficiency.

In conclusion, the automated assays for Igs determination in dogs and cats that were evaluated
in present study, with the exception of IgA measurement in cats, exhibit analytical characteristics
allowing their use in the laboratory with an adequate precision, accuracy, and ability to discriminate

between different concentrations of Igs that appear in healthy and diseased animals. It is expected
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that the TIAs evaluated in this study will increase the analytical options of veterinary laboratories for
lgs measurements in dogs and cats, and will contribute to a wider use of these analytes in these

species.
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457
458
459
460
461

462
463

464

Table 1. Immunoglobulins G, M, and A programming data for biochemical analyser OLYMPUS AU600.

Sample RLDI. Rz R2 Wave-length, Pointl,s  Point2, s
: Sample . R1 vo Dil. nm .
Specie Analyte Dil. Vol., vol., Method Reaction
vol., pL Vol.. ul uL L L vol.,,

wH H H pL - Pri. Sec. Fst Lst Fst Lst
IgG 2.0 0 110 190 100 40 600 END + 0 23 0 10
Dog IgM 2.5 0 50 100 50 15 340 800 END + 0 27 0 10
IgA 4.5 0 110 190 100 40 600 800 END + 0 27 0 10
IgG 2.0 0 110 190 100 40 600 END + 0 23 0 10

Cat

IgM 2.5 0 50 100 50 15 340 800 END + 0 27 0 10

Sample vol., sample volume; Sample Dil. Vol., sample dilution volume; R1 vol., volume of reactant 1 (buffer solution); R1 Dil. Vol., reactant 1 dilution volume;
R2 vol., volume of reactant 2 (antiserum solution); R2 Dil. Vol., reactant 2 dilution volume; Pri., primary wave-length, nm; Sec., secondary wave-length, nm;
END, an end-point assay method (self blank method) that uses reagent blank absorbance as the reference for measurement data at each photometric point;
Reaction (+), positive reaction (OD at first measurement < OD at last measurement); Point 1 and 2, sec, the time in seconds of the first (Fst) and last (Lst)

measurements of the point 1 and point 2.

The optical density (OD) value in this assay is calculated by the following expression: OD value = ([OD value at the specific point after dispensing 2™ reagent
(Point1, Lst)] - [OD value at Point 1, Fst]) - ([OD value at the specific point before dispensing 2™ reagent (Point 2, Lst)] - [OD value at Point 2, Fst]).

IgG, immunoglobulin G; IgM, immunoglobulin M; IgA, immunoglobulin A.
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465 Table 2. Immunoglobulins G, M, and A calibration data.

Standard Dog Cat
IgG*,  IgM*,  IgA*, IgG*,  IgM*,
Dil. mg/L mg/L  mg/L mg/L  mg/L
1:20 1550 125 - - -
1:10 3100 250 150 540 55
3:10 9300 750 450 1620 165
6:10 18600 1500 900 3240 330

8:10 24800 2000 1200 4320 440

- - - 1500 5400 550

466 Standard Dil. — reference serum dilution.

467 *, the values of immunoglobulins presented in this table were calculated and provided to the

468 instrument for the purpose of calibration.
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469  Table 3. Spiking recovery method. Different amounts of Dog/Cat reference serum were

470 mixed with serum pools in which Igs concentrations were known.

Ig concentration, mg/L

. _ Expected  Observed Recovery
Species Immunoglobulin Dog/Cat value, value,
Pool reference mg/L mg/L (%)
serum
19G 5163 1550 3356.5 3488 104
3100 4131.5 4307 104
9300 7231.5 7951 110
18600 11881.5 13728 116
24800 14981.5 18174 121
IgM 3955 125 2040.0 2189 107
250 2102.5 2235 106
Dog 750 23525 2544 108
1500 2727.5 3001 110
2000 2977.5 3049 102
IgA 1418 150 784 589 75
450 934 913 98
900 1159 1223 106
1200 1309 1302 100
1500 1459 1720 118
19G 2784 540 1662 1624 98
1620 2202 2290 104
3240 3012 3213 107
4320 3552 3843 108
5400 4092 4838 118
Cat
IgM 344 55 199.5 196 98
165 255 268 105
330 337 366 109
440 392 417 106
550 447 541 121
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471  Table 4. Linear regression analysis data of canine and feline serum pools.

Regression equation

g Slope (95% Confidence Intercept (95% Confidence Rtg_:ts
Intervals) Intervals) R?
1.019 (0.974-1.065) -117.5 (-508.1-273.0) 0.998 NS
96 0.992 (0.969-1.016) 159.3 (-40.88-359.5) 0.999 NS
1.036 (0.981-1.091) -43.16 (-93.68-7.34) 0.999 NS
Dog IgM
1.007 (0.976-1.040) -15.45 (-40.56-9.66) 0.999 NS
1.114 (0.876-1.353) -157.5 (-374.8-59.76) 0.986 NS
oA 1.049 (0.692-1.406) -3.34 (-165.1-158.1) 0.966 NS
1.031 (0.976-1.087) -140.4 (-283.6-2.637) 0.999 NS
9 1.045 (0.966-1.126) -163.9 (-367.1-39.18) 0.998 NS
e 1.008 (0.969-1.048) -4.16 (-13.22-4.88) 0.999 NS
o 1.006 (0.866-1.146) -9.16 (-15.41-29.12) 0.994 NS

472 NS, not significant (P>0.1)

473
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474  Table 5. Intra- and inter-assay variation in determination IgG and IgM concentrations in

475 canine and feline serum pools.

Specie Analyte Comparison Sample CV (%)
Mean (mg/L) SD
Pool A 19735 150 0.8
Intra-assay
Pool B 8481 56 0.7
IgG
Pool A 20293 783 3.9
Inter-assay
Pool B 8415 172 2.0
Pool A 1862 17 0.9
Intra-assay
Pool B 932 12 1.2
Dog IgM
Pool A 1855 97 5.2
Inter-assay
Pool B 836 118 14.1
Pool A 1748 24 1.4
Intra-assay
Pool B 541 26 4.7
IgA
Pool A 1892 133 7.0
Inter-assay
Pool B 593 85 14.3
Pool A 7153 122 1.7
Intra-assay
Pool B 2080 68 3.3
IgG
Pool A 7391 309 4.2
Inter-assay
Pool B 2120 115 5.4
Cat
Pool A 1039 28 2.7
Intra-assay
Pool B 213 9 4.2
IgM
Pool A 1028 31 3.0
Inter-assay
Pool B 192 17 9.1

476 CV, coeficient of variation.
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477

478

Table 6. Comparative data from the literature for IgG, IgM, and IgA concentrations in healthy dog and cat serum.

Immunoglobulin, mg/L

Specie Author Method
IgG IgM IgA
Present study 10840+2975 2080777 899+688 TIA
9800 (5200- 1700 (700- 500 (200-
Heddle and Rowley* 17300) 2700) 1200) RID
Schreiber et al.’ 4350-12290 190-12290  180-7230 ELISA
Dog  German et al.™ 17200 15000 1000 ELISA
Provost et al.* 7720-9921 2420-2495 - RID
Foale et al.* 10000-20000  1000-2000  400-1600
Watson et al.” 10000-20000  1000-2000  200-1600 RID
Present study 4863+1464 486+257 TIA
Ackley et al.® 1510046600 900+170 1500+100 RID IgG; ELISA IgA and IgM
Poli et al.*® 2190045500 900+200 - RID
ca Casal et al.*’ - 3700-6400 - RID
Harley et al." 1908045400 20404900  2600£2200 RID
Claus et al.*® 1500045400 - 190041400 RID IgG; ELISA IgA

TIA, turbidimetric immunoassay; RID, radial immunodiffusion; ELISA, enzyme-linked immunosorbent assay.
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480
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485

Figures

Fig. 1. Ouchterlony procedure for visualisation of cross-reactivity between goat anti-human
IgG, IgM, and IgA antibodies and serum of the dog (c, diseased dog; d, healthy dog) and cat
(b,e, diseased cat; f, healthy cat). As a control human serum was used (a). IgG, goat antihuman

IgG antiserum; IgM, goat antihuman IgM antiserum; IgA, goat antihuman IgA antiserum.
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487 Fig. 2. Lower limit of quantification for canine serum samples. a - 1gG; b — IgM, c - IgA.
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490 Fig. 3. Lower limit of quantification for feline serum samples. a - 1gG; b - IgM.
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Fig. 4. Interferences of lipids (a), haemoglobin (b), and bilirubin (c) on IgG, IgM, and IgA
determination in two canine serum samples. A statistically significant decrease in IgM levels
was detected in samples with triglyceride concentrations of 0.625 g/L (p<0.05), 1.25 g/L
(p<0.01), 2.5 g/L (p<0.01), and 5 g/L (p<0.001), and with haemoglobin concentrations of 8 g/L

(p<0.05). A statistically significant increase in IgA levels appeared in samples with triglycerides

at a concentration of 2.5 g/L (p<0.05), and 5 g/L (p<0.01).
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Fig. 5. Interferences of lipids (a), haemoglobin (b), and bilirubin (c) on IgG and IgM
determination in two feline serum samples. A statistically significant increase in IgG levels
appeared in serum pools with triglyceride concentrations of 5 g/L (p<0.05). IgM levels were
decreased in samples with concentrations of triglyceride of 5 g/L (p<0.01) and bilirubin of 0.15

g/L (p<0.05).
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Abstract

Background

Recently, metabolic syndrome (MS) has gamed attention in human metabolic medicine given
its associations with development of type 2 diabetes mellitus and cardiovascular disease.
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Canine obesity 1s associated with the development of insulin resistance. dyslipidaemia, and
mild hypertension. but the authors are not aware of any existing studies examining the
existence or prevalence of MS in obese dogs.

Thirty-five obese dogs were assessed before and after weight loss (median percentage loss
29%. range 10-44%). The diagnostic criteria of the International Diabetes Federation were
modified in order to define canine obesity-related metabolic dysfunction (ORMD), which
included a measure of adiposity (using a 9-point body condition score [BCS]), systolic blood
pressure, fasting plasma cholesterol, plasma triglyceride, and fasting plasma glucose. By way
of comparison, total body fat mass was measured by dual-energy X-ray absorptiometry,
whilst total adiponectin, fasting insulin, and high-sensitivity C-reactive protein (hsCRP) were
measured using validated assays.

Results

Systolic blood pressure (P=0.008). cholesterol (P=0.003), triglyceride (P=0.018). and
fasting msulin (P-<0.001) all decreased after weight loss, whilst plasma total adiponectin
increased (P=0.001). However, hsCRP did not change with weight loss. Prior to weight loss,
7 dogs were defined as having ORMD, and there was no difference in total fat mass between
these dogs and those who did not meet the criteria for ORMD. However, plasma adiponectin
concentration was less (P=0.031), and plasma nsulin concentration was greater (P=0.030)

in ORMD dogs.
Conclusions

In this study. approximately 20% of obese dogs suffer from ORMD. and this is characterized
by hypoadiponectinaemia and hypermsulinaemia. These studies can form the basis of further
investigations to determine path genetic mechanisms and the health significance for dogs. in
terms of disease associations and outcomes of weight loss.

Keywords

Canine, Insulin resistance. Weight loss. Adiponectin

Background

Recently, metabolic syndrome (MS) has gained attention in human medicine given its
associations with development of diabetes mellitus and cardiovascular diseases [1]. Central
obesity (determined by waist circumference) is critical to its definition, in conjunction with
dyshipidaemia, hypertension and glucose mtolerance. This suggests that MS 1s a complex
cluster of metabolic risk factors that together may predispose to development of secondary
diseases [1]. In humans, MS doubles the risk of cardiovascular disease whilst the risk of
diabetes mellitus 1s increased five-fold [2]. More recently. proteinuria (or microalbuminuria)
has been observed 1n patients with MS, suggesting altered renal function [3-5].

In veterinary medicine, equine MS 1s well described [6-8], and known to be a risk factor for

laminitis amongst other pathologies [9.10]. Canine obesity is associated with the
development of insulin resistance, altered lipid profiles, and mild hypertension, which are
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ameliorated by weight loss [11-13]. Furthermore, overweight dogs are more likely to suffer
from diabetes mellitus [14], whilst lifelong overfeeding leads to being overweight, metabolic
disturbances and decreased lifespan [15]. Although laboratory dogs. rendered obese by
overfeeding. have many features that resemble human MS [13]. the authors are not aware of
any studies examining the existence of MS in obese dogs. Therefore. the objective of the
present study was to determine whether canine obesity-related metabolic dysfunction
(ORMD, using a definition modified from that used for human MS) could be 1dentified in pet
dogs with naturally-occurring obesity, and whether 1t correlated with specific patient
characteristics (e.g. signalment. body fat content). metabolic (e.g. adiponectin, msulin) and
inflammatory (e.g. high-sensitivity C-reactive protein: hsCRP) biomarkers. We also
determined the effect of weight loss on MS and its consequences.

Methods

Animals

Dogs were referred to the Royal Canin Weight Management Clinic, University of Liverpool
UK, for investigation and management of obesity and associated metabolic disorders. Sixty-
five dogs were recruited between February 2005 and August 2010, and those successfully
losing weight had completed by January 2011. Eligibility criteria included confirmation of
obesity (e.g. body fat mass =35%. as measured by dual-energy X-ray absorptiometry: DEXA:
[16]), completing a weight loss programmed, and having sufficient surplus plasma to enable
analyses to be completed.

Ultimately. a group of 35 dogs fulfilled the inclusion criteria. The median age was 72mo (12
to 132mo); twenty dogs were male (19 neutered) and 15 were female (13 neutered). Nine of
the dogs were Labrador retrievers, and a range of other breeds were also represented
including Akita, Border Collie, Cairn Terrier, CKCS (3). Cocker Spaniel, Corgi. Dachshund,
Doberman (2), English Bull Terrier, Golden Retriever, Irish Setter, Lhasa Apso, Mimature
Schnauzer, Mixed Breed (3). Pug (3), Samoved, Schipperke, and Yorkshire Terrier (2). None
of the dogs enrolled participated in a previous study examining metabolic effects of obesity
[12]. but many participated in a separate study examining renal biomarkers [17].

The study protocol adhered to the Unmiversity of Liverpool Animal Ethics Guidelines, and was
approved by both the University of Liverpool Research Ethics Committee and the
WALTHAM ethical review committee. Owners of all participating animals gave mformed
written consent.

Weight loss regimen

Full details of the weight loss regimen have been previously described [12,18]. Briefly, dogs
were determined to be systemucally well, and without significant abnormalities on complete
blood count, serum biochemical analysis and urinalysis. Throughout weight loss. patients
were weighed on electronic weigh scales (Soehnle Professional). which were regularly
calibrated using test weights (Blake and Boughton Ltd). The degree of adiposity was
estimated, clinically, using a 9-integer body condition score (BCS) system [19].

The weight management protocol has been previously described in detail [12.18], and
involved using either a high protein high fiber (Satiety Support, Royal Canin; 34 dogs) or a
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high protein moderate fiber (Obesity Management, Royal Canin: 1 dog) weight loss diet
(Table 1). The initial food allocation for weight loss was determined by first estimating
maintenance energy requirement (MER =440 kJ [105Kcal] x body weight [kg]®™/day: [20]
using the estimated target weight. The exact level of restriction for each dog was then
individualized based upon gender and other factors (1.e. presence of associated diseases), and
was typically between 50-60% of MER at target weight [18]. Owners also implemented
lifestyle and activity alterations to assist in weight loss. Dogs were reweighed every 7-21
days and changes made to the dietary plan if necessary, until their target weight was reached
[12.18].

Table 1 Composition of diets used for weight loss

Criterion HPHF diet HPMF diet
ME content™ 2900 Kcal’kg 3275 Kcal/kg
Moisture 9.0 9.0

Per 100 g DM g/1000 Kcal (ME) Per 100 g  g/1000 Kcal

DM (ME)
Moisture 8 28 9 27
Crude protein 30 103 34 104
Crude fat 10 34 10 31
Crude fibre 17.5 60 11.5 35
Total dietary 28 97 18.5 56
fibre
Ash 53 18 7.9 24
Fibre sources  Cellulose, beet pulp. FOS, psyllium husk, diet  Cellulose, beet pulp. diet
cereals cereals

HPHF=High protein high fibre diet". HPMF=High protein medium fibre
ME =Metabolisable energy content, as measured by animal trials according to the American
Association of American Feed Control Officials protocols: DM=dry matter; FOS= fructo-
oligo-saccharides

Body composition analysis

Body composition was analyzed before and after the weight loss regime in all dogs, using
fan-beam DEXA (Lunar Prodigy Advance: GE Lunar). Pre-weight loss total body
composition results were used to estimate target weight [18.21]. Further. by comparing pre-
and post-weight loss DEXA scan results, change in fat and lean mass could be estimated
[12.18].

Definition of metabolic syndrome

The guidelines of the International Diabetes Federation [22] were modified in order to
produce an accessible system for dogs. Accordmgly, we defined ORMD), using the either the
upper limit of the reference range for the laboratory used (e.g. cholesterol, triglyceride, and

glucose). or based upon internationally accepted criteria defining borderline results (e.g. SBP)
[23]. Therefore, the final definition was as follows:

a) BCS 7-9/9
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AND any two of the following:
1. Triglycerides >200 mg/dL, (2.3 mmol/L).
2. Total cholesterol > 300 mg/dL (7.8 mmol/L).

b) :
) 3. Systolic blood pressure =100 mmHg.
Fasting plasma glucose >100 mg/dL (5.6 mmol/L). or previously diagnosed type 2

4 diabetes mellitus.

The prevalence of metabolic syndrome before and after weight loss was assessed based upon
these criteria.

Indirect blood pressure measurement

Blood pressure was measured non-invasively using an oscillometric method (Cordell
Veterinary Monitor 9401BP; Paragon Medical). All dogs were fully conscious, and either in a
sitting position or in dorsal recumbence. A cuff. of appropriate size (~40% width of the leg)
was used, and placed on the right forelimb. Once the dog was calm and not moving, at least
tive readings were taken and averaged to produce a result for systolic blood pressure (SBP).

Clinical sampling and biochemical parameters

Blood samples were collected by jugular venepuncture prior to and after the weight loss
period. All blood samples were taken after a fast of at least 16 h. Plasma cholesterol,
triglycerides, and fasting plasma glucose concentrations were performed i an automated
clinical chemistry analyzer (Olympus AU2700, Olympus Diagnostic GmbH) with intra and

inter-assay CVs <2% for all the analyses.

Plasma adiponectin and insulin concentrations were determuned using ELISA kits (Human
Adiponectin ELISA, High Sensitivity Kit, BioVendor-Labaratorni Medicine for adiponectin;
and Insulin, Canme ELISA, Mercodia AB. Uppsala, Sweden for insulin). Intra and inter-
assay coefficient of variations (CVs) were<11% and<8% for adiponectin and msulin,
respectively [24.25]. High sensitivity CRP (hs-CRP) was measured with a time-resolved
immuno fluorometric assay with intra and inter-assay CVs of <14% [26].

Assessment of the consequences of ORMD in dogs

In order to assess the significance of ORMD, comparisons were made between groups of
dogs defined as having and not having metabolic syndrome. The parameters assessed
included, signalment data, starting body weight, pre-weight loss body fat percentage. pre-
weight loss plasma metabolic biomarkers (e.g. msulin, CRP, and adiponectin), rate of weight
loss. energy intake required for weight loss. and change in lean tissue mass during weight
loss.

Statistical analysis
Data are expressed as median (range) except where indicated. Statistical analyses were
performed with computer software (Stats Direct version 2.6.8: Stats Direct Ltd.), with the

level of significance set at P<0.05 for two-sided analyses. The Shapiro-Walk test was first
used to assess whether or not data were normally distributed and. given that the majority of
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datasets were not normally distributed. non-parametric tests were chosen for all analyses.
Dufferences m the concentrations of the various biomarkers, prior to and after weight loss,
were assessed with the Wilcoxon signed rank sums test, whilst differences m the number of
dogs affected by ORMD pre- and post-weight loss were compared with an exact test for
matched pairs [27]. Comparisons between groups of dogs with and without ORMD were
made with the Mann-Whitney test. Finally, a possible association between pre-weight loss
adiponectin and mnsulin concentrations was tested with Kendall’s rank correlation.

Results

Baseline characteristics and outcomes of weight loss

Median body weight prior to weight loss was 32.9 kg (5.4 to 77.0 kg). and decreased to 25.6
kg (4.4 to 51.4 kg) after weight loss. Median BCS decreased from 8 (7-9) prior to weight loss
to 5 (4 to 6) after weight loss. Weight loss took a median of 259 days (91 to 674 days), and a
median weekly rate of 0.8%/week (0.2 to 1.4%). As a result, median percentage weight loss
was 29% (9% to 44%). The choice of weight loss diet had no effect on the results obtained
(data not shown).

Changes in body composition and plasma metabolic biomarkers with weight
loss

Median total body fat percentage decreased significantly upon weight loss (median change -
53%, range -16 to -78%, P<0.001). Although some dogs gained lean tissue mass during the
process, most lost lean tissue, and the median difference was estimated to be -7% (range -
21% to 9%. P<0.001).

BCS (P<0.001). SBP (P=0.008). plasma cholesterol concentration (P=0.003), plasma
triglyceride concentration (P=0.018). plasma insulin concentration (P<0.001). and UPCR

(P=0.034) all decreased after weight loss (Table 2), whilst plasma adiponectin concentration
mcreased (P=0.001). Plasma hs-CRP (P=0.822) and plasma glucose (P=0.1606)
concentrations did not change with weight loss.

Table 2 Pre- and post-weight-loss metabolic biomarkers in the study dogs

Biomarker Pre-weight loss Post-weight loss P
BCS' 8 (7-9) 5 (4-6) <0.001
SBP? (mmHg) 155 (108-220) 130 (105-180) 0.008
Cholesterol (mmol/L) 5.6(2.5-93) 5.0(1.9-7.7) 0.003
Triglycerides (mmol/L) 1.2(0.6-5.3) 0.9(0.1-2.1) 0.018
Glucose (mmol/L) 54 (3.5-8.7) 52(3.0-7.4) 0.166
Insulin (pmol/L) 256 (36-687) 135 (24-626) <0.001
Adiponectin (ng/mL) 7.8 (0.8-19.5) 8.0 (1.1-34.9) 0.001
hsCRP (nmol/L) 9.1(0.1-225.5) 9.1 (0.0-193.6) 0.822

Results are expressed as median (range). ' Body condition score assessed with a 9-integer
scale [19]. * Systolic blood pressure, measured indirectly by an oscillometric technique. °
Urine protein:creatimine ratio. For UPCR, due to lack of availability of urine samples, was
measured on 30/35 dogs. All results are expressed as mean. median (range) & number above
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upper limit; the exception 1s except for body condition score (BCS). where the mean values
are not reported as the data were categorical. hsCRP: high-sensitivity C-reactive protein

Identification of dogs with ORMD

When different ORMD criteria were studied individually, all dogs had a BCS 7-9/9 prior to
weight loss, whereas the BCS range after weight loss was 4-6/9 (Table 3). Although, after
weight loss, the BCS of 6 dogs was 6/9 (1.e. above the optimal range for healthy dogs of BCS
4-5/9, [15], there was no association with persistence of abnormal metabolic parameters (data
not shown). Prior to weight loss, occasional results, above respective upper reference limits,
were noted for cholesterol (4/35) and triglycerides (3/35), but these were no longer evident
after weight loss. In contrast, increases in SBP (10/35) and plasma glucose (11/35) were more
common prior to weight loss, and many remained above the upper limit after weight loss
(SBP 8/35 and glucose 7/35) (Table 3). When BCS and 4 parameters (1.e. triglycerides,
cholesterol, SBP, and glucose) were used in the defimtion of ORMD, 7/35 fulfilled the
criteria before weight loss (Table 3).

Table 3 The number of animals with BCS, SBP, cholesterol, triglyceride, and glucose
above the upper reference limit pre- and post-weight-loss

Biomarker Upper limit" Pre-weight loss Post-weight loss
Body condition score’ >6/9 35 0
Cholesterol >7.8 mmol/L. 4 0
Triglycerides >0.23 mmol/L 3 0
SBP’ =160 mmHg 10 8
Glucose >5.5 mmol/L. 11 8

" Upper limit: the upper reference range limit used for the definition of metabolic syndrome. *
Body condition score assessed with a 9-integer scale [19]. ° Systolic blood pressure.
measured indirectly by an oscillometric technique. All results are expressed as mean, median
(range) & number above upper limit: the exception 1s except for body condition score (BCS).
where the mean values are not reported as the data were categorical

Comparison of obese dogs with and without ORMD pre-weight loss

To determine factors associated with ORMD baseline data, pre-weight loss bodv composition
analysis results, weight loss outcomes and plasma metabolic biomarker concentrations were
compared between dogs that either did or did not fit the defimition. Plasma adiponectin
concentration was less 1 dogs with metabolic syndrome (P=0.031). whilst plasma insulin
concentration was greater (P=0.030; Table 4). and they were negatively correlated with one
another (Kendall’s tau -0.29, P=0.016). However, none of the other parameters, including
assessment of total and regional body fat or weight loss rate differed between groups (P>0.1
for all).

Table 4 Comparison pre-weight loss parameters in obese dogs with and without
metabolic syndrome

Biomarker  Metabolic syndrome No metabolic syndrome P
Age mo 98 (31 to 132) 66 (12 to 132) 0335
Sex' SNM, 2 NF 1M, 14NM,2F, 11 NF 0.835
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Breed’ Dachshund, Doberman,  Akita, Border Collie, Cairn Terrier, CKCS  0.321
English Bull Terrier, Irish (3), Cocker Spaniel, Corgi, Doberman,
Setter, Labrador, Lhasa  Golden Retriever, Labrador (8), Miniature

Apso. Mixed Breed Schnauzer, Mixed Breed (2), Pug (3).
Samoyed. Schipperke, Yorkshire Terrier (2)

Start weight 42.8 (8.5 to 56.3) 28.6 (5410 77.0) 0479
kg
Total BF® % 47 (37 to 51) 44 (30 to 55) 0424
Weight loss 28 (16 to 44) 28 (910 38) 0.531
%
Weightloss 0.7 (0.2to 1.4) 0.8(03t01.4) 0.642
rate %/wk
EI during 62 (53 t0 74) 60 (44 to 74) 0.672
weight loss*
Changein -7 (-21 to-2) -7 (-20 to 10) 0.537
lean mass %
Adiponectin 4.1 (2.4t08.1) 8.4 (0.8 to0 19.5) 0.031
pg/mL
Insulin 428 (125 to 686) 222 (3610 524)
pmol/L
pIU/mL 62 (18 to 99) 325t 75) 0.030
hs-CRP 7.0 (0.1 to 56.6) 11.1 (4.0 to 214.8) 0.719
nmoL/L

" For sex. F: female, NF: neutered female, NM: neutered male. Upper limit: the upper
reference range limit used for the definition of metabolic syndrome. = For Breed, CKCS:
Cavalier King Charles spaniel. ° Total body fat measured by dual-energy X-ray
absorptiometry. * Energy intake for weight loss is the median value for the whole of weight
loss, expressed as energy (in Kcal) per kg metabolic body weight (kg”*)/day. All results are
expressed as median (range)

Discussion

Human MS i1s now well recognized and predisposes to cardiovascular diseases and type 2
diabetes mellitus [1]. In equine MS, obesity, regional adiposity, insulin resistance,
hypertriglyceridaemia and hyperleptinaemia are part of the definition, and it 1s a risk factor
for laminitis, altered reproductive function, and seasonal alterations in arterial blood pressure
[6,9]. In the current study, we classified pet dogs with naturally-occurring obesity on the
basis of presence of ORMD (using a modification of criteria used for human metabolic
syndrome). We then examined the effect of weight loss on these metabolic criteria. and
sought to identify factors that were potentially associated with the syndrome. The criteria for
ORMD were met in approximately 20% of obese patients pre-weight loss. The presence of
ORMD was not associated with total fat mass. as measured by DEXA, but was associated
with increased and decreased plasma insulin and adiponectin concentrations, respectively.
These findings suggest that detining obese dogs on the basis of their metabolic status may
have some merit, although further work 1s now required to determine the true significance of
ORMD in terms of disease risk and outcome. Weight loss was associated with decreased
body fat mass, BCS, SBP. circulating lipid concentrations. and plasma insulin concentration,
whilst circulating adiponectin increased. These findings are similar to those reported in many
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studies of canine obesity [11-13.28]. and suggest that the study population was
representative. Nonetheless, the study was small and extending the work further studies
would now be desirable.

We chose to base our ORMD detinition on the guidelines of the International Diabetes
Federation [22]. although other guidelines are available including those of the World Health
Organization [29]. the European Group for the Study of Insulin Resistance [30]. the National
Cholesterol Education Program [31], and a combined statement from the American Heart
Association and National Heart, Lung, and Blood Institute [32]. The main reason for this was
that the criteria used could readily be adapted to produce a practical method in dogs. For each
criterion used, and 1 a similar manner to humans, either the upper lmut of the respective
laboratory reference ranges (e.g. cholesterol. triglyceride, and glucose). or internationally
accepted criteria, above which the parameter 1s borderline (e.g. SBP) [23] was chosen as the
cut-off. Whilst many of the criteria were identical to those used in the human system, others
were substituted for similar parameters thought to be more relevant for dogs. The main
advantages of such an approach were that all chosen parameters are already in widespread
clinical use and techniques for measurement are better validated, thereby making the whole
system more accessible for practicing veterinarians. For example, we replaced waist
circumference (a human measure of central obesity), with BCS, since the significance of
central obesity has not been studied in dogs. Given differences in canine anatomy. the human
measures of central adiposity are not likely to be appropriate for dogs, and developing a
clinical measure of abdominal obesity in dogs (e.g. waist circumference) would be
challenging given the wide variability in size and shape amongst breeds. In contrast.
differences in BCS are associated with both disease risk and decreased longevity [14.15].
Nonetheless, it may be necessary to modify these criteria in the future, if a practical method
of measuring central obesity can be validated.

In a similar manner. total plasma cholesterol concentration was used in place of HDL-
cholesterol. The main reason for this modification was the fact that lipid profiles differ
between dogs and humans. with humans demonstrating an ‘L.DL pattern’, whilst HDL is the
dominant cholesterol type in dogs [33]. Further, alterations in lipoprotein profiles differ in
human and canine obesity: obese humans display increased LDL-cholesterol and decreased
HDL-cholesterol [1], whereas the circulating concentrations of both LDL and HDL-
cholesterol are increased in obese dogs [11.34]. Thus, the use of total cholesterol. rather than
cholesterol fractions, 1s more logical for the latter species.

Based upon definitions of 4 (1.e. SBP, cholesterol, triglyceride and glucose) parameters in
addition to BCS, approximately 20% of the obese dogs of the study were classified with
ORMD, respectively. This suggests that the prevalence of MS in obese dogs 1s somewhat less
than for humans where prevalence 1s typically 22-28% and 50-60% in overweight and obese
patients, respectively [35]. The reasons for such a difference are not known. and further
elucidation of the underlying mechanisms of ORMD 1s recommended for comparative

purposes.

In order to determine the sigmificance of ORMD, we chose to assess a variety of other
parameters including fasting insulin concentration, plasma adiponectin concentration, CRP
and adiposity. as determined by DEXA. When the obese dogs of the present study were
subdivided on presence or absence of ORMD prior to weight loss, only plasma adiponectin
and msulin concentrations differed. Adiponectin was approximately twofold less, and insulin
approximately twofold greater. in the ORMD group. and both were negatively correlated with
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one another. This finding is similar to that described in the human literature on MS [36]. In
man. one of the major obesity and MS outcomes 1s nsulin resistance and type 2 diabetes
mellitus [1]. and the risk of this condition is increased fivefold when MS is present [2]. The
exact pathogenetic link between obesity and insulin resistance has not yet been fully
elucidated [37]. However, adiponectin 1s known to have an insulin-sensitizing effect. acting
through the AMP-activated protein kinase [38]. so that the association with MS may (at least
in part) be explained by the decreased adiponectin concentration that accompanies obesity.
Adiponectin may also have anti-inflammatory effects, such that decreased adiponectin
concentrations are associated with the increased risk of mflammation [39]. Thus,
hypoadiponectinaemia observed in human MS may be responsible for development of
secondary diseases due to mcreased susceptibility to mflammation and insulin resistance.
Interestingly. no difference was noted in hsCRP, either when comparisons were made before
and after weight loss. or when obese dogs were categorized as either having or nor having
concurrent ORMD. This may suggest that associations amongst adiponectin, MS and obesity
are independent of the function of this particular acute phase protein. Further, these findings
are different from some previous studies examining CRP concentrations in obese dogs, where
increased [12.40] or decreased [13] concentrations have been seen. The reasons for such
differences are not entirely clear, but may have resulted from differences in the test
populations and assay used. Most notably, our work utilized a high-sensitivity assay recently
validated for dogs [26]. and such assays are thought to be more reliable in humans [41]. The
findings regarding adiponectin concentrations in the current study are different from some
[12.42] but not other [43] studies. Again, the reasons for this are not clear but similar
explanations would be feasible. namely that this related to population differences or assay
type. In the present study, we used a high sensitivity human adiponectin ELISA assay
previously validated for use in dogs [34]. In this assay. human calibrators were substituted for
species-specific standards, in order to achieve similar affinity of antiserum against standards;
this ensures that better differentiation between samples with greater and lesser adiponectin
concentrations [34]. Nonetheless, high and low molecular weight adiponectin species were
not measured m the current studv, and these may differ in importance 1s development of
obesity-associated consequences [44]. Thus. the true significance of these findings requires
further study.

The presence of mcreased plasma insulin concentration, and decreased plasma adiponectin
concentration implies physiological consequences to ORMD. However, i order to determine
its true significance, further mvestigations would be needed examining other biomarkers and
also clinical consequences. For example human MS 1s associated with dysregulated fatty acid
metabolism [45]. cardiac and vascular functional derangements [46], and hepatic
manifestations such as non-alcoholic fatty liver disease [47]. Therefore, future studies could
assess alterations in a variety of biomarkers in a prospective population of dogs.
Epidemiological studies could also be considered. as a means of determining potential
disease associations and, ultimately, risk of death in ORMD.

Another interesting observation from the current study was the fact that no differences in fat
mass were identified between dogs classified with or without MS. This implies that canine
obesity does not inevitably lead to metabolic dvsfunction, and 1s similar to findings in man,
where some obese individuals are determined to be metabolically healthy [48]. These patients
are not insulin resistant, are normotensive, and have normal plasma concentrations of
triglyceride, glucose, high-sensitivity C-reactive protein (hsCRP), and high-density
lipoprotein (HDL) cholesterol. The reasons why some dogs may be protected from
developing metabolic derangements of obesity are not known and require turther study.
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Possible explanations, not examined in the current study include the age of onset obesity,
time taken to become obese, duration of obesity prior to weight loss, and the type of diet fed
during the obese stage. As a result, further work 1s required to determine the mechanisms
involved in the development of ORMD.

As is often the case, this study has limitations that should be considered. The main study
limitation was that client-owner out bred dogs were used. which undoubtedly added to study
variability. For instance, environment, diet. exercise and husbandry were variable. Most
notable 1s the issue of diet. since the amount of food eaten. and type of diet could have
influenced the pre-weight-loss metabolic parameters, particularly cholesterol and
triglycerides. Unfortunately. the information obtamned from the owner regarding diet fed
before enrolment was vague and immcomplete. A range of foods was fed. including commercial
pet food, treats, and human food. Further, owners frequently fed many different diets, rarely
measured the amount fed out accuratelv, and did not record the extra food fed. As a result, it
was not possible to generate a meaningful record of pre-weight-loss feeding that could be
used in this study. Further, information was unclear as to the exact duration of obesity in
many cases and, again. this may have influenced the results obtained. Moreover. cthical
limitations meant that we were unable to perform more invasive but gold standard
assessments of msulin sensitivity such as hyperinsulinaemic, euglycaemic clamps or minimal
model analysis to determine insulin sensitivity [49,50]. That said. the obesity had developed
naturally and been longstanding (e.g. =12 months) in most cases, which is arguably more
representative of the at-risk population of interest. Nonetheless, it would be sensible to
consider further studies as a means of elucidating the underlying mechanisms of ORMD
more precisely.

Conclusions

In conclusion, this study has described that up to a third of obese dogs do suffer from ORMD.
which 1s characterized by hypoadiponectinaemia and hyperinsulinaemia. This study can form
the basis of further mvestigations to determine pathogenetic mechanisms and the health
significance for dogs. in terms of disease associations and outcomes of weight loss.
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Abstract

Background: Obesity is a common medical disorder in dogs, and may predispose to a
number of associated diseases. Recently, human obesity has been recognized as a risk factor

for the development and progression of chronic kidney disease.

Objectives: To investigate the possible influence of weight loss on biomarkers of renal

status.

Animals: 37 obese dogs that successfully lost weight were included in the study.

Methods: three novel biomarkers of renal functional impairment and/or pathology
(homocysteine, cystatin C, and clusterin), in addition to traditional markers of chronic renal
failure (serum urea and creatinine, urine specific gravity [USG], urine protein-creatinine ratio
[UPCR], and urine albumin corrected by creatinine [UAC]) before and after weight loss in dogs

with naturally-occurring obesity were investigated.

Results: Urea (P=0.043) and USG (P=0.012) were both greater post-weight loss than pre-
weight loss, whilst UPCR, UAC, and creatinine were less post-weight loss (P=0.032, P=0.006,
and P=0.026, respectively). Homocysteine (P<0.001), Cystatin C (P<0.001) and Clusterin
(P<0.001) all decreased upon weight loss. Multiple linear regression analysis suggested
associations between percentage weight loss (greater weight loss, more lean tissue loss; r=-
0.67, r’=0.45, P<0.001) and pre-weight-loss plasma clusterin concentration (greater clusterin,

more lean tissue loss; r=0.48, r’=0.23, P=0.003).

Conclusion and clinical importance: These results suggest possible subclinical alterations
in renal function in canine obesity, which improve with weight loss. Further work is required to
determine the nature of these alterations and, most notably, the reason for the association
between pre-weight loss plasma clusterin and subsequent lean tissue loss during weight

management.
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Chronic kidney disease (CKD) is a major cause of morbidity and mortality in dogs and, given
that it typically diagnosed relatively late in the course of the disease, dogs with advanced
pathology represent only a fraction of all dogs with CKD.™ Recently, human obesity has been
recognized as a risk factor for the development and progression of CKD,? and reducing body fat
mass, either through dietary energy restriction or bariatric surgery, can reverse many of the

associated clinical and nephropathologic manifestations.”

Obesity is a common medical disorder in dogs, and may predispose to associated
diseases such as osteoarthritis, respiratory disease, neoplasia and insulin resistance.” However,
it is less clear as to whether there is an association between excess adiposity and renal
functional or pathological alterations in this species. When monitoring renal disease, clinicians
rely primarily on serum creatinine and urea concentrations, urine specific gravity (USG), and
urine protein:creatinine ratio (UPCR). Further, microalbuminuria is considered to be an
excellent marker of early kidney disease,® being a sign of mildly altered glomerular
permeability.” However, all of these tests are insensitive, with experimental studies suggesting
that azotemia and impaired urine concentrating ability are not seen until functional nephron
mass is reduced by at least two thirds.? Non-invasive and simple methods that have the ability
to detect renal damage in CKD prior to functional nephron impairment (e.g. inadequate urine
concentrating ability or azotaemia) are limited. Given that there is a high risk of progression to
irreversible renal damage in patients with CKD, there is a current need both to develop
markers that enable early detection of renal dysfunction,’ as well as to identify causal factors
that might predispose to such dysfunction. In response, new serum biomarkers for early renal
injury have started to gain attention in human and veterinary medicine, and examples include

homocysteine (Hcy), cystatin C (CysC), and clusterin (Clu).*
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Homocysteine is an amino acid the majority of which (98%) circulates in an oxidized
form bound to protein.'! In humans, total plasmahomocysteine (tHcy) concentration is
inversely correlated with the glomerular filtration rate (GFR),*? and positively correlated with
circulating creatinine concentration.” In dogs, significantly greater tHcy concentrations are
reported in dogs with cardiac and renal diseases.* CysC is a 13 kDa, 122-amino acid, cysteine

protease inhibitor, and is produced at a constant rate by all nucleated cells in the body.”*® A

s
a result, circulating concentrations correlate with GFR." Dogs appear to be similar to humans,
where by circulating CysC concentration may be a better marker of renal functional

impairment than serum creatinine concentration.'%*#*?

Clu is a glycoprotein which is
composed of two 40 kD subunits (NA1, NA2) bound by disulfide groups.?® Reports in human
medicine indicate that Clu is upregulated and released into the urine after nephron

damage. %

The aim of this study was to investigate the possible influence of weight loss, in dogs
with naturally-occurring obesity, on biomarkers of renal status, as described in humans.* As a
result, we chose to investigate the behavior of three novel biomarkers of renal functional
impairment and/or pathology (tHcy, CysC, and CLU), in addition to traditional markers of CKD
(serum urea and creatinine, USG, UPCR, and urine albumin:creatinine [UAC]) before and after

weight loss in dogs with naturally-occurring obesity.

Material and methods

Animals
Dogs were referred to the Royal Canin Weight Manegyg Clinic, University of

Liverpool UK, for investigation and management bésity and associated disorders.
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123 Sixty-five dogs were recruited between February2&@d August 2010, and those
124  successfully losing weight had completed by Jan@@dy . Eligibility criteria included
125  confirmation of obesity (based upon body fat measent by dual-energy X-ray

126  absorptiometry; DEXA) and availability of sufficiesurplus plasma and urine for

127  analysis. The study protocol adhered to the Unityeod Liverpool Animal Ethics

128  Guidelines, and was approved by both the Univerdityiverpool Research Ethics

129 Committee and the WALTHAM ethical review committ€awvners of all participating
130 animals gave informed written consent.

131

132 Weight loss regimen

133 Full details of the weight loss regimen have bemwvipusly described®?*

134  Briefly, dogs were determined to be systemicallyl veand without significant

135 abnormalities on complete blood count, serum biotbal analysis and urinalysis.

136  Throughout weight loss, patients were weighed entednic weigh scalésywhich were
137  regularly calibrated using test weighBody composition was analysed by fan-beam
138  DEXA,and results used to estimate target weigfi.

139

140 A weight management protocol was then instig&tédusing either a high protein
141 high fibef or high protein moderate filfaweight loss diet (Table 1). The initial food
142  allocation for weight loss was determined by festimating maintenance energy

143 requirement (MER=440kJ [105Kcal] x body weight [kg]day®) using the estimated
144  target weight. The exact level of restriction fack dog was then individualized based
145  upon gender and other factors (i.e. presence oteded diseases), and was typically

146 between 50-60% of MER at target weighOwners also implemented lifestyle and
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activity alterations to assist in weight loss. Degge reweighed every 7-21 days and

changes made to the dietary plan if necesS#fy.

Analysis

THcy concentration was measured with a commercial kit and an automated analyser®
following the instructions of the manufacturer. CysC and Clu concentrations were measured
with species-specific commercially-available ELISAs assays". The three assays had intra- and
inter-assay coefficients of variation less than 15%; and the dilution of canine serum samples

resulted in linear regression equations with correlation coefficient close to 1.0.

Urine specific gravity was measured by a hand refractometer.' Serum urea and creatinine
and urine protein and creatinine assays were performed on the automated clinical chemistry
analyzer.® In the cases of serum urea and creatinine, commercially available reagents were
used.® Urine protein was determined by the pyrogallol method using a commercially available
reagent, while creatinine was measured using the modified Jaffe method using a commercially
available reagentk on samples diluted 1:20 with deionized water. The UPCR was then
calculated with the formula: UPCR = protein (mg/dL)/creatinine (mg/dL). Urine albumin was
determined by human immunoturbidometric assayI in an automated clinical chemistry
analyzer® previously validated for use in canine urine samples.?” Urinary albumin levels (mg/L)
were adjusted for urinary creatinine excretion (UAC) and expressed as micrograms per gram of

creatinine for statistical analysis as previously described.?®

Statistical analysis
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Data are expressed as median (range) except where indicated. Statistical analyses were
performed with computer software (Stats Direct version 2.6.8; Stats Direct Ltd.), with the level
of significance set at P<0.05 for two-sided analyses. The Shapiro-Wilk test was first used to
assess whether or not data were normally distributed, and either parametric or non-
parametric tests were used, as appropriate. These included Fisher’s exact test, simple and
multiple linear regression, paired and unpaired Student’s t test, Mann-Whitney U test, and

Kendall’s rank correlation.

Differences in the concentrations of the various biomarkers, prior to and after weight
loss, were assessed with either the paired Student’s t test or the Wilcoxon signed rank sums
test. Linear regression was used to determine factors associated with outcomes of weight loss
(i.e. percentage change in lean tissue and rate of weight loss). Initially, simple regression was
used to determine associations between with outcome variables and both pre-weight-loss
parameters (e.g. age at enrolment, sex, percentage body fat) and pre-weight loss plasma
biomarker concentrations. A multiple linear regression model was then constructed, which
initially included any variables identified as P<0.2 on univariable analysis. The model was
subsequently refined by backwards-stepwise elimination of the least significant variable at
each round. Variables were retained in the final model, either if they were significant (P<0.05)

or if removal resulted in substantial (> 10%) change to the effect of other variables.

Results

Baseline characteristics of the dogs

Full details of the baseline characteristics of both groups are given in Table 1. The median age

of the 37 dogs was 72mo (12 to 132mo), and a range of breeds was represented (Table 1); 21
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were male (20 neutered) and 16 were female (14 neutered). Median body weight prior to

weight loss was 35.0 kg (5.4 to 77.0 kg), and body fat mass was 45.0% (30.0 to 54.7%).

Associations between baseline parameters and pre-weight-loss renal biomarkers

There was no association between baseline parameters (including age, gender, breed, neuter
status, body weight and body fat percentage) and pre-weight-loss renal biomarker (plasma Hcy

concentration P=0.082, all other results P>0.2).

Changes in renal biomarkers with weight loss

The results for all renal biomarkers are shown in Table 2. Urea (P=0.043) and USG (P=0.012)
were both greater post-weight loss than pre-weight loss, whilst UPCR, UAC, and creatinine
were less post-weight loss (P=0.032, P=0.006, and P=0.026, respectively). Based upon,
accepted international criteria,” increased UPCR (>0.5) was present in 8 dogs before and in 1
dog after weight loss (P=0.012). UAC >30 mg/g (a cut point that has been used to define
microalbuminuria in humans®) was present in 8 dogs before and 3 dogs after weight loss. Hcy

(P<0.001), CysC (P<0.001) and Clu (P<0.001) all decreased upon weight loss.

Associations between baseline parameters and pre-weight-loss renal biomarkers with the

outcomes of weight loss

Both simple and multiple linear regression analyses were used to determine the effect of

baseline parameters (e.g. age, sex, start weight, and body fat mass) and plasma biomarkers on
two weight loss outcomes (e.g. change in lean tissue mass and rate of weight loss). For rate of
weight loss, simple linear regression did not reveal any significantly associated factors (P>0.2),
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and a multivariable regression model including all factors was also not significant (P=0.522). In
contrast, simple linear regression (Table 3) suggested associations between a number of
factors and change in lean tissue mass including breed (retriever vs. non-retriever, P=0.006),
duration of weight loss (P=0.008), percentage weight loss (P<0.001), body fat mass pre-weight
loss (P=0.018), creatinine (P=0.122) and Clu (P=0.080). However, the only factors remaining on
multiple regression were percentage weight loss (greater weight loss, more lean tissue loss; r=-
0.67, r’=0.45, P<0.001) and pre-weight-loss plasma Clu concentration (greater clusterin, more

lean tissue loss; r=0.48, r’=0.23, P=0.003).

Discussion

The current study has investigated putative renal biomarkers in obese dogs undergoing a
weight management program, that lead to a marked reduction in body fat mass. Both
conventional biomarkers in current clinical use (e.g. serum urea, serum creatinine, USG, UAC,
and UPCR) and novel biomarkers (e.g. tCcy, CysC, and Clu) were assessed before and after
weight loss. Whilst it is tempting to speculate that the results may be the result of altered
renal function, alternative explanations may be possible for many of the changes noted. Most
notably, the differences identified might have been the result of other alterations occurring
concurrently during the weight loss program. As a result, further studies would be required to

confirm these findings and determine their significance.

The observed changes in urine biomarkers used in routine clinical practice (USG, UPCR,
and UAC) with weight loss could imply improved renal function, through an increase in tubular
concentrating ability (increased USG) and a decrease in protein filtered by the glomerulus

(decreased UPCR and UAC). Experimentally-induced obesity in dogs is known to alter renal
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function (e.g. glomerular hyperfiltration with an associated increase in GFR) and cause
histologic changes such as expansion of Bowman’s capsule, cell proliferation in the glomeruli,
thickening of glomerular and tubular basement membranes, and increased mesangial matrix.*!
Similar changes could be the reason why USG was less (e.g. due to an increase in GFR) and
UPCR and UAC more commonly abnormal (e.g. due to the glomerular lesions causing protein
leakage) for the dogs of the current study, when in an obese state. Other diagnostic modalities
such as kidney biopsy could have helped to determine the significance of the changes in this
study. However, since this study was done in clinical conditions it was not ethically possible to

perform invasive procedures such as serial kidney biopsy in client-owned dogs.

Although the concentrations of urea and creatinine were within laboratory reference
intervals, an increase in serum urea and a decrease in serum creatinine were observed after
weight loss. The increase in plasma urea concentration in obese dogs undergoing weight loss
has been previously reported in some,* but not all** previous studies. Although the reason for
such an increase is not clear, it might either have resulted from a decrease in GFR as a result of
weight loss, or from feeding a high-protein weight loss diet. Increased post-weight loss plasma
urea concentration has also been described in obese humans consuming a moderate protein

3435 Measurement of GFR

diet for weight loss, but not those receiving a high carbohydrate diet.
pre- and post-weight loss might have helped to differentiate between these possibilities. The
decrease in serum creatinine concentration is contradictory to previous studies in obese dogs,
whereby increased serum creatinine concentration have been documented following weight

loss.?**

This decrease could be the result of loss of muscle mass during weight management. If
a genuine decrease in GFR were to have occurred with weight loss, as suggested by the

increase in urea concentration, it could counteract the effect of lean tissue loss on serum

creatinine concentration.
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The current study also investigated three novel biomarkers putatively associated with
renal functional impairment or pathology: tHcy, CysC, and Clu. Increased tHcy concentration
has been associated with renal disease in dogs'* and humans** whilst, in humans, moderate
hyperhomocysteinaemia has been noted in early stages of chronic renal failure, becoming
more prominent as renal function deteriorates.™ Furthermore, other human studies have
identified greatertHcy concentrations in overweight and obese patients when compared with
normal weight patients.*® Thus, the post-weight-loss decrease in tHcy concentration in the
obese dogs of the current study, might indicate altered renal structure or function in the obese
state with subsequent improvement with weight loss. However, given that dietary folate
intake can influence plasma tHcy concentration, folate should ideally have been measured in
all study dogs. This is a limitation of the current study and further assessment is required.
However, in a previous human study, changes in folate concentration did not influence serum

tHcy concentration in weight loss programs.37

Dogs are similar to humans in that circulating CysC concentration is reportedly a better
and more accurate marker of renal function than creatinine or creatinine-based equations.
This is thought to be because the influence of non-renal factors (such as body composition,
age, gender, or dietary protein intake) on circulating CysC concentration is less than for

creatinine concentration,'%1>16:19.38:39

Further, given that increases in circulating CysC
concentration with progressive renal compromise, parallel one another in obese and non-
obese humans, changes in CysC concentration are thought to reflect renal function whatever

041 However, circulating CysC is consistently increased in obese subjects

the degree of obesity.
independent of GFR, and adipose tissue expression of CysC is increased in the obese state.*!

This suggests that adipose tissue may contribute directly to circulating CysC concentration
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through increased adipose tissue synthesis in the obese state. Given that it is not currently
known whether canine adipose tissue can synthesise CysC, it is feasible that the decrease in
plasma CysC concentration is either the result of improved renal function or to decreased

synthesis of CysC by adipose tissue after weight loss.

Weight loss also resulted in a decrease in plasma Clu concentration, which could have
been the result of two different mechanisms: (1) improvement in renal injury, given that
increased serum Clu concentration is seen after nephron damage in humans;*** (2)
improvement in lipid profile after successful weight loss, since circulating Clu reportedly acts as
an apolipoprotein, by partially associating with high density lipoprotein (HDL).* In dogs, HDL is
the predominant lipoprotein® and this decreases after weight loss.* Furthermore, a positive
correlation between changes of Clu with body fat mass has been described in humans
independent of age, gender, HbAlc and fasting plasma insulin concentrations.* It is again

advisable to consider further studies to determine the true significance of this finding.

Preservation of lean tissue mass during weight loss is a key outcome for successful

obesity management and, in humans, loss of skeletal muscle mass is correlated with

physical impairment and disability*6 as well as being associated with an increased

incidence of death.4” In the present study, pre-weight-loss Clu concentration correlated with

amount of lean tissue lost during subsequent weight management (greater Clu, more lean
tissue loss). The reasons for this association are not clear but, in humans, widespread
upregulation of Clu gene expression and protein synthesis is seen in diseases where either

abnormal cell death or proliferation occurs, including atherosclerosis, myocardial infarction,
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84 Thus, it could be hypothesized that Clu acts as a surrogate marker of

and muscle damage.
deranged metabolic function in canine obesity, and this improves after successful weight loss.
Whatever the reason, this intriguing study finding raises the possibility that pre-weight loss Clu

concentration could be used as a biomarker to identify those dogs at risk of excessive loss of

lean tissue mass.

The main limitation of this study would be that the studied animals were a population of
client-owned dogs with variable living conditions, family environment, husbandry and medical
care. This made it impossible to evaluate influence of changes in diet composition on studied
analytes, to perform GFR measurements, or to perform renal biopsies in order to evaluate the
weight loss on histologic changes in the kidneys. Nonetheless, the results are arguably more

representative of the true clinical picture since the obesity is naturally-occurring.

In summary, the current study has demonstrated changes in a variety of renal function
biomarkers in obese dogs undergoing weight loss. Although these results might suggest
possible subclinical alterations in renal function in canine obesity, other explanations are
possible for many of the changes observed. Therefore, further studies are now necessary to
determine whether renal functional changes or injury occur in canine obesity and whether or
not they improve after weight loss. Finally, the reason for the association between pre-weight
plasma clusterin and subsequent lean tissue loss during weight management is intriguing, and

warrants additional investigation.
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Footnotes

a. Soehnle Professional GmbH & Co. KG, Backnang, Germany.

b. Blake andBoughton Ltd, Norfolc, UK.

c. DEXA, Lunar Prodigy Advance; GE Lunar, GE Medical Systems, Madison, WI.

d. Satiety Support, Royal Canin, Aimargues, France.

e. Obesity Management, Royal Canin, Aimargues, France.

f. Diazyme Laboratories, Diazyme Europe GMBH, Dresden, Deutschland.

g. biochemistry analyzer, Olympus AU2700, Olympus Diagnostica GmbH.

h. Canine Cystatin C ELISA Kit and Canine Clusterin ELISA Kit; BioVendor—Laboratorni medicina,

Brno, Czeck Republic.

i. ATAGO Company Ltd, Tokyo 173-0001, Japan.

j. Protein u&csf, Spinreact SAU, Sant Esteve de Bas, Spain.

k. Creatinine-J, Spinreact SAU, Sant Esteve de Bas, Spain.

I. Microalbumin OSR6167, Olympus system reagent, Olympus Diagnostica GmbH.
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466 Table1l

467  Summary of weight loss in the study dogs.

Criterion Result
Age 72mo (12 to 132)
Sex 1M,20NM, 2 F, 14 NF

Akita, Border Collie, Cairn Terrier, CKCS (3), Cocker Spaniel,
Corgi, Dachshund, Doberman, English Bull Terrier, Golden
Breed Retriever, Irish Setter, Labrador (10), Lhasa Apso, Miniature
Schnauzer, Mixed Breed (5), Pug (3), Samoyed, Schipperke,
Yorkshire Terrier (2)

Body weight PRE 35.0 kg (5.4 to 77.0)

Body weight POST 25.8 kg (4.4 to 51.4)

Body fat mass PRE 13400g (1600 to 37700); 45% (30 to 55)
Body fat mass POST 6700g (700 to 37700); 29% (11 to 45)
Lean tissue mass PRE 17700g (3500 to 36600); 52% (43 to 68)
Lean tissue mass POST 17700g (3300 to 33400); 68% (53 to 86)
Duration 250 days (91 to 674)

Rate of weight loss® 0.8%/week (0.2 to 1.4)

Body weight change’® -28 % (-10 to -44)

Change in fat mass’ -52 % (-78 to -18)

Change in lean mass’ -7 % (-21 to 14)

El during weight loss’ 251 (184 t0 310) [ 60 (44 to 74) ]

468 All data are expressed as median (range). M: male; NM: neutered male; F: female; NF:

469 neutered female; CKCS: Cavalier King Charles Spaniel. ! Rate of weight loss expressed as

470  percentage of starting body weight lost per week. * Refers to the percentage change in starting
471 mass calculated as follows: ([start mass — end mass] + start mass ) x100%.’El: energy intake

0.75

472  expressed as metabolisable energy (in kJ [Kcal]) per kg of metabolic body weight (BW™"°) per

473 day.
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474

475

476

477

478

479

Table 2

Pre- and post-weight-loss renal biomarkers in the study dogs.

Analyte Pre-weight loss Post-weight loss P

Urea (mmol/L) 5.3 (1.6-30.6) 5.5(3.1-8.9) 0.043
Creatinine (umol/L) 84 (37-123) 76 (8-122) 0.026
USG 1.033 (1.011-1.058) 1.037 (1.017-1.052) 0.012
UPCR 0.50 (0.03-5.57) 0.28 (0.05-3.30) 0.032
UPCR>0.5 Yes: 8; No: 19 Yes: 1; No: 26 0.015
UAC (mg/g) 54.6 (0.3-555.8) 13.8 (0.6-157.4) 0.006
UAC>30mg/g Yes: 8; No: 19 Yes: 3; No: 24

Hcy (umol/L) 10.8 (5.7-23.2) 7.8 (1.1-18.1) <0.001
CysC (mg/L) 1.6 (1.0-2.5) 1.3 (0.7-2.0) <0.001
Clu (ng/mL) 91.4 (47.6-108.70) 72.2 (38.9-122.0) <0.001

Results are expressed as mean (range). USG: urine specific gravity; UPCR: urine protein
creatinine ratio; UAC: urine albumin micrograms per gram of creatinine; Hcy: homocysteine;

CysC: Cystatin C; CLU:clusterin.
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480 Table 3

481  Associations between baseline parameters and pre-weight-loss renal biomarkers with the
482  change in lean tissue mass.

Simple regression r r P
Age 0.102 0.010 0.540
Sex -0.062 0.004 0.713
Neuter status -0.066 0.004 0.696
Breed" 0.438 0.192 0.006
Starting weight 0.121 0.015 0.469
Body fat percentage -0.380 0.145 0.018
Duration of weight loss -0.424 0.180 0.008
Rate of weight loss 0.126 0.016 0.449
Percentage weight loss 0.589 0.344 <0.001
Energy intake during weight loss 0.112 0.013 0.487
Serum urea’ -0.051 0.002 0.763
Serum creatinine® 0.255 0.065 0.122
Urine specific gravity2 -0.188 0.035 0.294
Urine protein:creatinine ratio’ 0.044 0.002 0.828
Plasma homocysteine” -0.147 0.022 0.385
Plasma cystatin C? 0.010 0.000 0.950
Plasma clusterin® -0.291 0.085 0.08
Multiple regression r r P
Final model 0.708 0.501 <0.001
Percentage weight loss -0.674 0.454 <0.001
Plasma clusterin -0.484 0.234 0.003

483 ! Breed based upon a dummy variable where dogs of retriever breed were assigned a value of
484 1, and dogs of other breeds were assigned a value of 0;% refers to pre-weight loss biomarker
485 results.
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Abstract

The aim of the current study was to measure circulating metabolic and inflammation-related biochemical analytes in obese cats
before and after weight loss. Thirty-seven overweight neutered cats were studied. median body weight 6.85 kg (range., 4.70 to
10.30 kg), representing a range of ages and both sexes. An individualized weight-loss program was devised for each cat and
monitored until completion. Body fat mass was determined by dual-energy x-ray absorptiometry, whereas plasma concentrations
of acute-phase proteins (APPs; eg, haptoglobin and serum amyloid A), hormones (eg, insulin, IGF-1, and adiponectin), and
enzymes (eg, butyrylcholinesterase and paraoxonase type | [PON-1]) associated with inflammation and metabolic compounds (eg,
glucose) were also measured. No significant changes were found in APPs after weight loss (P = 0.3), but significant increases
in plasma adiponectin (P = 0.021) and IGF-1 (P = 0.036) were seen, whereas insulin (P < 0.001) and homeostasis model
assessment (P = 0.005) decreased significantly. Plasma concentrations before weight loss of PON-1 (P = 0.004), adiponectin
(P = 0.02), and IGF-1 (P = 0.048) were less in cats that failed to complete weight loss than cats that were successful, whereas
glucose concentration was greater. Finally, multivariable linear regression analysis showed that lean tissue loss during weight
management was associated with percentage weight loss (greater weight loss, greater lean tissue loss; R = 0.71, P < 0.001) and
plasma adiponectin concentration before weight loss (lesser adiponectin, more lean tissue loss; R = —0.52, P = 0.023). In
conclusion, various metabolic abnormalities occur in feline obesity, and these can be linked to outcomes of weight-loss programs,
The changes that occur with weight loss suggest an improved metabolic status.

@© 2011 Elsevier Inc. All rights reserved.

Kevwords: Adipose tissue; Acute phase protein; Obesity; Diabetes mellitus; Feline

1. Introduction tic cats to be above their ideal body weight [1]. Similar
to humans, there is circumstantial evidence that obesity
may be associated with other medical disorders. includ-
ing insulin resistance and diabetes mellitus [2]. Human
obesity is associated with a chronic, low-grade sys-
temic inflammation, which can be a key factor in the

Feline obesity is a common disorder with recent
epidemiologic studies reporting 27% to 36% of domes-

# Corresponding author. Tel.: +44 151 795 6100; fax: +44 151 : : :
795 6101. development of many of the obesity-associated diseases

E-mail address: ajgerman@liv.ac.uk (A.J. German). [3]. Most notably, “positive” acute-phase proteins

0739-7240/11/% — see front matter © 2011 Elsevier Inc. All rights reserved.
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(APPs), such as C-reactive protein (CRP) and hapto-
globin (Hp), increase in humans with increasing adi-
posity [4]. Some studies suggest that obese dogs have
normal to mildly increased APP concentrations (con-
sistent with subclinical inflammation), which decrease
on successful weight loss [5], although other work has
not supported these findings [6]. Currently, no infor-
mation is available as to the situation in cats.

Other inflammation-related biochemical analytes are
known to change with obesity in some mammalian
species. For instance, butyrylcholinesterase (BChE) ac-
tivity is increased in both human and canine obesity
[7.8]. Although its biological role has not been clearly
established [9], this marker has been associated both
with inflammation and different parameters of adipos-
ity [10.11]. Paraoxonase type 1 (PON-1) is an enzyme
that is synthesized in the liver and transported in the
plasma in association with high-density lipoprotein
[12]. In humans, it has antioxidant functions, namely
protecting both low-density and high-density lipopro-
tein particles from oxidative stress by promoting deg-
radation of lipid peroxides contained in cholesteryl es-
ters and phospholipids [13]. Paraoxonase type 1 also
has anti-inflammatory properties [14], and its circulat-
ing concentration is decreased in human obesity [15].
To our knowledge. no studies have examined PON-1
expression in feline obesity, although evidence of in-
creased oxidative stress was seen in one experimental
study in this species [16].

Adiponectin and IGF-1 have also been associated
with inflammation in other species. Adiponectin, a pep-
tide hormone produced by white adipose tissue, is rec-
ognized to be a key adipokine in humans; circulating
concentrations decline in human obesity, and this has
been implicated in the development of insulin resis-
tance. a major pathophysiological factor in the devel-
opment of type 2 diabetes mellitus [17]. Adiponectin
concentrations are decreased in obese cats, and these
increase on subsequent weight loss [18]. A recent ca-
nine study identified adiponectin as a negative APP,
suggesting an association between this adipokine and
inflammation [19]. Insulin-like growth factor 1 is a
hormone associated with abdominal fat mass [20]. De-
creased concentrations of IGF-1 have been noted in
both humans [21] and cats [22] with insulin resistance,
although a causal link has not been definitively estab-
lished. Nutrition also plays an important role in the
regulation of IGF-1. with both caloric (protein held
constant) and protein restriction known to decrease
IGF-1 concentration in humans [23]. As with adiponec-
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tin, IGF-1 is a negative APP in the dog [19], but its
significance in cats is not yet known.

In contrast to dogs and humans, in which several
circulating factors are known to be associated with
either obesity or inflammation or both, information in
cats is more limited. Therefore. the first aim of this
study was to evaluate a variety of circulating inflam-
matory and metabolic biochemical analytes in obese
cats both before and after weight loss. Analytes mea-
sured included APPs (eg, Hp and serum amyloid A
[SAA]). hormones (eg, insulin, IGF-1, and adiponec-
tin). enzymes (eg, BChE and PON-1) related to inflam-
mation, and metabolic compounds (eg, glucose). This
study also examined whether concentrations of the
same metabolites before weight loss could influence
outcomes of a weight-loss program. The ultimate pur-
pose of the study was (o improve the understanding of
the pathophysiological mechanisms of feline obesity,
their link to inflammation, and their association with
comorbidities, such as insulin resistance.

2. Materials and methods
2.1. Study animals

Thirty-seven cats participated, all referred to the
Royal Canin Weight Management Clinic, University of
Liverpool, United Kingdom, for the investigation and
management of obesity or obesity-related disorders.
The study protocol adhered to the University of Liver-
pool Animal Ethics Guidelines and was approved by
both the University of Liverpool Research Ethics Com-
mittee and the WALTHAM ethical review committee.
The owners of participating animals gave informed
written consent.

2.2. Weighi-loss regimen

Full details of the regimen used for weight loss have
been previously described [3]. Initially, complete blood
count, serum biochemical analysis, and urinalysis were
performed to determine overall health status and
whether any concurrent diseases were present. All cats
were weighed with electronic scales (Soehnle Profes-
sional, Murrhardt, Germany), which were calibrated
regularly with test weights (2 kg, 5 kg, 10 kg. and 50
kg: guaranteed accuracy = 0.5%: Blake and Boughton,
Ltd. Thetford. UK). A BCS was assigned to each pa-
tient with the use of a 9-integer system as previously
described [24]. Body composition was analyzed by
fan-beam dual-energy x-ray absorptiometry (DEXA:
Lunar Prodigy Advance; GE Healthcare, Buckingham-
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Table 1
Average analysis of the diets used in the study.

Criterion High protein (dry)* High fiber (dry)® High protein (moist)®
Per 100 g AF! Per 1000 keal (ME)®  Per 100 g AFY Per 1000 keal (ME)®  Per 100 g AFY Per 1000 keal (ME)®
Crude protein 42.0 120 7.5 124 340 104
Crude fat 10.0 29 2.0 i3 9.0 27
Carbohydrate 18.8 54 31 31 18.7 57
Crude fiber 6.8 19 15 25 14.1 26
Total dietary fiber  14.3 41 230 43
Ash 19 12 83 25

ME was measured, on a panel of seven healthy cats, at the Royal Canin Research Centre, according to the American Association of American

Feed Control Officials protocol [51].

* Obesity Management DP 42 (Dry): Royal Canin. Aimargues. France. The ME content was 3300 kcal/kg as fed with moisture of 7.0.
b Satiety Support (Dry); Royal Canin. The ME content was3274 kcal/kg as fed with moisture of 7.0.
© Obesity Management S/O (Moist); Royal Canin. The ME content was 604 keal/kg with moisture of 84.0.

4 Nutrients expressed as g/100 g as fed (AF).
¢ All nutrients expressed as g/1000 kcal ME.

shire, UK) and associated computer software (enCORE
2004, 8.70.005: GE Healthcare), as previously de-
scribed [25]. Target body weight (TBW) was estimated
with reference to DEXA results. and an individually
tailored weight-management protocol was instigated,
using caloric energy restriction [3].

All cats received commercially available purpose-
formulated weight-loss diets (Table 1). Twenty cats
were fed the high-protein dry diet (Obesity Manage-
ment DP 42; Royal Canin. Aimargues, France). 4
cats received a high-fiber dry diet (Satiety Support;
Royal Canin), 1 cat received a high-protein moist
diet (Obesity Management; Royal Canin), and the
remaining 12 cats received a combination of the
diets. Diets were fed according to the preferences of
the owners. The initial energy allocation was calcu-
lated as 35 to 40 kcal ME X estimated TBW (in kg).
Further adjustments were then made, based on other
factors, for example, ability to exercise, current en-
ergy allocation (in cases referred after failure to lose
weight at referring veterinary practice), and owners’
request for a gradual rather than sudden acclimatiza-
tion to the weight-loss program [5]. In addition to
dietary energy restriction, owners were counseled on
the lifestyle and activity alterations, which would be
required to assist in weight loss, again, as previously
described [5]. The type of exercise varied and could
include play sessions and feeding games (eg, use of
a puzzle feeder).

All cats were reassessed every 7 to 28 d. depending
on the availability of the owner. Body weight measure-
ments were taken, and changes were made to the di-
etary plan, if necessary. A detailed evaluation was then
conducted after the period of weight loss. Cats were
confirmed to have remained healthy on the basis of

physical examination. routine hematologic analysis,
routine serum biochemical analysis, and urinalysis.
Body weight and body condition were recorded. and
body composition was assessed by DEXA.

2.3. Sample collection, storage, and preparation for
analysis

Blood samples were collected by jugular venipunc-
ture before and after the weight-loss peried. All blood
samples were taken after a fast of =16 h. Immediately
after collection into heparinized tubes, samples were
centrifuged at room temperature for 150 sec at 12.000g.
The plasma was then harvested and frozen at —20°C.
Samples were subsequently shipped, on dry ice, to the
Hospital Clinico Veterinario, University of Murcia. Im-
mediately on arrival, samples were returned to a freezer
and subsequently analyzed in batches.

2.4. Plasma analysis of insulin, glucose, and
homeostasis model assessment

Fasting plasma glucose concentration was measured
immediately after sample collection with the use of a
handheld glucometer validated for use in cats (Alpha-
Trak glucose meter; Abbott Laboratories, North Chi-
cago, IL) [26]. The reported limit of detection is 20.0
mg/dL (1.1 mmol/L). Fasting plasma insulin concen-
tration was measured by feline insulin ELISA (Merco-
dia, Inc, Winston Salem, NC), according the manufac-
turer’s instructions. Intra- and interassay CVs were <<
5% and << 9%. The limit of detection was 0.15 IU/mL
(5 ng/L). As an indirect assessment of insulin sensitiv-
ity, homeostasis model assessment (HOMA) values
were calculated. as previously described [27]. with the
following formula:
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HOMA = (fasting insulin [pU/mL]
 fasting glucose [mg/dL])y + 22.5

2.5. Analysis of plasma adiponectin and IGF-1
concentrations

Total plasma adiponectin concentration was de-
termined by human high-sensitivity adiponectin
ELISA (Human adiponectin ELISA, High Sensitivity
Kit; BioVendor-Labaratornimedicina, Modrice, Czech
Republic). This assay has recently been validated in
cats [28]. Briefly, linearity under dilution of feline sam-
ples was confirmed (regression equations close to 1.0),
with acceptable results on spiking recovery. Intra- and
interassay CVs were <3% and <<16%, and the limit of
detection was 2.0 pg/mL. Total IGF-1 was analyzed
with an automated solid-phase, enzyme-labeled chemi-
luminescentimmunometric assay (Immulite System:
Siemens Health Diagnostics, Deerfield, IL). This assay
has also been validated recently for feline samples [28].
Briefly. linearity under dilution of feline samples was
confirmed (regression equations close to 1.0), with ac-
ceptable results on spiking recovery. The limit of de-
tection of the assay for feline samples was 20 ng/mL.,
and intra- and interassay coefficients of variation were
<3% and <6%.

2.6. Analysis of plasma Hp and SAA

Plasma concentrations of Hp were determined by
use of the hemoglobin-binding method with the use
of a commercial kit (Tridelta Ltd, Brey, Ireland) and
an automated biochemistry analyzer (COBAS, Mira
plus multiparametric autoanalyzer: ABX Diagnos-
tics. Montpellier. France). This assay has been vali-
dated in the laboratory of two of the authors (A.T and
J1.1.C., unpublished data). Linearity under dilution of
feline samples and spiking recovery gave acceptable
results. Intra- and interassay CVs were <6% and
<<10%, and while the limit of detection was 0.0088
g/L.. Serum amyloid A concentrations were deter-
mined (from plasma samples) with a human turbidi-
metric immunoassay (LZ-SAA; Eiken Chemical, Co.
Tokyo. Japan), and analyses were performed on an
automated analyzer (Olympus AU2700; Olympus
Diagnostica, GmbH, Freiburg, Germany). This assay
has been validated in a previous study [29]. Briefly,
linearity under dilution of feline samples was con-
firmed. intra- and interassay CVs were <10% and
<<13%. respectively. and the limit of detection was
0.4 mg/L [29].
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2.7. Analysis of BChE activity and PON-1 activity

Activity of BChE was measured by previously re-
ported method [30] and adapted for an automated an-
alyzer (Olympus AU2700; Olympus Diagnostica,
GmbH). Intra- and interassay CVs were <4% and
<59, and the limit of detection was 0.2 Ul/mL. Plasma
PON-1 activity was determined measuring arylesterase
activity following a previously described method [31]
with some modifications [32]. Intra- and interassay
CVs were <5% and <<7%. The limit of detection was
0.3 Ul/mL.

2.8. Statistical analysis

Data are expressed as median (range) except where
indicated. Statistical analyses were performed with com-
puter software (StatsDirect version 2.6.8: Stats Direct,
Ltd, Cheshire, UK), with the level of significance set at
P << 0.05 for two-sided analyses. The Shapiro—Wilk test
was first used to assess whether data were normally dis-
tributed, and either parametric or nonparametric tests were
used, as appropriate. These included the y? test, Fisher's
exact test, univariable and multivariable linear regression,
paired and unpaired Student {-test, Mann—Whitney U-test,
and Kendall’s rank correlation.

Differences in the concentrations of the various bio-
markers before weight loss were also compared be-
tween cats successfully completing weight loss and
reaching target and cats failing to complete; tests used
in this part of the study included the two-sample Stu-
dent t-test or the Mann—Whitney U-test. Differences in
the concentrations of the various biomarkers, before
and after weight loss, were assessed with either the
paired Student #-test or the Wilcoxon signed rank sums
test. Linear regression was used to determine factors
associated with outcomes of weight loss (ie, percentage
change in lean tissue. mean energy intake during
weight loss, and rate of weight loss). Initially, univari-
able regression was used to determine associations be-
tween outcome variables and both parameters before
weight loss (eg, age at enrollment, sex. percentage of
body fat) and plasma biomarker concentrations be-
fore weight loss. Sex was considered a fixed effect.
and the remaining variables were considered random
effects. A multivariable linear regression model was
then constructed. which initially included any vari-
ables identified as P < 0.1 on univariable analysis.
The model was subsequently refined by backward-
stepwise elimination of the least significant variable
at each round. Variables were retained in the final
model, either if they were significant (P << 0.05) or if
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removal resulted in substantial (=10%) change to the
effect of other variables.

3. Results
3.1. Baseline characteristics of the cats

The median age of the 37 cats in the study was 84
mo (16 to 156 mo); 23 were neutered male and 14
were neutered female. Besides one Selkirk Rex, all
cats were domestic shorthair. Median body weight
before weight loss was 6.85 kg (4.70 to 10.30 kg),
body fat mass was 34.6% (17.3% to 45.5%), and
BCS was 8 (6 to 9). Of this population of cats, 22
successfully completed weight loss and reached their
target weight. The remaining 15 cats did not com-
plete their program; in 14 cases. progress had been
slow, and the owner decided to stop (11 cats), re-
fused to be contacted (2 cats), or put the cat up for
adoption (1 cat). The final case was diagnosed with
diabetes mellitus at the time of enrollment; insulin
therapy and weight management were instigated, but
progress was slow, and the owner subsequently de-
cided not to continue. The data from this cat were not
excluded because the presence of clinical diabetes
mellitus was not an a prieri exclusion criterion, and
removal of plasma analyte measurements made no
difference to any of the findings (data not shown).

Full details of the baseline characteristics of both
groups are given in Table 2. None of the baseline
characteristics differed significantly between groups

Table 2
Summary of weight loss in the study cats.

(P = 0.6 for all). and there were also no differences
in diet type (P = 0.15).

3.2. Weighi-loss parameters

Details of the outcomes of weight loss, for the 22
cats successfully reaching target weight. are given in
Table 2. Percentage of weight lost was 20% (7% to
37%) of starting body weight (SBW), mean rate of
weight loss was 0.6% SBW/wk (0.2% to 1.3% SBW/
wk), and mean energy intake during weight loss was 32
kcal/kg TBW/d (21% to 42 kcal/kg TBW/d). The me-
dian change in body fat mass was —59% (—83% to
—44%}), and median change in lean tissue mass was
—6% (—17% [loss] to 21% [gain]).

3.3. Plasma analyte concentrations

The results for all plasma biomarkers are shown in
Table 3. Results were obtained for all analytes except
for SAA. whereby concentrations in most samples were
below the detectable limit of the assay.

3.3.1. Effect of baseline parameters on plasma
biomarker concentrations

Plasma BChE activity before weight loss was greater
in neutered female cats (neutered female 3.2 KU/L [2.3 to
3.9 kU/L] vs neutered male 2.6 KU/L [1.7 to 5.1 kKU/L]:
P = 0.042). However, no other sex effects were noted
(P = 0.2 for all). Plasma biomarker concentrations before
weight loss did not differ significantly among cats fed
different diets (P = 0.2 for all), and diet type had no

Criterion Cats not Cats completing
completing Before weight loss After weight loss
Age, median (range). mo X2 (24-140) 84 (16-156)
Sex 9 NM, 6 NF 14 NM, 8 NF
Breed 15 DSH 21 DSH, 1 Selkirk Rex
Body weight, median (range), kg 6.90 (4.70-8.50) 6.75 (5.45-10.30) 5.25 (3.95-6.50)
BCS, median (range) 7(6-9) 8 (6-9) 5(5-5)
Body fat mass, median (range)
Grams 2200 ( 1200-3600) 2000 (900-4200) 1000 (300-1700)
% 36 (27-45) 33(17-45) 18 (6-31)
Lean tissue mass, median (range)
Grams 3900 (290047000 4000 (3100-5500) 3900 (29004500)
G 61 (52-71) 65 (53-80) 79 (67-01)
Duration, median (range), d — 243 (91-796)
Rate of weight loss, median (range) — 0.6 (0.2-1.3)
Body weight change. median (range), % - —20(=7to =37)
Change in fat mass, median (range). % — —50 (—83t0 —44)
Change in lean mass, median (range), % — —6(—171021)
EI during weight loss, median (range) — 32(21-42)

Abbreviations: NM, neutered male; NF, neutered female; DSH. domestic shorthair; EL energy intake.

245



[3 A. Tvarijonaviciute et al. / Domestic Animal Endocrinology xx (2011) xxx

Table 3
Plasma biomarkers in the study cats.

Criterion Cats not completing

Cats completing

Before weight loss After weight loss

Glucose, mg/100 mL 127.8 (84.6-385.2)
Insulin, pU/L 4.5 (0.2-14.3)
HOMA 204 (3.1-81.0)
Haptoglobin. g/L 2000.144)
SAA, mg/L 0.38 (0.38-0.80)
BChE, kU/L 28(1.8-3.0)
PON-1, kU/L 46 (3.1-6.9)°
IGF-1. ng/mL 357 (233-451)°

Adiponectin, pg/mL 2,137 (557-3456)°

80.1 (59.4-108.0) £2.8(30.4-126.0)

5.8 (1L.1-18.6) 2.3 (0.6-11.8)°
15.9 (3.1-56.9) 8.0 (4.8-372)"
1.7(0.2-3.1) 1.8 (0.2-2.9)
0.38 (0.38-0.38) 0.38 (0.38-0.38)
29(1.7-5.D 2.8(1.74.3)
5.5(3.8-1.3) 3.6 (3.3-74)

422 (329-1.,081)
2,661 (978-6039)

465 (140-959)°
3,174 (668-T821)°

All data are expressed as median (range).

Abbreviations: HOMA, homeostasis model assessment; SAA, serum amyloid A: BChE, butyrylcholinesterase; PON- 1, paraoxonase type 1.

* P = 0.001 versus successful cats before weight loss.
P P < 0.01 versus successful cats before weight loss.
© P = 0.05 versus successful cats before weight loss.

significant effect on changes in plasma biochemical ana-
Iyte concentration (P = 0.2 for all). Age was positively
correlated, albeit weakly, with both IGF-1 (Kendall's 7,
027, P = 0.028) and Hp (Kendall's 7. 0.26, P = 0.03)
concentrations but was not significantly correlated with
any other biomarker (P > 0.2 for all).

3.3.2. Differences in plasma biomarker
concentrations before weight loss between cats
completing and failing to complete a weight-loss
program

Before weight-loss PON-1 activity (P = 0.004),
adiponectin concentration (P = 0.02). and IGF-1 con-
centration (P = 0.048) were less in cats that failed to
complete weight loss than in cats that were successful,
whereas glucose concentration (P << 0.001) was greater
(Fig. 1). No differences were noted for insulin (P =
0.72) and HOMA (P = 0.680: Fig. 1), and no differ-
ences were noted for the other biomarkers measured
(BChE, P = 0.777; Hp, P = 0.346; SAA, P = 0.315).

3.3.3. Changes in plasma analytes and enzyme
activity with weight loss

Weight loss in obese cats lead to increases in adiponec-
tin (P = 0.021) and IGF-1 (P = 0.036) concentrations.
whereas insulin (P < 0.001) and HOMA (P = 0.005)
both decreased (Fig. 2). However, no differences were
observed in glucose concentration (P = 0.791) or in the
results of any other measured biomarkers (BChE, P =
0.737: PON-1, P = 0.278: Hp, P = 0.891;: SAA P =
0.999).

Circulating adiponectin concentrations increased in
18 of the cats that lost weight and decreased in the other
4 cats, whereas median percentage change was 20%
(range, —43% to 158%). Circulating IGF-1 concentra-
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tions increased in 16 of the cats that lost weight and
decreased in the other 6 cats, with a median percentage
change of 13% (range, —57% to 50%). Finally, insulin
concentrations and HOMA both declined in all but two
(insulin) or one (HOMA) of the cats, where the con-
centrations increased. Median change in insulin con-
centration was —49% (—79% to 66%), and the median
change for HOMA was —46% (—82% to 15%).

3.3.4. Associations between baseline parameiters,
biachemical analyte concentrations before weight
loss, or enzyme activity before weight loss with
weight-loss outcomes

Both univariable and multivariable linear regression
analyses were used to determine the effect of baseline
paramelters (eg, age, sex. start weight. and body fat
mass) and plasma biomarkers on three weight-loss out-
comes (eg, change in lean tissue mass, rate of weight
loss. and energy intake during weight loss) (Fig. 2).
With the use of simple linear regression, no significant
effects were identified for any parameter on energy
intake during weight loss (P = 0.1 for all). For rate of
weight loss. simple linear regression did not indicate
any significant associated factors. and a multivariable
regression model, including all factors. was also not
significant (P = 0.89). In contrast, univariable linear
regression suggested associations between several fac-
tors and lean tissue loss, including insulin (P = 0.09),
Hp (P = 0.024), adiponectin (P = 0.031), percentage
of weight loss (P << 0.001), body fat mass before
weight loss (P = 0.017), and age (P = 0.099). How-
ever. the only factors remaining on multivariable re-
gression were percentage of weight loss (greater weight
loss, greater lean tissue loss; R = 0.71, RE=050,P <
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Fig. 1. Comparison of plasma biomarker concentrations before weight loss between cats completing and failing to complete a weight-loss program.
Box and whisker plots show plasma (A) paraoxonase type | (PON-1), (B) adiponectin, (C) IGF-1, (D) glucose, (E) insulin, and (F) homeostasis
glucose measurement (HOMA) in groups of cats successfully completing or failing to complete a weight-loss program. The boxes depict median
(horizontal line) and interquartile range (top and bottom of box), the whiskers show the 10% to 90% range. and outliers are shown as separate
points. Before weight loss values of PON-1 (P = 0.004), adiponectin (P = 0.02), and IGF-1 (P = 0.048) were less in cats that failed to complete
weight-loss programs than cats that were successful, whereas glucose (P = 0.007) concentration was greater.

0.001) and plasma adiponectin concentration before
weight loss (less adiponectin. more lean tissue loss:
R = —052, R* = 027, P = 0.023).

4. Discussion

The current study has examined the effect of obesity
in cats and subsequent weight loss on a variety of

biomarkers related to inflammation, glucose homeosta-
sis, and insulin sensitivity. Cats that successfully lost
weight had decreased insulin concentration and
HOMA. These findings, taken from a clinical study that
involved pet cats with naturally occurring obesity, are
consistent with previous studies performed experimen-
tally in cats [33].
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Fig. 2. Changes in plasma analytes and enzyme activity with weight loss. Box and whisker plots show plasma (A) adiponectin, (B) IGF-1, (C)
glucose. (D) insulin, and (E) homeostasis glucose measurement (HOMA) before and after weight loss in 22 cats successfully completing a
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90% range, and outliers are shown as separate points. Weight loss in obese cats lead to significant increases in adiponectin (7 = 0.021) and IGF-1
(P = 0.036) concentrations, whereas insulin concentration (P < 0.001) and HOMA (P < 0.001) both decreased significantly.

Acute-phase proteins are the most sensitive markers
of inflammation [34]. and increased circulating APPs
are seen in obese persons [4]. which decrease with
weight loss [35]. However, such increases are typically
mild and may remain within assay reference ranges. In
the current study. both a major (SAA) and a moderate
(Hp) feline APP were assessed. Before weight loss,
circulating concentrations of these APPs were within
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laboratory reference ranges (SAA < 20 mg/L: Hp <
3.84 g/L). and no changes occurred with weight loss.
This finding is noteworthy because feline adipocytes
can synthesize APPs in vitro [36]. Further studies are
needed to clarify the role of inflammation in feline
obesity. probably through in vitro assessments of how
feline adipocytes respond to inflammation. in terms of
APP gene expression and protein secretion. In addition,
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the use of more-sensitive assays for APP quantification
may enable more subtle alterations to be detected. For
example, human high-sensitivity CRP assays can mea-
sure lesser concentrations of circulating CRP than tra-
ditional assays and can therefore more sensitively pre-
dict vascular disease [37].

Activity of BChE is increased in obese dogs [8] and
humans [7]. whereas circulating PON-1 activity is de-
creased in obese humans [15]. In contrast, no changes
were observed for either enzyme in the obese cats of the
current study both before and after weight loss. Al-
though these data would not support the hypothesis that
feline obesity is associated with systemic inflammation,
the findings are preliminary, and further studies are
recommended to clarify if either BChE or PON-1 ac-
tivity is changed in overweight cats.

In contrast to the measured enzyme activities,
weight loss in obese cats lead to significant increases in
IGF-1 concentrations. This finding is in line with one
study in humans [38] but contrasts with other reports in
which greater free/total IGF-1 concentrations were ob-
served in obese patients compared with patients of ideal
weight [39]. Lesser concentrations have also been re-
corded in humans with type 1 and 2 diabetes [40].
Further, IGF-1 concentrations are dependent on the
degree of glycemic control, with near-normal IGE-1
concentrations in well-controlled diabetics but lesser
concentrations in poorly controlled persons [21]; this
suggests a possible association between 1GF-1 concen-
tration and insulin activity. Similarly, in cats. IGE-1
concentrations are less in untreated diabetic cats than in
diabetic cats treated with insulin [22]. Therefore, the
lesser total circulating IGF-1 concentrations seen in the
obese cats of the current study provide further evidence for
aberrant glucose homeostasis. which can be amelio-
rated on a successful weight-loss program. Neverthe-
less, the association between IGF-1 and insulin is
clearly complex and needs further clarification in the
cat.

Increases in plasma adiponectin concentration were
also seen after weight loss in obese cats. This finding
mirrors that seen with circulating adiponectin concen-
trations in obese humans after successful weight loss
[17.38] and agrees with previous feline studies [18]. A
main effect of adiponectin is thought to be as an insulin
sensitizer and. in monkeys and humans. lesser adi-
ponectin concentrations are correlated with insulin re-
sistance and precede the onset of type 2 diabetes mel-
litus [41]. Further, results from a mouse model have
recently suggested that an obesity-induced reduction in
adiponectin concentration may have causal roles in

both mitochondrial dysfunction and the insulin resis-
tance seen in diabetes mellitus [42]. Nonetheless, the
results of the current study suggest that similar associ-
ations between adiponectin status and insulin sensitiv-
ity may exist in the obese cat. which can revert after
successful weight loss. However, the significance of
this association is not known. In humans, adiponectin
concentration is decreased by inflammation [4]. and
adiponectin may have anti-inflammatory properties
[43]. This may suggest direct links between these hor-
monal changes, the development of the subclinical in-
flammatory state that accompanies human obesity [3],
and end effects, such as insulin resistance and diabetes
mellitus. In contrast, the absence of both changes in
APPs and enzyme activities (PON-1 and cholinest-
erase) in the cats of the current study suggest that the
adiponectin and 1'GF-1 changes may be associated with
the metabolic abnormalities via noninflammatory (eg,
metabolic) pathways.

A second aim of the study was to determine whether
the status of pro-inflammatory factors before weight
loss could predict success of the subsequent weight-loss
regime. In this respect, PON-1. adiponectin, and IGF-1
before weight loss were less in the unsuccessful cats,
whereas glucose concentration was greater. In human
medicine, adiponectin concentration before gastric by-
pass surgery is predictive of the extent of subsequent
weight loss [44]. To our knowledge. this is the first time
a study has identified circulating biochemical factors
that may be able to predict the success of a weight-loss
regime in veterinary species. The reason for such asso-
ciations and whether they are causal or incidental are
unclear. However, it would be tempting to speculate
that the genetic background of cats, which ultimately
fail to lose weight, may predispose to development of
an aberrant metabolic state that then either slows or
complicates the weight-loss phase. Nonetheless, the
ultimate explanation as to how such metabolic changes
might be associated with failure is not known. Given
that the owners of these cats generally made the deci-
sion to stop the weight program, it is possible that the
metabolic abnormalities produced negative behavioral
effects in their cat (ie. excessive hunger and begging
activity), with which they could not cope and thereby
provoking discontinuation. Alternatively. the aberrant
metabolic state may have produced poor demeanor
(leading to perception of poor quality of life from the
owner) or the cats may have developed associated ill-
nesses (ie. insulin resistance could predispose to other
diseases). Another possibility is that the metabolic ab-
normalities could actually be surrogate markers of other
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unmeasured factors. such that their association with
failure to lose weight is incidental. It is also possible
that failure was the result of poor compliance with the
weight-loss program (ie, feeding treats and inappropri-
ate foodstuffs). and similar bad owner practices may
also have led to the metabolic abnormalities before
weight loss. Whatever the nature of the association
between aberrant metabolism and failure, it may be that
these factors could be suitable biomarkers. in that mea-
surement before weight loss will help the clinician to
predict success. In time, alternative strategies could be
developed to help at-risk cats.

No differences were observed in PON-1 activity
before and after weight loss. although an initial lesser
PON-1 activity was related to failure of the weight-loss
program. A decrease in PON-1 has been described in
human obesity, but PON-1 did not differ between obese
and lean humans in a recent study [45]. However, in the
aforementioned study. persons with a particular poly-
morphism of PON-1 were at increased risk of develop-
ing obesity. Therefore, further studies in cats are nec-
essary to evaluate if PON-1 polymorphisms are
associated with increased risk of developing obesity
and a failure to lose weight.

The fact that circulating blood glucose concentra-
tions were greater in the unsuccessful cats is worthy of
additional comment. One cat in the unsuccessful group
was diagnosed with diabetes mellitus at the time of
initial assessment. based on the concurrence of hyper-
glycemia, glycosuria, and elevated fructosamine con-
centration. Other cats in this group also had glucose
concentrations above the reference range, although
other findings were not typical of clinical diabetes mel-
litus {eg, no glycosuria, normal fructosamine concen-
tration). This borderline hyperglycemia could imply
that some individuals in this group were in a prediabetic
state, and it may have been this that was associated with
subsequent failure to lose weight. To our knowledge,
no previous studies have reported such a tendency.
Alternatively. these changes could be the result of
stress hyperglycemia, and being prone to stress could
also be an explanation for cats failing to lose weight,
that is, if the demeanor of the cat was such that it
created problems with the owner—animal bond. Stress
might also have been the result of other factors that
again complicated weight loss: that is, the presence of
concurrent diseases known to be associated with obe-
sity, such as osteoarthritis. dermatologic disease, and
lower urinary tract disease [1].

Muscle wasting is a serious complication of some
conditions, and loss of muscle mass is an independent
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predictor of mortality in elderly humans with chronic
disease [46]. Whole-body protein catabolism is in-
creased in obese humans and in persons with type 2
diabetes mellitus [47]. As a result, preservation of lean
tissue mass during weight loss is a key outcome for
successful obesity management. A final key study find-
ing was the fact that, even in the cats that successfully
lost weight, adiponectin concentration before weight
loss was negatively correlated with the amount of lean
tissue lost (ie, those with least circulating adiponectin
lose more lean tissue during weight loss). Interestingly,
recent murine studies have identified that increased
muscle loss in obesity-related insulin resistance occurs
because of down-regulation of the insulin receptor
substrate-1/phosphatidylinositol-3-kinase Akt pathway
[47], and that adiponectin itself can inhibit accelerated
muscle degradation through this pathway [46]. The
findings of the current study suggest that similar mech-
anisms may occur in cats and that the lesser circulating
adiponectin concentration is directly responsible for
excessive muscle protein catabolism and lean tissue
loss. Nonetheless, further work would be required to
confirm this preliminary observation. Additional work
would also be required to determine whether excessive
lean tissue loss during weight management is associ-
ated with longer term consequences. A final question is
whether such cats are more likely to rebound because of
both their abnormal metabolism and lean tissue loss.
Both age-related (Hp and IGF-1) and sex-related
(BChE) effects were identified in the current study.
First, plasma BChE activity was greater in female than
in male cats, and similar findings have been noted
previously in rats [48]. Further, positive linear associ-
ations with age were noted for both Hp and IGF-1.
Although we are unaware of previous studies reported
age-related effects on Hp concentration in any species.
circulating IGF-1 concentration in humans increases
during childhood until puberty and then declines there-
after [49]. Although these findings might imply spe-
cies-related differences, interpretation must be cautious
because the assessing age changes was not a primary
aim of the study and. thus, did not take account of other
potential confounding effects (ie. level of obesity). To
assess age effects more appropriately. a larger popula-
tion, which includes growing cats, would be necessary.
The study has a few limitations that should be con-
sidered. First, the animals studied were a population of
client-owned cats with variable living conditions, fam-
ily environment. husbandry, and medical care. The de-
aree of adiposity was also variable (eg. =45% over-
weight), and duration of obesity (which could not
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reliably be determined from information provided by
the owners) probably varied among cats. This diversity
may well have increased between-subject variability,
with the probable effect of blunting the differences
before compared with after weight loss. Nonetheless,
the results are arguably more representative of the true
clinical picture because the obesity is naturally occur-
ring. Second, samples were stored for variable periods,
and it is not known what effect this may have on the
measurements made, especially on enzyme activities. A
third limitation is that, given the use of client-owned
cats, it was not ethically possible to assess global insu-
lin sensitivity either by euglycemic-hyperinsulinemic
clamping or minimal model analysis [30]. These meth-
ods are used in laboratory studies and are more reliable.
but they are more invasive and not practical for use in
a clinical setting [27]. Instead. plasma insulin concen-
tration and HOMA were used, and both methods cor-
relate well with both glucose clamping and minimal
model analysis in cats, thus providing useful indirect
markers of insulin resistance in clinical studies [27].
Fourth, the use of client-owned cats meant that it was
not ethically acceptable to include a healthy lean con-
trol population that could undergo the same procedures,
such as blood sampling and body composition analysis.
It was also not possible to treat some of the clinical
cases with a placebo (ie, no weight loss). Despite this
limitation, the fact that cats could be sampled both
before and after weight loss meant that each cat could
act as its own control. Further, it was also possible to
compare successful cats with cats failing to complete a
weight-loss program. all of which had had a similar
program. Therefore, although the current findings
should rightly be interpreted with caution. we still be-
lieve the findings to be of importance.

5. Conclusion

In conclusion, during obesity in cats the traditional
biomarkers of inflammation, such as APPs are not in-
creased. despite changes in other biomarkers, sugges-
tive of insulin resistance, such as adiponectin and
IGF-1. The situation is reversed during weight loss, and
this is consistent with improving metabolic status. Fur-
ther, concentrations before weight loss of some factors
(including PON-1 activity, adiponectin concentration,
and IGF-1 concentration) were associated with out-
come, in terms of success of the overall program. Fi-
nally, plasma adiponectin concentrations were nega-
tively correlated with lean tissue loss, a further and
important marker of outcome during weight loss. These

findings provide insights into pathogenesis of obesity-
related disease and causes of poor performance in some
cats on a feline weight-management program.
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ARTICLE INFO ABSTRACT

Article history:

Hypothyroidism in dogs is accompanied by changes in intermediary metabolism including alterations in
bodyweight (BW), insulin resistance, and lipid profile. In this study, changes in selected adipokines
(adiponectin, leptin), butyrylcholinesterase (BChE), and acute phase proteins, including C-reactive pro-
tein, haptoglobin (Hp) and serum amyloid A (SAA), were studied in dogs with hypothyroidism under thy-
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KP.YWWdS-" roxin therapy. Blood samples were collected when hypothyroidism was diagnosed (before treatment)
;\dlpﬂnlfit“l'{ and after treatment with thyroxin,
D‘;;VW ChoInesterase Twenty-eight of 39 dogs exhibited a good therapeutic response (group A), whereas the remainder were

Hypothyroidism considered to have been insufficiently treated (group B). Following treatment, group A dogs demon-
Leptin strated a statistically significant decrease in canine thyroid stimulating hormone (c-TSH) (P < 0.001)
and an increase in free thyroxine (fT4) (P <0.001) concentrations, associated with a significant decrease
in BW (P < 0.05), leptin (P < 0.01), and adiponectin, (P < 0.001) and an increase in BChE (P<0.01) and Hp
(P<0.05). Group B dogs showed no statistically significant changes in c-TSH, but had a significant
increase in fT4 (P < 0.001) accompanied by a significant decrease in adiponectin (P < 0.05) of lower mag-
nitude than group A. No significant changes in the mean circulating levels of APPs were observed in both
groups, with the exception of an increase in Hp (P< 0.05) in group A. In summary, the successful treat-
ment of hypothyroidism reduces circulating levels of adiponectin and leptin, while increasing BChE activ-
ity in dogs. The mean increase in Hp values and decrease in SAA for some of the dogs after treatment

warrants further investigation.

© 2012 Elsevier Ltd. All rights reserved.

Introduction

Thyroid abnormalities, hyperthyroidism and hypothyroidism
are accompanied by changes in intermediary metabolism, includ-
ing alterations in bodyweight (BW), insulin resistance, and plasma
lipid profile in humans (Heimberg et al., 1985; Pucci et al., 2000)
and dogs (Dixon et al., 2002; Hofer-Inteeworn et al., 2012). Hypo-
thyroidism is associated with decreased concentrations of triiodo-
thyronine (T3), thyroxine (T4), and increased thyroid stimulating
hormone (TSH). These changes lead to increased BW with in-
creased plasma lipids and lipoproteins, and are associated with
alterations in glucose and insulin metabolism (Diekman et al.,
2000; Pucci et al., 2000; Hofer-Inteeworn et al., 2012).

Adipose tissue secretes a variety of active biological substances
called adipocytokines, such as adiponectin and leptin, which among
others are involved in appetite control, thermogenesis and thyroid
function. Butyrylcholinesterase (BChE) is a non-specific choline

* Corresponding author. Tel.: +34 68 364722,
E-mail address: jjceron@um.es (].]. Cerdn).
! These authors equally contributed to this work.

1090-0233/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.tvjl.2012.08.005

esterase and although its biological role has yet to be clearly estab-
lished (Kutty et al., 1995), BChE has been associated both with dif-
ferent parameters of both adiposity and inflammation in humans,
rats and dogs (Antopol et al., 1973; Jain et al.,, 1983; Magarian and
Dietz, 1987; Tvarijonaviciute et al., 2011b). Measurements of acute
phase proteins (APPs) can be used in dogs as a screening test for
gauging the systemic response to an inflammatory stimulus and
are considered as the most accurate markers of inflammation. Posi-
tive APPs, such as C-reactive protein (CRP), haptoglobin (Hp) and
serum amyloid A (SAA) increase their rate of synthesis in the liver
and are released into the blood when inflammation occurs (Ecker-
sall, 2000).

Some adipocytokines and inflammatory proteins have been
studied in human hypothyroidism (Lee et al, 2004; Yu et al.,
2006; Kokkinos et al., 2007) but information about canine hypo-
thyroidism is more limited (Dixon et al., 2002; Mazaki-Tovi et al.,
2010; Jaillardon et al., 2011). Moreover, to the best of our knowl-
edge, no data have been reported about the possible influence of
thyroxin therapy on analytes related to obesity and inflammation
in dogs with hypothyroidism. Therefore, the aim of the present
study was to study the concentration of selected adipokines (such

Please cite this article in press as: Tvarijonaviciute, A., et al. Effects of thyroxin therapy on different analytes related to obesity and inflammation in dogs
with hypothyroidism. The Veterinary Journal (2012), http://dxdoi.org/10.1016/j.tvjl.2012.08.005
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as adiponectin and leptin), BChE, and various APPs (such as CRP,
SAA, and Hp) in dogs with hypothyroidism under thyroxin therapy.

Material and methods
Animals

Hypothyroid client-owned dogs of different breeds (n=39) presented at the
Veterinary University Hospital in Nantes were included in the study. The median
age of the 39 dogs in the study was 5 years (range, 2.5-10 years); 19 of the dogs
were females (10 spayed) and 20 were males (7 castrated). Median BW prior to
treatment was 37 kg (range, 6-69 kg). Primary hypothyroidism was diagnosed
based on clinical and laboratorial signs of primary hypothyroidism, i.e. lethargy,
BW gain, dermatologic signs, high cholesterol (>6.5 mmol/L), high ¢-TSH (>0.5 ng/mL)
and low free T4 (fT4) values (<12 pmol/L) (Tyler, 2007). All dogs were subjected
to thyroxin therapy (mean + standard deviation, 144 + 5.7 pg/kg/day) for 3 months.
Good therapeutic response was considered if the dogs exhibited a significant clini-
cal improvement (including BW loss, increase activity, improvement of the skin)
and at least a 30% decrease in ¢c-TSH values.

Blood samples were collected by jugular venepuncture when hypothyroidism
was diagnosed (before treatment, T1) and after treatment with thyroxin over
3 months (T2). All blood samples were taken after a fast of at least 12 h, and in
T2 4 h after thyroxin administration. Immediately after collection, samples were
centrifuged and the plasma was harvested and frozen at —20 °C. Samples were sub-
sequently shipped on dry ice to the University of Murcia. Immediately upon arrival,
samples were transferred to a freezer at —20°C and subsequently analysed in
batches.

Assays

fT4 was measured by radicimmunoassay (Immunotech kit 1363) and c-TSH by
chemiluminescence (Siemens Immulite CanineTSH) (Jaillardon et al., 2011). Leptin
concentrations were measured with a canine leptin enzyme-linked immunosorbent
assay (ELISA) (Millipore) { Tvarijonaviciute et al,, 2011a). Adiponectin concentration
was determined by ELISA (Human Adiponectin ELISA, High Sensitivity Kit, BioVen-
dor-Labaratorni medicine) (Tvarijonaviciute et al., 2010a). BChE activity was mea-
sured as previously reported (Tecles et al., 2000) and adapted for an automated
analyser (Olympus AU2700, Olympus Diagnostica).

High sensitivity CRP ( hs-CRP) was measured with a time-resolved immunoflu-
orometric assay (TRFIA) previously validated for canine samples using goat anti-ca-
nine polyclonal antibodies (Parra et al., 2006). Haptoglobin (Hp) concentration was
measured by a commercially available colorimetric method (Tridelta Phase range
haptoglobin kit, Tridelta Development). SAA concentrations were measured using
the Tridelta Phase Range assay. Final absorbance of the samples was measured by
use of a microtitre plate reader (Powerwave XS, Biotek Instruments) at 450 nm
using 630 nm as the reference (Martinez-Subiela and Cerdn, 2005).

Statistical analysis

Results are expressed as the median (range) except where indicated. The
D’Agostino and Pearson omnibus normality test was used to assess normality. A
paired Student's t test was used to compare changes for data that were normally
distributed and Wilcoxon signed rank test was used to compare changes for data
that were not normally distributed. Analytes that were shown to be more signifi-
cantly affected by hypothyroidism treatment (leptin, adiponectin, and BChE) were
used to set a predictive model by binary logistic regression analysis and to perform
a Spearman correlation test. Statistical significance was defined as P <0.05 on two-
tailed testing for all tests.

Results

Twenty-eight of 39 dogs exhibited a good therapeutic response
with a decrease of more than 30% in ¢c-TSH value, which was asso-
ciated with a satisfactory clinical improvement. These dogs were
assigned to group A, whereas the remainder of the dogs (n=11)
were considered to have been insufficiently treated and were as-
signed to group B. No significant differences were observed in
baseline BW between the two groups of dogs. However, dogs in
group A (5.75 years; range, 3-10 years) were significantly older
than group B dogs (3.50 years; range, 2.5-6 years) (P = 0.005).

After treatment, group A dogs demonstrated a statistically sig-
nificant decrease in ¢-TSH (>30%) and an increase in fT4 levels
(~60%), whereas group B dogs demonstrated a significant increase
in fT4 (~40%), and no statistically significant changes were ob-
served in c-TSH (Tables 1 and 2). In addition, group A dogs showed

Table 1
Median (range) data of variables of successfully treated dogs (group A).
Tl T2 P

BW, kg 35.50 (6.00-69.00)  33.45(15.00-70.00) 0023
¢-TSH, ng/mL 1.55 (0,60-8.30) 0.40 (0.03-4.80) <0.0001
FT4, pmol/L 10.00 (<2.4-16.00) 16.50 (10.00-29.00) <0.0001
Leptin, ng/mL 14.20 (<3.6-92.80)  6.90 (<3.6-21.80) 0.003
Adiponectin, pg/mL 13,30 (523-23.78)  9.48 (0.43-27.92) 0.0006
BChE, umol/mL/min  5.20 (2.90-9.50) 5.65 (2.70-10.70) 0.009
hs-CRP, mg/L 1.17 (0.00-29.00)  1.16 (0.00-17.35) NS
Hp, g/L 2.15 (0.09-7.4) 2.4 (0,28-9.20) 00393
SAA, pg/mL 5.04 (0.68-116.00)  1.83 (0.20-24.88) NS

BW, bodyweight; ¢-TSH, canine thyroid stimulating hormone; T4, free thyroxine;
BChE, butyrylcholinesterase; hs-CRP, high sensitivity C-reactive protein; Hp, hap-
toglobin; SAA, serum amyloid A.

Table 2
Median (range) data of wariables of unsuccessfully treated dogs (group B).

Ti T2 P
BW 39.00 (26.00-54.00) 38.50 (26.00-51.00) NS
¢-TSH, ng/mL 1.00 (0.60-4.30) 0.90 (0.50-4.20) NS
FT4, pmol/L 10.00 (7.00-11.00)  14.00 (12.00-17.00) <0.0001
Leptin, ng/mL 6.60 (<3.60-26.30) 5.50(<3.60-31.70) NS

Adiponectin, pg/mL
BChE, pmol/mL/min

16.97 (8.02-29.87)
6.80 (1.90-12.30)

14,53 (5.92-23.64)  0.0383
6.10 (2.40-1060) NS

hs-CRP, mg/L 1.13 (0.00-1054)  1.18 (0.00-4.95) NS
Hp, gL 2.1 (0.05-403) 2.17 (0.20-3.72) NS
SAA, g/ mL 2.21(0.20-9060)  3.57 (0.84-33.95) NS

BW, bodyweight; c-TSH, canine thyroid stimulating hormone; fT4, free thyroxine;
BChE, butyrylcholinesterase; hs-CRP, high sensitivity C-reactive protein; Hp, hap-
toglobin; SAA, serum amyloid A.

a decrease in BW, leptin, and adiponectin concentrations (P < 0.05,
P <0.01 and P < 0.001, respectively), and an increase in BChE activ-
ity (P <0.01) and in Hp concentrations (P < 0.05). In contrast, group
B dogs showed only a significant decrease (P < 0.05) in adiponectin,
which was of lower magnitude than that of group A dogs (14% vs.
30%).

Although no statistically significant changes were observed,
CRP concentrations were >20mgfL in two dogs, while
SAA > 5 mg/L was observed in 14 dogs before treatment; with the
exception of two animals, all of these dogs showed a decrease in
these APPs after therapy.

When initial values of the different analytes in both groups
were compared, group A had higher leptin and lower adiponectin
values than group B (P < 0.05 for both parameters). No significant
differences were found in BChE and APPs between the two groups.

Binary logistic regression analysis indicated that pre-treatment
adiponectin levels can be a predictor of successful/failed response
to treatment (lower pre-treatment adiponectin = more likely to ob-
tain successful treatment), whereas pre-treatment leptin levels
showed only a trend (higher pre-treatment leptin= more likely
to obtain successful treatment) (Table 3).

Table 3
Coefficients of the model of binary logistic regression analysis.

Variable B P Exp(B) Cl 95.0% for Exp(B)

Lower Higher
Adiponectin -0.164 0.049 0.849 0.72 1.001
BChE -0376 0.131 0.687 0.422 1.118
Leptin 0.116 0.071 1.123 0.99 1.275
Constant 4174 0.05 65.001

B, coefficient of the logistic regression model; Exp(B), exponential B (odd ratio); CI,
confidence intervals of exponential B.
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When all data (before and after treatment) for both groups were
pooled, leptin was negatively correlated with T4 (r=-—0.289,
P=0.001), and positively correlated with c-TSH (r=0.284,
P=0.012), SAA (r=0.300, P=0.028), and age (r=0.547,
P<0.001). Adiponectin was negatively correlated with fT4
(r=-0.373, P=0.001) and Hp (r=-0.277, P=0.016), and posi-
tively with BW (r=0.298, P=0.01). No correlation was found be-
tween BChE and other variables. No significant correlations were
observed between the variations before vs. after treatment in BW
(ABW) and Aleptin, Aadiponectin, or ABChE.

Discussion

The current study examined the effect of hypothyroidism ther-
apy with thyroxin on a variety of obesity and inflammation related
biomarkers. A majority (72%) of dogs responded adequately to the
therapy, as evidenced by a 30% decrease in ¢-TSH value, which is
associated with satisfactory clinical improvement. These data are
in accordance with previously published studies indicating
that = 60% of dogs show an adequate response to hypothyroidism
therapy (Nesbitt et al., 1980).

The criterion for a good therapeutic response was chosen based
on the finding of satisfactory clinical response, accompanied by a
decrease of ¢c-TSH > 30%. Intra-assay coefficient of variability (CV)
for our ¢-TSH assay was 9.4%. Thus, the cut-off of 30% was estab-
lished in order to be higher than the expected CV for two TSH mea-
surements (9.4% x 2). However, 3 months after treatment, some of
the dogs in this group still had concentrations of TSH > 0.5 ng/mL,
the upper limit for healthy dogs. This could be due to the fact that
in some cases, a decrease in TSH concentrations <0.5 ng/mL can
take years (Siliart et al., 2009).

Asignificant decrease of about 50% was observed in leptin levels
in successfully treated dogs. These data are in accordance with
what has been reported in humans, in which hypothyroidism
treatment has been associated with reduction in plasma leptin lev-
els (~40%) without changes in body mass index (BMI) (Pinkney
et al., 1998, 2000). Moreover, reductions in plasma leptin concen-
trations, as well as leptin mRNA expression, have been observed in
response to T3 treatment in rats (Escobar-Morreale et al, 1997;
Fain et al., 1997). An hypothesis, which might explain the observed
decrease in leptin in treated dogs, is that leptin has been suggested
to stimulate the hypothalamic-pituitary-thyroid axis in response
to low thyroid hormone concentrations (Mazaki-Tovi et al,
2010). Therefore, when hypothyroidism is successfully treated,
there is no longer any need to stimulate the hypothalamic—pitui-
tary-thyroid axis, resulting in a reduction of leptin level.

Adiponectin shares some physiological actions with thyroid
hormones, such as reduction of body fat by increasing thermogen-
esis and lipid oxidation (Ahima et al., 2006). A direct positive cor-
relation between T4 and adiponectin has been described in healthy
humans (Fernandez-Real et al., 2003). However, adiponectin data
in humans suffering from hypothyroidism, before and after ther-
apy, remain controversial. Some studies performed failed to find
any changes in adiponectin levels after treatment in hypothyroid
patients (Iglesias et al., 2003; Santini et al., 2004). In contrast, other
studies (as in the present study) have reported a significant
decrease in adiponectin levels after therapy (Caixas et al., 2009;
Ozdemir et al., 2010). In our study, a negative correlation was
observed between adiponectin and T4, which contrasts to reports
in healthy human subjects, but is similar to what has been de-
scribed in  haemodialysis patients (Malyszko et al, 2006).
Recently, Luvizotto et al. (2011) reported that triiodothyronine
treatment inhibits adiponectin expression in obese rats under calo-
ric restriction. As such, there is a need for larger scale studies to
better elucidate the relationship between T4 and adiponectin in

dogs with hypothyroidism subjected to thyroxin therapy, as has
been suggested in humans (Ozdemir et al., 2010).

Interestingly, although a low number of animals were used in
the present study, pre-treatment adiponectin could be used as pre-
dictor, while pre-treatment leptin showed a trend to be a predictor
(P=0.07) of successful or failed response to treatment. Therefore, it
seems that the finding of high values of adiponectin and/or low
values of leptin in a hypothyroid dog could indicate the need to
use a higher dose of thyroxin. However, the data should be inter-
preted with caution as a high inter-individual variability of circu-
lating adiponectin levels exists in dogs. These data should be
further explored in the future with a large population of dogs ana-
lysing the duration of clinical signs and possible secondary
pathologies.

The successful treatment of hypothyroid dogs was also accom-
panied by an increase in serum BChE activity, as described in hu-
mans (Popovic et al, 1998). Increase of BChE activity may be
involved in the hydrolysis of triglycerides (Popovic et al.,, 1998),
resulting in lipid profile improvement, as described in hypothyroid
dogs after thyroxin therapy (Dixon et al., 2002).

In healthy dogs, leptin, adiponectin, and BChE have all been
shown to correlate with BCS (Ishioka et al.,, 2002; Sagawa et al.,
2002; Jeusette et al., 2005; Tvarijonaviciute et al., 2010b). How-
ever, some controversy exists about the association of adiponectin
with obesity in dogs (Ricci and Bevilacqua, 2012; Verkest and
Bjornvad, 2012), since some studies have failed to demonstrate
any association (Verkest et al., 2011a; Grant et al., 2011). Although
a significant decrease in BW was observed after hypothyroidism
therapy in the present study, no significant correlations between
the change in BW and the changes in leptin, adiponectin, or BChE
were detected. Similarly, in humans, no statistically relevant corre-
lations between leptin or adiponectin and BMI or BW pre- and
post-therapy have been observed in patients with hypothyroidism
(Pinkney et al., 1998, 2000; Iglesias et al., 2003). Our data indicate
that alterations in adiponectin, leptin and BChE levels in hypothy-
roid dogs after treatment are not due to variations in body mass,
but may instead be directly attributed to the influence of thyroid
hormones, as has been suggested in humans (Iglesias et al,
2003). Further studies in dogs measuring body fat and fat-free
mass using dilution of a single dose of deuterium oxide or dual-
energy X-ray absorptiometry would be warranted to confirm these
findings.

In our study, there was no significant difference in mean circu-
lating levels of APPs before and after treatment with the exception
of a significant increase in Hp concentrations in successfully trea-
ted dogs, although these values were within the range observed
in healthy animals (Mylonakis et al., 2011). Interestingly, CRP con-
centrations were elevated (>20 mg/L) only in two dogs, while SAA
values higher than the limit of our laboratory reference range
(<5 mg/L) were found in 14 dogs before treatment. These dogs
(with the exception of two) showed a decrease in these APPs after
the therapy. Higher SAA, but not CRP concentrations have been re-
ported in humans with Hashimoto thyroiditis (Erden et al., 2008).
Moreover, our CRP results are in agreement with previous reports,
indicating that disturbances in thyroid status do not produce evi-
dent increases in CRP in dogs (Nakamura et al., 2008) and humans
(Pérez et al., 2004; Caixds et al., 2009). However, some reports indi-
cate that low-grade systemic inflammation in humans with hypo-
thyroidism may be associated with increases in hs-CRP (Tuzcu
et al,, 2005; Nagasaki et al.,, 2007; Erden et al., 2008). Our hs-CRP
data failed to find significant differences before and after therapy.

Total adiponectin is known to be an anti-inflammatory mole-
cule (Tilg and Wolf, 2005). For this reason, low levels of adiponec-
tin have been associated with an increased inflammatory risk and
high levels of adiponectin inhibit inflammation. In contrast, in our
study some successfully treated dogs showed a decrease in

Please cite this article in press as: Tvarijonaviciute, A., et al. Effects of thyroxin therapy on different analytes related to obesity and inflammation in dogs
with hypothyroidism. The Veterinary Journal (2012), http://dx.doi.org/10.1016/j.tvjl.2012.08.005

259



4 A. Tvarijonaviciute et al./ The Veterinary Journal xxx (2012) xxx-xxx

inflammatory markers despite decreased adiponectin levels. More
studies are needed to evaluate the levels of the different isoforms
of adiponectin, since distinct adiponectin isoforms may have dif-
ferent roles in inflammation (Verkest et al., 2011b; Mori et al,,
2012).

The study has several limitations. Firstly, the animals used were
a population of client-owned dogs with variable living conditions,
family environment, husbandry and medical care, which likely had
the effect of blunting pre- vs. post-treatment differences. However,
the results are arguably more representative of the true clinical
picture. Secondly, although a control group should ideally have
been included, the use of client-owned dogs meant that it was
not ethically acceptable to include control populations with
healthy dogs receiving T4 treatment and dogs with hypothyroid-
ism receiving placebo treatment. However, we sampled dogs both
before and after hypothyroidism treatment that meant that each
individual animal was acting as its own control. Thirdly, body fat
mass was not determined by a precise method, such as dilution
of a single dose of deuterium oxide or dual-energy X-ray absorpti-
ometry (Son et al., 1998; Raffan et al., 2006), which could have
been of interest to evaluate possible correlations between changes
in serum analytes related to obesity (such as leptin, adiponectin,
and BChE) and changes in body fat mass after treatment. Lastly,
fT4 should ideally have been measured by the equilibrium dialysis
method (SED) (Peterson et al., 1997; Dixon and Mooney, 1999),
although no significant differences in fT4 values have been ob-
served when different methods were compared in hypothyroid
dogs (SED vs. modified equilibrium dialysis vs. different commer-
cial radioimmunoassays) (Schachter et al., 2004; Martin et al.,
2006).

Conclusions

The data from the present study indicate that the successful
treatment of hypothyroidism in dogs results in reduced circulating
levels of adiponectin and leptin, and increases in BChE activity. No
significant changes were observed in hs-CRP levels before and after
therapy but there was an increase in the mean values of Hp after
successful treatment, and there was an increase in SAA in some
animals with hypothyroidism, which was reduced after the ther-
apy. Further studies are required to clarify the significance of these
findings.
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Validation of spectrophotometric assays

for serum paraoxonase type-1 measurement

in dogs

Asta Tvarijonaviciute, DVM; Fernando Tecles, DVM, PhD; Marco Caldin, DVM, PhD:;

Silvia Tasca, DVM; José Ceron, DVM, PhD

Objective—To evaluate and validate 3 spectrophotometric assays for measuring serum ac-
tivity of paraoxonase type-1 (PON1), an enzyme associated with high-density lipoproteins,
in dogs.

Animals—22 healthy adult dogs and 10 dogs with eccentrocytosis.

Procedures—2 methods were adapted for use in 96-well microplates with phenyl acetate
and b-thiobutyl butyrolactonase as substrates, and 1 was adapted for use in an automated
analyzer with p-nitrophenyl acetate as substrate. Blood samples were collected from all
dogs, serum was harvestad, and serum PON1 activity was measured with each meathod.

Results—Imprecision was low for all 3 methods, with the exception of interassay impreci-
sion for b-thiobuty! butyrolactonase, and results were linear across serial sample dilutions.
The 3 methods were able to detect low PON1T activity when EDTA was used for blood
sample collection, yielded lower PON1 values in sick dogs with eccentrocytosis than in
healthy dogs, and yielded highly correlated results.

Conclusions and Clinical Relevance—The methods described here may allow a wider use
of PONT1 activity as a biomarker of oxidative stress in dogs in clinical and research setiings.
Results of each method were robust and precise (with the exception of the interassay values
for the lactonase miethod), and the methods were easy to set up in a laboratory. (Am J Vet Res

2012;73:34-41)

Serum paraoxonase type-1 is an enzyme associated
with high-density lipoproteins. Synthesized by the
liver, PON1 protects low-density lipoprotein and high-
density lipoprotein particles from oxidative stress by
promoting degradation of lipid peroxides contained
in cholesteryl esters and phospholipids.’ This enzyme
has received increasing attention in human medicine,
largely because alterations in circulating PON1 are
associated with various diseases involving oxidative
stress, such as renal or liver disease or neoplasia.”*
In addition, PON1 has anti-inflammatory properties.’
The activity of PON1 is reportedly low in humans with
type 2 diabetes mellitus® and obesity,”® and low activity
may contribute to the development of cardiovascular
disease.® Because of the important role PON may play
in lipid metabolism, there is a need for reliable PON as-
says for clinical and epidemiological studies.'®

Activity of PONI can be assessed by use of vari-
ous substrates, such as phenyl acetate and its derivates,
paraoxon, and butyrolactones, which can be used to
measure the arylesterase, triesterase, and lactonase
activities of this enzyme, respectively.”'"'? Use of the
paraoxon method in clinical practice is limited be-
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cv Coefficient of variation
PON Serum paraoxonase
TAC Total antioxidant capacity
TBEL B-thiobutyl butyrolactonase

cause of the extreme toxic effects of paraoxon and the
strong influence of PON1 gene polymorphisms on the
enzyme's activity.? Measurements of PONI1 lactonase
and arylesterase activities are free of these limitations.
Although lactonase measurements would better reflect
the main activity of PON1, correlation between aryles-
terase and lactonase activities has been observed in hu-
man studies.’

Serum PONI activity has been measured in dogs
with a manual method that involves paraoxon as sub-
strate.” To the authors' knowledge, no methods for
measuring PON1 activity in canine serum by use of
substrates other than the toxic paraoxon or through au-
tomated or semiautomated assays have been described.
The purpose of the study reported here was to evaluate
and validate 3 spectrophotometric assays of PON1 ac-
tivity in canine serum: 2 adapted to a 96-well microplate
format with phenyl acetate and TBBL as substrates, and
1 adapted to an automated analyzer with p-nitrophenyl
acetate as substrate. The development of facile enzy-
matic assays with nontoxic substrates that are suitable
for high-throughput screening tests could be useful for
evaluating the role of PON1 in dogs.
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Materials and Methods

Animals—Sixteen 6- to 8-year-old healthy adult
dogs (5 sexually intact females, 3 spayed females, 7
sexually intact males, and 1 castrated male) were evalu-
ated at San Marco Veterinary Hospital and included in
the study. Breeds represented included mixed (n = 9),
Golden Retriever (2), American Cocker Spaniel (2),
Yorkshire Terrier (2), and German Shepherd Dog (1).
All dogs had no evident acute or chronic disease. Re-
sults of physical and clinical examinations were unre-
markable, as were results of routine hematologic and
serum biochemical analyses. Also included were 6
healthy 6- to 8-year-old Beagles (3 sexually intact fe-
males and 3 sexually intact males) from the Murcia
Animal Resources Centres.

In addition to the healthy dogs, ten 4- to 15-year
old sick dogs (4 sexually intact females, 1 spayed fe-
male, 3 sexually intact males, and 2 castrated males)
were included in which eccentrocytosis (an indicator of
oxidative cell damage) was diagnosed at the San Marco
Veterinary Hospital during 2009. These dogs were of
various breeds and had a broad range of hematologic
abnormalities. Diagnoses were as follows: diabetes mel-
litus (n = 3), onion intoxication (2), acute leukemia
(2), rodenticide intoxication (1), hemangioma (1), and
brain tumor (1).

All procedures involving the Beagles from Murcia
Animal Resources Centres were performed in accor-
dance with the animal care guidelines of the University
of Murcia. Consent for study participation was obtained
from owners of the 26 dogs that were evaluated at San
Marco Veterinary Hospital.

Sample collection and processing—After food was
withheld from the dogs for at least 12 hours overnight,
blood samples were collected from each via jugular or
lateral saphenous venipuncture into tubes containing
EDTA for hematologic analysis and tubes with clotting
accelerator® for serum biochemical analysis. Samples
were centrifuged at 2,000 X g for 10 minutes at room
temperature (20° to 22°C), and serum was harvested.
The CBCs and serum biochemical analyses were per-
formed with automatic analyzers."

Total antioxidant capacity was determined as de-
scribed elsewhere.” The method used is based on
2,2"-azinobis-(3-ethylbenzothiazoline-6-sulfonate)® de-
colorization by antioxidants according to their concen-
trations and antioxidant capacities. The color change
is measured as a change in light absorbance at 660 nm.
For the process, an automated analyzer: was used, and
the assay was calibrated with 6-hydroxy-2,5.7,8-tetra-
methylchroman-2-carboxylic acid.

Biochemical measurement of PON1 activity—Se-
rum lactonase activity was analyzed by measuring the
hydrolysis of TBEL (assay A). The method involves use
of a chromogenic lactone that structurally resembles
the proposed natural lipolactone substrates.” Serum
samples were prepared in sample buffer consisting of
50mM Triss and ImM CaCL® (pH, 8.0) in a 20-fold di-
lution. One microliter of 100mM 5,5'-dithio-bis-2-ni-
trobenzoic acid' in dimethyl sulfoxide] 45 puL of 4%
acetonitrile® solution in sample buffer, 5 uL of diluted
serum, and 50 pL of sample buffer then were added to

the wells of a 96-well microplate.! Finally, 100 pL of
freshly made substrate buffer containing 0.4mM TBBL™
solution in sample buffer was added to the wells to ini-
tiate the reaction. Two minutes after TBBL addition, the
reaction was monitored at 412 nm in an automated mi-
croplate reader™ at 37°C. The nonenzymatic hydrolysis
of TBBL, which was based on the hydrolysis rate in the
absence of serum, was subtracted from the total hydro-
lysis rate. Lactonase activity was expressed as units per
milliliter of serum, in which 1 unit equals 1 mmol of
TBBL hydrolyzed/min. The molar extinction coefficient
used to calculate the rate of hydrolysis was 7,000 M
cm . A path-length correction was applied for the use
of microtiter plates.

Serum arylesterase activity was analyzed by mea-
suring the hydrolysis of phenyl acetate® into phenol (as-
say B) as described elsewhere.!" Serum samples were
prepared in sample buffer consisting of 20mM Triss and
IlmM CaCl,* (pH, 8.0} in a 40-fold dilution. Five micro-
liters of diluted serum was added to 200 pL of freshly
made substrate buffer containing 20mM Tris, 1mM
CaCl,, and ImM phenyl acetate (pH, 8.0). The reac-
tion was monitored on a microtiter plate’ at 260 nm in
an automated microplate reader” at 37°C. The nonen-
zymatic hydrolysis of phenyl acetate, which was based
on the hydrolysis rate in the absence of serum, was
subtracted from the total hydrolysis rate. Arylesterase
activity is expressed as units per milliliter of serum, in
which 1 U equals 1 pmol of phenyl acetate hydrolyzed/
min. The molar extinction coefficient used to calculate
the rate of hydrolysis was 1,310 M-! cm. A path-length
correction was applied for the use of microtiter plates.

Serum arylesterase activity was also analyzed by
measuring the hydrolysis of p-nitrophenyl acetate
to p-nitrophenol as described elsewhere'> but with a
modification to remove substrate from the working re-
agent buffer and prepare it in water as a separate start-
ing reagent that remained colorless (assay C)." This
modification was made because p-nitrophenylacetate is
subject to considerable spontaneous hydrolysis in the
reagent buffer system originally described, and this hy-
drolysis was grossly apparent in the yellow color of the
reagent. The starting reagent was added to initiate the
kinetic reaction.

Because p-nitrophenyl acetateP is insoluble in wa-
ter, 63 mg of this compound was dissolved in 10 mL of
methanol® and stored at 2° to 8°C. In our experience, this
stock solution can be kept for approximately 1 week with
only a small increase in free p-nitrophenol. Afterward,
1 mL of this solution was slowly added to 20 mL of dis-
tilled water with strong agitation to prevent precipitation.
The aqueous solution was freshly prepared each day.

To perform assay C, serum samples were each
mixed with 307 pL of buffer containing 50mM Tris and
ImM CaCl, (pH, 8.0) and then freshly made substrate
containing 2.5mM p-nitrophenyl acetate in distilled
water was added. After 100 seconds, the reaction was
monitored at 405 nm at 37°C for 210 seconds in an
automated biochemistry analyzer.” The nonenzymatic
hydrolysis of phenyl acetate, which was based on the
hydrolysis rate in the absence of serum, was subtract-
ed from the total hydrolysis rate. The activity was ex-
pressed as units per milliliter of serum, in which 1 U
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equals 1 pmol of phenyl acetate hydrolyzed/min. The
molar extinction coefficient used to calculate the rate
of hydrolysis was 14,000 M- em-!.

Assay validation—For analytic validation of the
3 methods used for PON1 activity measurement, the
following characteristics were calculated: precision,
intra-assay CV, accuracy, and limit of detection. Two
pools of sera with different PON1 activities were pre-
pared from the group of healthy dogs and the group
of dogs with eccentrocytosis and used for precision
evaluations. To determine interassay precision, these
pools were divided in aliquots and stored in plastic
vials at —20°C until analysis. On the day of analysis,
samples were brought to room temperature prior to
PONI measurement. Intra-assay CV was calculated
after analysis of the 2 serum pools 6 times in 1 assay
run. Interassay CV was determined by analyzing the
same pools in 6 separate runs performed on different
days.

Because of the lack of a criterion-referenced stan-
dard or commercially available certified reference mate-
rial for canine PON activity, assay accuracy was evaluat-
ed indirectly through assessment of dilutional linearity.
For this process, 2 canine serum samples were serially
diluted with saline (0.9% NaCl) solution and analyzed
by use of the procedures previously described. Limit of
detection was calculated on the basis of data from 20
replicate determinations of the zero standard (buffer of
assays) as mean value plus 2 SDs.

To determine whether results of the 3 assays were
correlated, serum samples from all study dogs were
evaluated with each assay. All samples used for repeti-
tive analysis were frozen in aliquots, and to avoid pos-
sible changes due to repetitive thawing and freezing,
only vials needed for each run were used.

Effects of hemolysis and lipemia—To investigate
effect of hemolysis and lipemia on results of the 3 as-
says for PON1 activity, 3 serum samples from 3 healthy
Beagles were mixed with various concentrations of
hemoglobin or lipid solution as described,'” and each
preparation was run in duplicate. For hemolysis inves-
tigation, a fresh hemolysate was prepared by addition
of distilled water to packed, saline solution-washed
RBCs from 1 Beagle. Hemoglobin concentration in he-
molysate was determined by use of a veterinary animal
blood cell counter” and adjusted to 200 g/L by add-
ing assay buffer to create a stock solution. The stock
solution was serially diluted with sample buffer, and
10 uL of each dilution was added to three 90-uL sam-
ples of canine serum. The final hemoglobin concen-
trations were 8, 4, 2, 1, 0.5, and 0.0 g/L. The 0.0 g/L
concentration was achieved by adding 10 pL of sample
diluent buffer. These hemoglobin concentrations were
intended to correspond to slight hemolysis (0.5 g/L),
moderate hemolysis (1 and 2 g/L), and marked hemo-
lysis (4 and 8 g/L). Prepared samples were used to mea-
sure PON1 activity with the 3 assays.

For the lipids investigation, commercial fat emul-
sion® with a triglycerides concentration of 200 g/l was
serially diluted with sample diluent buffer and 10 uL of
each dilution was added to two 90-uL samples of ca-
nine serum. Homogeneity was achieved by mixing with

a vortex device. The final triglycerides concentrations
were 5, 2.50, 1.25, 0.625, and 0.3125 gL, which were
intended to correspond to slight lipemia (0.3125 and
0.625 g/L), moderate lipemia (1.25 and 2.5 g/L), and
marked lipemia (5 g/L). Prepared samples were used to
measure PONI activity with the 3 assays.

Effects of EDTA—Blood samples (8 mL each) from
6 Beagles were obtained via jugular venipuncture by
use of a disposable syringe and 21-gauge needle. Ali-
quots of the samples were placed in 2 types of tubes:
one containing 0.072 mL of 7.5% tripotassium meth-
ylenediaminetetraacetic acid (EDTA K3)* for EDTA-
treated plasma and the other containing clot activator
(5-mL tube®) for serum. All samples were centrifuged at
2,000 X g for 10 minutes, and serum and EDTA-treated
plasma were immediately separated prior to analysis on
the same day. The interval between collection and cen-
trifugation was approximately 30 minutes. All plasma
and serum samples were analyzed by use of the 3 study
methods to measure PONI activity.

Statistical analysis—Arithmetic means, medians,
and intra-assay and interassay CVs were calculated by
use of routine descriptive statistical procedures and
computer software.” Dilutional linearity was evaluated
through ordinary linear regression analysis in which
the measured activities of PON1 were compared with
the expected activities. Correlation among results ob-
tained with the 3 methods was assessed by use of linear
regression. Interferograms were prepared to show the
differences in PON1 activities when hemoglobin or tri-
glycerides were added. The influence of hemoglobin or
triglycerides on PON1 activity was investigated by use
of 1-way ANOVA and Dunnett posttests. Comparisons
of the results for serum and EDTA-treated plasma were
made by use of a Student ¢ test for repeated measure-
ments. A Student ¢ test was used to evaluate the differ-
ence of TAC and PONI activities between healthy dogs
and dogs with eccentrocytosis. The correlation between
PONI activity and TAC was evaluated by calculation of
the Spearman correlation coefficient (p). Values of P <
0.05 were considered significant for all analyses.

Results

Assays—For assay A (serum lactonase activity by
use of microplates), intra-assay and interassay CV rang-
es were 5.5% to 6.7% and 11.3% to 17.7%, respectively
(Table 1). Serial dilution of 2 serum samples resulted in
linear regression equations with correlation coefficients
close to 1 (r = 0.997 and 0.953; Figure 1). The assay
detection limit was 1.0 U/mL (mean + SD, 0.4 + 0.2 U/
mL). For assay B, intra-assay and interassay CV ranges
were 4.0% to 4.8% and 5.4% to 9.5%, respectively. Seri-
al dilution of 2 serum samples resulted in linear regres-
sion equations with correlation coefficients close to 1 (r
= 0.999 and 0.996). The assay detection limit was 9.1
U/mL (mean + SD, 1.8 + 2.5 U/mL). For assay C, intra-
and interassay CV ranges were 4.5% 10 5.6% and 7.3%
to 8.2%. Serial dilution of 2 serum samples resulted in
linear regression equations with correlation coefficients
close to 1 (r = 0.997 and 0.995). The assay detection
limit was 0.6 U/mL (mean + SD, 0.49 + 0.05 U/mL).
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When results for 38 serum samples analyzed with
the 3 assays were used, linear regression analysis re-
vealed significant correlations between the results of
assays A and B (P < 0.001; r=0.852), Aand C (P <
0.001; r=0.850), and B and C (P < 0.001; r = 0.870).

Table 1—Intra-assay and interassay variation in PONT1 activity in
2 pools of canine serum samples (healthy dogs [pool 1] and dogs
with eccentrocytosis [pool 2]} as measured by use of lactonase
activity via measurement of TBBL hydrolysis (assay A), arylester
ase activity via measurement of phenyl acetate hydrolysis (assay
B), and arylesterase activity via measurement of p-nitrophenyl
acetate hydrolysis (assay C).

Effects of hemolysis and lipemia on assay re-
sults—For assay A, a significant decrease in PONI
activities was evident when hemoglobin was added.
to the serum samples at a concentration of 8 g/L or
when triglycerides were added at a concentration of
5 g/ (Figures 2 and 3). For assay B, a significant,
decrease in PON1 activities appeared when triglyc-
erides at a concentration of 5 g/ were added to the
samples. No substantial interference in PON1 activi-
ties by hemoglobin was evident at concentrations <
8 g/L. For assay C, a significant decrease in PONI
activities was evident when triglycerides at a concen-

. Mean = SD tration of = 1.25 g/l were added to the samples. No
Assay Comparison  Pool activity (U/mL)  Mean CV (%) significant interference by hemoglobin was evident
A Intra-assay 1 43+02 5.5 at concentrations < 8 g/L.
2 1.0 =02 6.7
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It :1’- ;ﬂfﬁ'g ‘;ﬁ rized (Table 2). Significant (P < 0.001) decreases in.
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Figure 1—Regression lines showing the linearity of PON1 activity in each of 2 canine serum samples at various dilutions by use of
3 assays: lactonase activity via measurement of TBBL hydrolysis (A and B), arylesterase activity via measurement of phenyl acetate
hydrolysis (C and D), and arylesterase activity via measurement of p-nitrophenyl acetate hydrolysis (E and F). Regression equations and

coefficients of determination (RE) are shown.
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Figure 2—Interferograms corresponding to the effect of hemeo-
globin concentration on PON1 activity as measured by use of 3
assays: lactonase activity via measurement of TBBL hydrolysis
(A, arylesterase activity via measurement of phenyl acetate
hydr0|y5|5 (B), and arylesterase activity via measurement of
p—nltrophenb acetate hvdrogms (C). Values for each given con-
centration (Vf) are reported as a percentage of the original

value ND

the 3 methods (Table 3). The Spearman correlation
test revealed a positive, significant correlation between
TACs and results of assays A (p = 0.64; P=0.002), B (p
=049:P=0.027),and C (p =0.48: P=0.033).

Discussion

In the study reported here, 3 spectrophotometric
methods for measurement of PONI activity were evalu-
ated and validated. A different substrate was used in
each assay: TBBL for lactonase activity and p-nitrophe-
nyl acetate and phenyl acetate for arylesterase activity.
Paraoxon is a highly toxic and unstable compound that
is unsuitable for routine high-throughput use,* so mea-
surements of paraoxonase activity of PON1 were not
included in the present study. In humans, arylesterase

Figure 3—Interferograms corresponding ta the effect of triglycer
ides concentration on PON1 activity as measured by use of the
assays in Figure 2. See Figure 2 for remainder of key.

or lactonase activities are less variable between subjects
than is paraoxonase activity, which is influenced by ge-
netic variation.>%!

Although PON1 was long considered to be an ar-
ylesterase and paraoxonase and its activity was mea-
sured accordingly, it recently became apparent that
PON1 can catalyze the hydrolysis and formation of
various lactones. Lactonase activity is the only activity
shared by all other members of the PON family, some
of which have no paraoxonase or arylesterase activ-
ity.'® Some investigators have consequently postulated
that use of phenyl acetate or paraoxon would not have
physiologic relevance and have suggested that assays
of PONI activity should mainly address the lactonase
activity.'? However, because the substrate for lactonase
activity measurements is not widely available and a cor-
relation between arylesterase and lactonase activities
has been reported for humans,” we aimed to validate
assays not only for lactonase activity but also for aryles-
terase activity.
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Table 2—Activities of PONT in serum and EDTA-reated plasma
sample aliquots as measured by use of 3 assays.

Activity in Activity in plasma
Assay Sample serum (U/mL) with EDTA (U/mL)
A 1 459 1.03
2 4.36 0.46
3 425 1.26
4 3.67 0.4
5 an 1.95
] 4.36 0.69
Mean + SD 432 +0.36 0.96 = 0.60%
B 1 2128 9.10
2 21.28 9.10
3 18.78 9.10
4 18.78 9.10
5 2003 1127
] 15.02 9.10
Mean + SD 19.20 = 2.33 9.46 + 0.89%
¢ 1 6.51 1.87
2 483 1.09
3 5.33 422
1 4.92 1.05
5 5.63 2.38
i 4.69 1.7
1 532 = 0.68 1.96 + 1.227

*Value differs significantly (P < 0.001) from value for serum.

Table 3—Mean + SD PON1 activity determined by use of 3 assays
and TAC in 10 dogs with eccentrocytosis and 22 healthy dogs.

Dogs with
Analyte eccentrocytosis  Healthy dogs Pvalue
PON1 activity (U/mL)
Assay A 410+1.22 482+ 050 0.048
AssayB 14.97 = 613 2000 = 2.37 0.023
Assay C 482 =144 6.31 = 0.68 0.010
TAC (mmaol) 0.35 = 0.29 0.66 = 0.18 0.011

Avalue of P = 0.05 was considered significant.

Initially, we intended to fully automate all 3 meth-
ods to improve the assay precision and decrease the
time needed to analyze PON1 activity in each sample.
However, the assays that involved phenylacetate and
lactonase were validated in a 96-well ELISA plate format
because the absorbance of phenylacetate at < 340 nm
and instability of lactonase in aqueous solutions pre-
cluded its adaptation to automated analyzers. Although
these assays were not fully automated, analysis involv-
ing a 96-well ELISA plate is fast and enables simultane-
ous processing of large batches of serum samples. In
addition, spectrophotometric readers for 96-well ELISA
plates are widely available in biochemistry laboratories,
so this technology could be suitable for use in veteri-
nary diagnostic laboratories."

The validation results showed that the 3 methods
were practical, rapid, and allowed evaluation of mul-
tiple samples at the same time; they also required a low
volume of sample. These characteristics are also impor-
tant if the measurement is to be included in a battery
of several tests or in situations in which sample volume
might be limited. Both arylesterase assays had CVs <
10% in all assessed situations, which is similar to assay
validation findings in humans.?® The low CVs suggest a
good assay reproducibility and support their suitability
for use in other studies. However, the lactonase method

had an interassay CV of 17.7%, which is similar to val-
ues reported when the method is used in humans.” Ide-
ally, when lactonase activity is the analyte of interest,
serum samples should be analyzed in the same batch
to avoid these interassay variations. Perhaps because its
suitability for automation diminishes analytic errors,
p-nitrophenyl acetate is reportedly more sensitive than
other substrates for detecting variations in PON1 ac-
tivity.ll Moreover, p-nitrophenyl acetate is a nontoxic
ester that is less volatile than lactone and thus would
be more suitable for routine measurement of PONI1
activity.?!

Hemolysis did not result in substantial interfer-
ences in the arylesterase assays, and only a significant
decrease in serum PONI activity was evident with the
lactonase method at a high hemoglobin concentration
(8 g/L). This finding is similar to findings in humans re-
garding the lactonase assay; in humans, results are not
affected by hemolysis when hemoglobin values of < 6
g/L are present.? indicating hemolysis has no influence
on PONI1 assay results unless it is severe. In lipemic
serum samples, significant decreases in PON1 activities
were observed with increasing triglycerides concentra-
tion with all 3 methods. A negative correlation between
serum PONI1 activity and triglycerides has been report-
ed for humans.” In addition, lipemic samples can inter-
fere with many clinical chemistry tests through various
mechanisms, the most common of which is the scatter-
ing of light rays by the lipids (mainly chylomicrons and
very low-density lipoproteins).

Results of all the methods used in the present study
were highly correlated. In humans, similarly significant
correlations exist between results of arylesterase and
lactonase assays.” However, results of PONI activity
testing in humans with certain diseases can vary de-
pending of the substrate used, so the simultaneous use
of at least 2 substrates to measure PON1 activity is rec-
ommended to improve the reliability of the results.**

To test the ability of the methods to detect and dif-
ferentiate between PONI1 activities, we performed in
vitro assays to assess the influence of EDTA and oxi-
dative dog illness (eccentrocytosis) on PONI activity.
Reportedly, PON1 has an absolute requirement for Ca*
for activity and stability, so use of EDTA can inactivate
PONI1.” Our results are in agreement with previous
findings™ that a significant decrease of PONI activity
occurs when EDTA-treated plasma is used instead of
sSerum.

Eccentrocytes are erythrocytes in which hemo-
globin is concentrated on 1 side of the cell, leaving a
pale or clear eccentric space. These cells are associ-
ated with oxidative injury of erythrocytes in humans
and animals.?* Increased amounts of endogenous
oxidants are generated in various disorders, such as in-
flammation, neoplasia, and diabetes, or when reducing
pathways in erythrocytes are defective, as occurs with
glucose-6-phosphate dehydrogenase and flavin adenine
dinucleotide deficiencies.*®*" In the present study, dogs
with eccentrocytosis had lower TAC values than healthy
dogs, indicating oxidative damage.**** The decrease of
PONI in dogs with eccentrocytosis in the present study
indicates that the validated methods were able to detect
lower PON1 wvalues associated with oxidative stress. As
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has been reported for humans,* a significant correla-
tion was detected between PONI1 activities and TACs.
These data indicate that the PON1 methods described
here can be used to evaluate oxidative status in dogs.

The 3 assays described here will allow a wider use

of PON1 activity as a biomarker of oxidative stress in
dogs because the assays were robust, precise (with the
exception of the interassay values for lactonase meth-
od), and easy to set up in laboratories. As in human
medicine, these assays could allow additional research
into PON1 behavior in situations that can alter oxida-
tive status, such as sepsis and renal or chronic liver
disease in dogs; eventually, such studies could lead to
applications already described for humans, such as the
use of PON1 as a prognostic marker of disease progress
and recovery in patients with chronic liver disease*** or
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Butyrylcholinesterase (BChE) and paraoxonase 1 (PON1) are two serum enzymes synthesized by the liver
that are related with inflammation. The main objectives of this study were to determine changes in
serum BChE and PON1 by using a canine model of endotoxemia, and to evaluate whether choline alters
BChE and PON1 activities during inflammation. For this purpose, a total of 20 mongrel dogs were divided
into four groups: control, choline (C), lipopolysaccharide (LPS), and LPS + C. Dogs in the control group
were injected with 0.9% NaCl (0.2 ml/kg, iv.). Dogs in C and LPS + C groups received choline chloride
(20 mg kg, i.v., three times with 4 h intervals). Endotoxin was injected (0.02 mg/kg, iv., once) to the dogs
of LPS and LPS + C groups. Statistically significant decreases in BChE and PON1 activities in LPS group
were detected 24 and 48 h post injection, respectively. No statistically significant changes in BChE and
PON1 activities at different times were detected in control, C, or LPS + C groups. In conclusion, the data
obtained in present study revealed a decrease in serum BChE and PON1 activities in dogs during exper-

imentally induced endotoxemia and that choline administration attenuates these changes.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Sepsis, the systemic inflammatory response to infection, is char-
acterized by dysregulated production of cytokines, a pathologic
state that causes tissue injury, which leads to organ dysfunction
and death. In its early stages, unrestrained production of pro-
inflammatory cytokines, such as TNF and IL-1b triggers a systemic
inflammatory cascade mediated by chemokines, vasoactive
amines, the complement and coagulation systems, reactive oxygen
species, and acute phase proteins, among others, Despite intensive
research and attempts to improve treatment strategies for sepsis
and septic shock, infection remains a major cause of mortality in
intensive care units (Balk, 2000).

Butyrylcholinesterase (BChE) and paraoxonase 1 (PON1) are
two serum enzymes synthesized by the liver that are related with
inflammation (Das, 2007). Both enzymes seem to be functionally
related since BChE is inherently protected from oxidative stress
by PON1 (Ofek et al., 2007). The physiological function of BChE is
unknown in humans and animals; although it has been related
with lipid metabolism, obesity and endocrine disorders, such as
diabetes mellitus (Iwasaki et al., 2007; Rao et al., 2007), and with

# Corresponding author. Tel.: +90 224 2940809; fax: +90 224 2940873,
E-mail address: zyilmaz@uludag.edwtr (Z. Yilmaz).

0034-5288/3 - see front matter @ 2011 Elsevier Ltd. All rights reserved.
doi: 10.1016/j.rvsc.2011.09.010

detoxification processes of drugs and organophosphate and carba-
mate insecticides (Munro et al., 1991; Sakaguchi et al.,, 1997; Tecles
et al., 2002). Increased activity of BChE leads to reduced levels of
acetylcholine (ACh) in this way reducing anti-inflammatory ac-
tions exerted by this molecule. That, in turn, enhances local and
systemic inflammation (Das, 2007). Serum PON1 is an HDL-associ-
ated enzyme that protects LDL and HDL particles from oxidative
stress by promoting degradation of lipid peroxides contained in
cholesterol esters and phospholipids (Mackness et al,, 1991) and
in this way limiting production of proinflammatory mediators
(Watson et al., 1995). A drop in activity of the two enzymes (BChE
and PON1) has been observed in naturally occurring sepsis and fol-
lowing LPS application in humans and experimental animals, such
as hamsters and rats (Novak et al,, 2010; Feingold et al., 1998; Ofek
et al., 2007; Draganov et al., 2010).

Choline is an agonist of acetylcholine receptors and a precursor
of neurotransmitter acetylcholine (Ulus et al., 1988; Zeisel, 2006).
Choline treatment stimulates acetylcholine synthesis and release,
increases cholinergic neurotransmission, and activates both the
sympathoadrenal and parasympathetic systems (llcol et al., 2002,
2003, 2007, 2008; Cansev et al., 2007, 2008); these two branches
of the autonomic nervous system are involved in the body’s inte-
grated response to endotoxin (Nance and Sanders, 2007; Tracey,
2007; Gallowitsch-Puerto and Pavlov, 2007). Choline stimulates
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phospholipids synthesis, and treatment with choline-containing
phospholipids reduces organ injury/dysfunction and improves sur-
vival in experimental endotoxemia and/or sepsis (Gordon et al.,
2005; llcol et al., 2005, 2009).

To the authors knowledge there are no reports about the behav-
ior of BChE and PON1 in sepsis in dogs. In addition, there are no
published studies about possible influence of choline administra-
tion on these enzymes. So the principal objectives of this study
were (1) to determine changes in serum BChE and PON1 by using
a canine model of endotoxemia, and (2) to evaluate whether cho-
line alters BChE and PON1 activities during inflammation. More-
over, since the acute phase response is characterized by profound
alterations in the hepatic synthesis both of lipids and a number
of plasma proteins during inflammation, the relationship between
BChE, PON1, acute phase proteins (C-reactive protein — CRP, hapto-
globin = Hp and ceruloplasmin - Cp) and lipids was also investi-
gated in this experimental model

2. Material and methods
2.1. Animal and general procedures

A total of 20 adult healthy mongrel dogs (12 male and eight fe-
male) were used in this study. The dogs weighed 14.2-31.3 kg
(mean £SD, 244+48kg) and ranged from 2 to 5 years
(mean £5D, 3.6 £ 1.9 years). The animals have a body condition
score (BCS) of three in all cases. BCS was evaluated in accordance
with a 5-point scale (McGreevy et al., 2005).

The dogs were housed in individual cages in a controlled room
(18-24 °C and 12/12 h light/dark cycle) for 3 days before the
experiment at Veterinary Teaching Hospital, Uludag University,
Bursa, Turkey. All dogs were kept in similar conditions, provided
ad libitum water, and were fed twice daily with extruded diet
(IAMS-Propet, Istanbul, Turkey). The dogs were clinically healthy
based in normal clinical examinations and the results of complete
blood cell count and biochemistry including C-reactive protein
were within reference limit.

The experimental protocol was approved by the Animal Care
and Use Committee of the University of Uludag (protocol No:
2009-01/08),

2.2. Experiments

The dogs were divided into four groups of five dogs (two female
and three male) in each: (1) control group, (2) choline (C) group,
(3) lipopolysaccharide (LPS) group, and (4) LPS +C group.

Dogs in the control group were injected intravenously (iv.) via
the cephalic veins with 0.9% NaCl (0.2 ml/kg). Dogs in group C re-
ceived 20 mg/kg of choline chloride in 0.2 mljkg 0.9% NaCl, iv.,
three times with 4 h intervals. Dogs in LPS group received, saline
containing endotoxin (LPS) solution (0.2 ml/kg, 0.9% NaCl) iv.
slowly at the dose of 0.02 mg/ke for only once. In LPS+ C group,
the first choline chloride injection was performed 5 min after LPS
infusion, and the second and third choline chloride doses were in-
jected at the same dose, with 4 h intervals (Yilmaz et al,, 2006).

The experiment was initiated at 9:00 am, after 14 h of fasting in
all groups of dogs. All dogs were monitored clinically for 48 h after
the treatment. During this period, dogs were fed four times (at 12,
24, 36 and 48 h just after blood sampling).

2.3. Sample collection and measurements
Clinically body temperature, heart and respiratory rates, and

non-invasive mean arterial blood pressure (MAP, BM3-Vet; Bionet
Co. Ltd.) were recorded for this study. Venous blood samples were
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collected into tubes with and without EDTA (Vacutest EDTA Ks, BD,
3 ml, and Vacutest, BD, 10 ml, Hema & Tube Tic. Ltd. St., Ankara-
Turkey) before (baseline) and at 0.5, 1, 4, 24 and 48 h post-
treatment.

BChE activity was measured by previously reported method by
Tecles et al. (2000) and adapted for an automated analyser (Olym-
pus AU2700, Olympus Diagnostica GmbH).

Serum PON1 activity was determined measuring arylesterase
activity following a previously described method (Haagen and
Brock, 1992) with some modifications (Browne et al,, 2007). This
method was previously validated in our laboratory for use in dogs
(Tvarijonaviciute et al,, in press).

CRP concentration was measured using a human immunoturbi-
dimetric assay (CRP OSR 6147 Olympus Life and Material Science
Europe GmbH, Lismeehan, O’'Callaghan’s Mills, Co. Clare, Ireland)
that showed a correlation of 0.98 with a specific canine ELISA assay
(Tridelta Phase range canine CRP kit, Tridelta Development Ltd.,
Brey, Ireland) which has been validated for use in dogs (Marti-
nez-Subiela and Cerdn, 2005).

Hp concentration was measured by a commercially available
colorimetric method (Tridelta Phase range haptoglobin kit, Tridelta
Development Ltd.) that was validated previously for use in dogs
(Martinez-Subiela and Cerdn, 2005).

Serum concentration of ceruloplasmin was measured by use of
a spectophotometric method based on the in vitro oxidase activity
of Cp with p-phenylendiamine based validated for use in canine
samples (Ceron and Martinez-Subiela, 2004).

Total cholesterol, HDL-C, and LDL-C were performed on the
automated clinical chemistry analyser (Olympus AU2700, Olympus
Diagnostica GmbH) following the instructions of the manufacturer.

2.4, Chemicals

Endotoxin (lipopolysaccharide, Escherichia coli serotype 055:B5,
purity >97%) and choline chloride were purchased from Sigma
Chemical (St. Louis, MO), and dissolved in sterile saline solution
(0.9% NaCl) immediately before the experiment. The volume of
endotoxin or choline chloride containing solution injected intrave-
nously was 0.2 ml/kg.

2.5. Statistical analysis

Summarized data are shown as mean + SD. The results for each
parameter were evaluated for approximate normality of distribu-
tion by using the Kolmogorov-Smirnov statistics. Because the data
were not distributed normally, data were log transformed to assess
normality. Repeated measures ANOVA with Newman-keuls Multi-
ple Comparison post test were used to evaluate changes of proteins
in dogs' sera in different groups. Spearman correlation test was
preceded in order to verify the possible correlations between BChE,
PON1, APPs, and lipids. Values of p<0.05 were considered
significant.

3. Results

There were no statistically significant alterations of clinical
parameters monitored throughout the study in control (saline-
treated) dogs (Fig. 1), whereas choline caused increase in respira-
tory rate (Fig. 1b) and decrease in heart rate (Fig. 1¢). Also, choline
produced some physiological symptoms of a cholinergic nature
such as respiratory stress, hypersalivation, lacrimation and in-
crease in gastrointestinal motility (vomiting and defecation) with-
in 15 min after its intravenous administration. These symptoms
disappeared within 1 h following the treatment, and did not recur
throughout the study, whereas respiratory rate in response to cho-
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Fig. 1. Changes in clinical parameters { body temperature, and respiratory and heart rates) within and between groups. (a), (c), and (e): Dogs receiving normal saline (control
group) or choline chloride (group C); (b), {d), and (f): dogs receiving LPS alone (LPS group) or in combination with choline chloride (LPS +C group). ***p < 0.001 When
compared with baseline value {0 h), *p <0.01; when compared with respective wvalue from control group or LPS group.

line was stable high to 4 h, and then returned to baseline (Fig. 1c).
MAP was increased slightly, but not significantly, from baseline by
about 8% at 05h and 6% at 1h after choline administration

(Fig. 2a).

Endotoxin caused a rapid increase in body temperature
(Fig. 1b), heart and respiratory rates (Fig.1d and e), and decrease
in MAP by about 25% at 05h (p<0.001) and 22% at 1h
(p<0.001) from its baseline (Fig. 2b). Prolonged capillary refill
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Fig. 2. Changes in mean arterial blood pressure {MAP) measured by non-invasive blood pressure monitor (BM3-Vet; Bionet Co. Led,) within and between groups. (a): Dogs
receiving normal saline (control group) or choline chloride (group C); (b): dogs receiving LPS alone (LPS group) or in combination with choline chloride (LPS+ C group).
**p <0001 When compared with baseline value (0 h), 'p <0.001; when compared with respective value from LPS group.

time, weak peripheral pulse quality, depression, anorexia, vomit-
ing, and diarrhea were also observed within 0.5 h after LPS injec-
tion. The severity of clinical and haematological findings such as
marked leucopoenia (data not shown) increased during 1 h after
LPS administration. Heart and respiratory rates as well as body
temperature returned to baseline limits within 48 h. Two dogs of
LPS group were still depressive and had mild diarrhea at 48 h.

Choline administration protected or attenuated the clinical
abnormalities in response to endotoxin in LPS+C group (Fig.1b,
d, and f; Fig. 2b). There were significant differences on body tem-
perature at 24 h (p <0.001, Fig. 1b), respiratory rate at 0.5-48 h
(p<0.05-p <0.001, Fig. 1d), heart rate at 0.5-1h (p<0.05,
Fig. 1f), and MAP at 05-1h (p <0.001, Fig. 2b) between groups;
LPS vs LPS +C.

Changes of the analytes measured in the study in the four
groups appear in Fig. 3. A statistically significant decrease in BChE
activity in LPS group was recorded 24 h post injection (2.34+1.2
UIfL) when compared with BChE activity recorded at time 0
(3.36 1.1 UlJL, p<0.05). No statistically significant changes in
BChE activity at different times were detected in control, C, or
LPS + C groups.

A statistically significant decrease in PON1 activity was re-
corded in LPS group 48 h post injection (2.36 + 0.6 Ul/L) when com-
pared with PON1 activity recorded at time 0, 0.5, 1, 4, and 24 h post
injection (2.70+0.6 UI/L, p<0.05; 2.75+04 UL, p<0.05;
2.90 +0.6 UI/L, p <0.05; 3.20 +0.8 UI/L, p<0.01; 2.96+1.0 UI/L,
p<005; respectively). No statistically significant changes in
PON1 activity were detected in control, C, or LPS+ C groups.

No variations in CRP, Hp or Cp were detected in the control or
choline groups. In LPS and LPS + C groups a significant increase in
CRP started to appear at 4h and reached a peak at 24 h, with a
27 and 14 .6-fold increase, respectively. In LPS and LPS + C groups,
Hp started to increase significantly at 24 h and reached a peak at
48 hwith a 1.8 and 24-fold increase, respectively. Statistically sig-
nificant increase in Cp levels was detected 48 h after injection with
a 1.9 and 14-fold increase in LPS and LPS+ C groups of dogs,
respectively.

Table 1 shows Spearman correlation coefficients and signifi-
cance between the two enzymes (BChE, PON1) and other analytes
(APPs, TC, HDL-C, and LDL-C). Positive correlation was observed be-
tween BChE and PON1 (r=0494, p <0.0001). BChE activity was
negatively correlated with CRP and Cp, and positively with TC,
HDL-C, and LDL-C. Weak negative correlation was detected
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between PON1 activity and Cp, and positive with TC, HDL-C, and
LDL-C.

4. Discussion

Sepsis is the leading cause of death in critically ill patients (Balk,
2000). The pathophysiological mechanisms implicated in the
development of sepsis and organ failure are complex and involve
activation of systemic inflammatory response syndrome (SIRS)
and coagulation together with endothelial dysfunction. Endotoxe-
mia experimental models have been extensively used for induce
an inflammatory response in the dog, since is useful in replicating
the signs and laboratory findings observed in human sepsis/endo-
toxemia which is a common an serious condition in intensive care
unit patients worldwide (Yilmaz et al., 2006; llcol et al., 2005). LPS,
a heat-stable endotoxin, initiates consecutive intracellular events
in immune, endothelial and neuroendocrine cells in sepsis. While
pro-inflammatory mediators (TNF-o, etc.) eradicate invading
microorganisms by initiating acute phase reaction, anti-inflamma-
tory mediators (IL-4, etc.) adapt the immune system and leukocyte
responses to this new condition in order to take these reactions un-
der control (Van Amersfoort et al,, 2003). Using LPS induced endo-
toxemia as an experimental model, we aimed to increase the
knowledge about the behavior of BChE and PON1 in inflammation
in dogs that has been an unexplored field until now.

In the present study, endotoxemia was characterized by in-
creased body temperature and respiratory rate, and decreased
MAP and circulating white blood cell count, 0.5 h after LPS admin-
istration. These findings are in accordance with previous studies
(Yilmaz et al., 2010; llcol et al., 2005, 2009), and indicate the pres-
ence of SIRS in LPS-treated dogs. Choline administration, on the
other hand, reversed the enhancement in body temperature and
respiratory rate, and the reduction in MAP observed in dogs receiv-
ing LPS. Although choline alone reduced heart rate in normal dogs,
it did not affect the heart rate significantly when combined with
LPS administration, possibly because the effects of the two agents
negate each other to produce a relatively normal hearth rate. These
observations suggest that choline treatment, at least in the dose
range used in our study, does not cause a cardiovascular collapse
in LPS-induced experimental endotoxemia.

The increase of CRP after LPS injection that reached significance
at 4 h and peaked at 24 h with a more than 10-fold increment and
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Table 1

Spearman's correlation coefficients and significances within the whole group.
Analyte Number BChE PON1

R P R P

CRP 120 0.316 0.0007 0.099 03
Hp 120 0.1558 0.1 0.14 0.14
Cp 120 0.401 <0.0001 0.226 0.017
TC 120 0311 0.004 0.449 <0.0001
HDL-C 120 0.352 0.001 0.494 <0.0001
LDL-C 120 0.281 0.0096 0.448 <0.0001
BChE 120 0.494 <0.0001

CRP - C reactive protein; BChE - butyrylcholineaterase; PON-1 - paraoxonase-1; Hp
- haptoglobin; Cp - ceruloplasmin; TC - total cholesterol; HDL-C - high density
lipoprotein colesterol; LDL-C - low density lipoprotein colesterol

the increases in Hp and Cp that peaked later, at 48 h, with a lower
than 2-fold increment (Fig. 3), indicated that an inflammatory
acute phase response was produced in our experimental model,
as evidenced by the behavior of these proteins which are major
(CRP) and moderate (Hp) positive acute phase proteins (Ceron
et al., 2005).

In our work, a significant decrease in BChE in endotoxemia in
dogs appeared at 24 h. Moreover, a negative significant correlation
between BChE and CRP and Cp was detected. These findings agree
with the decreases in BChE described in previous reports with sep-
sis or infection in humans. A significant decrease in the level of
cholinesterase has been found in human patients with systemic
sepsis syndrome (septic shock) in an intensive care unit (Al-Kassab
and Vijayakumar, 1995). Similarly a decrease in BChE activity was
observed in patients with postoperative infections (Blanceil and
Delaroche, 1996). The inflammatory reaction associated to a path-

283



A Tvarijonaviciute et al. /Research in Veterinary Scence 93 (2012) 668-674 673

ogenic stimulus is followed by a fast and crucial anti-inflammatory
response, defined as compensatory anti-inflammatory response
syndrome - CARS (Adib-Conquy and Cavaillon, 2009). This limits
the inflammatory processes below a certain threshold, ascertaining
survival and avoiding autoimmune diseases or spreading of the
inflammatory components into the bloodstream, which may lead
to septic shock (Tracey, 2002). Neither the origin(s) of individual
variability in response to inflammation, nor the underlying mech-
anism(s) are fully understood. However, cholinergic signaling is in-
volved in anti-inflammatory reactions, mediated by acetylcholine
an inhibitor of the activation of macrophages and release of pro-
inflammatory cytokines (Tracey, 2002). The decrease of BChE ob-
served at 24 h after the stimulus in our study could be an organic
reaction with the purpose of increasing the acetylcholine levels
and limiting the inflammatory response (Rosas-Ballina and Tracey,
2009).

Oxidative stress is a major promoter and mediator of the sys-
temic inflammatory response. Serum PON1 has been demonstrated
in multiple clinical and animal studies to protect against oxidative
stress, but also to undergo inactivation upon that condition (Draga-
nov et al., 2010). In present study we found a decrease in PON1
activity in LPS treated dogs at 48 h. It was suggested that PON1
is predominantly expressed in the liver and is carried in plasma
bound to HDL, which provides the optimal acceptor complex in
terms of both stimulating PON1 secretion and/or stabilizing the se-
creted PON1 protein. Changes in lipid and protein composition of
HDL in response to inflammation influence PON1 activity and func-
tion (James and Deakin, 2004). During the acute phase response,
HDL is losing apolipoprotein A1, esterified cholesterol, and most
of the HDL-associated enzymes (including PON1). PON1 is replaced
mainly by serum amyloid A with the concomitant loss of HDL anti-
oxidative properties (Van Lenten et al., 1995). A dose-dependent
decrease in serum PONT1 activity and liver PON1 expression
(36-62%) during sepsis has been demonstrated in the serum of Syr-
ian hamsters, a model of Gram-negative bacterial infection, within
24 h following LPS treatment (Feingold et al, 1998). Moreover,
administration of tumor necrosis factor-o and interleukin-1 cyto-
kines without LPS treatment moderately decreased serum PON1
activity and PON1 mRNA levels in the liver, indicating a partial
direct negative effect of these cytokines on PON1 expression (Fein-
gold et al., 1998). Additionally, Novak et al. (2010) describe PON1
as a negative acute phase protein as observed decreased PON1
activity during inflammation and detected negative correlation be-
tween PONT1 activity and CRP levels. In the present study, PON1
activity did decrease during inflammation, but statistically signifi-
cant negative correlation was detected only between PON1 and
ceruloplasmin.

BChE as well as PON1 positively correlated with total choles-
terol, HDL-C, and LDL-C. These results are in accordance with data
reported in human medicine (Novak et al, 2010; lwasaki et al.,
2007). It has been proposed that BChE may be involved in lipid
metabolism and flux of free fatty acids between adipose tissue
and liver, thus regulate adiposity (Ilwasaki et al., 2007). Moreover,
significant positive correlation between the two enzymes studied
in present study has been observed, confirming a functional rela-
tionship between BChE and PON1 during inflammation in dogs.

In the present study no statistically significant changes in BChE
and PON1 activities were detected in dogs that received endotoxin
and choline in comparison with the decrease found in both en-
zymes in LPS group. Even a trend of BChE and PON1 activities to
increase was observed when choline was administered. The mech-
anism(s) that are responsible of the observed effect of choline on
BChE and PONT1 activities are not clear. The choline protective ef-
fect over liver in the dog by restore endotoxin-induced hypoten-
sion and improve tissue perfusion during endotoxemia could be
one of the reasons by these enzymes do not decrease after LPS (I1-
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col et al., 2005). Also, it was described that cholinesterase de-
creases during inflammation in order to increase acetylcholine,
an inhibitor of pro-inflammatory cytokines, and in this way limits
the inflammatory response (Rosas-Ballina and Tracey, 2009). It
could be postulated that lack of decrease in BChE activity found
after choline administration in sepsis is due to the attenuation in
the inflammatory response that is produced by choline (llcol
et al., 2005). One sign of this response could be the lower magni-
tude of CRP and Cp increments in LPS + C group in comparison with
LPS group indicating a reduced inflammatory reaction. Addition-
ally, choline administration could attenuate the decrease of PON1
activity during inflammation due to its inhibitory effect of the re-
lease of tumor necrosis factor-o (TNF-o) from the Kupffer cells
(Rivera et al., 1998; Ilcol et al., 2005); cytokine that has been dem-
onstrated to have a direct negative effect on PON1 mRNA levels in
the liver (Feingold et al., 1998).

It can observed that choline prevented LPS-mediated decreases
in BchE and PON1 activity, but comparatively seemed to have little
ability to mitigate CRP, ceruloplasmin and haptoglobin increases.
Although choline has been shown to inhibits TNF-o and IL-6 (llcol
etal., 2005; Murch et al,, 2008) it would be interesting in the future
to perform a complete panel of cytokines in these situations in or-
der to evaluate if selective inhibition of these mediators could be
involved in the variability of the response.

In conclusion, the data obtained in present study revealed a de-
crease in serum BChE and PONT1 activities in dogs during experi-
mentally induced endotoxemia and that choline administration
attenuates these changes. These findings could be related with
the improvements of the endotoxin-induced symptoms in dogs
when choline is administered.
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The aim of this study was to analyse serum butyrylcholinesterase (BChE) values in experimentally devel-
oped obesity in Beagle dogs. A short-term fattening protocol was applied to 11 dogs to obtain a wide
range of bodyweight (BW) gains and body condition scores (BCS) of 4 and 5; four other dogs with BCS
scores of 3 were used as controls. A significant increase in serum BChE activity in overweight dogs
was observed when compared with the group of optimal weight dogs. Significant correlation was
detected between BChE and BCS (r=0.911), BW (r=0.538) and morphological parameters (waist and
thorax circumference, r=0.563 and r= 0.552, respectively). Serum BChE concentration had a negative
correlation with adiponectin concentration (r= 0.719) and a positive correlation with serum lipid profile
(cholesterol (r=0.781), HDL-cholesterol (r=0.763), LDL-cholesterol (r=0.878)). It was concluded that
serum BChE activity is increased in experimentally overweight dogs and is correlated with other physical

and biochemical markers of obesity.

© 2009 Elsevier Ltd. All rights reserved.

Introduction

Two classes of cholinesterase (ChE) enzyme that are capable of
hydrolysing acetylcholine exist in the blood of most mammals in
various proportions. True cholinesterase or acetylcholinesterase
(AChE, EC 3.1.1.7) is a specific ChE, which hydrolyses acetylcholine
and propionylcholine (but not butyrylcholine) and is present at
high levels in brain, nerve and red blood cells. The other type,
called butyrylcholinesterase (BChE, EC 3.1.1.8), is a non-specific
ChE (also called pseudocholinesterase) that hydrolyses butyrylcho-
line at higher rate than acetylcholine and propionylcholine.

BChE is produced and secreted by the liver and is present in the
serum, pancreas, and central nervous system (Kaplay, 1976; Jope
et al., 1985; Dass et al,, 1994). Both AChE and BChE are inhibited
by organophosphate and carbamate insecticides, although they
can have different affinity for specific inhibitors: e.g., tetraisopro-
pylpyrophosphoramide or phenothiazine derivatives are selective
BChE inhibitors (Augustinsson et al., 1978).

In veterinary medicine, ChE has attracted attention as a biosca-
venger of drugs and organophosphate and carbamate insecticides
(Munro et al., 1991; Atkinson et al., 1994; Sakaguchi et al., 1997).
However, studies in humans have reported significant associations
between serum BChE activity and parameters of adiposity, serum
lipid profile and glucose metabolism, as well as a potential involve-
ment of BChE activity in lipid metabolism in adipose tissue

* Corresponding author. Tel: +34 968 36 4722; fax: +34 968 36 4147,
E-mail address: jjceron@um.es (].J. Ceron).

1090-0233/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tvjl.2009.07.030

(Magarian and Dietz, 1987; Alcatara et al., 2003; Randell et al.,
2005; Calderon-Margalit et al., 2006; [wasaki et al.,, 2007).

The objective of the present study was to evaluate whether
there is a relationship between serum BChE and obesity in dogs.
For this purpose, serum BChE activity was correlated with morpho-
logical (bodyweight [BW], body condition score [BCS], thorax and
waist circumference) and biochemical biomarkers of adiposity,
such as adiponectin and serum lipid profile (including total choles-
terol, high density lipoprotein cholesterol [HDL-C], low density
lipoprotein cholesterol [LDL-C], triglycerides [TG]) in Beagle dogs
with different weights and body conditions obtained after an
experimental short-term induced overweight trial.

Materials and methods
Animals and experimental set-up

Atotal of 15 adult intact, university-owned Beagle dogs were used in this study
(7 females, 8 males; age range 5.1-7.4 years; BW range 12.4-18.6 kg). Dogs were
maintained in their usual kennel (1 or 2 dogs per kennel) under controlled temper-
ature (23 +2°C) and light {lights on at 08:00-20:00 h). The size of each kennel was
3x4m.

To obtain a wide range of weights and body condidons, the protocol described
by Sagawa et al. (2002) was used with some modifications. Dogs were separated
into two groups and maintained for 10 weeks as follows: group A (4 dogs; 2 males,
2 females) were fed a standard dry food (Premium Croc Adult, Affinity Petcare), con-
taining 24.0% crude protein, 16.1% crude fat, 2.5% crude fibre, 6% crude ash, 8%
moisture; group B (11 dog; 6 males, 5 females) were fed a high-energy diet (Ad-
vance Performance, Affinity Petcare) containing 31.0% crude protein, 21.0% crude
fat, 2.0% crude fibre, 6.5% crude ash, 8% moisture. For all dogs food and water were
available ad libitum.
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The assessment of the nutritional condition was based on a 5-scale BCS: 1, thin;
2, lean; 3, optimal; 4, obese; 5, gross (Laflamme, 1997). At the beginning of the
study all dogs in group A had optimal weight (BCS 3); in group B, seven dogs (4
males and 3 females) had optimal weight (BCS 3) and four dogs {2 males and 2 fe-
males) were obese (BCS 4).

All dogs passed general health examinations weekly throughout and complete
blood count and biochemical profiles were performed at the beginning of the study
confirmed that there were no apparent abnormalities (except obesity). All animals
had a negative serological titre for Leishmania infantum and Erlichia canis. Animal
care and procedures were in accordance with the guidelines of the University of
Murcia.

Blood samples for BChE and the other biochemical assays were collected from
all dogs at the end of the experimental period. Collections were made in the morn-
ing {after an overnight fast of at least 12 h) by venipuncture of the cephalic veininto
tubes containing clotting accelerator (TapVal, Aquisel). Samples were centrifuged at
2000 g for 10 min at room temperature to obtain serum, which was stored in plastic
vials at —20 °C until analysis. On the day of analysis, samples were brought to room
temperature and thoroughly vortexed prior to measurements.

Morphological parameters (thorax and waist circumference) were measured on
the morning after blood sample collection. The circumference of the thorax was
measured just behind the front legs at the widest point, Waist circumference was
measured just in front of the back legs (Burkholder and Toll, 2000).

Biochemical parameters

Serum BChE activity was measured using a previously reported method by Te-
cles et al. (2000) using butyrylthiocholine iodide as substrate and adapted for an
automated analyser (Olympus AU2700, Olympus Diagnostica). The activity of BChE,
which represents the total amount of ChE in dog serum, could be quantified (Tecles
et al., 2000). Plasma total cholesterol, HDL-C, LDL-C, TG and glucose were also mea-
sured using the analyser and following the instructions of the manufacturer. Plasma
adiponectin concentration was determined by human high sensitivity adiponectin
ELISA (Human Adiponectin ELISA, High Sensitivity Kit, BioVendor-Labaratorni med-
icina), previously validated in our laboratory.

Statistical analysis

Summarised data are shown as means + SD. Data were log transformed to as-
sess normality. Unpaired t tests were used to compare levels of ChE activity, mor-
phological parameters and biochemical biomarkers of adiposity in different
groups. A paired ¢ test was used to compare changes of BW at the beginning and
the end of the study in the same groups. Correlations between variables were esti-
mated using Pearson's correlation coefficient. P < 0.05 was considered significant

Results

The feeding protocol produced a wide range of weight gains
and BCS. The differences allowed us to divide the dogs into three
groups based on different BCS: group A had four dogs (2 males, 2
fernales) with BCS 3, group B had five dogs (3 males, 2 females)
with BCS 4, and group C had six dogs (3 males, 3 females) with
BCS 5. Results for weight gain and BCS are shown in Table 1. In

Table 1

Mean bodyweight and mean body condition score of dogs in groups A, B and C. Dogs
in group A were fed a standard dry food, whereas in groups B and C they were fed
high-energy food. BCS was expressed on 5-point scale: 1, thin; 2, lean; 3, optimal; 4,
obese; 5, gross.

Dogs Week 0 Week 10 P
Group A

M/F 22

BW (kg) 13.8+1.7 145+1.7 NS
BCS 3 3

Group B

M/F 32

BW (kg) 13.9+13 157+1.1 0.019
BCS 3 4

Group C

M/(F 3/3

BW (kg) 144+24 19.15+£35 0.002
BCS 3 5

M/F, male/female; BW, bodyweight; BCS, body condition score; NS, not significant.
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group A there were no significant differences in the BW between
week 0 and week 10. In groups B and C a significant increase
in BW was observed (P=0.019 and P=0.002, respectively). Dogs
in group C showed higher food consumption than those in
group B.

Table 2 shows the values of the morphological measurements
and biochemical analytes of the different groups of dogs. A signifi-
cant increase in plasma BChE activity in both groups of overweight
dogs was observed, when compared with the group of optimal
weight dogs. Plasma BChE activity in the optimal weight dogs
(BCS 3) was 3.1 20.5 kU/L, in obese dogs (BCS 4) 3.8+0.5 kUJL,
and in gross dogs(BCS5) 5.4 £ 0.5 kU/L. Plasmaadiponectin concen-
trations were lower, whilst concentrations of lipid (total cholesterol,
HDL-C, LDL-C and TG), as well as values of morphological measure-
ments (BW, thorax and waist circumference) were higher in groups
B and C compared with group A, but the differences were only sig-
nificant between groups A and C (Table 2).

The relationship between plasma BChE and other variables
determined at the end of the feeding period are listed in Table 3.
A significant correlation was detected between ChE and BCS
(r=0.911; P<0.001), BW (r=0.538; P< 0.047) and morphological
parameters (waist and thorax circumference; r=0.563; P<0.05
and r=0.552; P <0.05, respectively). Plasma BChE concentration
had a significant negative correlation with adiponectin
(r=-0.719; P<0.005), and positive correlation with serum choles-
terol profile (cholesterol (r=0.781; P<0.001), HDL-C (r=0.763;
P<0.005), LDL-C (r=0.878; P<0.001), but not with plasma con-
centrations of TG and glucose (Table 3).

Table 2
Values of the morphological measurements and biochemical analytes of the groups A,
BandC.

Dogs Week 10 P
Group A

BW (kg) 145+1.7

Thorax circumference {cm) 59.0+33

Waist circumference (cm) 503 +40

ChE (kuUjL) 31+03

Adiponectin { ng/mL) 143+12

Cholesterol { mg/dL) 14724223

HDL-C (mg/dL) 1188+156

LDL-C {mg/dL) 31.3+4.1

TG (mg/dL) 38.7+96

Glucose (mg/dL) 1063+76

Group B

BW (kg) 15.7+1.1 NS
Thorax circumference (cm) 59.7+23 NS
Waist circumference {cm) 524+44 NS
ChE (kUjL) 382+05 <0.05
Adiponectin (ng/mL) 13.2+16 NS
Cholesterol { mg/dL) 16834232 NS
HDL-C (mg/dL) 1328+182 NS
LDL-C (mg/dL) 444485 NS

TG (mg/dL) 40.7 + 6.4 NS
Glucose (mg/dL) 97.0+122 NS
Group C

BW (kg) 19.15+3.5 <0.05
Thorax circumference (cm) 65.6+43 <0.05
Waist circumference (cm) 593+45 0.05
ChE (kUjL) 54+05 <0.0005
Adiponectin ( ng/mL) 8.1+23 <0.001
Cholesterol (mg/dL) 23524215 <0.001
HDL-C (mg/dL) 169.6+11.1 <0.001
LDL-C (mg/dL) B7.6+16.7 <0.0005
TG (mg/dL) 59.4+19.1 NS
Glucose (mg/dL) 1005+6.8 NS

BW, bodyweight; BCS, body condition score; ChE, cholinesterase; HDL-C, high
density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG,
triglycerides. Significance compared to group A (P<0.05); NS, not significant.
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Table 3
Correlation coeffidents (r) between plasma BChE and other analytical variables at
week 10.

Variable n P P

BW (kg) 15 0538 0.047
BCS 15 0911 <0.001
Thorax circumference {cm) 15 0552 0.041
Waist circumference (cm) 15 0.563 0.036
Plasma adiponectin 15 0.719 0.004
Plasma total cholesterol 15 0.781 0.001
Plasma HDL-C 15 0.763 0.002
Plasma LDL-C 15 0878 <0.001
Plasma TG 15 0519 0.057
Plasma glucose 15 ~0.081 0.782

BW, bodyweight; BCS, body condition score; ChE, cholinesterase; HDL-C, high
density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG,
triglycerides.

Discussion

The primary objective of this study was to analyse the possible
relationship between serum BChE and obesity in dogs. Increased
serum BChE activity of 19.7% and 42.9% in dogs with BCSs 4 and
5 was observed when compared with optimal weight dogs (BCS
3), but did not exceeded the reported serum BChE reference range
of 3.41-6.56 kU/L previously established for healthy dogs (Abdelk-
ader and Hauge, 1986; Furlanello et al., 2006). Similarly, increases
in BChE have been reported in obese humans compared with those
of optimal bodyweight (9.0 kU/L vs. 8.1 kU/L) (Calderon-Margalit
et al., 2006), although all values were inside the reference range
established in humans for BChE (4.6-14 kUJL) (Vaisi-Raygani
et al., 2007).

The significant correlation between serum BChE and BW, BCS,
waist circumference, and thorax circumference could suggest a di-
rect relationship between BChE activity and obesity in dogs. Simi-
lar results were published in human medicine, where an
association of BChE with waist circumference and body mass index
has been reported (Alcatara et al., 2003; Randell et al., 2005). Mor-
phological parameters (waist and thorax circumference) are rela-
tively homogeneous in humans in contrast to dogs of different
breeds (German, 2006). For this reason, only dogs from one breed
were included in present study.

Serum BChE activity was significantly positively correlated with
total cholesterol, HDL-C and LDL-C, and a positive trend was found
in the correlations between TG concentration and serum BChE
activity - findings that are consistent with those described in hu-
mans (Randell et al., 2005). As a possible explanation for the rela-
tionship between BChE and lipids, it has been proposed that an
incremental flux of free fatty acids from adipose tissue to the liver
might stimulate the hepatic synthesis of plasma BChE (Cuauianu
et al., 2002). In present study, there was no correlation between
serum BChE and glucose. This result is also in agreement with re-
ports evaluating humans, in which no association between BChE
and glucose was found in healthy people, and only correlation be-
tween both analytes have been detected in case of diabetic patients
(Calderon-Margalit et al., 2006).

A significant negative correlation between serum BChE and
adiponectin concentrations was found in the present study. Adipo-
nectin has been investigated as a good index of adiposity in dogs,
as serum adiponectin concentrations decrease with weight gain
(Ishioka et al., 2006; Brunson et al., 2007). The correlation between
BChE and adiponectin is further evidence of the association be-
tween obesity and BChE activity in dogs.

The main limitations of this study are the relatively low number
of animals used and the use of only one breed. However, the num-
ber of dogs is in line with other experimental studies of obesity in
dogs (Ishioka et al., 2002; Jeusette et al., 2006; Briand et al., 2008).

In addition, this was a preliminary study and we wanted to limit
the possible confounding effect of breed variations, especially in
morphological measurements. Further studies with a higher num-
ber of animals and a variety of breeds will be necessary to evaluate
if serum BChE keeps a similar correlation with obesity markers and
if it could be an useful biomarker of obesity in dogs in routine
practice.

Conclusions

Serum BChE activity was increased in overweight Beagle dogs
fed a high-energy diet and correlated with other obesity markers,
such as changes of morphological parameters, increment of serum
lipids (total cholesterol, HDL-C, LDL-C) and decrease of adiponectin
concentrations.
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Abstract

Background: Obesity is the most common nutritional disorder in today’s dog population and
the major risk factor for a number of diseases. However, the pathogenesis of this relationship
is still not clear. Butyrylcholinesterase (BChE) in humans has been associated with the
lipoprotein metabolism and pathogenesis of inflammation; factors that could be involved in

the development of obesity related diseases.

Objectives: To study the possible effects of experimentally induced weight loss on BChE and
acetylcholinesterase (AChE) in dogs in order to increase the knowledge about the possible

relationship between these enzymes and obesity.

Methods: Six, female, obese, non-castrated, beagle dogs remained in a weight loss programme
for 3 months. BChE was measured in serum samples using butyrylcholine as substrate, while
AChE was measured in whole blood samples after BChE has been inhibited with

ethopropazine, using acetylcholine as a substrate.

Results: Serum BChE showed a statistically significant decrease (p<0.05), whereas, a highly
significant increase (p<0.01) was detected in AChE in dogs after rapid weight loss. A significant
positive correlation was detected between serum BChE activity and levels of total cholesterol
(r=0.745), LDL-C (r=0.752), HDL-C (r=0.744), and TG (r=0.602). A significant negative correlation
was detected between serum BChE and AChE activities (r=-0.826), and between AChE activity

and serum levels of total cholesterol (r=-0.634), LDL-C (r=-0.687), and HDL-C (r=-0.560).

Conclusions: Short-term weight loss in the experimental conditions of this study did produce
different effects in the two cholinesterase isoenzymes, with significant decreases in BChE and

increases in AChE activities.
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Approximately 25 to 41% of dogs receiving veterinary care are overweight or obese.™* Obesity
in dogs is associated with increased risk for other diseases, such as diabetes, pancreatitis,

dyslipidemia, osteoarthritis, hypertension, altered kidney function, and respiratory distress.’

Mammalian blood contains at least two types of cholinesterase (ChE): erythrocyte
cholinesterase (EC 3.1.1.7), also known as acetylcholinesterase (AChE), which is characterized
by high activity in brain, nerve and red blood cells, and plasma cholinesterase (PsChE; EC
3.1.1.8), also known as butyrylcholinesterase (BChE), which is mainly synthesized in the liver
with posterior distribution to several parts of the organism, being more abundant in plasma.*
AChE catalyzes hydrolysis of acetylcholine within cholinergic synapses of the brain and
autonomic nervous system. Although BChE shares some of these functions, its biological role
has not been clearly established.” It has been reported that BChE may be involved in

lipoprotein metabolism and pathogenesis of inflammation.®’

Recent studies in humans have described significant associations of serum BChE
activity with the body weight, body mass index, and different serum analytes related with
adiposity, such as triglycerides or cholesterol.>™ In addition, the increase of serum BChE
activity in experimentally induced obesity in dogs has been reported.'’ However, to the
authors knowledge no studies about possible effects of an induced weight loss programme on
BChE activity in dogs have been published. Additionally, there are no reports that evaluate if
there is also a relation between the other type of cholinesterase, AChE, and obesity in this

species.

We hypothesized that weight loss could produce changes in BChE and AChE activities
in dogs. So the aim of this study was to evaluate the possible variations in serum BChE and

whole blood AChE activities after an experimentally induced rapid weight loss in dogs.

A total of six adult female obese, non-castrated beagle dogs (age range, 5.2 — 6.5

years), were used in this study. These dogs had participated in a study aiming investigate
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effects of weight loss on inflammatory biomarkers." Briefly, all dogs began the study with
>30% obesity (body condition score [BCS] 5/5) and remained on the weight loss study until
they reached a BCS 3/5 compatible with their ideal body weight.”® Animals received restricted
amount of hypo-energetic commercial diet (Obesity Management, Royal Canin) once a day.
The amount of food was progressively adjusted to induce a rapid weight loss (2-3% of body
weight [BW]/week) and to cover the minimal requirements in proteins.** Drinking water for all
dogs was available ad libitum. BCS and BW were determined weekly. Body fat mass (FM) was
obtained at the obese stage and after weight loss, using dilution of a single dose of deuterium

oxide (275 mg/kg).”

At the beginning and the end of experimental weight loss period a total of five mL of
blood from each dog were obtained by venipuncture of the cephalic vein on the morning
before feeding. Four mL were placed in tubes with clot accelerator (TapVal, Aquisel) and 1 mL
in tubes with EDTA (TapVal, Aquisel). EDTA tubes were strictly filled till the limit recommended
by the manufacturer in order to avoid differences in final EDTA concentrations. After complete
clotting, samples of tubes with clot accelerator were rimmed and centrifuged at 2000g for 10
min at room temperature. Then the serum was separated and immediately stored in plastic
vials at -202C until analysis. Whole blood samples with EDTA were diluted 1:50 with distilled
water and frozen at -202C until analysis.*® All samples were analysed in one batch less than 6

months after collection. ChE has been shown to be stable at -202C for at least 6 months."

Animal care and procedures were in accordance with the guidelines of the University
of Murcia that follows European legislation and were approved by the Local Ethical

Committee.

Serum BChE activity was measured using butyrylthiocholine as a substrate following
previously reported procedures'® and adapted for an automated analyser (Olympus AU2700,

Olympus Diagnostica GmbH). Whole blood AChE (AChE) activity was measured™® after
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inhibition of BChE with ethopropazine using acetylthiocholine as a substrate. The procedure
described by Worek et al.' was followed with some modifications (the ethopropazine
concentration was increased to 0.3 mM) in order to adapt its use in dogs and assure a total
inhibition of BChE. This method is considered as a gold standard for measurement of AChE.”

The intra- and inter-assay coefficients of variation were below 10%.

Cholesterol, HDL- cholesterol, LDL- cholesterol, and triglycerides were analyzed in the

automated clinical chemistry analyser (Olympus AU2700, Olympus Diagnostica GmbH).

Data is presented as median (range) unless otherwise stated. The results for each
parameter were evaluated for approximate normality of distribution by using the Kolmogorov—
Smirnov normality test statistics. Data giving a non parametric distribution were log
transformed for subsequent statistical analysis. Paired t test of log transformed data was used
to compare changes in BChE and AChE at the beginning and the end of the weight loss study in
dogs. Correlations between variables were estimated using Pearson’s correlation coefficient of

log transformed data. Values of p<0.05 for two-sided analyses were considered significant.

Serum BChE showed a statistically significant decrease in dogs after weight loss (6.05
(5.70-8.20) vs. 5.20 (3.10-5.60) umol/mL/min; p<0.05) and a significant increase was detected

in AChE (0.65 (0.49-0.79) vs. 0.80 (0.80-0.99) umol/mL/min; p<0.01).

Positive correlation was detected between serum BChE activity and levels of total
cholesterol (r=0.745, p<0.001), LDL-C (r=0.752, p<0.001), HDL-C (r=0.744, p<0.001), and TG
(r=0.602, p<0.05). Negative correlation was detected between serum BChE and AChE activities
(r=-0.826, p<0.0001). Negative correlation was detected between AChE activity and serum
levels of total cholesterol (r=-0.634, p<0.01), LDL-C (r=-0.687, p<0.01) and HDL-C (r=-0.560,

p<0.05).
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The primary objective of this paper was to analyse the evolution of BChE and AChE
during weight loss in dogs. To the authors’ knowledge, this is the first report in literature that
evaluates simultaneously the behaviour of both isoenzymes, BChE and AChE, in relation with

weight loss in this species.

The BW reduction in animals of our study was accompanied by the decrease in
cholesterol, HDL-C, and LDL-C and the improvement in insulin resistance during experimentally
induced weight loss.” These results indicate that the protocol used in present study lead to
rapid reduction in weight loss accompanied by changes in serum biochemical analytes that

have been shown in previous studies to be related with obesity, such as lipidic profile.®

We determined BChE in serum and AChE in whole blood after BChE inhibition, as

1920 yse of serum and butyrylthiocholine as substrate to

recommended by different authors.
measure BChE in dogs is indicated since no AChE activity is detected with this procedure.”
AChE was measured in whole blood, since the use of whole blood has been recommended for
international standardization of AChE measurements.”> When whole blood AChE is measured,
use of selective inhibitor of BChE is recommended, as it was demonstrated that BChE is able to
hydrolyse acetylcholine substrate.”’ Naik et al.”® have reported that ethopropazine is much

more specific inhibitor of BChE compared with 1so-OMPA. For this reason in present study

ethopropazine as a specific inhibitor of BChE was used for AChE measurements.

Serum butyrylcholinesterase activity decreased in average 23.4% (range, 8.2 — 48.3%)
in dogs in response to weight loss during a 12 weeks period. We have previously reported that
serum BChE increased in dogs within a range of 19.7-42.9% after short-term induced weight
gain."" In the present study, a correlation between BChE and cholesterol profile and
triglycerides was found. In human medicine an association between BChE and obesity markers,
like lipid profile, BW and waist circumference, has been reported.? It has been proposed that

an incremental flux of free fatty acids from adipose tissue to the liver might stimulate the
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hepatic synthesis of plasma BChE as a possible explanation for the relationship between ChE
and lipids.?®> On the other hand, it has been described that serum BChE produces hydrolysis of
acetylcholine and it is implied in the maintenance of cholinergic function.” Increased activity of
BChE leads to reduced levels of acetylcholine, in this way reducing the anti-inflammatory
actions exerted by this molecule. That, in turn, enhances local and systemic inflammation.”
Thus, the decrease of BChE activity observed in dogs after weight loss could indicate decreased

predisposition to inflammation of obese dogs.

In the present study, mean increase of 31% (range, 11.9 — 61.9%) in AChE activity was
detected after weight loss in beagle dogs. In human medicine, a significantly lower AChE
activity in overweight/obese persons in comparison with normal weight ones have been
reported (1.18+0.13 vs. 1.23+0.12 nmol hydrolysate/mg protein/min, respectively).?* It was
suggested that the decrease in AChE could be related with impairment of the erythrocyte
membrane physical-chemical properties in overweight and obese people as a consequence of
oxidative injury that could be part of a pathogenic mechanism responsible for obesity related

pathologies.”

Overall it can be concluded that a short-term weight loss in the experimental
conditions of this study produced significant decrease in BChE and increase in AChE activities.
Further studies should be undertaken to clarify the physiopathological mechanisms involved in
these changes and the possible implication that these variations in cholinesterase isoenzymes

activities can have in the development and complications associated with obesity.
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Increased serum butyrylcholinesterase (BChE) activity is a feature of diabetes mellitus (DM) in humans
and rats. The objective of this study was to evaluate serum BChE activity in diabetic dogs. The activity

of the enzyme was assessed in three cohorts of animals: (1) dogs with naturally occurring DM

Keywords:
Butyrylcholinesterase (BChE)
Diabetes mellitus

(n=74); (2) clinically normal dogs (n=74); and (3) dogs with various other diseases (n=74). A statisti-
cally significant increase in BChE activity was found in the diabetic dogs (7.59 + 2.9 kUI/L) compared with
the clinically normal animals (6.12 £1.94 kUl/L; P<0.05), and with the dogs with other diseases
(5.55 +2.06 kUIJL; P<0.01). Such increased activity could be the result of the altered glucose and lipid

?ﬁglw&rid&s metabolism that occurs in DM.
© 2012 Published by Elsevier Ltd.
Intreduction vated BChE activity (Annapurna et al, 1991). To the authors’

Cholinesterase is a mammalian enzyme found in two forms,
namely, acetylcholinesterase (AChE, EC 3.1.1.7) and butyrylcholin-
esterase (BChE; EC 3.1.1.8). AChE is present in the central nervous
system and in platelet and erythrocyte membranes, while BChE is
more abundant in the serum and is synthesised by the liver.

Despite research spanning a number of decades, the physiolog-
ical function of BChE remains unknown. In humans, a direct asso-
ciation has been demonstrated between serum BChE activity and
obesity, the serum lipid profile and insulin resistance (Iwasaki
et al., 2007), and it has been suggested that BChE is involved in
the pathophysiology of metabolic syndrome, which is character-
ised by visceral obesity, dyslipidaemia, hypertension and glucose
intolerance. Although the exact role of this enzyme remains un-
clear, its activity is associated with insulin deficiency and/or resis-
tance and with incremental trafficking of free fatty acids from
adipose tissue to the liver (Cucuianu et al., 2002). The inhibition
of the activity of BChE has been mooted as a treatment for obesity
where there is concurrent dyslipidaemia and insulin resistance
(Iwasaki et al., 2007).

There is evidence linking BChE and diabetes mellitus (DM),
where increased serum BChE activity is found in both type 1 and
2 forms of the disease in humans (Abbott et al, 1993; Cucuianu
et al., 2002). There is also an association between serum BChE
activity and high fasting insulin levels where insulin resistance is
demonstrated (Randell et al,, 2005). Furthermore, induction of type
I DM in rats following treatment with streptozocin results in ele-

# Corresponding author. Tel.: +39 049856 1098,
E-mail address: mc@sanmarcovet.it (M. Caldin).

1090-0233/$ - see front matter @ 2012 Published by Elsevier Ltd.
doi:10.1016/j.tvjl2011.06,040

knowledge, there are no reports of the activity of serum BChE in
dogs with DM.

DM is one of the most commonly diagnosed endocrine diseases
in the dog and there is evidence that it is increasing in incidence
(Guptill et al., 2003) as in humans (Magori et al., 2005). The objec-
tive of the present study was to determine whether dogs with nat-
urally occurring DM have increased serum BChE activity similar to
that in humans and rats. We also investigated the inter-relation-
ship between the activity of this enzyme and the serum concentra-
tions of cholesterol and triglyceride.

Materials and methods
Study design

The San Marco Veterinary Hospital database was interrogated to identify all
dogs with DM admitted between January 2007 and 2009. Clinically normal dogs
and dogs with diseases other than DM of the same breed, age, weight, and sex, were
also identified. A mtal of 222 dogs was then divided into three groups. Group 1 con-
sisted of 74 animals with DM of which 43 were female and 31 were male, with an
average age of 113.81+33.6 months and an average weight of 1659 +12.7 kg
Twenty-nine of the group were of mixed breed, and the remainder consisted of se-
ven Labrador Retrievers, seven Toy Poodles, six Yorkshire Terriers, four English Set-
ters, three Siberian Huskies, two of each of the Samoyed, Fox Terrier, and Papillon
Spaniel breeds, and one of each of the following breeds: American Pit-bull Terrier,
Teckel, Bolognese, Kurzhaar, Chihuahua, Chow-Chow, Dalmatian, Doberman Pinch-
er, Rottweiler, Shih-Tzu, and Zwergpinscher.

The diagnosis of DM was based on clinical signs and laboratory findings (Dur-
ocher et al., 2008) including polyuria, polydipsia, polyphagia (excluding dogs with
ketosis), glucosuria and hyperglycaemia (glucose >200 mg/dL). Only dogs not previ-
ously treated with insulin were eligible for inclusion in the study. Twenty-eight of
this group presented with diabetic ketoaddosis, and the following disorders were
diagnosed in 46 of the animals: pancreatitis (n = 16); inflammato ry bowel disease
(n=11); hyperadrenocorticism (n=8); hypothyroidism (n=7) renal failure
(n=4); sepsis (n=3); neoplasia (n=3); pyometra (n=2); single animals had poly-
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neuropathy, a portosystemic shunt, cardiac tamponade, and uveitis, respectively.
Eleven of this sub-group of 46 dogs exhibited two of these disorders
contemporaneously.

Group 2 consisted of 74 clinically normal animals that had been presented for
routine health checks, elective surgery or that were used as blood donors. Of this
group 43 were female and 31 were male, with an average age of
112.59 £+ 34,0 months and an average weight of 16.06 + 12.0 kg. Although healthy,
a proportion of this group were considered obese as determined by a five-point
scale body condition score (BCS) (McGreevy et al., 2005). Dogs with a BCS of 4-5
were considered obese, Group 3 consisted of 74 dogs that presented with diseases
other than DM. Of this group 43 were female and 31 were male, with an average age
of 113.37 + 33.7 months and an average weight of 15.85 + 12.3 kg. Thirty-six of this
group presented with inflammatory disease, 24 with neoplasia, five with trauma or
infection, respectively, and four with cardiac or renal failure. These three groups
were further divided into non-obese {a) and obese (b} sub-groups based on the cri-
teria outlined above.

Sample collection and biochemical analysis

Blood samples were collected by cephalicjjugular venepuncture into Vacuette
tubes containing clotting accelerator (Greiner, Bio-One). Samples were centrifuged
at 2000 g for 10 min at room temperature and the separated serum analysed within
30 min, Owner consent was obtained prior to sample collection.

Serum BChE activity was measured by spectrophotometry (Furlanello et al,
2006} in an automated Olympus AU2700 analyser (Olympus Diagnostica). Glucose,
cholesterol, and triglyceride concentrations were measured in the same analyser,
according to the manufacturer's instructions.

Statistical analysis

The D'Agostino and Pearson omnibus normality test was used to assess the nor-
mality of the data with parametric distribution. An ANOVA followed by the Bonfer-
roni's multiple comparison test was used to compare the BChE values between the
different groups and sub-groups. Summarised d ata are shown as mean + SD. Values
of P<0.05 were considered significant

Results

No significant differences in age or weight were found between
the three groups. Mean serum glucose, total cholesterol and tri-
glyceride levels are presented in Table 1. These analytes were sig-
nificantly higher in group 1 dogs when compared with animals in
groups 2 and 3. No significant differences in these three parame-
ters were detected between groups 2 and 3.

Significantly increased BChE activity was found in the dogs of
group 1 (7.59+29KkUI/L) compared to those in groups 2
(6.12+1.94kUIL, P<005) and 3 (5.55+2.06 kUl/L, P<0.01)
(Fig. 1). When divided into non-obese (a) and obese (b) sub-groups,
significantly increased BChE activity was detected in sub-groups
2b and 3b relative to their respective ‘a’ group counterparts
(P<0.01 in both cases) (Fig. 2). No significant difference in serum
BChE activity was found between the group 1 sub-groups. Group
1b dogs did not have significantly different BChE activity than
those in sub-groups 2b and 3b. However, animals in sub-group
1a, had significantly higher BChE compared with those in sub-
groups 2a and 3a (P<0.01 in both cases).

When dogs in group 1 were subdivided based on whether or not
they had uncomplicated DM (UDM), diabetic ketoacidosis (DKA),
or DM with concurrent disease (DMC), no significant differences
were found (Fig. 3). A Spearman correlation test revealed that ser-
um BChE and cholesterol correlated in groups 1 (R =0.25; P<0.05),

Table 1

Mean serum glucose, total cholesterol (Chol), and triglyceride (TG) concentrations
(+25D) in: dogs with naturally occurring DM (group 1); clinically normal dogs (group
2); and dogs with various other diseases (group 3).

Group Glucose (mg/dL) Chol (mg/dL) TG (mg/dL)

1 5273 +305.1 3541 1649 288.1+ 3865

2 102.1+1147 238.8 +58.7" 76.7+40.1°

3 109.8+381° 265.1 £125.4" 133.7+2116

" P<0.01 vs. group 1.
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Fig. 1. Butyrylcholinesterase ( BChE) activity in: dogs with DM (group 1); clinically
normal dogs (group 2); and dogs with various other diseases (group 3). *P < 0.05,
*P<0.01.
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Fig. 2. Butyrylcholinesterase (BChE) activity in non-obese (‘a' sub-groups) and
obese (‘b’ sub-groups): dogs with DM (group 1); clinically normal dogs (group 2);
and dogs with various other diseases {(group 3). *P< 0.0L

20000 =

150004 —_—
- ——
E
3.. 10000 -
w
=
Q
@ 5000

0

L} L L
UDM DKA DMC

Fig. 3. Butyrylcholinesterase (BChE) activity in dogs with: uncomplicated diabetes
mellitus (UDM); DM and ketoacidosis (DKA); and DM with concurrent disease
(DMC).

and 3 (R=0.45; P< 0.0001) and the BChE concentration correlated
with triglyceride in group 3 (R=0.39; P<0.001). There was no cor-
relation between the serum BChE, cholesterol and triglyceride con-
centrations in group 2.
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Discussion

Previously, BChE has been used as a biomarker of organophos-
phate and carbamate intoxication in dogs (Munro et al., 1991; Sak-
aguchi et al., 1997; Tecles et al., 2002). More recently however,
there has been increased interest in the role of this enzyme in lipid
metabolism, obesity and in endocrine disorders such as DM in hu-
mans (Iwasaki et al., 2007; Rao et al., 2007). This is the first study
investigating the potential role of BChE in canine DM.

We found a significant 1.5-fold increase in serum BChE concen-
trations in dogs with DM compared to non-obese controls. Increases
of a similar magnitude have been reported in diabetic humans (Ab-
bott et al., 1993). Despite the significant increase in BChE concentra-
tion in the dogs with DM, there was a considerable overlap in the
levels of this enzyme between healthy and diabetic animals, similar
to the situation in humans (Abbott et al., 1993), suggesting that the
measurement of BChE would not facilitate the diagnosis of DM.

The cause of increased BChE concentration in DM remains un-
clear. Elevated glucose concentrations can stimulate BChE activity
in vitro (Lunkes et al,, 2006), and a link between cholinesterase
activity and lipid metabolism has been described in human diabet-
ics (Alcantara et al, 2002), where serum BChE activity positively
correlates with cholesterol and triglyceride concentrations ( Abbott
et al, 1993; Randell et al, 2005). However, in another study, no
such correlation was found (Sridhar et al,, 2005). The metabolic
mechanisms underpinning a relationship between BChE, choles-
terol and triglyceride concentrations and lipid biosynthesis re-
mains unclear (Rustemeijer et al,, 2001). However, it has been
postulated that BChE has a role in altered lipoprotein metabolism
and in the hypertriglyceridaemia that occurs in DM (Iwasaki
et al., 2007). Administration of a specific BChE inhibitor after the
induction of type | DM in rats and mice reverses the hypertriglyce-
ridaemia (Annapurna et al, 1991), and BChE has been used as a
biomarker in the evaluation of drugs used to treat hypertriglyceri-
daemia in human diabetics (Rustemeijer et al., 2001).

Insulin may have a direct effect on BChE that could account for
the increases in BChE in type I DM, as it may stimulate the produc-
tion of BChE by a CaCo-2 intestinal cell line (Randell et al., 2001),
and increase the synthesis of BChE by the liver in cases of insulin
resistance (Randell et al., 2005). In human patients, serum BChE
activity has a significant positive correlation with serum levels of
insulin and with insulin resistance in patients with type Il DM
and metabolic syndrome (Abbott et al., 1993; Cucuianu et al,
2002; Randell et al., 2005).

Given that both canine and human type | DM (Feldman and Nel-
son, 2004), are characterised by low insulin concentrations, the
causes of the increased BChE activity in our study could relate to
the increased serum glucose and lipid levels, In our group 1 ani-
mals with DM, although cholesterol, triglyceride and BChE concen-
trations were increased, a significant positive correlation was only
detected between the BChE and cholesterol levels, a finding in line
those in humans (Sridhar et al., 2005).

When the dogs were subdivided into obese and non-obese cate-
gories, obesity was found to be associated with increased BChE
activity in both the clinically normal dogs and in the dogs with
non-diabetic disease. Tvarijonaviciute et al. (2010) reported similar
finding in healthy beagles. It has been proposed that incremental
trafficking of free fatty acids from adipose tissue to the liver might
stimulate the hepatic synthesis of BChE (Cucuianu et al., 2002),
and result in the release of BChE by adipocytes (Randell et al,
2005). However BCS did not influence BChE concentrations in dogs
with DM, as reported in humans (Abbott et al., 1993; Randell et al.,
2005).

A limitation of this study was that 62% of the diabetic dogs had
concurrent disease. However, this high frequency of contempora-

neous disease typically reflects the clinical situation in diabetic
dogs (Fincham et al., 2004). The group 3 dogs with other non-dia-
betic diseases were included in the study in order to evaluate the
effect of such diseases on the BChE concentration in breed-, age-,
weight-, and sex-matched animals. The fact that this group of dogs
had lower BChE values than the diabetic animals, taken together
with the lack of differences found between dogs with and without
the complications of DM, indicates that concurrent disease may
not have a significant effect on serum BChE concentrations in dogs
with DM.

Conclusions

Our study found that dogs with DM presented with elevated
BChE concentrations as described in human patients. Such in-
creased activity could be linked to the altered glucose and lipid
metabolism that occurs in DM and further studies will be required
to elucidate the causes and consequences of this finding for dia-
betic animals.
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Abstract

The objective of this study was to investigate how weight-loss program would alter the proteome of the serum of Beagle dogs.
For this purpose, serum samples from 5 Beagle dogs, before and after weight loss. were analyzed using 2-dimensional
electrophoresis. Protein profiles of all samples were obtained. divided into 2 classes (obese and lean), and compared using specific
2-dimensional software, giving a total of 144 spot matches. Statistical analysis revealed 3 spot matches whose expressions were
modulated in response to weight loss: 2 protein spots were upregulated and 1 protein spot was downregulated in the obese state
in comparison with the lean state of the dogs. Mass spectrometric identification of differentially regulated spots revealed that these
protein spots corresponded to retinol-binding protein 4, clusterin precursor, and a-1 antitrypsin, respectively. which could be
considered potential markers of obesity and obesity-related disease processes in dogs.

© 2012 Elsevier Inc. All rights reserved.

Keywords: Dog: Obesity: Proteomics; Serum; Weight loss

1. Introduction

Obesity is the most common nutritional disorder in
today’s dog population and the major risk factor for a
number of diseases such as diabetes mellitus, hypothy-
roidism, pancreatitis, and respiratory distress [1.2]. It is
a growing concern in companion animals and its in-
creasing incidence appears to be mirroring the trend
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30100 Espinardo, Murcia, Spain. Tel.: +34 86884722; fax: +34
86834147,

E-mail address: jjceron@umees (J.J. Ceron).

observed in humans [3]. Obesity is considered an ex-
tremely complex disorder and, despite its importance,
its mechanisms and possible links with related diseases
are still incompletely understood [4]. Thus, there is a
need to investigate the molecular mechanisms leading
to obesity understanding and to promote the implemen-
tation of control measures at different levels and the
design of new therapies.

Global protein expression analysis, known as pro-
teomics. has currently emerged as a novel scientific
technology successfully applied to several fields of
medicine [4]. The separation, identification. and char-
acterization of proteins and an understanding of their
interactions with other proteins are the essential aims of
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proteomic analysis. Two-dimensional electrophoresis
(2-DE) coupled with mass spectrometry (MS) is con-
sidered a powerful tool in the separation and identifi-
cation of hundreds of plasma proteins [5]. This ap-
proach enables comparison of control and diseased
samples revealing differentially expressed proteins.

Changes in plasma proteins caused by obesity-related
factors are connected with the development of metabolic
disorders [4]. Proteome analysis has recently been per-
formed in studies of obesity in humans and experimental
animal models such as mice and rats to clarify the phys-
iopathology of obesity and its associated diseases [6—8].
In dogs, proteomic approaches have been used for the
identification of cancer biomarkers such as in lymphoma
[9] or transitional cell carcinoma [10], for the study of
induced hepatic hypertrophy [11], and more recently for a
screening of proteins differentially expressed in dogs in-
fected with leishmania vs noninfected dogs [12]. How-
ever, to the best of the authors’ knowledge, proteomic
studies have not been performed in obesity under exper-
imental conditions in dogs.

Thus, the objective of this study was to perform a
proteomic analysis on the serum of Beagle dogs before
and after an experimental weight-loss program to iden-
tify new potential serum biomarkers involved in or
linked with obesity that could contribute to the disclo-
sure of its physiopathological mechanisms.

2. Materials and methods
2.1. Animals and experimental setup

The experimental study was performed at the Vet-
erinary Medicine School, University of Murcia, Spain.
Animal care and procedures were in accordance with
the guidelines of the University of Murcia and ap-
proved by the local ethical committee.

A total of 5 adult, female, obese, noncastrated Bea-
gle dogs (age range, 5.2 to 6.5 yr) were used in this
study. The dogs had developed nutritional obesity 3 mo
before the beginning of the study. Briefly, the dogs
were fed ad libitum a hyperenergetic commercial diet
(Advance Performance, Affinity Petcare SA, Barce-
lona, Spain) that was formulated to contain 31.0%
crude protein, 21.0% crude fat. 2.0% crude fiber, 6.5%
crude ash. 8% moisture. and 2.840 kcal metabolizable
energy/kg. One dog per kennel was maintained during
the whole study period with controlled temperature (23
= 2°C) and light (lights on from 6:00 AM to 6:00 PM).
The size of the kennel was 3 > 4 m. These dogs had
participated in a study aiming to investigate the possi-
ble effects of weight loss on inflammatory biomarkers
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[13]. All dogs began the study >30% overweight (body
condition score [BCS] 5/5) and remained on the
weight-loss study for 3 mo until they reached a BCS 3/5
compatible with their ideal body weight (BW) [14]. All
bitches were in anestrus during the weight-loss period.
Animals received a restricted amount of hypoenergetic
commercial diet (Obesity Management, Royal Canin,
Aimargues, France) once a day. The hypoenergetic diet
was formulated to contain 34.0% crude protein, 10%
crude fat, 8.2% crude fiber, 7.9% ash, 9% moisture, and
3.275 kcal metabolizable energy/kg. The amount of
food was progressively adjusted to induce a rapid
weight loss (2% to 3%/wk) and to cover the minimal
requirements in proteins [15]. Drinking water for all
dogs was available ad libitum.

Blood samples were collected on the morning after
an overnight fasting by venipuncture in the cephalic
vein from all dogs at the beginning (obese state. BCS
35/5. T1) and at the end (lean state, BCS 3/5. T2) of the
weight-loss study. Serum samples were obtained after
centrifugation of blood samples at 2,000g for 10 min
and were stored at —20°C until analysis.

All dogs were subjected to general health examina-
tions weekly. They showed no abnormalities on phys-
ical examination (except obesity), and routine hemato-
logical and biochemical analyses were within our
laboratory reference ranges during the whole study. All
animals had a negative serologic titer for Leishmania
infantum and Ehrlichia canis as confirmed using com-
mercial tests (Canine SNAP tests, IDEXX Laborato-
ries. Westbrook, ME, USA).

Body condition score and BW were also determined
weekly. Body fat mass (BFM) was obtained at the
obese stage and after weight loss, using dilution of a
single dose of deuterium oxide (275 mg/kg) [16].

During the weight-loss period. the BCS of all dogs
decreased from 5/5 to 3/5. In parallel, a significant reduc-
tion of BW, BFM (%), total cholesterol. high-density
lipoprotein (HDL) cholesterol, low-density lipoprotein
(LDL) cholesterol, insulin, insulin:glucose ratio, fruc-
tosamine, and insulin-like growth factor 1 and a signifi-
cant increase in circulating adiponectin levels were ob-
served [13].

2.2, Two-dimensional polyacrvlamide gel
electrophoresis

Serum samples of Tl and T2 of all 5 dogs were
analyzed in duplicate for 2-DE. The total protein con-
tent of the serum sample was quantified using a com-
mercial kit (RC-DC Bio-Rad. Hercules, CA, USA). The
first dimensional isoelectric focusing was performed on
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homemade immobilized pH gradient strips (11 cm)
with a nonlinear pH range of 4 to 10. Strips were
previously rehydrated for 8 h in a commercial rehydra-
tion tray (Bio-Rad) with 360 uL of standard rehydra-
tion solution [17]. A total of 50 pg/strip of serum
proteins was applied to the strips in a total volume of 20
wplL of standard sample buffer with sample application
pieces. Proteins were focused overnight by slowly rais-
ing the voltage to 2,000 V until 15 kVh in a horizontal
electrophoresis unit (Multiphor I electrophoresis unit,
GE Healthcare Europe GmBH. Freiburg, Germany).
Sample application pieces were removed 3 h before the
end of the electrophoresis.

For the second dimension, strips were equilibrated
for 10 min in 2% dithiothreitol in equilibration solution
(6 M urea, 30% glycerol, 2% sodium dodecyl sulfate,
0.05 M Tris-HCL pH 6.8) followed by 5 min with 2.5%
iodoacetamide in equilibration solution, followed by
sodium dodecyl sulfate—polyacrylamide gel electropho-
resis on homemade gradient 10%-15% polyacrylamide
gels (140 X 140 X 1.5 mm) in a vertical electropho-
resis chamber (SE 600 Ruby electrophoresis chamber,
GE Healthcare Europe GmbH) during 5 h at 15°C and
25 mA/gel. After electrophoresis, the gel was stained
with silver according to standard protocols as reported
previously [18].

2.3. Two-dimensional electrophoresis gel image
analysis

Stained 2D gels were scanned in an ImageScanner I1
(GE Healthcare Europe GmbH) and evaluated using
specific software (Image Master 2D Platinum 7.0, GE
Healthcare Europe GmbH). Images of all animal sam-
ples were digitalized and aligned. Afterward, the spe-
cific software mentioned above allowed the automatic
detection of all specific spots in the gels and quantified
them as the percentage volume. The relative percentage
volume of a spot is a normalized value that remains
relatively independent of variations resulting from pro-
tein loading and staining by considering the total vol-
ume over all spots in the image and is calculated as
follows according to the manufacturer’s instructions:

%Vol=Vol/"Y.._, VoIS X 100,

where VoIS is the volume of spot S in a gel containing
n spots.

Once spots of all gels were detected, an automatic
match set was performed. The image-matching algo-
rithm compares gel images to find matches between
related spots. that is, spots representing the same pro-
tein in the gels. Then, matched gel images were divided

into 2 different classes according to the experimental
design corresponding to class 1 for obese dogs at T1
and class 2 for lean dogs at T2.

A class statistical analysis was carried out to evalu-
ate possible differentially expressed proteins between
states T1 and T2 using statistical software (GraphPad
Prism 5 demo, GraphPad Software Inc, San Diego, CA,
USA) by performing a paired 1 test (P << 0.05).

2.4. Mass spectrometry identification

Those spots that appeared to be differentially ex-
pressed between the obese and lean states of all animals
were subjected to MS identification. For MS identifi-
cation, additional 2-DE gels were prepared as previ-
ously described with several modifications. In brief, the
total amount of protein applied was 60 pg/strip and
aldehydes were omitted in some of the steps during
silver staining [19].

Protein identification was performed on spots of interest.
Selected spots were excised and in-gel digestion with trypsin
was performed. After a desalting step using C18 Zip-Tip, the
entire peptides were analyzed by matrix-assisted laser de-
sorption/ionization time of flight/time of flight MS (Ultraflex
I, Bruker Daltonics, Bremen, Germany).

2.5. Mass spectrometry data analysis

Processed spectra were searched using Mascot
(http://www.matrixscience.com) in Swiss-Prot data-
base (release 56.5) or the NCBInr database (20090314).
The following search parameters were set: taxonomy
mammalia, global modifications carbamidomethylation
on cysteine, variable modifications oxidation on methi-
onine, MS tolerance 100—150 ppm, MS/MS tolerance 1
Da. 1 missed cleavage allowed. The MS and MS/MS
identifications were considered significant (« < 5%).

3. Results

The mean=SD percentage weight loss and percent-
age change in BFM were 31 = 3% and 45 = 17%,
respectively (Table 1).

The results of protein mapping of canine serum using
2-DE revealed more than 170 individual spots with mo-

Table 1

Mean (=5D) body weight (BW) and body fat mass (BFM) before
(T1, obese state) and after (T2, lean state) the BW loss period of 5
Beagle dogs.

1] T2
BW (kg) 206+25 141+ 13
BFM (%) 467 £ 63 25.1 £63
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Fig. |. Representative 2-dimensional electrophoresis gel images of
silver-stained proteins of canine serum obtained before (T1, obese
state) and after (T2. lean state) body weight loss corresponding to dog
1. Differentially expressed protein spots between the obese and lean
states of the dogs are circled and numbered: (1) retinol-binding
protein 4, (2) clusterin precursor. and (3) serpin peptidase inhibitor,
clade A (a-1 antiproteinase, antitrypsin), member |.

lecular weights between 10 and 100 kDa over a pH range
of 4 to 10 in each analyzed silver-stained 2-DE gel from
the serum samples of both obese and lean dogs (Fig. 1).
Protein profiles obtained for each class (dogs in an obese
and a lean state) were homogeneous because no differ-
ences were detected between replicates and between im-
ages from samples of the same class.

Image analysis was used for automatic spot detection and
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for comparison of the spot volumes obtained in the 2 image
classes: images from obese and lean serum samples. A total
of 144 spot matches, corresponding to the detection and
quantification of the same spot in the different classes, were
obtained. A statistical class analysis allowed the detection of
3 spot matches that were modulated in response to weight
loss (Fig. 2). Among the 3 spots differentially expressed in
the obese vs the lean state, 2 were upregulated and 1 was
downregulated in the obese state in comparison with the lean
state of the dogs (Table 2).

Matrix-assisted laser desorption/ionization time of
flight/time of flight MS allowed the identification of the
3 protein spots with differential expression levels as
belonging to retinol-binding protein 4 (RBP4), clusterin
precursor (CLU), and «-1 antitrypsin (a-AT; Table 3).

4. Discussion

In this study we used an experimental model of Beagle
dogs that were subjected to a weight-loss program that pro-
duced an improvement of the metabolic status of the animals
with a decrease in lipids, insulin, insulin:glucose ratio, and
insulin-like growth factor 1 and an increase in adiponectin
[13], similar to previous reports by different authors
[14,15,20.21]. A limitation of this study could be that the
experimental model used does not reflect a real clinical sit-
uation of canine obesity, especially in chronic obesity cases,
because this experimental protocol aims to avoid different
variations that can occur when studies are performed in a
clinical situation such as the use of different diets and envi-
ronmental conditions, different lengths in the onset of obe-
sity, medications, and possible secondary diseases. On the
other hand, it could be postulated that the use of 5 animals is
limited and the study should be considered preliminary, al-
though it has been indicated that 3 biological samples are
sufficient to detect induced biological variations in the pro-
teome of animal experiments [17].

There are limited data of serum proteomics in dogs.
To the authors™ knowledge, only 2 studies have been
reported to date, including the 2-DE protein profile in
canine serum from healthy dogs [22.23]. However, 1
study focused on a specific malignancy [23], heman-
giosarcoma, whereas the second study was performed
on the follicular fluid of dogs [22]. In the present study,
serum proteome analysis was performed in Beagle dogs
before and after a controlled weight-loss program. Sta-
tistical comparison of spot volumes revealed 3 spots
differentially expressed between the obese and lean
states of the animals. The detection of only 3 proteins
significantly affected by obesity would be at odds with
expectations because, for example, a range of adipo-
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Fig. 2. Example of the 3-dimensional images of differentially regulated spot proteins 1, 2, and 3 from dog | under the obese state (left) and the
lean state {night). Graphics represent the statistical analysis of the spot volumes indicating the mean (box ) and standard deviation (vertical bars).

kines are altered in canine obesity [2]. This finding
could be explained by the insensitivity of the technique,
because when 2-DE gel methods are used for proteome
analysis, the detection of some biomarkers can be very
challenging due to the presence of high-abundance pro-
teins (present in the serum at milligram-per-milliliter
levels) [24]. Hence, the depletion of major proteins has
been suggested to be a potential strategy for enhancing
detection sensitivity in serum [24]. However, this study
could serve as the basis for further proteomic investi-
gations in canine obesity.

Mass spectrometric analysis revealed that serum CLU.

Table 2
Differentially expressed spot matches in obese vs lean dogs.
Spot®  Obese  Obese state Lean state P value
vs lean (n = 5) n = 5)
X SD X SD

1 02091 00155  0.1534  0.0400  0.0316
1 0.1639 00303 00964 0.0234 00072
il 0.1998 03169 2726 0.3001  0.0310

U =

X. media of normalized volumes; SD, standard deviation.
* Spot label number from annotated gel image (see Figs. 1 and 2).

RBP4, and a-AT were the proteins involved in the spot
changes obtained in the 2-DE analysis. CLU and RBP4
have been previously identified in the serum and follicular
fluid of healthy dogs with similar p/ and MW character-
istics [22]. Our results showed that CLU and RBP4 spots
were expressed significantly more before vs after weight
loss. whereas the a-AT spot volume was lower in obesity
and significantly increased after weight loss in dogs.

In serum. CLU acts as an apolipoprotein, which at
least partly associates with HDL [25]. Several functions
have been proposed for CLU, including lipoprotein
transport. and a positive correlation between changes of
CLU with body fat mass has been described in humans
independent of age, gender, HbA1c, and fasting plasma
insulin concentrations [26]. This is the first report in
which a relation between serum CLU and canine obe-
sity is postulated.

RBP4 is structurally related to a number of extra-
cellular proteins involved in the transport of small hy-
drophobic compounds, the lipocalins [27.28]. RBP4
has gained substantial attention since the initial notion
that it is elevated in the serum of insulin-resistant hu-
mans and mice [29]. Moreover, increased RBP4 serum
concentrations are associated with many components of
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Table 3

Mass spectrometry identification of proteins from canine serum samples.

Spot  Accession Protein identification Theoretical Theoretical Number of Sequence Score
label® Mo MW (kDa) pf unique peptides coverage® (%)

1 gil73998292  Retinol-binding protein 4 (Canis lupus familiaris) 298 94 3 19.5 390.2
2 gil50079240  Clusterin precursor (Cants lupus familiaris) 51.8 5.6 3 9.7 81.3
3 gill21583756 Serpin peptidase inhibitor, clade A (e-1 46.3 5.5 2 6.5 230.2

antiproteinase, antitrypsin), member 1 (Canis

Tupus familiaris)

MW, melecular weight; pl. isoelectric point.
* Spot label number from annotated gel image (see Fig. 1).
® NCBI (gi) protein database accession numbers.

¢ Sequence coverage: percentage of identified sequence to the complete sequence of the known protein.

the metabolic syndrome, such as increased body mass
index, waist-to-hip ratio. serum triglycerides, systolic
blood pressure, insulin resistance, low-grade chronic
inflammation, or type 2 diabetes [30]. Circulating
RBP4 levels also correlate with ectopic fat accumula-
tion in the liver, visceral fat, and skeletal muscle [31].
Furthermore, a strong association between RBP4 and
reduced body fat has been found after 6 mo of human
weight loss [32.33], and it has been suggested that the
mechanism of decrease of RBP4 levels after weight
loss could be a reduction in these ectopic fat depots
[26]. In the present study, increased levels of an RBP4
spot have been observed in the obese state of the dogs,
which decreased after weight loss in accordance with
the data reported in humans. Moreover, RBP4 has been
identified as a marker of obesity in rats being increased
in obese vs lean animals [7].

«-AT is the most abundant serine proteinase inhib-
itor in human plasma. Circulating levels of human
«-AT increase in response to inflammation or infection
[34.35], obesity [36,37], insulin resistance [38]. and
atherogenesis [39]. Thus, a-AT in humans is consid-
ered a positive acute-phase protein [40], whereas in
dogs little variation was observed in «-AT levels, even
following surgical trauma, suggesting a low relation-
ship between inflammation and canine a-AT [41]. In
contrast, an interaction between a-AT and LDL, the
predominant lipoprotein, has been reported in humans
[39]. However, in dogs the predominant lipoprotein is
HDL [42]. Furthermore, in obesity HDL is increased in
dogs in contrast to humans [43.44]. These differences
between human and dog lipid metabolism could in part
be responsible for the results obtained in the present
study. where lower values of an «-AT spot have been
observed in the obese in comparison with the lean state
of the dogs. Further studies would be necessary to
elucidate the metabolism of &-AT and its possible role
in obesity and related diseases in dogs.
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5. Conclusion

In this study. 3 differentially expressed protein spots
were noted in obese in comparison with lean dogs:
CLU, RBP4, and «-AT. These could be considered
potential markers of obesity and obesity-related disease
processes in dogs. In addition, serum levels of CLU,
RBP4, and «-AT may be useful quantitative markers of
positive lifestyle changes or therapeutic effectiveness
of obesity reduction that would likely increase the av-
erage lifespan of dogs. In future studies, CLU, RBP4,
and «-AT should be quantified using species-specific
assays in the serum of obese and normal-weight dogs (o
verify the results obtained in this report.
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. Commercially available assays for adiponectin aGdr-L showed adequate
results in our validation studies when using witbgsl and cats samples.
Commercially available leptin and ghrelin ELISA kitested in our study
showed to have low sensitivity and/or accuracy; @éeeklopment of new Kkits to

measure these adipokines would be recommended|gs2-6).

. Serum adiponectin and IGF-1 are not influenceddgling/fasting cycles or by
a single dose corticoid administration. Also ciatirlg adiponectin levels are not
affected by orquidectomy. However, caution showddidken when interpreting
IGF-1 values of castrated dogs, or adiponectineslobtained from bitches in
oestrus, since lower and higher, respectively, eotrations were observed in
these situations. Also inflammatory status of tbg dhould always be evaluated
when analyzing both adiponectin and IGF-1, sinckammmation decreases

concentrations of these proteins in significant \(Aargicles 7-10).

. Canine and feline obesity is associated with deeeairculating adiponectin
concentrations, which increase after weight losg.iBseems to not produce an
evident inflammation, at least that can be detewtgd APPs (Articles 11-14,

16).

. Up to one third of obese dogs suffer from obesigted metabolic dysfuncion,
characterized by hypoadiponectinemia and hypeilimsuwia, similarly as occur
in the human metabolic syndrome (Article 14).

. Weight loss in dogs is associated with the improseimof serum markers of

renal dysfunction, such as clusterin, homocystistatin C (Article 15).

. Therapy of dogs with hypothyroidism results in @ased adiponectin

concentrations and increased BChE activity (ArticTg.
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7. Serum BChE showed to be a good marker of adipositipgs and is increased
in canine diabetes mellitus. No changes were obderm PON1 activity in
obese dogs, and BChE and PONL1 in obese cats. Althawcats pre-weight loss
PON1 could be used as a predictor of successfuloies®ight loss program.
BChE activity is increased in dogs with diabetedlitne (Articles 18-22).

8. Proteomic analysis revealed three proteins (clustegtinol-binding protein 4,
and alpha-1 antitrypsin) that could be considesegaential markers of obesity
and obesity-related disease processes in dogEIARB).
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S. Summary
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1. INTRODUCTION

Obesityis the most common nutritional disorder in dogd eats (Roudebush et al.,
2008; Lusby et al., 2009) being a growing conceswadays. Its increasing incidence
appears to be mirroring the trend observed in hgnfannie and Jebb, 2005). In humans
almost two-thirds of adults in the United States averweight or obese (Flegal et al.,
2002). Similarly, studies in companion animals frgarious parts of the world have
estimated the incidence of obesity in the dog aatdoopulation to be between 22 and
40% (Burkholder et al., 2000; McGreevy et al., 2005

The objectives of this PhD Thesis were:

1. To validate commercially available assays for aklipes and IGF-1 for use in
dogs and cats.

2. To analyze possible causes of the variations duether but obesity factors,
(such as diurnal variation, effect of food intakastration, renal failure, and
sepsis). For this purpose the analytes that gaeguate validation results in
point 1 and were more economic, easy and fastrfornpe would be selected.

3. To clarify the possible effect of obesity on adipotin and acute phase proteins
in dogs and cats. Also to explore if obese dogiesfiiom metabolic syndrome,
evaluate if obesity could be related with changeseinal biomarkers, and to
study how adipokines and acute phase proteinsfiaeed by an obesity-related
disease, such as hypothyroidism.

4. To study and identify new potential serum biomaskémnvolved/linked to

obesity.

2. VALIDATION STUDIES
2.1. Material and methods

Serum samples were used to evaluate the abilitydifiérent commercially
available assays to measure adiponectin, leptimeligh and IGF-1 in dogs and
adiponectin, ghrelin, and IGF-1 in cats. Evaluadsdays appear in table 2.1. Leptin in
cats was not studied due to the lack of reactiwitythis adipokine with human or
mouse/rat ELISAs and due to lack of commerciallgilable species-specific assays at

the time in which the analysis were performed.
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For analytical validation of the methods previouslyblished protocols were
followed (Jensen and Kjelgaard-Hansen, 2010). Toerethree basic parameters were
studied: precision, accuracy, and limit of detectiddditionally, overlap performance
was carried out for all methods using samples vhigh and low concentrations
corresponding to normal weight and obese animalscerversa. With the exception of
ghrelin, in which the samples for overlap perforcemwere obtained at different times
after glucose administration to dogs, as glucoskeasnost potent inhibitor of systemic

ghrelin levels in humans and rodents (McCowen.eaD2).

2.2. Results
2.2.1. Analytical validation
Analytical validation results of different methotts analytes determination in canine

and feline serum, are presented in tables 2.1 dhaespectively.

2.2.2. Overlap performance

2.2.2.1. Canine serum samples

Adiponectin Samples collected from obese dogs analysed véthne-specific and
human adiponectin ELISA assays showed significantlywer adiponectin
concentrations than samples collected from nornegit dogs (p<0.005 and 0.0005,
respectively) (Table 2.3).

Leptin When assay A was used, samples collected fromaevght-obese dogs had
higher leptin concentrations than those collectechfthin-ideal weight dogs (p<0.001).
No significant difference (p=0.89) was observeddptin concentration when serum
samples from overweight-obese and thin-ideal weilglys were analyzed with assay B
(Table 2.3).
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Ghrelin. Changes in circulating levels of ghrelin afterugggse administration
determined with canine and human assays are pessanfigure 2.1. In comparison to
the basal values, a mean decrease of 17% and a imgaase of 19% in ghrelin
concentrations were observed 5 and 120 minutesr aftecose administration,

respectively, when analyzed with the

canine assay. However, no statisticall

significant changes were recorded. Wh

a human assay was used, a decreas
>30 % in plasma ghrelin levels w

detected 10 min after gluco

o

administration (p<0.05), followed by 509

Plasma ghrelin (% of basal value)

T T T T T T
0 5 10 30 60 120 180
Time, min

increase in plasma ghrelin levels 1
minutes after glucose injection (p<0.0 Figure 2.1 Plasma ghrelin response to IV
glucose (0.5/kg of body weight) injection in
four Beagle dogs measured with caning (
and human/) assays.

when compared to the basal levels.

IGF-1. Serum IGF-1 values in lean dogs

were higher (p<0.05) in comparison with obese ddgble 2.3).

2.2.2.2. Feline serum samples

Adiponectin, ghrelin, and IGF:1Serum adiponectin (p=0.01) and ghrelin (p=0.03)
concentrations were lower in obese cats (n=10) emetpwith normal weight cats
(n=10), but there was no difference in IGF-1 com@ions between groups (p=0.12)
(Table 2.4).
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Table 2.1. Analytical validation data of differentassays to measure adiponectin, leptin, ghrelin, an@&F-1 in canine serum samples.
Analyte Assay Units  precision Accuracy DetectLon
CV, % Linearity Recovery® limit
Intra Inter Equation R2 %
Adiponectin® Canine ELISA Kit, Millipore, USA pg/mL <7 <14 y=0.982x+0.65; 0.9996; NE 0.098
y=0.999x+0.66 0.997
Human ELISA, High Sensitivity Kit, BioVendorqug/mL <8 <11 y=0.991x+0.11; 0.996; NE 0.74
Labaratorni medicina, Czech Republic y=0.976x+0.37 0.999
Leptin® Canine ELISA kit, Millipore, USA §ssay A pg/lL <6 <8 y=1.037x-0.06; 0.985; 77-101 -
y=0.987x-0.79 0.986
Canine leptin, BPB Biomedicals Inc, USAssay pg/L <14 <14 y=0.928x+0.38; 0.955; 67-125 9.08
B] y=0.907x+3.75 0.970
Ghrelin Canine ELISA, Phoenix Pharmaceuticals Inc, ng/mL <10 >20% y=1.059x—0.71; 0.991; 101-121 0.6
USA y=1.006x — 1.04 0.924
Human unacylated ELISA, BioVendor- pg/mL <7 <20 y=0.977x+15.46; 0.999; 83-96 -
Labaratorni medicina, Czech Republic y=1.006x+5.06 0.998
IGF-1 Immulite 1000 assay, Diagnostic Products, USA ng/mk8 <10 y=0.993x+4.11; 0.999; NE 0.01
y=0.992x+0.18 0.999
CV, coefficient of variation.
#a canine serum sample with an adiponectin conagmirdetermined by the canine ELISA was used stardard for curve calibration of the human
ELISA.
® 3 more kits (Human EASIA, BioSource Europe S.Aeldum; Human ELISA, BioVendor-Laboratorni mediciaa., Czech Republic; Mouse/rat
enzyme immunoassay kit, SPIbio, France) were eteduar leptin measurements in canine serum, buieactivity was observed.
“ recovery was performed only with those kits whauefied canine protein was available; NE, not eatéd.
4 detection limits for leptin assay A and human §hrassay were not possible to be calculated abltreks did not give any value.
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Table 2.2. Analytical validation data of differentassays to measure adiponectin, ghrelin, and IGF-1 feline serum samples.

Precision Accuracy )
Analyte Assay Units CV, % Linearity Recovery D(elf[eg:tlor
Intra Inter Equation R2 % imit

Adiponectin Human ELISA, High Sensitivity Kit, BioVendor- ng/mL <7 <16 y=0.894x+997.370.974; 100-112 2.0
Labaratorni medicina, Czech Republic y=0.882x+605.43 0.987

Ghrelin Human unacylated ELISA, BioVendor-Labaratorni pg/mL <15 <15 y=0.984x-11.90;0.962; 91-112 9.6
medicina, Czech Republic y=0.963x+5.88 0.998

IGF-1 Immulite 1000 assay, Diagnostic Products, USA ng/mk3 <6 y=1.022x+6.85; 0.987; 100-112 0.01

y=1.022x+0.83 0.994

CV, coefficient of variation.

Table 2.3.Serum levels of adiponectin, leptin, and IGF-1 leaand obese dogs.

Lean Obese P
Analyte Assay ) i
n median ) n median )
10th-90th percentile 10th-90th percentile
Adiponectin, ug/mL  canine 8 16.10 9.82-28.56 22 5.05 0.45-16.87 <0.01
human 8 16.32 10.93-26.69 22 554 3.55-14.94 <0.001
Leptin, ng/mL assayA 8 <36 3.6-5.4 37 7.2 4.2-25.0 <0.001
assayB 8 27.6 20.8-81.0 37 28.1 13.7-92.3 >0.05
IGF-1, ng/mL 8 102.0 90.0-180.0 8 151.0 95.0-200.0 <0.05

Table 2.4. Serum adiponectin, ghrelin, and IGF-1 irobese (n=10) and normal weight (n=10) cats.

Obese cats Lean cats P
Median 10th-90th percentile = Median 10th-90th percentile
Adiponectin, pg/mL  735.8 (204.3-2675.0) 3117.0 (387.5-6457.1) <0.01
Ghrelin, pg/mL 216.2 (130.21-306.6) 312.1 (196.0-332.9) <0.05
IGF-1, ng/mL 434.0 (296.8-556.2) 453.0 (291.0-998.0) >0.05
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2.3. Discussion

Validation studies are needed to ensure that acalytmethods can successfully
measure the analyte and provide reproducible aodrai® results that are useful to
discriminate between healthy and diseased anindEasén and Kjelgaard-Hansen,
2010).Four observations about our validation studiesnamgh to be pointed out:

1. The use of a canine serum sample with a knowpoadctin concentration would
be recommended to calibrate the human adiponettiS A& Since it contributed to a
better differentiation between low and high adipdimeconcentrations. This is in line
with the recommendation of use of species-spesifiadards to achieve similar affinity
of antiserum against standards and samples (Edke¥885). Also the use of serum
samples as standard is preferred in many casesirifte@ protein, since it is more
economic, yields more suitable physiological ma&mnd can ensure a consistent, long-
lasting supply of standard material (Eckersall,5)99

2. The two methods used for leptin measurementgaimne serum samples
presented some disadvantages. The assay A, showst gyecision and accuracy
results, although gave no result for 7 out of 8uselsamples collected from normal
weight dogs, indicating a lack of sensitivity. Wéhilising assay B, leptin values were
highly under- or over-estimated (reaching up to 38ftthe expected value) when
compared with expected values in the recovery stitys low performance in the
recovery studies probably was the reason of thetddmability of this ELISA to
discriminate differences in leptin concentratiommmen obese and lean dogs. Thus, the
development and/or evaluation of new commercialxailable assays for leptin
measurements in dogs would be recommended.

3. Interestingly, the human ELISA evaluated forajimr measurement in canine
serum samples gave better results than speciedisgelclSA. Firstly, while human
assay showed intra and inter-assay CVs below 208@dnine assay showed high inter-
assay CVs (up to 54%), which was probably influeniog the high inter-kit variability.
Secondly, the greater relative changes in ghreliues obtained in the overlap
performance test with human assay in compariso w#&nine assay, suggest the
reduced ability of the canine assay to discrimit®veen high and low ghrelin values.
Although the human ELISA assay gave better valwatiesults, the high inter-assay
CV (19.5%) could be considered as a limitation lé kit. Therefore, similarly as
happened with leptin, new commercially availablsags for ghrelin measurement with

better analytical performance should be developed.
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4. Overall, adiponectin and IGF-1 assays showedést results in the validation
studies with adequate precision, accuracy, andahil differentiate between low and
high values of the analytes. Also these assays a@yaomic and easy to perform, so

were selected to be used in the following expessraf this PhD work.

3. VARIATIONS IN ADIPONECTIN AND IGF-1 DUE TO OTHER BUT
OBESITY FACTORS

3.1. Material and methods

-Diurnal variation. This study was performed based on a previouslgries] protocol
(Ishioka et al., 2005). Eight beagle dogs weregassl into two groups of four dogs (2
males and 2 females in each). One group, defingptcagp Fed+, was fed at 9:00 as in
the previous days. Other group, defined as group,Feas fasted on the day of
experiment. Blood samples were taken at 8:00, 1@@®M0, 16:00, 20:00, 24:00, and
4:00 h.

-Effect of corticosteroidsThe design of this study was based on previouscibed
protocols (Martinez-Subiela et al., 2004; Yilmazakt 2007). Fourteen beagles were
included in this experiment. None of these dogs adistory of exogenous
glucocorticoid exposure. The dogs were assignedotarol (n=4) and test groups
(n=10). Dogs in the control group (2 males andr@dies) were injected SC 0.9% NaCl
(0.1ml/kg). The dogs in the test groups were distad to two subgroups: group 1 (n=5,
3 males and 2 females) and group 2 (n=5, 3 maleédemales). Methylprednisolone
(Aventis Pharma S.A., Spain) was injected once 8@/Bg and 5mg/kg in groups 1
and 2 respectively. The experiment was started:@@ &m after 12 h fasting in all
groups. Blood samples were collected prior to tnegit at 8:00, 10:00, 12:00, 16:00,
and at 20:00 h.

-Effect of castrationA total of five male adult, university-owned beadiegs were used
in this study. All dogs were castrated using opesrgscrotal method as described by
Fossum (2007). Blood samples were collected fochH®mical assays from all dogs
before castration (D1), during six consecutive d@y2-D7) and on weeks 2, 4, 8 and
12 (W2 — W12) after castration.
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-Effect of renal failureSixty-four dogs, 39 males and 25 females were includedis
study. Six dogs were healthy dogs and 58 were goggiously diagnosed to ha
leishmaniasis between 2008 and 2CSchematic presentation of staging of dogs
leishmaniasis based on uriprotein/creatinine (UPC) ratio and serum creatins

presented in figure 3.2.

Healthy dogs \

(n=6) Non-proteinuric (NP)
UPC<0.2
64 (n=9}
dogs . : -
g Dogs with Borderline proteinuric (BP)
leishmaniasis UPC0.2—0.5 )
(n=S8) (h=7) Non-azotemic (P1)

Serumcreatining <1.4 mg/dl
Proteinuric (P) {n=31)
UPC=>05
(n=42) Azotemic (P2)

Serum creatinine =14 mg/dl
{n=11})

Figure 3.2. Schematigresentation olanimal staging based on urine protein/creatinine (BC)
ratio and serum creatinine

In this study, unfortunately, I1C-1 could not be evaluated because of the low volah
the samples. Since the used samples in this reirogp study came from the serum
after routine biochemical profiles and serology tpools of Veterinary Clinice

Pathology Service of Murcia of Murc

-Effect of sepsisThe experimental procedures with animals were pexd in Uludag
University (Turkey) by a collaborative projectth this institution. A total of 10 adu
healthy mongrel dogs (6 Male and 4 female) werel.uShe dogs were assigned to
control (n=5; 2 male and 3 female) alipopolysaccharidgLPS) group (n=5; 2 mal
and 3 female). Dogs in the control group recd an intravenous vehicle (0.9% Na
0.2 mL/kg), whereas endotoxin was injected intrauesty once at 0.02 mg/kg to t
dogs of LPS group. The experiment was initiate8:80 am, after 14 hrs of fasting
both groups of dogs. Venous blood samples wellected before (baseline) and at (
1, 4, 24 and 48 h posteatmen

Statistical analysis

The statistical procedures were performed usintaadard software (Microsoft Offic
Ecsel 2007, MicrosoftCorporation, Redmond, WA, US, and GraphPad Prist
GrgphPad Software, San Diego, CA, USA). The results dach parameter we
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evaluated for approximate normality of distributioy using the D'Agostino & Pearson
omnibus or Kolmogorov-Smirnov normality test stétis. To compare changes of BW
and biochemical analytes in the same animals &drdift time points pairetitestwas
used for data that showed normal distribution, Ahtoxonsigned rank test was used
for data with non-normal distribution. To compareacges of BW and biochemical
analytes in different groups of do§fNOVAtest was used for data that showed normal
distribution andKruskal-Wallis test was used for data with non-normal distributio
Correlations between variables were estimated uSpgarman correlation coefficient.

Values of p<0.05 for two-sided analyses were carsid significant.

3.2. Results

-Diurnal variation. Figure 3.3 shows meanzsd serum glucose, adiponantinlGF-1
levels over a 20 h period in fed and fasted dogerd were significant diurnal rhythms
of serum glucose in fed and fasted dogs. Howevecomsistent diurnal patterns in total
adiponectin or IGF-1 levels in both groups of dagse detected.

-Effect of corticosteroidsMethylprednisolone 1 mg/kg and 5 mg/kg subcutasgou
produced a significant increase in serum cortisalels (180.5% and 1318.9%,
respectively) 2h after injection. But did not praduwalterations in adiponectin and IGF-
1 concentrations, and no significant differenceshiese analytes were found between
control group and groups that received glucocodEat different time-points. (Figure
3.4).

-Effect of castrationSerum adiponectin levels significantly decreasedlays 3 and 4
after orchidectomy (Figure 3.5.a). After this iaitchange, adiponectin returned to the
initial levels, and did not show any significanteahtions during the 3 months of the
experimental period.

Serum IGF-1 concentrations were significantly daseel at days 2-5 after castration
(Fig. 3.5.b), then began to increase and showedasimalues as recorded before
castration on weeks 2 and 4 after surgery. Howemenveeks 8 and 12 serum IGF-1
concentrations were significantly lower in companisvith the values recorded before

castration.

-Effect of renal failureNo significant differences in adiponectin were ridubetween

healthy dogs and dogs with different degrees afgmmaria. Howeverwhen the group
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Figure 3.3 Post-prandial variation of
serum glucose (a), adiponectin (b), and
IGF-1 (c) concentrations. Four beagle
dogs were fed (Fed+) at 9:00h and 4
beagle dogs were fasted (Fed-) during
all day long. *, p<0.05.
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Figure 3.4 MeantSD plasma cortisol (a),
adiponectin (b), and IGF-1 (c) response to
s.c. bolus of methylprednisolone: 1mg/kg
(group 1; 5 dogs) and 5mg/kg (Group 2; 5
dogs). Four dogs in the control group were
injected SC 0.9% NaCl (0.1ml/kg). *
p<0.01; ** p<0.001; *** p<0.0005.
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of dogs with proteinuria was subdivided into 2 swlogs according presence or not of
azotemia, serum adiponectin concentrations weréehign azotemic dogs (median
[25"-75" percentil], 13.7 pg/mL [10.6-18.7]) in compariswith non-azotemic dogs
(median [28-75" percentil], 6.4 pg/mL [3.7-12.8]).

-Effect of sepsisSerum adiponectin and IGF-1 did not have sigaiftcchanges in the
control dogs in the different samples times dutimg experimental period. However in
dogs injected with LPS a significant decrease weerved in adiponectin levels at 48 h
and IGF-1 levels at 24 and 48 h after the LPS adhtnation when compared with

values recorded at time O (Figure 3.6.).

@
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1

N
o
1

Adiponectin, pg/mL

50

o
o

T T T T T T T T T T T T
0 1/2 1 4 24 48 0 0,5 1 4 24 48
a) Time b) Time

Figure 3.6.MeantSD changes of adiponectin (a) and IGF-1 @®lteduring
experimental period in dogs treated with 0.9 % Na@ll (Control group,
blue lines) and in dogs that were injected LPS t{Teoeup, red lines). *
p<0.05; **, p<0.01 vs. 0 hours.

3.3. Discussion

Diurnal variation. Our results indicated that regular feeding or dag fasting
does not affect serum adiponectin and IGF-1 leweldogs and that these analytes did
not present diurnal variations. These data agréte studies conducted in humans and
other animal species that found no diurnal vamatay post-prandial alterations in
adiponectin (Shand et al., 2006) or IGF-1 (Juulp30concentrations. This fact
represents an advantage of adiponectin and IGFdr ¢eptin which is greatly
influenced by feeding-fasting cycles, as up to 8 facrease in leptin levels after food
intake has been reported in dogs (Ishioka et @052

Effect of corticosteroiddMethylpredinisolone up to 5 mg/kg did not havehart-
term effect on adiponectin and IGF-1. There aretradlictory results in the literature

regarding glucocorticoid effects on adiponectin d@GdF-1, as one group of studies
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suggested a direct inhibitory effect of glucocaniits on adiponectin (Fallo et al.,
2004); others did not observe the difference ipawlectin or IGF-1 levels (Wolthers et
al., 1994; Lewandowski et al., 2006), while a thlgrdup of authors described increased
serum adiponectin and IGF-1 levels after glucocorti administration (Raff and
Bruder, 2006; Jang et al., 2008). Use of differemticoid, dose, way, and time of
administration could be responsible of contradict@sults obtained by distinct authors,
thus further studies are needed in order to clahfy topic. However, our data points
out another advantage of adiponectin and IGF-1 deptin, which is affected by
methylprednisolone administration (can increasdemrease up to 2 fold depending of
the dose) (Yilmaz et al., 2007).

Castration Orchidectomy induced a short-term inflammatorggass due to the
surgical procedure that could be associated with dbcrease in serum levels of
adiponectin and IGF-1. However, orchidectomy didl mesult in long-term changes of
circulating adiponectin concentrations, while ardase in IGF-1 levels was observed
on weeks 8 and 12 post-castration in dogs. Therobdehanges in IGF-1 levels could
be attributed to the direct effect of the decraasandrogens, since expression of IGF-1
is through gonadotropins through cAMP-signal trammsidn induced (Sirotkin, 2005),
or to the food restriction applied in the studynder to maintain stable body weight, as
IGF-1 levels had been described to be susceptibliead restriction (Prewitt et al.,
1982; Jull, 2003).

Sepsis Both adiponectin and IGF-1 decreased a mean &b &nd 42%,
respectively, in response to endotoxins in our demsilarly as it has been described in
human medicine (Colson et al., 2003; Tsuchihasli.eR006). The decrease in IGF-1
after an inflammatory-infectious stimulus could dteibuted to the inhibitory effect of
proinflammatory cytokines on the IGF-1 expressiorthie liver (Colson et al., 2003).
While the decrease in adiponectin levels could ledated with low IGF-1
concentrations, as IGF-1 has been demonstrateddiacé adiponectin synthesis in
adipose tissue (Meier and Gressner, 2004). Thi iddicate that inflammatory status
of the dogs should always be taken in account wherserum adiponectin and IGF-1

are analyzed.
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4. VARIATIONS DUE TO OBESITY AND OBESITY -RELATED DISEASES
4.1. Material and methods

In order to try to clarify the two controversies dhd three aspects not stud
regarding this point, the following trials were fmemed

4.1.1. Experimental studies in do
-Weight gain A total of fourteen adult intacuniversityowned beagle dogs were us
to obtain a wide range of weights and body conditszores (BCS), following
previously described protocol (Sagawa et al., 20@2hematic presentation of us
protocol is presented in Figure 4.1. Blood samplete collected from all dogs at tl

end of the experimental peri

_, GroupA 5 GroupA \
~

(n=3,BCS 3/5]

14 beagle Eaintananc 2 food {n=3.BCS 3/5)
dogs GroupB1
{n=5,BCS 4/5)

Group B

(n=11,BCS 3-4/5
. = High-2ner gy ‘ood Group B2
(n=6,BCS 5/S)

1
10 weceks

Figure 4.1.Schematic presentation of experimental protocall ils@rder to obtain dogs with a wir
range of body weights and body condition sct BCS 3/5, lean dogs; BCS 4/5, overweight; B
5/5, obese doc

-Weight loss A total of six female nc-castrated beagle dogs were used. Schel
presentation of protocol used to induce weight iosgogs is presented in Figure 4
Blood samples were collected from all dogs at thgidning (obese state, TO) and ev

month (T173) during experimental weight loss peri

Gleagle degs 3ff1-1:'1ths_ 6 beagle dogs 3 months 6 beagle dogs \
e Ig;‘.rl[,‘;]rt?:n1uoc (BCS5/5) Hypo-anargatic ‘eod (BCS3/5)

Restricted amount”

! 1

Figure 4.2.Schematic presentation of experimental protocadl igénduce rapid weight loss in da
*, the amount of food was progressively adjustedntiuce a rapid weight loss-3%/week) and to
cover the minimal requirements in proteins (Blamdhet al., 2004
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Adiponectin was determined in all samples in otdestudy if this adipokine was
affected by changes in BW in dogs. In addition,onmder to evaluate the possible
presence of inflammation in canine obesity, APRgh(lsensitivity C-reactive protein
(hs-CRP), haptoglobin (Hp), ceruloplasmin (Cp), aetdum amyloid A (SAA)) were
assessed in both weight gain and weight loss studilso in the weight loss study,
immunoglobulins (lgs) were measured. For performilgg, automated methods
originaly designed for human Igs determinationsenmelidated for use in dogs giving

adequate precision, accuracy, and overlap perfarengesults.

4.1.2. Clinical studies in dogs
-Weight lossThe study was performed in collaboration with Wmgity of Liverpool
(United Kingdom). Plasma and urine from 35 cliemtred obese dogs were assessed
before and after a weight loss programme in ordevaluate:
1) effect of weight loss on circulating adiponectin
2) the possible presence of inflammation in caoinesity by measuring hs-CRP.
3) presence of canine obesity-related metabolifudgsion (ORMD, using a definition
modified from that used for human metabolic syndepnfror this purpose, guidelines
of the International Diabetes Federation (Inteorel diabetes federation) were
modified in order to produce an accessible systemdogs. Therefore, the final
definition of ORMD was as follows:

a) BCS 7-9/9

b) AND anytwo of the following:

1. Triglycerides >200 mg/dL, (2.3 mmol/L).

2. Total cholesterol > 300 mg/dL (7.8 mmol/L).

3. Systolic blood pressure >160 mmHg.

4. Fasting plasma glucose >100 mg/dL (5.6 mmol/L).
Insulin and adiponectin were measured in all dogsvaluate if these analytes could
change in ORMD.
4) effect of weight loss on plasma renal markes. this purpose classic (serum urea,
serum creatinine, urine specific gravity [USG], U®Gnd urine albumin corrected by
creatinine [UAC]) and new (homocysteine, cystatinciisterin) biomarkers of renal

function were evaluated.

4.1.3. Clinical studies in cats
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-Weight loss.The study was performed in collaboration with Wmgity of Liverpool
(United Kingdom). Blood samples collected prioraid after the weight loss period
from 37 overweight neutered cats were studied @geioto evaluate:

1) effect of weight loss on plasma adiponectin.

2) possible presence of inflammation in feline dlydsy measuring Hp and SAA.

4.1.4. Hypothyroidism study in dogs

The study was performed in collaboration with Nanttlantic College of
Veterinary Medicine (France). 39 hypothyroid cliemtned dogs were included in the
study. Primary hypothyroidism was diagnosed basedlmical and laboratorial signs
of primary hypothyroidism i.e. lethargy, bodyweidBW, kg) gain, dermatologic signs,
high cholesterol (>6.5 mmol/L), high c-TSH (>0.5/md) and low fT4 values<{12
pmol/L) (Tyler, 2007). All dogs were subjected hyroxin therapy (meanzsd, 14.4+5.7
ung/kg/day) for 3 months. Good therapeutic responwas considered, if the dogs
exhibited a significant clinical improvement (indlng weight loss, increase activity,
improvement of the skin) and at least a 30% deergas-TSH value.
Blood samples were collected when hypothyroidisns wieagnosed (T1), and after
treatment with thyroxin during 3 months (T2), an®Ps (CRP, SAA, and Hp) and
adiponectin were assessed. In this study IGF 1 nadsevaluated, since a recently
published study by Jaillardon et al. (2011) deathhis topic.

4.2. Results

4.2.1. Experimental studies in dogs

-Weight gain.Table 4.1 shows the values of the body weighp@ukctin, and APPs of

the different groups of dogs at the end of thel.tRAA concentrations were below
detection limit of the assay in six animals, so #tatistical study could not be
performed for this acute phase protein. Dogs witiSB5/5 (group B2) showed
significantly lower serum adiponectin and Hp corcaions in comparison with

normal weight dogs (group A, BCS 3/5), while natistecally significant differences

were detected in serum concentration of hs-CRP, @rPCp between the groups of

dogs.

-Weight lossEvolution of the concentrations of adiponectin,PsPand Igs at different

time points is presented in Figure 4.3. Serum addptn showed a statistically

347



significant increase at two (T2) and three (T3) therafter beginning the weight loss
when compared with pre-weight loss adiponectin eatrations (T0). No statistically
significant changes were detected in CRP, Hp, @B, bnd IgM concentrations at one,
two and three months after beginning the weight lpgriod (T1, T2, and T3,
respectively) when compared with their levels befereight loss (T0). Serum IgA

levels were significantly decreased at T1, T2, 88dvhen compared with TO.

4.2.2. Clinical studies in dogs

-Weight loss.

(1) Adiponectin. Plasma total adiponectin signifite increased in dogs after the
weight loss program.

(2) Inflammation. In obese state of dogs hsCRP eoimations were within the range

for normal healthy dogs and did not change withgiveloss.

(3) Canine obesity-related metabolic dysfunctiorRED). Prior to weight loss, 10
dogs were defined as having ORMD. Plasma adipanemincentration was less

(P=0.004), and plasma insulin concentration was gregBt0.01) in dogs with ORMD.

(4) Renal markers. Urea and USG significantly iasesl after weight loss, whilst
UPCR, UAC, serum creatinine, homocysteine, cysfatiand clusterin all decreased.

4.2.3. Clinical studies in cats

-Weight loss.The results for all plasma biomarkers are shownTable 4.2. A
significant increase in plasma adiponectin was ofesk after weight loss. APPs in
obese cats before weight loss were within the rdngaormal healthy cats, and no

significant changes were found in APPs after weigés.
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Table 4.1. Values of the body weight (BW) and bio@mical analytes in dogs with BCS 3/5 (group
A), BCS 4/5 (group B1), and BCS 5/5 (group B2) afteexperimentally induced weight gain trial.
Group A Group B1 Group B2

BW, kg 14.53+1.7 15.66+1.1  19,15+3,46*

Adiponectin, pg/mL  14.3+1.2 13.2+1.6 8.1+2.3

hs-CRP, mg/L 1.58+1.91 1.89+1.29 2.76+2.65

Hp, g/L 1.20+0.16 1.17+0.17  0.71+0.24**

Cp*107, Aabs/min 6.60+0.75 6.64+2.45 7.02+2.96
* p<0.05; **, p<0.01 vs group A.

Table 4.2. Plasma biomarkers in cats undergoing aaight loss program.
Analyte Pre-weight loss Post-weight-loss

Adiponectin (pg/mL) 2661 (978 to 6039) 3174 (668 to 7820)

Haptoglobin (g/L) 1.7 (0.2t0 3.1) 1.8 (0.2t0 2.9)
SAA (mg/L) 0.38 (0.38 to 0.38) 0.38 (0.38 to 0.38)

All data are expressed as median (range).
& p<0.05 versus successful cats pre-weight loss.

Table 4.3. Median (range) data of analytes of sucgsfully (Group A) and unsuccessfully treated
hypothyroid dogs (Group B).
Group A Group B
T1 T2 P T1 T2 P
TSH 1.55 0.40 1.00 0.90
(0.60-8.30) (0.03-4.80) <0,001 (0.60-4.30) (0.50-4.20) NS
FT4 10.00 16.50 10.00 14.00
(0.0-16.00) (10.00-29.00) <0,001 (7.00-11.00) (12.00-17.00) <0,001
BW 35.50 33.45 39.00 38.50
(6.00-69.00) (15.00-70.00) 0,023 (26.00-54.00) (26.00-51.00) NS
Adiponectin, 13.30 9.48 16.97 14.53
pg/mL (5.23-23.78) (0.43-27.92) 0,001 (8.02-29.87) (5.92-23.64) 0,038
CRP, mg/L 5 5 5 5
(5.00-53.80) (5.00-46.20) NS (5.00-18.70) (5.00-5.00) NS
Hp, g/L 2.15 2.4 2.11 2.17
(0,09-7.4) (0.28-9.20) 0,039 (0.05-4.03) (0.20-3.72) NS
SAA, pg/mL 5.04 1.83 2.21 3.57
(0.68-116.00) (0.20-24.88) NS (0.20-90.60) (0.84-33.95) NS
Cp, AA/min 0.024 0.022 0.027 0.020
(0.001-0.042) (0.005-0.055) NS (0.003-0.052) (0.004-0.033) NS
T1, before therapy; T2, after 3 month therapy; N@&,significant.
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Figure 4.3 Evolution of the levels of serum biomarkers assed with inflammation in six Beagle
dogs (B1-B6) before (T0) and during weight lossgpamn (T1-3, 1-3 months after beginning weight
loss program, respectively). CRP, C-reactive pmpteigG, immunoglobulin G; IgM,
immunoglobulin M; 1gA, immunoglobulin A. *#<0.05; **, P<0.01 vs. TO.
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4.2.4. Obesity-related diseases in dogs

-HypothyroidismTwenty eight of 39 dogs exhibited a good therapeesponse (group
A), whereas the rest of the dogs were consideredffiniently-treated (group B).
Median (range) results of evaluated analytes i lgopbup of dogs is presented in table
4.3. After treatment, group A dogs demonstratedgaifscant decrease in ¢c-TSH and
increase in fT4 concentration, respectively, accamgxd by significant decrease in BW
and adiponectin, and an increase in Hp. Group Bsdsigowed no statistically
significant changes in ¢c-TSH, but had a significauctease in fT4, accompanied by a
significant decrease in adiponectin, of lower magite than group A.

4.3. Discussion

a) Relation obesity-adiponecti@ur longitudinal experimental as well as clinical
studies indicated that serum adiponectin is deerkas obese dogs and significantly
increase after weight loss. Also our clinical sasdidemonstrated that in cats
adiponectin has a similar behaviour as in dogs.s@hesults are in accordance with
those reported by some authors in obesity studie®gs (Ishioka et al., 2006) as well
as in human medicine (Arita et al., 1999; Chandraal., 2003). Although contradict
those reported by Verkest et al. (2011), who fonadcorrelation between adiponectin
and canine obesity. It is worth pointing out thag fack of differences in adiponectin
levels between obese and lean dogs found in soewops studies could be attributed
to high inter-individual variability of adiponectinnot taking in account the
inflammatory status or oestrus cycle phase, ardiierto the use of methods that were

not validated for adiponectin measurement in casareples.

b) Relation obesity-inflammatiorOur results would indicate that there is no
existence of evident inflammation in canine andngelobesity. Previous papers
published showed contradictory results about vahfeSERP in canine obesity. Some
authors found increases and others decreasesygitl@RP levels in these studies were
within the range that indicates a non-inflammatagndition (Veiga et al., 2008;
German et al.,, 2009). In obese humans, CRP comtems are between 3 mg/L
(concentrations <3 mg/L are considered in humamasnal values) and 10 mg/L
(>10mg/L values are compatible with inflammatiolt)has been postulated that these
intermediate values are not directly related witlaimmation and could reflect genetic
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factors, demographic variables, or behavioural diedary patterns (Kushner et al.,
2006).

c) Canine obesity-related metabolic dysfuncti@efinition of “obesity related
metabolic dysfunction (ORMD)” and not “metabolicnsyome” was chosen since
syndrome suggests a disease process related toyobleish has not yet been identified
in dogs.

When a modified diagnostic criteria of the Interoa&l Diabetes Federation was
used, up to third of obese dogs showed to be sudférom obesity-related metabolic
dysfunction (ORMD) characterized by hypoadiponestimia and hyperinsulinaemia,
similarly as it occurs in humans (Leroith, 20123 drorses (Johnson, 2002). This study
could represent the basis of further investigaticls determine pathogenetic
mechanisms and the health significance of ORMD dogs, in terms of disease

associations and outcomes of weight loss.

d) Weight loss effect on renal biomarke@ar data demonstrated a decrease in a
variety of renal biomarkers (such as clusterin, boystein, cystatin C) in obese dogs
undergoing weight loss. These results might suggessible subclinical alterations in
renal function in canine obesity, and could essibdi link between the kidney problems

that have been described to be associated withtplj€grman et al., 2010).

e) Hypothyroidism Our data indicates that decrease in adiponedter @he
treatment may be directly attributed to the infleef thyroid hormones, as it has been
suggested in humans (Iglesias et al., 2003), a®melation between this adipokine and
BW was observed.

No significant difference were found in mean ciatirlg levels of APPs before
and after treatment; with the exception of a sigaiit increase in Hp concentrations in
successfully treated dogs, although these valuee wéhin the range observed in
healthy animals (Mylonakis et al., 2011). Our CRBults are in agreement with many
previous reports, indicating, that disturbanceshiyroid status do not produce evident
increases in CRP in dogs (Nakamura et al., 2008)efisas humans (Pérez et al., 2004;
Caixas et al., 2009). However, SAA higher than lthet of our laboratory reference
range (<5 mg/L) was found in 14 dogs before thattnent. And all of them, with the
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exception of 2 dogs, showed a decrease in these &8iAthe therapy, indicating the

need of further studies to explore the role of SA&anine hypothyroidism.

5. STUDY AND IDENTIFICATION OF NEW POTENTIAL SERUM
BIOMARKERS INVOLVED/LINKED TO OBESITY

5.1. PON1 and BChE

5.1.1. Material and methods.

5.1.1.1. Validation of PON1 assays in dogs and.ddisee different spectrophotometric
assays for measurements of serum PON1 activityamne serum samples were
evaluated. Two methods were adapted to 96-well aplate format using phenyl
acetate and 5-thiobutyl butyrolactonase (TBBL) aneé was adapted to an automated
analyser using p-nitrophenyl acetate as substrélee analytical validation was
performed as described in Section 2, precisionyracy, and limit of detection were
calculated.

The methods for BChE measurements in dogs andaeats not evaluated in this PhD

work, because they were previously validated (Teeteal., 2000).

5.1.1.2. Variations due to inflammation
-Effect of sepsidg-or material and methods description of experiaesepsis in dogs

see Section 3.1.

5.1.1.3. Variations due to obesity and obesityiezladiseases
5.1.1.3.1. Experimental studies in dogs
For material and methods description of experimantiuction of obesity and weight

loss in dogs see Section 4.1.1.

5.1.1.3.2. Clinical studies in dogs
For material and methods description of experimantiuction of obesity and weight

loss in dogs see Section 4.1.2.

5.1.1.3.3. Clinical studies in cats

For material and methods description of weight kissly in cats see Section 4.1.3.
5.1.1.3.4. Obesity-related diseases in dogs

-Hypothyroidim.

For material and methods description see sectibd 4.
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-Diabetes mellitus (DM)A Total of 222 dogs were included in present studliydogs
were divided into 3 groups:

Group 1 was formed by 74 dogs with diabetes mellifthe diagnosis of diabetes
mellitus was made on the basis of previously dbedricriteria (Durocher et al., 2008).
Only those dogs that were not treated with inspigviously were eligible for inclusion
in the study.

Group 2 included 74 dogs that were healthy doghk wit clinical evidences of acute or
chronic disease, except in some cases obesity.

Group 3 was formed by 74 dogs that presented diffediseases except diabetes

mellitus.

5.1.2. Results.
5.1.2.1. Validation PON1 in dogs and catsnalytical validation data of the three

methods in dog and one in cat serum are presemtedhle 5.1.1.

Table 5.1.1. Analytical validation data of differert methods to measure PON1 activity (Ul/mL) in canie and
feline serum samples.
Species Assay Precision Accuracy Detection
CV, % Linearity limit
Intra Inter Equation R2
Dog Serum lactonase activity by measuring the <7 <18 y=0.955x+0.22;0.995; 1.0
hydrolysis of 5-thiobutyl butyrolactonase y=0.594x+0.47 0.908
(TBBL) [assay A
Serum arylesterase activity by measuring the <5 <10 y=1.041x-1.38;0.999; 9.1
hydrolysis of phenyl acetatagsay B y=1.044x-1.25 0.992
Serum arylesterase activity by measuring the <6 <9 y=0.998x-0.14; 0.994; 0.6
hydrolysis of p-nitrophenyl acetatadsay ¢ y=1.056x-0.35 0.991
Cat? Serum arylesterase activity by measuring the <5 <7 y=0.897x+0.18;0.999; 0.3
hydrolysis of p-nitrophenyl acetatagsay A y=0.960x+0.17 0.999
CV, coefficient of variation.

5.1.2.2. Variations due to inflammation

-Effect of sepsisSerum BChE and PON1 did not have significant chamgéhe control
dogs in the different samples times during the erpental period. However in dogs
injected with LPS a significant decrease was olegkim BChE activity at 24 h and
PON1 activity at 48 h after the LPS administratishen compared with values
recorded at time O (Figure 5.1.1.).
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Figure 5.1.1. Mean+SD changes of BChE (a) and PON1 (b) concéntisat
during experimental period in dogs treated with % ™NaCl sol. (Control group,
blue lines) and in dogs that were injected LPS t{(§esup, red lines). *, p<0.05
vs. 0 hours

5.1.2.3. Variations due to obesity and obesitytetladiseases

5.1.2.3.1. Experimental studies in dogs

-Weight gain.Serum BChE activity was lower in dogs with BCS 8gsoup A, 3.1
kU/L [2.8-3.3]) when compared with dogs with BCS 4¢roup B1, 3.8 kU/L, [3.2-4.4]
P<0.05) and dogs with BCS 5/5 (group B2, 5.4 kU/L66.1], P<0.001). While no
significant differences were observed in PON1 dgtibetween the different groups of
dogs (group A, 5.7 kU/L [5.1-6.3]; group B1, 5.1/kU4.9-6.2], and group B2, 5.4
KU/L [5.0-6.3)).

-Weight loss.Serum BChE showed a statistically significant daseein dogs after
weight loss (6.05 [5.70-8.20] vs. 5.20 [3.10-5.€QJL; p<0.05), while no statistically
significant differences were observed in PON1 agtin dogs before (6.0 kU/L [4.9-
7.2]) vs. after (5.83 kU/L [5.4-6.7]) weight loss

5.1.2.3.2. Clinical studies in dogs

BChE activity significantly decreased in dogs aftexight loss, while no statistically
significant changes were observed in PON1 activityogs before and after weight loss
(Table 5.1.3).

Table 5.1.3. BChE and PON1 in dogs before and afteveight loss.

Pre-weight  Post-weight- p
Criterion loss loss
BChE (kU/L) 7.4 59 <0.05
(2.4t014.8) (2.5t014.0)
PON-1 (kU/L) 25 2.23 >0.05

(05t03.8) (0.5 to 3.4)
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5.1.2.3.3. Clinical studies in cats

-Weight loss There were no differences in BChE=0.737) or (PON-1) activity after
weight loss in obese cats (Table 5.1.4). Howevee-weight-loss PON-1 activity
(P=0.004) was lower in cats that failed to completght loss than those who were

successful, no differences were noted for BAPHE).777.

Table 5.1.4. BChE and PONL1 in cats that completedret completed weight loss program.

Cats completing

Criterion Cats not completing

Pre-weight loss Post-weight-loss
BChE (kU/L) 2.8(1.8t03.9) 2.9 (1.7t05.1) 2.8(1.7t04.3)
PON-1 (kU/L) 4.6 (3.1 to 6.9} 5.5(3.81t07.3) 5.6 (3.3t07.4)

All data are expressed as median (range).
BChE, butyrylcholinesterase; PON-1, paraoxonase iyp
& p<0.01 versus successful cats pre-weight loss.

5.1.2.3.4. Obesity-related diseases in dogs

-Hypothyroidism. Dogs that demonstrated a good therapeutic respshssved
significant increase in BChE activity from 5.20 kU{2.90-9.50) to 5.65 kU/L (2.70-
10.70). No statistically significant changes welesarved in PONL1 activity in both

20000+ \
*E

groups of dogs.

-Diabetes mellitus. A -
o 150004 [ 1
significantly  higher =~ BChE £ -
35
activity was recorded in dog yj 10000-
. . - 0
with diabetes mellitus (group 1 B 500 T [ ] :__:
when compared with health I

dogs or dogs with diseas Groupl  Group2  Groupd

different than diabetes mellitu
(groups 2 and 3) (Figure 5.1.2).

Figure 5.1.2.Butyrylcholinesterase (BChE) activity in

dogs with diabetes mellitus (Group 1), healthy dogs
(Group 2), and in dogs with different diseases pice
diabetes mellitus (Group 3). P<0.05; **, P<0.01.

5.1.3. Discussion
a) PON1 assaysThree methods were validated for measurement @NP
activity in dog and one in cat serum. A differenbstrate was used in each assay:
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TBBL for lactonase activity and p-nitrophenyl adetaand phenyl acetate for
arylesterase activity. All the assays were robpstcise (with the exception of the
interassay values for lactonase method for canampkes), and easy to set up in
laboratories. These assays will allow additionakegch into PON1 behavior in obesity

and obesity-related diseases that are known tottdative status in dogs and cats.

b) Inflammation Our data indicate that severe inflammation dessrdsoth BChE
and PONL1 activity in dogs (approximately 30% an@o20@espectively), similarly as
occur in humans (Al-Kassab and Vijayakumar, 199&nBeil and Delaroche, 1996).
The decrease of BChE could be an organic reactidnthe purpose of increasing the
acetylcholine levels and limiting the inflammatorgsponse (Rossas-Ballina and
Tracey, 2009). While observed decrease in PONYictiould be attributed mainly to
two mechanisms: (1) direct negative effect of cytek (TNFe, IL-1) on PON1
expression (Feingold et al., 1998); and (2) chamgéipid and protein composition of
HDL in response to inflammation, as during the aqoihase response, HDL is losing
most of the HDL-associated enzymes (including PONan Lenten et al., 1995; James
and Deakin, 2004).

c) Obesity Serum BChE showed to be a good marker of adipositdogs,
similarly as occur in humans (Randell et al., 2008)ile no changes were observed in
obesity in PONL1 activity in dogs, and BChE and PONZtats. Although in cats pre-
weight loss PON1 could be used as a predictor otessfulness of weight loss
program, suggesting that pre-weight loss PON1 ché@dused as a predictor of the
success of a weight loss regime in cats. Howeweceghese findings are preliminary,
further studies should be undertaken to clarify iélation between BChE and PONL1,
and obesity in the cat.

d) Hypothyroidim. The successful treatment of hypothyroid dogs was al
accompanied by the increase in serum BChE actisityilarly as it has been described
in humans (Popoviet al., 1998). The increase of BChE activity col&involved in
the hydrolysis of triglycerides (Popdviet al., 1998) and would contribute to the
improvement of lipidic profile described in hypothid dogs after thyroxin therapy
(Dixon et al., 2002).
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e) Diabetes mellitusThe evaluation of BChE in canine DM was performed
because of two main reasons. Firstly, althoughes®e in BChE was described in
human DM possibly due to altered lipid metabolishere were no reports about this
topic in dogs. Secondly, BChE is included in th@egal biochemical profile in “San
Marco” veterinary hospital, what allowed us to penfi a retrospective study with more
than 200 dogs in order to evaluate possible chamgB€hE activity due to presence of
DM. This is a preliminary study, and further stugdievaluating PON1 and other
biomarkers used in this PhD (such as adiponecf-1 and APPs) should be
performed in canine diabetes mellitus in order tarify its physiopathological
mechanisms.

Dogs with diabetes mellitus showed higher BChE vagtithan healthy controls,

similarly as described in humans (Abbott et al93)9 However body condition score
did not affect BChE values in dogs with diabetedlitns, as reported in humans
(Abbott et al.,, 1993) Suggesting that in diabetesllitas insulin insensitivity or

deficiency could have a major influence on BChEvagtthan body weight.

5.2. Proteomics
5.2.1. Material and methods
-Animals and experimental set-up

For animal and experimental set-up descriptionrsgeédon 4.1.1.

-Two dimensional polyacrylamide gel electrophoré2BE)

Serum samples before (T1) and after (T2) weight tdsfive dogs were analyzed
in duplicate for 2DE. The first dimensional isoétex focusing was performed on
homemade immobilized pH gradient strips (11cm) veithon linear pH range of 4 to
10. For the second dimension was performed on hademgradient 10-15%
polyacrylamide gels 140 x 140 x 1.5mm. After elephoresis, the gel was stained with
silver according to standard protocols as repdrefdre (Miller and Gemeiner, 1992).

-2DE gel image analysis
Stained 2D gels were scanned in an ImageScann¢GHI Healthcare Life
Sciences) and evaluated by using specific soft{larage Master 2D Platinum 7.0, GE

Healthcare Life Sciences).
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-MS identification and data analysis

Those spots that appeared significantly differéigtiaxpressed between obese
and lean state of all animals were subjected toid&tification. Selected spots were
excised and in-gel digestion with trypsin was perfed. After desalting step by using
C18 Zip-Tip the entire peptides were analyzed by LWMATOF/TOF mass
spectrometry (Ultraflex 1l, Bruker Daltonics).

Processed spectra were searched using Mascot (watsixgtience.com) in
Swiss-Prot database (release 56.5) or the NCBltabdae (20090314). Following
search parameters were set: taxonomy mammalia, alglomodifications
carbamidomethylation on cysteine, variable modifmes oxidation on methionine, MS
tolerance 100-150 ppm, MS/MS tolerance 1 Da, orssed cleavage allowed. MS and

MS/MS-identifications were considered as statifliicgignificant @ < 5%).

5.2.2. Results

Results of protein mapping of canine serum using 2Bvealed more than 170
individual spots with molecular weights betweenat@ 100 kDa over a pH range of 4
tol10 in each analyzed silver stained 2DE gels fbmth, obese and lean dog’s serum
samples (Figure 5.2.1). Protein profiles obtainéeach class (dogs in an obese and
lean state) were homogeneous since no differenegs detected between replicates

and between images from samples of the same class.

4 — Nonlinear IPG 4 —> 10 4 —  Nonlinear IPG4-10 —— > 10
100 " .

B MW(kKDa)

Figure 5.2.1.Representative 2DE gel images of silver-stainedeprs of canine serum obtained before (T1,
obese state) and after (T2, lean state) weight dosespond to dog number 1. Differentially expeess
protein spots between the obese and lean statbe afogs are encircled and numbered: (1) retinudibg
protein 4; (2) Clusterin precursor; (3) Serpin jagee inhibitor, clade A (alpha-1 antiproteinase,
antitrypsin), member 1.
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Image analysis was used for automatic spot deteetmml for the comparison of
the spot volumes obtained in the two image classesges from obese and lean serum
samples. A total of 144 spot matches, corresponatirige detection and quantification
of the same spot in the different classes, weraiodtd. A statistical class analysis
allowed the detection of 3 spot matches that wesduiated in response to weight loss.
Among the three spots differentially expressedbese versus lean state, two were up-
regulated and one was down-regulated in obese istat@mparison with lean state of

the dogs (table 5.2.1).

Table 5.2.1. Differentially expressed spot matches obese versus lean state of dogs. X: media of
normalized volumes. SD: standard deviation.
Obese state Lean state
Spot Obese vs P value
P Lean (n=5) (n=5)
X SD X SD

1 1 0.2091 0.0155 0.1534 0.0409 0.0316

2 1 0.1639 0.0303 0.0964 0.0234 0.0072

3 ! 0.1998 0.3169 2.726 0.3001 0.0310
®Spot label number from annotated gel image (seedid & 2).

MALDI-TOF/TOF MS allowed the identification of thiaree protein spots with

differential expression levels as belonging ton@tbinding protein 4 (RBP4), clusterin
precursor (CLU), and alpha-1 antitrypsin (AAT) (Tab.2.2).

Table 5.2.2. MS identification of proteins from caime serum samples. MW: molecular weight. pl:

isoelectric point.

Number Sequence

Spot - Accesion Protein identification Theoretical - Theoretical of unique coveragé Score
labeP  number® MW [kDa] pl '9 9
peptides [%0]
1 0i|73998292  Retinol-binding protein 4 29.8 9.4 3 195 390.2
[Canis lupus familiaris]
2 gi|50979240 Clusterin precursor [Canis 51.8 5.6 3 9.7 81.3
lupus familiaris]
3 i|121583756 Serpin peptidase inhibitor, 46.3 5.5 2 6.5 239.2

clade A (alpha-1
antiproteinase, antitrypsin),
member 1 [Canis lupus
familiaris]

®Spot label number from annotated gel image (seer€it).
® NCBI (gi) protein database accession numbers.
¢ Sequence coverage: percent of identified sequentte complete sequence of the known protein.

5.2.3. Discussion
In the present study, serum proteome analysis veaformed in beagle dogs

before and after controlled weight loss programatiStical comparison of spot volumes
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revealed three spots differentially expressed betwebese and lean state of the
animals. The detection of only 3 proteins signfiitya affected by obesity would be in
odds with what would be expected, as for examplange of adipokines are known to
be altered in canine obesity (German et al., 20T@)s could be explained by the
insensitivity of the technique, as when 2DE gelhnds are used for proteome analysis
the detection of some biomarkers can be very agilg due to the presence of high —
abundance proteins (presented in serum at mg/nalde{Selvaraju and Rassi, 2012).
Mass spectrometric analysis revealed that serum, RBP4, and AAT were the
proteins involved in the spot changes obtainedhia 2DE analysis. These proteins
could be considered as potential markers of obesitg obesity-related diseases
processes in dogs. The data from our clinical swidyeight loss in dogs support this
finding, since serum CLU was significantly lower dogs after weight loss (section
4.1.2). Future studies, evaluating RBP4 and AATubing species-specific assays in
serum of obese and normal weight dogs, would bemetended in order to verify the

results obtained in this report.

6. CONCLUSIONS

1. Commercially available assays for adiponectin aGdF-1 showed adequate
results in our validation studies when using witbgsl and cats samples.
Commercially available leptin and ghrelin ELISA Kitested in our study
showed to have low sensitivity and/or accuracy; @éeklopment of new Kits to

measure these adipokines would be recommended.

2. Serum adiponectin and IGF-1 are not influenceddeging/fasting cycles or by
a single dose corticoid administration. Also ciatirlg adiponectin levels are not
affected by orquidectomy. However, caution showddidken when interpreting
IGF-1 values of castrated dogs, since lower comagahs were observed in
these animals. Also inflammatory status of the doguld always be evaluated
when analyzing both adiponectin and IGF-1, sinckanmmmation decreases

concentrations of these proteins in significant way
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. Canine and feline obesity is associated with deeeairculating adiponectin

concentrations, which increase after weight losg.iBseems to not produce an
evident inflammation, at least that can be detewatigldl APPs.

. Up to one third of obese dogs suffer from obesigted metabolic dysfuncion,

characterized by hypoadiponectinemia and hypeilimsuwia, similarly as occur

in the human metabolic syndrome.

. Weight loss in dogs is associated with the improseimof serum markers of

renal dysfunction, such as clusterin, homocystistatin C.

. Therapy of dogs with hypothyroidism results in @@sed adiponectin

concentrations and increased BChE activity.

. Serum BChE showed to be a good marker of adipasithogs and is increased

in canine diabetes mellitus. No changes were obdgem PON1 activity in
obese dogs, and BChE and PONL1 in obese cats. glthawcats pre-weight loss
PON1 could be used as a predictor of successfulbiesgight loss program.

BChE activity is increased in dogs with diabetedlitns.

. Proteomic analysis revealed three proteins (clustegtinol-binding protein 4,

and alpha-1 antitrypsin) that could be considesegaential markers of obesity

and obesity-related disease processes in dogs.



6. Resumen
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1. Introduccion

La obesidad es el trastorno nutricional mas comnmipegros y gatos (Roudebush
et al.,, 2008; Lusby et al.,, 2009). Su crecientedinacia parece reflejar la tendencia
observada en los humanos (Rennie and Jebb, 2008 @asi dos tercios de los adultos
en los Estados Unidos tienen sobrepeso o son olfelsoml et al., 2002). Del mismo
modo, los estudios en animales de compafia protedda diversas partes del mundo
han estimado que la incidencia de la obesidad @ob#acion de perros y gatos oscila
entre el 22 y el 40 por ciento (Burkholder et 2000; McGreevy et al., 2005).

Los objetivos de esta tesis doctoral fueron:

1. Validar los ensayos disponibles comercialmente dipoguinas (adiponectina,
leptina y grelina) e IGF-1 (factor de crecimientsulinico-1) para su uso en

perros y gatos.

2. Estudiar los efectos de las variaciones debidasct@res no relacionados con
obesidad (como variaciones diurnas, el efecto dmdasta de alimentos, la
castracion y sepsis). Para este propésito, secgmt@con los analitos que dieron
resultados adecuados en la validacion realizadal ggunto 1 y fueron mas

econdmicos, faciles y rapidos de realizar.

3. Estudiar el efecto de la obesidad sobre la adigoaey las principales proteinas
de fase aguda en perros y gatos y explorar si &@sop obesos sufren de
sindrome metabdlico. También evaluar si la obespadtia estar relacionada
con cambios en biomarcadores renales, y estudiao das adipoquinas y
proteinas de fase aguda se ven afectados por extfad®s relacionadas con la
obesidad, como el hipotiroidismo.

4. Estudiar e identificar nuevos biomarcadores sérnielasionados con la obesidad

canina. Para esto se evaluara el PON1 (paraoxdnagda colinesterasa y se

realizaran estudios de proteémica.
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2. Estudios de validacion

2.1. Material y métodos

Se evalué la capacidad de los diferentes métodpeibles comercialmente en el
momento de la realizacion de la Tesis, para madidiponectina, la grelina, leptina, e
IGF-1 en perros y adiponectina, la grelina, y dfdGen los gatos. Los métodos
evaluados aparecen en tabla 2.1. La leptina egalims no se estudié debido a la falta
de reactividad de esta adipoquina con anticuerpdsithana o de raton/rata utilizados
en ELISAs y a la no existencia de ELISAs espedifide gato en el momento en que se

realizaron las pruebas.

Para la validacion de los métodos analiticos sselgaido protocolos publicados
previamente (Jensen and Kjelgaard-Hansen, 201Q)diéstlose tres parametros
basicos: precision, exactitud y limite de detecckatemas, se realizo una validacién de
la capacidad de los métodos para diferenciar magestn concentraciones altas y bajas.
Para esto se usaron muestras de animales delgab@sgs, 0 viceversa, salvo para la
grelina, en la que las muestras fueron obtenidabfeaentes tiempos después de
administracion de glucosa intravenosa en los peg@sjue la glucosa es un potente
inhibidor de la grelina (McCowen et al., 2002).

2.2. Resultados
2.2.1. Validacion analitica
Los resultados de la validacion analitica de difsse métodos para perro y gato

aparecen en las tablas 2.1 and 2.2, respectivamente

2.2.2. Capacidad para diferenciar muestras de d#figies concentraciones

2.2.2.1. Perros

Adiponectina Las muestras obtenidas de perros obesos y atedizzon los ELISAs
especifico-canino y humano tuvieron concentracialeeadiponectina mas bajo que las
muestras recolectadas de los perros delgados (B@0d 0.0005, respectivamente)
(Tabla 2.3).

Leptina Con el ensayo A, las muestras de perros obestrdno una concentracion

mas alta de leptina que las de perros de peso ahqpw0.001). No se observaron
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diferencias significativas (p=0.89) en las conaaritbnes de leptina cuando las muestras

de los perros obesos y de peso normal se analizaroal ensayo B (Tabla 2.3).

Grelina. Los cambios en las concentraciones de grelinaueno canino después de

inyectar glucosa, medidos con ensayos

canino y humano, aparecen en la figur

2.1. En comparacién con los valor

basales, hay una disminucion media
17% y un incremento medio de 19%

las concentraciones de ghrelintras 5y

o

T T

T T T
0 5 10 30 60 120 180
Time, min

Plasma ghrelin (% of basal value)

minutos después de la administracion
glucosa, respectivamente, cuando
analizaron con el ensayo canino. Figura 2.1. Respuesta de grelina plasmatica
a la glucosa IV (0.5/kg de peso corporal)
inyectada a cuatro perros de raza beagle
medida con ensayos canino) (y humano

(A).

embargo, no se detectaron cambi

estadisticamente significativos. Cuando

utilizé el ensayo humano, se detecto u
disminucion del 30% en los niveles de
grelina en plasma 10 min después de la adminiétrag® glucosa (p <0,05), seguido
por un aumento de 50% a los 120 minutos (p <Od@B) respecto a los niveles basales.

IGF-1. Las concentraciones de IGF-1 sérico en los peletizados fueron mas altas (p

<0,05) que las de los perros obesos (Tabla 2.3).

2.2.2.2. Gatos

Adiponectina, grelina, y IGF-1Las concentraciones de adiponectina (p=0.01gkngr
(p=0.03) fueron mas bajas en gatos obesos (n=1@pmparacién con gatos de peso
normal (n=10). Pero no se observaron diferenc@sfgiativas en los niveles de IGF-1
entre los dos grupos de gatos (p=0.12) (Tabla 2.4).
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Tabla 2.1. Datos de la validacion analitica de difentes ensayos para medir la adiponectina, leptingrelina, e IGF-1 en muestras de suero
canino.
Analito Ensayo Unidades  pecision Exactitud (Ij_irtnite de
CV, % Linealidad Recuperaciorf etecciol
Intra Inter Ecuacion R? %
Adiponectina® Canine ELISA Kit, Millipore, USA pg/mL <7 <14 y=882x+0.65; 0.9996; NE 0.098
y=0.999x+0.66 0.997
Human ELISA, High Sensitivity Kit, BioVendor- pug/mL <8 <11 y=0.991x+0.11; 0.996; NE 0.74
Labaratorni medicina, Czech Republic y=0.976x+0.37 0.999
Leptina® Canine ELISA kit, Millipore, USA &ssay A pg/L <6 <8 y=1.037x-0.06; 0.985; 77 -101 -
y=0.987x-0.79 0.986
Canine leptin, BPB Biomedicals Inc, USaAsgsay pg/L <14 <14 y=0.928x+0.38; 0.955; 67 -125 9.08
B] y=0.907x+3.75 0.970
Grelina Canine ELISA, Phoenix Pharmaceuticals Inc, ng/mL <10 >20% y=1.059x —0.71; 0.991; 101-121 0.6
USA y=1.006x — 1.04 0.924
Human unacylated ELISA, BioVendor- pg/mL <7 <20 y=0.977x+15.46;0.999; 83-96 -
Labaratorni medicina, Czech Republic y=1.006x+5.06 0.998
IGF-1 Immulite 1000 assay, Diagnostic Products, USA ng/mL<8 <10 y=0.993x+4.11; 0.999; NE 0.01
y=0.992x+0.18 0.999
CV, coeficiente de variacion.
& se us6 una muestra de suero canino, con unarntomcién de adiponectina determinada con ELISAraancomo estandar para la curva de
calibracién de la ELISA humana.
P se evaluaron 3 ensayos mas (Human EASIA, BioSobgepe S.A., Belgium; Human ELISA, BioVendor-Laatmrni medicina a.s., Czech
Republic; Mouse/rat enzyme immunoassay kit, SPliance) para las medir leptina en suero caniei@ po hubo reactividad.
° los ensayos de recuperacion se realizaron séltosdiits donde se disponia de la proteina canimifigada; NE, no evaluado.
9]os limites de deteccién no se han podido calqdaa el ensayo A de la leptina y ensayo humarpelima, ya que blancos no dieron ningtn valor.




Tabla 2.2. Datos de la validacion analitica de difentes ensayos para medir adiponectina, grelina, \5F-1 en suero felino.

Precision Exactitud Limite
Analito Ensayo Unidades CV, % Linealidad Recuperacion de
Intra Inter Ecuacion R2 % deteccién

AdiponectinaHuman ELISA, High Sensitivity Kit, BioVendor- ng/mL <7 <16 y=0.894x+997.3°0.974 100-112 2.0
Labaratorni medicina, Czech Republic y=0.882x+605.43.987

Grelina Human unacylated ELISA, BioVendor-Labaratorni pg/mL <15 <15 y=0.984x-11.9@.962 91-112 9.6
medicina, Czech Republic y=0.963x+5.88 0.998

IGF-1 Immulite 1000 assay, Diagnostic Products, USA ng/mi<3 <6 y=1.022x+6.850.987 100-112 0.01

y=1.022x+0.83 0.994

CV, coeficiente de variacion.

Tabla 2.3. Valores de adiponectina, leptina, y IGH- en suero de perros delgados y obesos.
Delgados Obesos P
Analito Ensayo ) ]
n mediana i n mediana )
10-90 percentil 10-90 percentil
Adiponectina,
pg/mL perro 8 16.10 9.82-28.56 22 5.05 0.45-16.87 <0.01
Humana 8 16.32 10.93-26.69 22 5.54 3.55-14.94 <0.001
Leptina, ng/mL A 8 <36 3.6-5.4 37 7.2 4.2-25.0 <0.001
B 8 276 20.8-81.0 37 28.1 13.7-92.3 >0.05
IGF-1, ng/mL 8 102.0 90.0-180.0 8 151.0 95.0-200.0 <0.05
Tabla 2.4. Valores de adiponectina, grelina, y IGE-en suero de gatos obesos (n=10) y delgados (n=10)
Obesos Delgados P
Mediana 10-90 percentil Mediana 10-90 percentil
Adiponectina, pg/mL 735.8 (204.3-2675.0) 3117.0 (387.5-6457.1) <0.01
Grelina, pg/mL 216.2 (130.21-306.6) 312.1 (196.0-332.9) <0.05
IGF-1, ng/mL 434.0 (296.8-556.2) 453.0 (291.0-998.0) >0.05
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2.3. Discusion

Los estudios de validacién son necesarios parantjgaa que los métodos analiticos
funcionan adecuadamente, proporcionando resultagposducibles y precisos y siendo
Gtiles para discriminar entre animales sanos yrerde (Jensen and Kjelgaard-Hansen,
2010). Se pueden destacar cuatro puntos con respecto esiodios de validacion
realizados en esta Tesis:

1. Se recomienda usar una muestra de suero camingna concentracion conocida
para calibrar el ELISA adiponectina humana. Ya pegluce una mejor diferenciacion
entre las concentraciones altas y bajas de adippae&ste dato esta en linea con la
recomendacion del uso de estandares especificespieie para lograr una afinidad
similar de antisuero frente a estdndares y muedidsrsall, 1995). También el uso de
muestras de suero como estandar se prefiere enosgabos a la proteina purificada,
ya que es mas economico, produce una matriz fgimddémas adecuada y puede
asegurar un suministro constante y de larga durad@material estandar (Eckersall,
1995).

2. Los dos métodos usados para las medicionegptieden las muestras de suero
canino presenta algunas desventajas. El ensayo o&frénuna buena precision y
exactitud de los resultados, aunque no di6 resulpada 7 de 8 muestras de perros de
peso normal, lo que indica una falta de sensilllidal ensayo. Mientras, que en el
ensayo B, los valores de leptina fueron signifiatiente sub o sobre-estimados en
comparacion con los valores esperados en el estlglita recuperacion. Este bajo
rendimiento de los estudios de recuperacion prebadmte fue la causa de la baja
capacidad de este ELISA para detectar diferenciamifisativas entre las
concentraciones de leptina de perros obesos y didgaAsi seria recomendable el
desarrollo de nuevos ensayos para determinartiadeganina de una forma fiable .

3. Curiosamente, el ELISA humano evaluado para daicion de la grelina en
perro dio mejores resultados que el ELISA canin@.qde, mientras el ensayo humano
mostré unos CV intra e inter-ensayo inferiores@#o2el ensayo canino tuvo unos CVs
inter-ensayo muy alto (hasta 54%), probablemerfteeinciado por la alta variabilidad
inter-kit. Ademas, el ensayo humano mostré unosb@asrsuperiores en los valores de
grelina obtenidos durante la prueba de adminigtnade glucosa; indicando una
reducida capacidad del ensayo canino discrimin&e dons valores altos y bajos de
grelina. Aunque el ensayo humano proporcioné unagonmes resultados en la

validacion, el alto CV de inter-ensayo (19,5%) sede considerar como una limitacion
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del kit. Por lo tanto, al igual como ocure con kssayos de leptina, se deberian
desarrollar nuevos ensayos para la medicion deslang en suero canino .

4. En general, los ensayos de adiponectina y dell@kostraron los mejores
resultados en los estudios de validacidon, con deawmda precision y exactitud, y una
buena capacidad de diferenciar entre los valotes &lbajos de los analitos. También
estos ensayos fueron econdmicos y facil de realmarello fueron seleccionados para
ser utilizado en las experiencias siguientes detesibajo de doctorado.

3. VARIACIONES DE LAS ADIPOQUINAS POR FACTORES NO
RELACIONADOS CON LA OBESIDAD

3.1. Material y métodos

-Variaciones diurnasEste estudio se realiz6 basandose en un prot@reloamente
descrito (Ishioka et al., 2005). Ocho perros dearbeagle se distribuyeron en dos
grupos de cuatro perros (2 machos y 2 hembras @m wao). Un grupo, Fed+, se
aliment6 a las 9:00 como se realiza habitualméviientras que los perros del otro
grupo, Fed-, se mantuvieron en ayunas durante eelddi experimento. Se sacaron
muestras de sangre a las 8:00, 10:00, 12:00, 120000, 24:00, y 4:00 h.

-Efecto de los corticosteroidekl disefio de este estudio se realiz6 segun pro®co
previamente descritos (Martinez-Subiela et al. 2200Imaz et al., 2007). Se emplearon
14 perros de raza beagle sin historia de exgwsiiglucocorticoides exdgenos, que se
distribuyeron en un grupo control (n=4) y un grypaeba (n=10). A los perros del
grupo control (2 machos y 2 hembras) se les iny8€060.9% NaCl (0.1ml/kg). Los
perros del grupo de prueba se dividieron en dograpbs: grupo 1 (n=5, 3 machos y 2
hembras) y grupo 2 (n=5, 3 machos y 2 hembraspsAgtupos 1 y 2 se les inyectd
metilprednisolona (Aventis Pharma S.A., Spain) ea sola dosis SC a dosis de 1mg/kg
y 5mg/kg respectivamente. El experimento comelas 8:00 am despues de 12 h de
ayuno y se tomaron muestras de sangre en todagufmss a las 8:00, 10:00, 12:00,
16:00 y a las 20:00 h.

-Efecto de castracionSe usaron 5 perros Beagle que se castraron usanégnica

abierta pre-escrotal descrita por Fossum (2007jor8aron muestras de sangre antes de
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la castracion (D1), durante seis dias consecu(D2-D7) y 2, 4, 8y 12 (W~ W12)

semanas después de castra

-Efecto de dafo renabe incluyeron 6 perros,39 machos y 25 hembras, en el estu
Seis eran perros sanos y 58 eran perros con lemsasimEstos perros se dividieron
grupos segun skatio proteina/creatinina en orina (UPC) y creaktinen suercomo se
representa en la figura 3.2.

En este estudio, el IGEno pudo ser evaluado debidb reducido volume de las
muestras. Ya que lasuestras utilizadi en este estudio procedian dakro que habia
sobrado despuéte la realizacion de | perfiles bioquimicoy protocolo: de serologia
de Servicio dd’atologia Clinica de Universidad de Mu.

Perros sanos \

(n=6) Sin proteinuria (NP)
UPC<0.2
64 (n5)
perros Perros con Proteinuria “borderline” (BP)
leishmaniasis UPC0.2-0.5 . .
(n=58) (n=7) Sin azotemia (P1)
Creatinina sérica <1.4 mg/dL
Con proteinuria (P) (n=31)
UPC>0.5
(n=42) Con azotemia (P2)

Creatinina sérica >1.4 mg/dL
(n=11)

Figura 3.2.Presentacion esquema de la clasificacion de los animales a bas ratio
proteinas/creatinit (UPQ) en orina Vv lecreatinina séric.

-Efecto de sepsid.os pocedimientos experimenta con animalesse realizaron ¢

Uludag University Turquia)dentro de umproyecto de colaboracién ¢ esta institucion.
Se incluyeron unotal de 10 perros adultos mestizos (6 machosgmbinas que fueron
asignados a ungrupo control (n=5; 2 machos y 3 hembras) y grup®
lipopolysaccharido(LPS) (n=5; 2 machos and 3 hembreA los fgerros del grupo
control se les inyect®/ 0.9% NaCl ((.2 mL/kg), mientras qua los perro«del grupo
LPS se les inyecténdotoxina IV en una sola dosis (0.02 mg/IEl experimento s

inicié a las 9:00 amdespués de lhoras de ayuno elos dos grupos « perros. Se
tomaron muestras deangre venosa an (basales) y a 0,5, 1, 24 y 48 h post-

tratamiento.
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Analisis estadistico

Los analisis estadisticos se realizaron usandoofiware estandar (Microsoft Office
Ecsel 2007, Microsoft Corporation, Redmond, WA, US#nd GraphPad Prism,
GraphPad Software, San Diego, CA, USA). Los redokade cada parametro se
evaluaron para la normalidad de la distribucién iarge el uso de la D'Agostino y
Pearson omnibus o Kolmogorov-Smirnov. Para compasacambios de peso corporal
y analitos bioquimicos en los mismos animales eréliftes tiempos de una prueba se
utilizé prueba t pareada para los datos que maostrana distribucion normal, y el test
de Wilcoxon para datos con distribucion no norrRaka comparar los cambios de peso
corporal y analitos bioquimicos en diferentes geuge perros se utilizo el test ANOVA
para los datos que mostraron una distribucion nloyrebKruskal-Wallis para datos con
distribucion no normal. Las correlaciones entreialdes se estimaron mediante el
coeficiente de correlacion de Spearman. El limaeapel nivel de significacion se

establecio en p>0'05.

3.2. Resultados

-Variaciones diurnas.La Figura 3.3 muestra la media + sd de glucosacaéri
adiponectina y IGF-1 durante un periodo de 20 &l@nupo de perros alimentados y el
grupo en ayunas. Se encontraton ritmos diurnosfisigivos de glucosa sérica en los
dos grupos. Sin embargo, no se detectd ningun rpatidlico consistente en las

variaciones de adiponectina total o IGF-1 en angipopos de perros.

-Efecto de corticoesteroided.a metilprednisolona a 1 mg/kg y 5 mg/kg por via
subcutanea produjo un incremento significativo es hiveles de cortisol en suero
(180,5% y 1318,9%, respectivamente) 2h después deyeccion. Sin embargo, no
produjo alteraciones en las concentraciones deadgiina e IGF-1, y no se observaron
diferencias significativas en estos analitos ardifees tiempos entre el grupo control y

los grupos que recibieron glucocorticoides (Figurg.

-Efecto de castracion. Los niveles séricos de adiponectina disminuyeron
significativamente en los dias 3 y 4 después dedaidectomia (Figura 3.5.a). Después
de este cambio inicial, la adiponectina volvié a hiveles iniciales, y no mostré

alteraciones significativas durante los 3 mesepeebdo experimental
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Las concentracion de IGF-1 sérico se redujo sicatiffamente 2-5 dias después de la
castracion (Fig. 3.5.b), y luego comenzé a aumentastrando valores similares a los
registrados antes de la castracién en las semarnad 2lespués de la cirugia. Sin
embargo, en la semanas 8 y 12 las concentracienSFi1 fueron significativamente

mas bajas en comparacion con los valores registradtes de la castracion.

-Efecto de dafio renaNo se observaron diferencias significativas eadgponectina
entre perros sanos y perros con distintos gradgsateinuria. Sin embargo, cuando el
grupo de perros con proteinuria fue subdividido 2esubgrupos en funcion de la
presencia o no de azotemia, las concentracionésaséte adiponectina fueron mas
altas en los perros con azotemia (mediana [25-F&ep#l], 13,7 mg/ml [10.6-18.7]) en

comparacion con perros sin azotemia (mediana [2%eréentil], 6,4 mg/ml [3.7-12.8]).

-Efecto de sepsid.a adiponectina e IGF 1 no mostraron cambiosifsigtivos en los
perros en grupo control en las distintas tomastwdeas durante todo periodo
experimental. Sin embargo, en los perros inyectacms LPS, se observdé una
disminucién significativa en los niveles de adipciima a las 48 h y en los niveles de
IGF-1 a las 24 y 48 h después de la administrad@®h.PS en comparacion con los
valores registrados a tiempo 0 (Figura 3.6).

60 250 \

IGF-1, ng/mL

Adiponectin, pg/mL

T T T T T T T T T T T T
0 12 1 4 24 48 0 0,5 1 4 24 48
a) Time b) Time

Figura 3.6. Variaciones de niveles medios+SD de adiponectihy (&F-1
(b) durante el periodo experimental en perros dizgacon solucién 0.9 %
NaCl ( Grupo control, lineas azules) y perros ttatacon LPS (Grupo LPS,
Lineas rojas). *, p<0.05; **, p<0.01 vs. O horas.

3.3. Discusién
Variaciones diurnasNuestros resultados indican que la alimentacigoleg o un
dia de ayuno no afecta la adiponectina o IGF-losrpkrros y que estos analitos no

presentan variaciones diurnas. Estos datos cormuecdn estudios realizados en
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humanos y otras especies, donde no se encontrar@tiones diurnas o alteraciones
post-prandiales en las concentraciones de adipgoae®hand et al., 2006) o IGF-1
(Juul, 2003). Este hecho representa una ventaja ddiponectina y la IGF-1 sobre la
leptina que esta fuertemente influenciada por side la alimentacion y ayunas; ya que
se han descrito en el perro incrementos de hastacés en los niveles de leptina

después de la ingesta de alimentos (Ishioka e2G5).

Efecto de corticosteroideda methylpredinisolona hasta 5 mg/kg no tuvo un
efecto a corto plazo sobre las concentracionegésede adiponectina e IGF-1. Existen
resultados contradictorios en la literatura sobgedfectos de los glucocorticoides en la
adiponectina y el IGF-1. Ya que se ha indicado fette inhibidor directo de los
glucocorticoides sobre la adiponectina (Fallo et 2004); otros autores no observan
diferencias en los niveles de adiponectina o IG®/tlthers et al., 1994; Lewandowski
et al.,, 2006); mientras que en otros estudios seddscrito un aumento de la
adiponectina sérica y los niveles de IGF-1 despdésla administracion de
glucocorticoides (Raff and Bruder, 2006; Jang ¢t28l08). El uso de diferentes tipos de
corticoides, dosis, modo y tiempo de administragiddria ser los factores responsables
de los resultados contradictorios obtenidos pdintiis autores, y se necesitarian mas
estudios para aclarar este tema. Sin embargo,rosessultados ponen de manifiesto
otra ventaja de la adiponectina y la IGF-1 sobrkedina en perros; ya que la leptina
que se afecta por la administracion de metilpredioia (puede aumentar o disminuir

hasta 2 veces dependiendo de la dosis de cortiadidénistrado) (Yilmaz et al., 2007).

Castracion La orquidectomia indujo un proceso inflamatorimoéo plazo debido
a la intervencion quirdrgica, que podria estar iastaccon la disminucion de los niveles
séricos de adiponectina y IGF-1. Sin embargo, ¢aidectomia no produjo cambios a
largo plazo en las concentraciones de adiponectimiantras que se observd una
disminucién en los niveles de IGF-1 en las sem8ma4d2 después de la castracion en
perros. Los cambios observados en los niveles dell@odrian atribuirse a la
disminucién de los androgenos, ya que la expresiénIGF-1 es inducida por
gonadotropinas a través de la transduccion de defidlMP ciclico (Sirotkin, 2005). O
también a la restriccion de alimentos que se r@aiz los animales del estudio con el
fin de mantener el peso corporal estable, ya queserito que los niveles de IGF-1 son
susceptibles a la restriccion de alimento (Prestittl., 1982; Jull, 2003).
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Sepsis Tantola adiponectina como IGF-1 disminuyeron unenediade 37% y
42%, respectivamentepmo respueste la endotoxina en nuestrestudi, de manera
similar comose ha descri en humangColson et al., 2003; Tsuchihashi et al., 20
La disminucion de IGF-Jodria ser atribuida al efecto inhibidde las cioquinas
proinflamatorias en laxpresiol de IGF-1 en el higadColson et al., 2003 Mientras
gue la disminucion eros niveles de adiponecti podria estar relaciona con
concentraciones bajos de I-1, ya que la IGF-1 induce la sintesisadfponectina en
el tejido adiposqMeier and Gressner, 200<Estos datosndican qu siempre que se
analize la adiponectina y/o la I-1 se debe de tener en cuesitastad inflamatorio de

los perros.

4.VARIACIONES DEBIDAS A LA OBESIDAD Y ENFERMEDADES
RELACIONADAS
4.1. Material y métodos

Se realizaron los siguientes ense:

4.1.1. Estudios experimentales en pel

-Engorde Se usarorcatorce perros adultos intactos de raza beagbea obten¢ una
amplia gama de pesosopndicién corpori (BCS), siguiendo un protocoldescrito
previamenteg(Sagawa et al., 2002El esquema del protocolatilizado aparece en la

Figura 4.1.Las muestras de san se recogieron dedos los perrc en el final del

Grupo A s Grupo A\

periodo experimental.

(n=3, BCS 3/5) Pienso de mantenimiento (n=3, BCS 3/5)
14 perros
beagle Grupo B1
(n=5, BCS 4/5)
Grupo B
(n=11, BCS 3-4/5)
’ Pienso de alta-energia Grupo B2
(n=6, BCS 5/5)

| |
10 semanas

Figura 4.1.Presentacion esquematica  protocolo experimental usadgoara obtener perros
con una amplia gama depeso: y condiciones corporalesBCS 3/5, perros delgados; BCS ¢
perros con sobrepeso; BCS 5/5, perros ok
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-Pérdida de pesdSe emplearon ( total de seis perras de raza beagtecastradas. El
esquema dgirotocolo utilizad para inducir la pérdida de peso los perros : presenta
en la Figura 4.2Las muestras de san se recogieron deéodos los perrc en el

comienzo (estado obesd)) y cada mes (TI3) durante el periodexperimental de

pérdida de peso.

6 perros beagle 3 meses 6 perros beagle 3 meses 6 perros beagle \

—_—>
(BCS 3-4/5) Plen:r?e(:geiaalta (BCS 5/5) Pienso de baja-energia (BCS 3/5)
Ad libitum Cantidad restringida*
\ i\ J
' |

Engorde | Pérdida de peso experimental

Figura 4.2. Presentacién esquematic del protocolo experimentalde induccion de pérdida de
peso rapida en los perros* la cantidad de alimento se ajugifogresivamen para inducir una
pérdida de peso rapida 8%/semana) y para cubrir loequisitos minimos de | proteinas
(Blanchard et al., 2004).

En todas las muestras se midi6 la adipone con el fin deestudiar si esta
adipoquina se afecfaor los cambic en el peso corporal de perrédglemas con el fin
de evaluata posible presencia inflamacion en la obesidad canir los estudios ¢
ganancia yeérdida de peso se evalue las principales proteinas de fase aguda (PF
la proteina C reactiva ddta sensibilida (hs-CRP), haptoglobina (Hpgeruloplasmina
(Cp) y el amiloideA sérico SAA). También en el estudio de pérdida de pe, se
cuantificaronlas inmunoglobulina(lgs). Para ello, se validarenétodos automatizac
originalmentedisefiados pa determinaciones de Igs in humana paraiso en perr;

mostrando una satisfactoria precision y lineal.

4.1.2. Estudios clinicos en pertr

- Pérdida de pesoEl estudio se reali: en colaboracioncon la Universidad ¢
Liverpool (ReinoUnido). Se evaluaron plasma y orina de @&ros obesos antes y
después de uorograma de pérdida peso con el fin de estudiar:

1) el efecto déa pérdida de pe: en la adiponectina.

2) la posible presencia deflamacion en la obesidad canimeediante la medicion
hs-CRP.
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3) la presencia de disfuncion metabdlica caninacrehada con la obesidad (ORMD
siglas en ingles de obesity related metabolic didfan) utilizando una definicion
modificada a partir de la usada para el sindromelmdéco humano. De esta forma se
empled como criterio para considerar a un perro@@vD::

a) Una condicién corporal de 7-9/9

b) Y tener dos de las siguientes:

1. Trigliceridos >200 mg/dL, (2.3 mmol/L).

2. Colesterol total > 300 mg/dL (7.8 mmol/L).

3. Presion arterial sistolica >160 mmHg.

4. Glucosa en ayunas >100 mg/dL (5.6 mmol/L).
La insulina y adiponectina se midieron en todosksos para evaluar si estos analitos
podrian cambiar en ORMD.
4) efecto de la pérdida de peso en marcadoresegen®ara esto se evaluaron
biomarcadores de la funcién renal clasicos (ureaaséreatinina sérica, la densidad de
orina, UPCR y albumina en la orina corregida paatinina [UAC]) y nuevos (

homocisteina, cistatina C y clusterina).

4.1.3. Estudios clinicos en gatos

- Pérdida de pesoEste estudio se realiz6 en colaboracién con lavédsidad de
Liverpool (Reino Unido). Se recogieron las muestlassangre antes y después de
pérdida de peso de 37 gatos castrados con sobnepesevaluar:

1) efecto de la pérdida de peso en la adiponeptasmatica.

2) posible presencia de inflamacion en la obesidiib midiendo Hp y SAA.

4.1.4. Estudio sobre hipotiroidismo en perros

El estudio se realiz6 en colaboracion con el Attar@ollege de Medicina
Veterinaria de Nantes (Francia). Se incluyeronlesstidio 39 perros hipotiroideos. El
hipotiroidismo primario se diagnosticé en basegaas clinicos y de laboratorio, como
letargo, ganancia de peso corporal, alteracionawmaleldgicas, colesterol alto (> 6,5
mmol / L), c-TSH alta (> 0,5 ng / ml) y bajos nieslde fT4 £ 12 pmol / L) (Tyler,
2007). Todos los perros fueron sometidos a ungpiteraon tiroxina (mediatsd,
14,445,7 mg/kg/dia) durante 3 meses. Se considerbocuna buena respuesta

terapéutica, si los perros mostraron una signifiaanejoria clinica (incluyendo pérdida
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de peso, aumento de la actividad, la mejora deela ypal menos una disminucion del
30% en los niveles de c-TSH.

Las muestras de sangre fueron obtenidas en el ntordeihdiagnostico del
hipotiroidismo (T1) y después del tratamiento dovxina durante 3 meses (T2), y se
midieron en ellas las principales proteinas de dgsela (CRP, SAA, yHp) y la
adiponectina. En este estudio no se evalud la |G& fjue un trabajo recientemente
publicado por Jaillardon et al. (2011) tratd estad.

4.2. Resultados

4.2.1. Estudios experimentales en perros

-Ingorde.La Tabla 4.1 muestra los valores del peso corplaradiponectina y PFAs de
los diferentes grupos de perros al final del enshge concentraciones de SAA estaban
por debajo del limite de deteccion del ensayo srséis animales. Los perros con BCS
5/5 (grupo B2) mostraron wunas concentraciones depomectina y Hp
significativamente mas bajas en comparacion cempdoros con peso normal (grupo A,
BCS 3/5). Mientras que no se observaron difereresséadisticamente significativas en

las concentracion séricas de hs-CRP y Cp entrgrigms de perros.

-Pérdida de pesd.a evolucion de las concentraciones de adiporeecBRAs e Igs se

presenta en la Figura 4.3. La adiponectina sérigstnd un aumento estadisticamente
significativo a los dos (T2) y tres (T3) meses deéspdel inicio de la pérdida de peso,
en comparacién con las concentraciones de antgsrder peso (T0). No se observaron
cambios estadisticamente significativos en loslesvde CRP, Hp, Cp, 1gG, y IgM en

los 3 (T1, T2 y T3) meses posteriores tras comeekzperiodo de pérdida de peso en
comparacion con los niveles previos a la pérdidpes® (T0). Los niveles séricos de

IgA se redujeron significativamente en T1, T2, yéf8comparacion con TO.

4.2.2. Estudios clinicos en perros
-Pérdida de peso.
(1) Adiponectina. La adiponectina total aumenténiicativamente en los perros

después del programa de pérdida de peso.

(2) Inflamacion. En los perros obesos, las coneerines de hsCRP estaban dentro del

rango de valores de perros normales. Y la hsCRfambio con la pérdida de peso.
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(3) Disfunciéon metabdlica canina relacionada combasidad (ORMD). Antes de la
pérdida de peso, 10 perros fueron identificados €@RMD. En estos perros la
concentracién plasmatica de adiponectina fue mé@nor 0,004), y la concentraciéon

plasmatica de insulina fue mayor (P = 0,01) queleasto de perros obesos.

(4) Marcadores renales. La urea y la densidad atamemsignificativamente después
de la pérdida de peso, mientras que UPCR, UACreatinina sérica, la homocisteina,

la cistatina C y la clusterina disminuyeron.

4.2.3. Estudios clinicos en gatos

-Pérdida de pesad.os resultados de todos los biomarcadores se ramestr la Tabla
4.2. La adiponectina aumento de forma significatigapués de la pérdida de peso. Las
PFAs en los gatos obesos estaban dentro del rangefetencia para gatos normales

sanos, y no cambiaron significativamente después plérdida de peso.

4.2.4. Enfermedades relacionados con obesidad

-Hipotiroidismo.Veintiocho de los 39 perros mostraron una buespueEsta terapéutica
(grupo A), mientras que el resto de los perrosoin@onsiderados como que no habian
tenido una respuesta adecuada al tratamiento ddgBpLa mediana (rango) de los
resultados de los analitos evaluados en ambos gap@erros se presenta en la tabla
4.3. Después del tratamiento, los perros del grApmostraron una disminucion
significativa en c-TSH y un aumento de la concembrade T4 libre, respectivamente,
acompafado de un descenso significativo en el peigmral y la adiponectina, y un
aumento de Hp. Los perros de grupo B no mostrammbms estadisticamente
significativos en c-TSH, pero tenian un aumentmigativo en fT4, acompafiado de

una disminucion significativa de la adiponectina@ue inferior que el grupo A.
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Tabla 4.1. Valores del peso corporal y analitos bimimicos en los perros con BCS 3/5 (grupo A),
BCS 4/5 (grupo B1), y BCS 5/5 (grupo B2) despuésldmgorde.
Grupo A Grupo B1 Grupo B2

Peso, kg 14.53+1.7 15.66+1.1  19,15+3,46*

Adiponectina, pg/mL 14.3+1.2 13.2+1.6 8.1+2.3

hs-CRP, mg/L 1.58+1.91 1.89+1.29 2.76%2.65

Hp, g/L 1.20+0.16 1.17+0.17  0.71+0.24**

Cp*107°, Aabs/min 6.60+0.75 6.64+2.45 7.02+2.96
* p<0.05; **, p<0.01 vs grupo A.

Tabla 4.2. Biomarcadores plasmaticos antes y despude pérdida de peso en gatos.
Analito Antes Después

Adiponectina (pg/mL) 2661 (978 to 6039) 3174 (668 to 7820)

Hp (g/L) 1.7 (0.2t0 3.1) 1.8 (0.2t02.9)
SAA (mg/L) 0.38 (0.38 t0 0.38) 0.38 (0.38 t0 0.38)

Todos los datos se expresan como mediana (rango).
& p<0.05 vs. antes de pérdida de peso.

Tabla 4.3. Mediana (rango) de los analitos medidosn los perros hipotiroideos que mostraron
buena (Grupo A) o no suficiente (Grupo B) respuestal tratamiento.

Grupo A Grupo B
T1 T2 P T1 T2 P
TSH 1.55 0.40 1.00 0.90
(0.60-8.30) (0.03-4.80) <0,001 (0.60-4.30) (0.50-4.20) NS
FT4 10.00 16.50 10.00 14.00
(0.0-16.00) (10.00-29.00) <0,001 (7.00-11.00) (12.00-17.00) <0,001
Peso 35.50 33.45 39.00 38.50
(6.00-69.00) (15.00-70.00) 0,023 (26.00-54.00) (26.00-51.00) NS
Adiponectina, 13.30 9.48 16.97 14.53
pg/mL (5.23-23.78) (0.43-27.92) 0,001 (8.02-29.87) (5.92-23.64) 0,038
CRP, mg/L 5 5 5 5
(5.00-53.80) (5.00-46.20) NS (5.00-18.70) (5.00-5.00) NS
Hp, g/L 2.15 2.4 2.11 2.17
(0,09-7.4) (0.28-9.20) 0,039 (0.05-4.03) (0.20-3.72) NS
SAA, pg/mL 5.04 1.83 2.21 3.57
(0.68-116.00) (0.20-24.88) NS (0.20-90.60) (0.84-33.95) NS
Cp, AA/min 0.024 0.022 0.027 0.020
(0.001-0.042) (0.005-0.055) NS (0.003-0.052) (0.004-0.033) NS

T1, antes de la terapia; T2, 3 meses despuéstdafsia; NS, no significativo.
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Figura 4.3. Evolucién de los niveles de biomarcadores séricos asociados con la inflamaciéon
en seis perros Beagle (B1-B6) antes (TO) y durante el programa de pérdida de peso (T1-3,
1-3 meses después de comenzar el programa de pérdida de peso, respectivamente). CRP,
protein C-reactiva; 1gG, imunoglobulina G; IgM, imaglobulina M; IgA, imunoglobulina A. *,

P<0.05; **, P<0.01 vs. TO.

hs-CRP, mg/L

Ceruloplasmin, abs/min

IgM, mg/dL

0.0104

0.008+

0.006+

0.0044

0.002+

0.000:

5001

400

3001

2004

100

B1
B2
B3
B4
B5
B6

o odp

B1
B2
B3
B4
B5
B6

EEEEE

B1
B2
B3
B4
B5
B6

bodpdd

383



4.3. Discusion

a) Relacién obesidad-adiponectiMuestro estudio experimental, asi como los
estudios clinicos indicaron que la adiponectinacaéesta disminuida en los perros
obesos y aumenta significativamente después dérthda de peso. También nuestros
estudios clinicos demostraron que la adiponectina®gatos tiene un comportamiento
similar al de los perros. Estos resultados estdacderdo con lo descritos por algunos
autores en los estudios de la obesidad en persh@oKh et al., 2006) asi como en
medicina humana (Arita et al., 1999; Chandran gt28l03). Aunque contradicen los
obtenidos por Verkest et al. (2011), quien no etréororrelacion entre la obesidad y la
adiponectina caninos. La ausencia de diferencia®sniveles de adiponectina entre
perros obesos y delgados que se encontraron enesstalios previos se podria atribuir
a la alta variabilidad interindividual de la adigotina, el no tener en cuenta el estado
inflamatorio, y/o debido a la utilizacion de métedgue no han sido validados para la

medicion de la adiponectina en el perro.

b) Relacion obesidad-inflamacioNuestros resultados indican que no hay signos
que indiguen la existencia de una inflamacioén euielen la obesidad canina y felina.
Los articulos publicados anteriormente muestranlteetos contradictorios acerca de
los valores de proteina C reactiva en la obesidaina. Unos autores encontraron
aumentos, mientras que otros encontraron disminasjcaungue los niveles de CRP en
todos estos estudios estaban dentro del rangondieaiuna condicion no inflamatoria
(Veiga et al., 2008; German et al., 2009). En hwsarbesos, los valores de CRP estan
entre 3 mg/L (las concentracones <3 mg/L se coremiden humanos como valores
normales) y 10 mg / L (valores> 10 mg / L son catifgpes con la inflamacion). Se ha
postulado que estos valores intermedios no est@ctdmente relacionadas con la
inflamacion y podria reflejar factores genéticaaiables demogréaficas, o patrones de
comportamiento y de dieta (Kushner et al., 2006).

c) Disfuncion metabdlica canina relacionada con la sidad En nombre de
“disfuncion metabdlica canina relacionada con lasitad (ORMD)” y no "sindrome
metabodlico” se eligid por que el sindrome sugiere proceso de enfermedad
relacionada con la obesidad que aun no ha sidéfidado en los perros.

En nuestro estudio se encontré que un 30% de pelbexos mostraron presencia

de ORMD, caracterizada por hipoadiponectinemia gerinsulinemia, de manera
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similar como ocurre en seres humanos (Leroith, P@X@&ballos (Johnson, 2002). Este
estudio podria ser la base de nuevas investigacipas determinar los mecanismos
patogénicos y la importancia de la salud de ORMDEa gzerros, en términos de

asociaciones de enfermedades y los resultadospdedala de peso.

d) Efecto de pérdida de peso sobre los biomarcadoeaales.Nuestros datos
demuestran una disminucion de varios biomarcadoeeales como la clusterina,
homocisteina y cistatina C en perros obesos soosetidla pérdida de peso. Estos
resultados sugeririan que en la obesidad canipaesen producir posibles alteraciones
subclinicas de la funcion renal, y explicarianposblemas renales que se han descrito
asociados a la obesidad (German et al., 2010).

e) Hipotiroidismo Nuestros datos indican que la disminucion dedipanectina
después del tratamiento puede ser atribuida dimextte a la influencia de las hormonas
tiroideas, como se ha sugerido en los seres hunflgiesias et al., 2003), ya que no se
observé correlacion entre esta adipoquina y el pegmoral.

No hemos encontrado diferencias significativas &nmedia de los niveles
circulantes de PFAs antes y después del tratamienola excepcidén de un incremento
significativo en las concentraciones de haptog®l@n los perros tratados con éxito,
aungue estos valores estaban dentro del rangoaparales sanos (Mylonakis et al.,
2011). Los resultados de CRP concuerdan con argsrublicaciones, indicando que
las alteraciones en el estado de la tiroides nduymen aumentos evidentes de CRP en
perros (Nakamura et al., 2008) asi como en los homéPérez et al., 2004; Caixas et
al., 2009). Sin embargo, se encontraron valoreSA& mayores que el limite del
rango de referencia de laboratorio (<5 mg / L) 1dnperros antes del tratamiento. Y
todos ellos, con la excepcién de 2 perros, mostrarma disminucion en valores de
SAA después de la terapia, lo que indica la neadsiik estudios adicionales para

investigar el papel de SAA en el hipotiroidismo ican

5. ESTUDIO E IDENTIFICACION DE NUEVOS BIOMARCADORES
RELACIONADOS CON LA OBESIDAD

5.1. PON1y BChE

5.1.1. Material y métodos.
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5.1.1.1. Validacion de PON1 en perros y gat&e evaluaron tres ensayos
espectrofotométricos diferentes para la mediciétadactividad PON1 en muestras de
suero canino. Dos métodos se realizaron en forrdatonicroplaca de 96 pocillos

usando acetato de fenilo y 5-thiobutyl butyrolaetm (TBBL) y uno fue adaptado a un
analizador automatizado usando p-nitrofenil acetatmo sustrato. Por otra parte se
evalué un método automatizado basado en el p-gitiicdicetato en gatos.La validacion
analitica se realizd tal como se describe en lxi&e2, calculandose la precision,
exactitud, y el limite de deteccion. No se valigaroétodos para determinacion de
BChE en perros y gatos en este trabajo de docpsadque han sido previamente
validados (Tecles et al., 2000).

5.1.1.2. Variaciones por inflamacién
-Efecto de sepsid.a descripcion de materiales y métodos de la @rueduccion

experimental de sepsis en perros aparece en l@8&ct.

5.1.1.3. Variaciones debidas a la obesidad y erdelades relacionadas
5.1.1.3.1. Estudios experimentales en perro
La descripcion de materiales y métodos de las psudb induccion experimental de la

obesidad y pérdida de peso en perros apareceSattaon 4.1.1.

5.1.1.3.2. Estudios clinicos en perros
La descripcion de materiales y métodos de las psiele induccién de la pérdida de
peso en perros aparece en la Seccién 4.1.2.

5.1.1.3.3. Estudios clinicos en gatos
La descripcion de materiales y métodos de la prukbagérdida de peso en gatos

aparece en la Seccion 4.1.3.

5.1.1.3.4. Enfermedades relacionados con la obdsetaperros
-Hipotiroidismo.

Para la descripcion de material y métodos ver 6actil.4.

-Diabetes mellitus (DM)Se incluyeron en este estudio un total de 222 gpefrmdos los

perros se dividieron en 3 grupos:
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Grupo 1. formado por 74 perros con diabetes mslliil diagnostico de la diabetes
mellitus se baso en los criterios descritos parobher et al (2008). Se incluyeron en
el estudio sélo perros que no habian sido tratpdmgamente con insulina.

Grupo 2: formado por 74 perros sanos sin evidedldmca de enfermedad aguda o
cronica, excepto obesidad en algunos casos.

Grupo 3:formado por 74 perros que presentabanedifes enfermedades, excepto
diabetes mellitus.

Tabla 5.1.1. Datos de validacién analitica de losfdrentes métodos evaluados para medir la actividade
PONL1 (Ul/mL) en muestras de suero canino y felino.

Especie Ensayo Precision Exactitud Limite de
CV, % Linealidad deteccion
Intra Inter Ecuacion R?

Perro  Actividad de lactonasa en suero mediante la <7 <18 y=0.955x+0.22;0.995; 1.0
medicion la hidrolisis de la 5-thiobutyl y=0.594x+0.47 0.908
butyrolactonase (TBBL)gnsayo A
Actividad de arilesterasa en suero mediante la<5 <10 y=1.041x-1.38;0.999; 9.1
medicién de la hidrélisis de acetato de fenilo y=1.044x-1.25 0.992
[Ensayo B
Actividad de arilesterasa en suero mediante la<6 <9 y=0.998x-0.14; 0.994; 0.6
medicién de la hidrélisis de p-nitrofenil y=1.056x-0.35 0.991
acetato ¢nsayo €

Gato Actividad de arilesterasa en suero mediante la<5 <7 y=0.897x+0.18;0.999; 0.3
medicion de la hidrdlisis de p-nitrofenil y=0.960x+0.17 0.999
acetato

CV, coeficiente de variacion.

5.1.2. Resultados.
5.1.2.1. Validacion de PONL1 en perros y gatass datos analiticos de la validacion de
los tres métodos en perros y el de gatos se pegsentla tabla 5.1.1.

5.1.2.2. Variaciones por inflamacién

-Efecto de sepsidt.a BChE y PON1 en suero no mostraron cambios sigtivos en
los perros de grupo control durante el periodo mxyatal. Sin embargo en los perros
inyectados con LPS se observo una disminuciénfgigtiva en la actividad BChE a las
24 h y en la actividad PONL1 a las 48 h en compé@mamon los valores obtenidos en el
tiempo O (Figure 5.1.1.).
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PON1

o B N w A o
/
/

BChE, Ul/mL
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0 0,5 1 4 24 48 0 12 1 4 24 48
a) Time b) Time

Figura 5.1.1. MediatSD de la actividad de BChE (a) y PON1 (b
durante el periodo experimental en perros tratadnNaCl 0,9% sol.
(Grupo control, lineas azules) y en perros quecfuémyectados con
LPS (grupo prueba, lineas rojas). *, P <0,05 vei@a

5.1.2.3. Variaciones debidas a la obesidad y |deremedades relacionadas.

5.1.2.3.1. Estudios experimentales en perros

-Engorde.La actividad de BChE fue menor en los perros cQSEB/5 (grupo A, 3.1
kU/L [2.8-3.3]) que en los de BCS 4/5 (grupo B18 BUI/L, [3.2-4.4]P<0.05) y BCS
5/5 (grupo B2, 5.4 kU/L [4.6-6.1],P<0.001). No se observaron diferencias
significativas en la actividad PON1 entre los difges grupos de perros (grupo A, 5.7
kU/L [5.1-6.3]; grupo B1, 5.1 kU/L [4.9-6.2], andupo B2, 5.4 kU/L [5.0-6.3]).

-Pérdida de pesoLa BChE sérica disminuyd de forma significativa les perros
después de la pérdida de peso (6.05 [5.70-8.205.26. [3.10-5.60] kU/L; p<0.05),
mientras que no se observaron diferencias estzatigtnte significativas en la actividad
PON1 en los perros antes (6.0 KU/L [4.9-7.2]) wsspiés (5.83 kU/L [5.4-6.7]) de la

pérdida de peso.

5.1.2.3.2. Estudios clinicos en perros

La actividad de la BChE sérica disminuyo significamente en los perros después de
la pérdida de peso, mientras que no se detectammbios estadisticamente
significativos en la actividad sérica de PON1 (&ahll.3).

Tabla 5.1.3. BChE y PONL1 en perros antes y despuds pérdida de peso.
Antes de Después de
pérdida de  pérdida de P
peso peso
BChE (kU/L) 7.4 5.9 <0.05
(2.4-14.8) (2.5-14.0)
PON-1 (kU/L) 25 2.23 >0.05
(0.5-3.8) (0.5-3.4)
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Tabla 5.1.4. BChE y PONL1 en los gatos del progrante pérdida de peso.

Gatos que no lo Gatos que lo completaron

completaron Antes de pérdida  Después de pérdida
de peso de peso
BChE (kU/L) 2.8 (1.8-3.9) 2.9 (1.7-5.1) 2.8 (1.7-4.3)
PON-1 (kU/L) 4.6 (3.1- 6.9% 5.5(3.8-7.3) 5.6 (3.3-7.4)

Todos los datos se expresan como mediana (rango).
BChE, butirilcolinesterasa; PON-1, paraoxonasa 1ipo
@ p<0.0lcompardo con gatos que completaron el prog successful cats g-weight loss

5.1.2.3.3. Estudios clinicos en gatos

-Pérdida de pesaNo hubieron diferencias significativas en lasvatades de BChE (P

= 0,737) o (PON-1) entre antes y después de ladzedt peso en gatos (Tabla 5.1.
Sin embargo, actividad de PON-1 antes de la pédkdaeso fue menor (P = 0,004)

4).

en

los gatos que no completaron el programa de perdé peso que en aquellos que

tuvieron éxito.

5.1.2.3.4. Enfermedades relacionadas con la obdsataperros

-Hipotiroidismo.Los perros que tuvieron una buena respuesta tdregéoostraron un
aumento significativo en la actividad de BChE d205kU/L (2.90-9.50) a 5.65 kU/L

(2.70-10.70). No se observaron cambios estadistisemsignificativos después de

tratamiento en la actividad de PONL1 en los dosagule perros.

-Diabetes mellitus.Se observo

que la actividad de BChE er

significativamente méas alta e i B L
perros con diabetes mellitu 3 100004
(grupo 1) en comparacion co 5 , L |
[u1]
5000
los perros sanos 0 perros c A1 | —

enfermedades diferentes a

_ ) Grclup1 Grclup2 Grclup3
diabetes mellitus (grupos 2 y

(Figura 5.1.2).

Figura 5.1.2. Actividad de butyrylcholinesterasa
(BChE) en perros con diabetes mellitus (Grupo 1)
perros sanos (Grupo 2), y perros con diferente
enfermedades, excepto diabetes mellitus (Grupg, 3).
P<0.05; **, P<0.01.
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5.1.3. Discusion

a) Ensayos para el PON-1Todos los ensayos evaluados fueron precisoslécon
excepcion de los valores de interensayo de métada iedir lactonasa en muestras
caninas), exactos y faciles de instalar en el ktado. Estos ensayos facilitaran la
implantacion del PON-1 en los laboratorios de me&gia y la investigacion del
comportamiento de esta enzima en la obesidad gnfesmedades relacionadas ella en

perros y gatos.

b) Inflamacidén.Nuestros datos indican que la inflamacion sevesaitiuye tanto
la actividad de BChE como la de PON1 en perrosofapradamente 30% y 20%,
respectivamente), de manera similar como ocurrehemanos (Al-Kassab and
Vijayakumar, 1995; Blanceil and Delaroche, 1996).disminucion de BChE podria ser
una respuesta del organismo con el fin de aumédodaniveles de acetilcolina y asi
limitar la respuesta inflamatoria (Rossas-Ballimal &racey, 2009). Mientras que la
disminucién observada en la actividad PON1 podnidwarse principalmente a dos
mecanismos: (1) efecto negativo directo de citcamifTNFe, IL-1) sobre la expresion
de PONL1 (Feingold et al., 1998); y (2) cambios @ lipidos y la composicion de
proteinas de HDL como respuesta a la inflamaciamgue durante la respuesta de fase
aguda el HDL pierde la mayor parte de las enzirsasiadas (incluyendo PON1) (Van
Lenten et al., 1995; James and Deakin, 2004).

c) ObesidadLa BChE sérica demostrd ser un buen marcadodigesidad en los
perros, de forma similar a lo descrito en humanan¢rRll et al., 2005). No se
observaron cambios en la actividad PON1 en la dadsen perros, y BChE y PON1 en
gatos. Aungue en los gatos los valores de PONligroder utilizado como un factor
predictivo del éxito de programa de pérdida de p&o embargo, estos resultados
deben considerarse preliminares, y se deberiaizaeahas estudios para aclarar la

relacion entre BChE y PONL1 y la obesidad en &l.gat

d) Hipotiroidismo.Cuando los perros hipotiroideos respondieron adkouante
al tratamiento, se produjo un aumento de la acd/iBChE en suero, de manera similar
como se ha descrito en humana (Popetial., 1998). El aumento de la actividad de
BChE podria estar implicado en la hidrélisis dettigicéridos (Popo\ et al., 1998),
contribuyendo a la mejora del perfil lipidico gquelsa descrito en perros hipotiroideos

después de la terapia de tiroxina (Dixon et al0220
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e) Diabetes mellitusLa evaluacién de la BChE en la diabetes melliusina se
realizd debido a dos razones principales. En priongair no hay publicaciones acerca
de este tema en perros. Y ademas la BChE estadadu el perfil bioquimico general
del hospital veterinario "San Marco", o que nosrnpgd realizar un estudio
retrospectivo con mas de 200 perros con el finwdduar los posibles cambios en la
actividad BChE debido a la presencia de DM. Seatdat un estudio preliminar, y se
deberian realizar estudios adicionales que evakle?ON1 y otros marcadores
utilizados en este estudio de doctorado (como adiggna, IGF-1 y PFAS) en la

diabetes mellitus canina con el fin de aclaramsasanismos fisiopatologicos.

Los perros con diabetes mellitus mostraron magatividad BChE que los perros
sanos, de forma similar a como se describe en hanfabbott et al., 1993). Sin
embargo, la condicion corporal no afectd los valate BChE en perros con diabetes
mellitus, como también se ha descrito en humanadslet al., 1993). Esto indica que
la insensibilidad o deficiencia de insulina en digls mellitus podria tener una mayor

influencia sobre la actividad BChE que el peso a@b

5.2. Prote6mica
5.2.1. Material y métodos
-Animales y desarrollo experimental
La descripcion de los animales y desarrollo expemia aparece en la Seccion
4.1.1.

- Electroforesis de dos dimensiones en gel de grlkanida (2DE)

Las muestras de suero antes (T1l) y después (Tdn getrdida de peso se
analizaron por duplicado en 2DE. El isoelectroen&de primera dimension se realizd
en tiras (11 cm) caseras en gradiente inmovilizkelpH con intervalo de pH no lineal
comprendido entre 4 y 10. La segunda dimensidéraeoé en geles de poliacrilamida
caseras 140 x 140 x 1.5mm de gradiente 10-15%. Ugssde la electroforesis, se
tineron los geles con plata de acuerdo con pratscestandar anteriormente descritos
(Miller and Gemeiner, 1992).
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- Analisis de imagenes de geles 2DE
Los geles 2D tefidos fueron escaneados con Image&cH (GE Healthcare Life
Sciences) y evaluados mediante el uso de un seftespecifico (imagen principal 2D

Platinum 7.0, GE Healthcare Life Sciences).

- Identificacion corespectrometria de mas&4s) y analisis de los datos

Las manchas (o “spots” en inglés) que apareciexpresados de forma diferente
en los animales obeso en comparacion con los dmgéderon sometidos a una
identificacion por espectrometria de masas MALDIFTODF (Ultraflex I, Bruker
Daltonics).

Los datos fueron analizados utilizando Mascot (wwatrixscience.com) en las
bases de datos Swiss-Prot (versién 56.5) o NCRB0Y0314).

5.2.2. Resultados

Los resultados del “mapa” de proteinas de suermeautilizando 2DE revelo
mas de 170 “spots” individuales con pesos moleeslantre 10 y 100 kDa en un
intervalo de pH de 4 a 10 (Figura 5.2.1). Los pesfproteicos obtenidos en los estados
de obesidad y delgadez fueron homogéneos, yaase detectaron diferencias entre
repeticiones y entre las imagenes de las muestrias enismos estados.

Mediante analisis por imagen se detectaron 3 “Smgpte fueron expresados de
forma diferencial en la situacién de pérdida deopas comparacioén con el estado de
obesidad. De estos tres puntos, dos habian inctadtey uno se habia reducido (tabla
5.2.1).

El MALDI-TOF/TOF MS permitio la identificacion des$ 3 "spots” de proteinas,
correspondiendo a la proteina retinol-binding 4 PRB precursor de clusterina (CLU),
y antitrypsina alfa-1 (AAT) (Tabla 5.2.2).
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Tabla 5.2.1.Manchas expresadas diferencialmente en estadoed@all versus delgadez en perros. X: media
de los volimenes normalizad®&D: desviacion estandar.

) Obesidad Delgadez
Spot< Obesidad vs =
Po Delgadez (n=5) (n=5)
X SD X SD
1 1 0.2091 0.0155 0.1534 0.0409 0.0316
2 1 0.1639 0.0303 0.0964 0.0234 0.0072
3 | 0.1998 0.3169 2.726 0.3001 0.0310

# Numeros de “spots” anotados en la imagen de gelfiguras 1 & 2).

Tabla 5.2.2.1dentificacion MS de proteinas de las muestras obtenidas de suero canino. MW: peso

molecular. Pl: punto isoeléctrico.

Namero Cobertura

Spoft Numero de Identificacion de Teobrico Teodrico de de PuUNtuACIHN
P acces8 proteinas MW [kDa] pl péptidos secuencia
Unicos [%6]
1 gi|73998292 Retinol-binding protein 4 29.8 94 3 19.5 390.2
[Canis lupus familiaris]
2 0i|50979240 Clusterin precursor [Canis  51.8 5.6 3 9.7 81.3
lupus familiaris]
3 0i|121583756 Serpin peptidase inhibitor,  46.3 5.5 2 6.5 239.2

clade A (alpha-1
antiproteinase,
antitrypsin), member 1
[Canis lupus familiaris]

#Numero de “spot” anotado en los imagenes de @edes-igura 1).
® NGmero de acceso de base de datos NCBI (gi).
¢ Cobertura de secuencia: por ciento de secuerandifidado a la secuencia completa de la protednacida.

4 —— Nonlinear IPG4- —— 10 4 —  Nonlinear IPG 410 ——— > 10
100 40 o = 100

MW(kDa)

10

Figura 5.2.1.Imagenes representativas de geles 2DE tefiidoslatmge suero canino obtenido antes (T1,
estado obeso) y después de la pérdida de pes@®gilo delgado), que corresponden al perro nimero 1
“Spots” de proteinas expresados diferencialmentee dos estados de obesidad y delgadez de lossperro
estan rodeados y numerados: (1) proteina retimalifng 4; (2) precursor de clusterina; (3) inhibidiz
pentidasa de Sert. cladeA (alfa-1 antinoroteinas. antitriosina. miembro .
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5.2.3. Discusion

Este estudio consistio en el analisis de proteashauwkro en perros beagle antes y
después de un programa controlado de pérdida de pbacomparacion estadistica de
los volumenes de las “spots” reveld tres que mbatradiferencias en la expresion
entre el estado de obesidad y delgadez de los ksimdo se detectd ninguna de las
citoquinas o adipoquinas que se saben que estradds en situaciones de obesidad
(German et al., 2010). Esto podria explicarse adalta de sensibilidad de la técnica,
ya que cuando los métodos 2DE de gel se utilizaa phandalisis del proteoma, la
deteccion de algunos biomarcadores puede ser niicyl diebido a la presencia de
proteinas de alta abundancia que enmascaran awésinps (Selvaraju and Rassi,
2012).

El analisis de espectrometria de masas revel6 dque RBP4, y AAT séricos
fueron las proteinas correspondientes a las "sgpis’mostraron cambios en el analisis
2DE. Estas proteinas podrian ser consideradas pogibles marcadores de obesidad y
de las enfermedades relacionadas con la obesidgoereos. Los datos de nuestro
estudio clinico de pérdida de peso en perros apeganhallazgo, ya que CLU sérico
fue significativamente menor en perros despuésa getdida de peso (Seccion 4.1.2).
Seria recomendable realizar estudios futuros, emdln RBP4 y AAT en el suero de
perros de peso normal y obesos mediante el usosdg@s especies especificos, con el

fin de verificar los resultados obtenidos en protea.

6. CONCLUSIONES

1. Los ensayos disponibles comercialmente en la adaghpara la adiponectina y
la IGF-1 mostraron unos resultados adecuados d#acain en el perro y en el
gato. Sin embargo, los ensayos para leptina yngrelrobados en nuestro
estudio, mostraron una sensibilidad y/o exactitugiaby por ello se
recomendaria el desarrollo de nuevos kits paramastis adipoquinas en perros

y gatos.
2. La adiponectina e IGF-1 séricas no estan influelogapor los ciclos de
alimentacion/ayuno o por la administracion de uasigiunica de corticoides.

También los niveles circulantes de adiponectinas@oven afectados por una
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orquidectomia. Sin embargo, hay que tener precawidnterpretar los valores
de IGF-1 de los perros castrados o valores de aégima obtenidos de perras
en celo, ya que pueden estar descendidos o0 aurnemtegpectivamente en estas
situaciones. También se debe evaluar el estadamafbrio del animal siempre
gue se analice tanto la adiponectina como la IGlalgue la inflamacion

disminuye las concentraciones de estas proteinésrea significativa.

La obesidad canina y felina esta asociada con usmirticion de la
concentracion de adiponectina, aumentando después gerdida de peso. Sin
embargo, la obesidad no parece producir una inftadnavidente, al menos que
se puede detectar con las proteinas de fase aguda.

Hasta un tercio de los perros obesos sufren delrasite de disfuncion
metabdlica relacionado con la obesidad. Este simglresta caracterizado por
hipoadiponectinemia y la hiperinsulinemia, de marsgmilar como ocurre en el

sindrome metabdlico en humana.

La pérdida de peso en perros esta asociada coessertso de los marcadores

séricos de disfuncién renal, como clusterina, hosteina, cistatina C.

La terapia adecuada de los perros con hipotiroisgisminuye las

concentraciones de adiponectina y aumenta la dativie BChE.

La BChE sérica demostrd ser un buen marcador ddifesidad en los perros y
esta aumentada en la diabetes mellitus caninaeNibservaron cambios en la
actividad de PON1 en perros obesos, ni BChE y P@Ndatos obesos. Aunque
en los gatos, el PON1 podria ser utilizado pardgmie el éxito del programa
pérdida de peso. La actividad BChE esta incremanggdperros con diabetes

mellitus.

El analisis protedmico revelo tres proteinas (eliisa, proteina retinol-binding
4 y alfa-1 antitripsina) que podrian ser considesacbmo posibles marcadores
de obesidad y enfermedades relacionadas en el perro
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