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Obesity is the most common nutritional disorder in dogs and cats (Roudebush et al., 

2008; Lusby et al., 2009) being a growing concern nowadays. Its increasing incidence 

appears to be mirroring the trend observed in humans (Rennie and Jebb, 2005). In 

humans  almost two-thirds of adults in the United States are overweight or obese (Flegal 

et al., 2002). Similarly, studies in companion animals from various parts of the world 

have estimated the incidence of obesity in the dog and cat population to be between 22 

and 40% (Burkholder et al., 2000; McGreevy et al., 2005). 

Main risk factors associated with weight gain in dogs and cats are: 1) uncontrolled 

food intake producing an excess calories intake, 2) lack of activity and exercise, 3) 

spaying/neutering leading to reduced metabolic rate, and 4) breed pre-disposition 

(Gossellin et al., 2007). Excess of body weight in dogs and cats is associated with 

endocrine, cardio-respiratory, orthopaedic or other diseases (Kopelman, 2000; German, 

2006). There is also evidence of obesity-associated shortened lifespan in dogs (Kealy et 

al., 2002; Lawler et al., 2008). Obesity can predispose to disease by two main 

mechanisms (German et al., 2010): firstly, the deposition of excess fat can have 

mechanical/physical effects that exacerbate orthopaedic disease, constrict upper 

airways, restrict grooming and reduce heat dissipation. Secondly, and most importantly, 

the perturbation of the normal endocrine function of white adipose tissue can trigger a 

number of associated conditions, such as insulin resistance, and increased blood 

pressure among others. 

Adipose tissue is not only a storage organ for excess energy, but an active 

endocrine organ known to produce and release a number of bioactive proteins. Proteins, 

hormones, and cytokines derived from adipose tissue are called adipokines (Halberg et 

al., 2008). Adipokines may contribute to the regulation of diverse biological processes, 

including energy balance, metabolism, inflammation and immune function, 

hematopoiesis, and cell proliferation and angiogenesis (Lago et al., 2007). Although 

many adipokines have been discovered, extensive research has been conducted in only a 

few of them, being the three most studied leptin, adiponectin, and ghrelin (Lusby et al., 

2009). In companion animals, similarly as in humans, increasing adiposity is related to 

increased plasma leptin concentration (Sagawa et al., 2002) and decreased ghrelin 

concentration (Hoenig et al., 2007). Furthermore, weight loss results in decreased leptin 

concentrations (Jeusette et al., 2006; Hoenig et al., 2007) whilst the ghrelin 

concentration are increased (Jeusette et al., 2005). 



20 

 

There are also some other analytes that, although their primary production site is 

not fat, are intimately related with obesity. One example is insulin-like growth factor 1 

(IGF-1), 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 in different tissues (Klapper et al., 1983). Low concentrations of IGF-1 

have been associated with insulin resistance in both humans (Janssen et al., 2002) and 

cats (Reusch et al., 2006). Nutrition also plays an important role in the regulation of 

IGF-I, with both caloric and protein restriction known to decrease IGF-1 concentration 

in humans and a variety of other species (Prewitt et al., 1982). 

When data about obesity in companion animals were revised before starting this 

PhD work, 4 areas in which a gain of knowledge could benefit the progress and 

advances in the understanding of this disorder were detected: 

A.  Validation studies of commercially available assays for determination of 

the main adipokines (leptin, adiponectin, and ghrelin) and other analytes 

related with obesity such as IGF-1. For determination of these analytes in dog or 

cat sera, only radioimmuneassay (RIA) methods (Jeusette et al., 2005) or locally 

developed ELISAs existed (Ishioka et al., 2006). Situation that limited the use of 

these biomarkers for research studies in dogs and cats. 

B. Possible variations of adipokines and analytes related to obesity due to 

other but obesity factors. For example diurnal variation, effect of food intake, 

castration, renal failure, and sepsis. 

C. How obesity and obesity-associated disorders can influence adipokines, 

acute phase proteins (APPs) and other analytes. When reviewing literature two 

controversies and three aspects not studied were detected in this point: 

- Contradictions were found about: (1) the existence of relationship between the 

adipokine adiponectin and canine obesity. Some authors described a negative 

association between adiponectin and canine obesity (Ishioka et al., 2006), similarly 

as occur in humans (Chandran et al., 2003), while others deny it (Verkest et al., 

2011). (2) Also the link between obesity and inflammation remains controversial in 

human and veterinary medicine. For example, in humans an increase C-reactive 

protein (CRP) in obesity has been described. However, this increase in many cases is 

mild and inside the range of non-inflammatory values (Esposito et al., 2003). In the 

dog a similar situation occurs, since very mild increases and even decreases in CRP 

has been described in obese individuals (Veiga et al., 2008; German et al., 2009). 



21 

 

- The three not studied aspects were: (1) existence of metabolic syndrome (MS) in 

obese dogs. (2) association between excess adiposity and renal functional alterations 

in dogs. (3) the behaviour of adipokines and inflammatory markers in obesity-related 

diseases, such as hypothyroidism. 

D. Study and identification of new potential serum biomarkers involved/linked 

to obesity. In human medicine, two enzymes: paraoxonase type 1 (PON1) and 

butyrylcholinesterase (BChE), were found to be affected in obesity. BChE activity is 

increased (Randell et al., 2005), while PON1 activity is decreased in this situation 

(Kotani et al., 2009). Both enzymes seem to be functionally related since BChE is 

inherently protected from oxidative stress by PON1 (Ofek et al., 2007). However, to 

our knowledge, no studies have examined BChE or PON1 in canine or feline obesity. 

In addition, in order to identify new potential serum biomarkers involved/linked 

to obesity, proteome analysis had been performed in studies of obesity in humans 

and experimental animal models such as mice and rats (Dayarathna et al., 2008), but 

not in dogs or cats. 
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This PhD Thesis was designed to try to produce advances in the areas mentioned in 

introduction section and therefore its main objectives were: 

 

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

dogs and cats (Articles 2-6). 

 

2. To analyze possible causes of the variations due to other but obesity factors, 

(such as diurnal variation, effect of food intake, castration, renal failure, and 

sepsis). For this purpose the analytes that gave adequate validation results in 

point 1 and were more economic, easy and fast to perform would be selected 

(Articles 7-10). 

 
3. To clarify the possible effect of obesity on adiponectin and acute phase proteins 

in dogs and cats. Also to explore if obese dogs suffer from metabolic syndrome, 

evaluate if obesity could be related with changes in renal biomarkers, and to 

study how adipokines and acute phase proteins are affected by an obesity-related 

disease, such as hypothyroidism (Articles 11-17). 

 

4. To study and identify new potential serum biomarkers involved/linked to obesity 

(Articles 18-23). 
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Abstract 15 

Background: Measurements of immunoglobulins (Igs) in companion animals can be useful to detect 16 

immunodeficiencies of the humoral system that can be associated with secondary infections, 17 

immune-mediated disorders, or neoplasms of B cells. 18 

Objective: The purpose of this study was to evaluate human automated commercially available 19 

immunoturbidimetric assays for Igs G, M, and A measurements in canine and feline serum using 20 

species specific calibrators. 21 

Methods: Canine and feline serum samples with different concentrations of Igs were used for the 22 

analytical validation of the assays. Intra- and inter-assay precision, linearity under dilution, spiking 23 

recovery and limit of detection were determined. In addition effects of lipaemia, haemolysis, and 24 

bilirubinaemia were evaluated. For overlap performance concentrations of Igs in groups of healthy 25 

and diseased dogs and cats were quantified. 26 

Results: Spiking recovery and linearity under dilution tests showed that the assays were able to 27 

measure Igs in canine and feline serum samples in an accurate way. Intra and inter assay imprecision 28 

were lower than 15% in all cases. Significantly higher IgG, IgM and IgA levels were observed in dogs 29 

with Leishmania, while dogs with pyometra showed a statistically significant increase in IgM and IgA 30 

in comparison with healthy ones. Significantly higher IgG and IgM levels were observed in cats with 31 

FIV compared with healthy ones. 32 

Conclusions: The methods for Igs determination in dogs and cats, evaluated in present study, 33 

showed an adequate precision and accuracy. In addition they were able to discriminate between 34 

different concentrations of Igs that appear in healthy and diseased animals. 35 

 36 

37 
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Introduction 38 

Measurements of immunoglobulins (Igs) in companion animals can be useful to detect 39 

immunodeficiencies of the humoral system that can be associated with secondary infections,
1
 as well 40 

as increases in Igs that occur in immune-mediated disorders, neoplasms of B cells or infectious 41 

diseases.
2-4

 Additionally, in cat hypergammaglobulinaemia has been observed in feline 42 

immunodeficiency virus (FIV) that was extensively studied for its similarity to human 43 

immunodeficiency virus.
5 

44 

 45 

Previous studies quantifying canine or feline Igs have generally been performed using single radial 46 

immunodiffusion (SRID)
6
 or ELISA.

5,7-12
 SRID and ELISA are performed manually and this procedure 47 

could influence assay precision and implies prolonged turn-around time for samples analysis. 48 

Turbidimetric immunoassays (TIAs) can be easily automated and are based on the principle of 49 

immunologic agglutination and light scattering of the agglutination products. The use of automated 50 

analysers for Igs quantification could improve assay precision and decrease the time needed for 51 

analysis in each sample. TIAs for human immunoglobulin quantification that can be performed on 52 

automated chemistry analyzers have been developed. In addition, an automated TIA initially 53 

designed for humans has been validated for Igs determination in foals.
13

 However, to the authors’ 54 

knowledge no automated TIA has been evaluated for Igs measurements in dogs and cats. Therefore, 55 

the aim of the current study was to validate automated human TIAs for immunoglobulin G (IgG), 56 

immunoglobulin M (IgM), and immunoglobulin A (IgA) measurement in canine and feline serum. 57 

 58 

Material and methods 59 

Samples 60 
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The current study was approved by the Local Ethical Committee of the Veterinary Medicine 61 

School, Murcia University. In addition it was performed in compliance with the laws RD32/2007 and 62 

RD1201/2005 about animal experimentation in Spain. 63 

Canine and feline serum samples with different IgG, IgM and IgA concentrations were used for 64 

the evaluation of the analytical performance of the assays. Dogs and cats were of different sex, 65 

breeds and ages presented at teaching veterinary hospital of University of Murcia, Spain and San 66 

Marco veterinary hospital, Padua, Italy, between June and December of 2010. High IgG, IgM and IgA 67 

concentration specimens were obtained from dogs with untreated Leishmania and cats with feline 68 

immunodeficiency virus (FIV) infection. In addition, specimens with expected normal IgG, IgM and 69 

IgA concentrations were obtained from healthy dogs and cats, presented to the clinics for routine 70 

check-ups or elective surgery that showed no remarkable findings on physical and clinical 71 

examination, or in routine haematology and biochemistry analysis. 72 

Blood samples were collected in the morning after an overnight fast of at least 12 hours by 73 

venipuncture in the saphenous vein using a 21G needle and placed into 5 mL tubes containing a 74 

clotting accelerator (TapVal, Aquisel). None of the samples was lipaemic or haemolytic. No later than 75 

fifteen minutes after collection, samples were centrifuged at 2000g for 10 min at room temperature 76 

to obtain serum and were then stored in aliquots in plastic vials at -20ºC until analysis. Duration of 77 

storage was less than 6 months in all cases. It was observed that Igs were stable for at least one year 78 

at -20 °C (data not shown). 79 

Pools of samples were used for the analytical performance procedures, as none of the samples 80 

contained sufficient volume of serum for repeated analyses.
14

 Therefore serum samples were pooled 81 

on the basis of expected Igs concentrations: four serum samples from diseased animals were used to 82 

prepare pools with potentially high Igs concentrations; and five serum samples from healthy animals 83 

were used to prepare pools with potentially normal Igs concentrations. 84 

 85 
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IgG, IgM, IgA analysis 86 

Serum IgG (Code number OSR6145, Olympus Europe GMBH), IgM (Code number OSR6146, 87 

Olympus Europe GMBH), and IgA (Code number OSR1171, Olympus Europe GmbH) levels were 88 

measured by using of commercial kits with an automated analyser (OLYMPUS AU600, Olympus 89 

Europe GmbH) following the instructions of the manufacturer. The general procedure of the all 90 

methods is: 1) sample is mixed with buffer (R1) and antiserum solution (R2), containing polyclonal 91 

goat anti-human IgG, IgM or IgA antibodies, to yield insoluble aggregates; 2) immune complexes 92 

formed in solution scatter light in proportion to their size, shape, and concentration; 3) turbidimeter 93 

measure the reduction of incidence light due to reflection, absorption or scatter, which is 94 

proportional to Ig concentration in the sample. 95 

The methods were calibrated with their own species specific calibrator. Canine calibrator 96 

(Bethyl dog reference serum, Catalog Number RS10-105, Bethyl Laboratories, Inc.) presented 31000 97 

mg/L of IgG, 2500 mg/L of IgM, and 1500 mg/L of IgA. Feline calibrator (cat reference serum, Catalog 98 

Number RS10-106, Bethyl Laboratories, Inc.) presented 5400 mg/L of IgG, 550 mg/L of IgM, and 220 99 

mg/L of IgA. The manufacturers indicate that Igs classes of the calibrators were quantitated by RID 100 

and ELISA using highly purified normal dog/cat immunoglobulins for reference. Five dilutions of each 101 

calibrator were prepared (Table 1) and a five-point non-linear (polygonal) calibration curve (option 102 

available from the Olympus AU600 software) was constructed from measurement of these five 103 

dilutions of calibrators by plotting absorbance values versus Igs concentrations of the 5 calibrators, 104 

and concentrations of unknown samples are then determined using this standard curve. Feline 105 

calibrator had a very low concentration of IgA (220 mg/L), so neither calibration nor programming 106 

could be done for this immunoglobulin measurement in cats. Programming data for canine and feline 107 

Igs are presented in Table 2. 108 

 109 

Cross-reactivity of antigen 110 
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Ouchterlony procedure
15

 was performed in a 0.7% agarose gel. Antiserum solution (R2) with 111 

polyclonal goat anti-human IgG, IgM or IgA antibodies from the assay kits were placed in the centre 112 

wells. Human serum was used as a positive control, and canine and feline serum samples from 113 

healthy and diseased animals were placed in adjacent wells. Samples were used without any 114 

previous dilution. 115 

 116 

Analytical performance 117 

The following parameters were calculated for analytical performance of methods: 118 

 119 

� Accuracy was evaluated by spiking recovery and linearity under dilution studies. To evaluate 120 

the ability of the assays to recover the amount of analyte added to baseline serum samples, a spiking 121 

recovery test was performed following a previously described procedure.
16

 A recovery between 80% 122 

and 120% will be considered as acceptable as previously described.
17

 For this purpose, two 123 

commercially available reference serum with known amounts of the different Igs, for dogs (Bethyl 124 

dog reference serum) and cats (Bethyl cat reference serum) were used. For each species and Ig, the 125 

reference serum was mixed at five different concentrations with five aliquots of a serum pool of 126 

known Ig concentration (1:1) and Igs were measured with the methods evaluated in present study. 127 

Test recovery (in percent) was calculated for each dilution for comparison of expected versus 128 

measured Igs. To assess linearity under dilution, 2 canine/feline serum samples with different IgG, 129 

IgM or IgA concentrations were serially diluted with distilled water. The linearity test will be 130 

considered as appropriate if correlation coefficient not differ significantly from 1, the confidence 131 

intervals of slope include 1, confidence interval of intercept include 0, and Runs-test show not 132 

significant deviation from linearity.
17

 133 
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� Precision: 1) Intra-assay coefficient of variation (CV) was calculated after analysis of 2 serum 134 

pools with high and low IgG, IgM or IgA concentrations, ten times in a single assay run. 2) Inter-assay 135 

coefficient of variation was determined by analysing the same serum pools in ten separate runs 136 

carried out on different days. The precision of the assay will be considered as acceptable with the CV 137 

<15% as reported elsewhere.
16

 138 

All pools used for repetitive analysis were frozen in aliquots and in order to avoid possible 139 

changes due to repetitive thawing and freezing only vials needed for each run were thawed at room 140 

temperature immediately before analysis. 141 

� Lower and upper limits of quantification (LLOQ and ULOQ) were calculated as the maximum 142 

and minimum amount of analyte that can be measured with an intra-assay variation under 15%.
18

 To 143 

that end, different dilutions of three canine and three feline serum pools were prepared and each 144 

dilution was analysed five times. Then % CV for each dilution was calculated and plotted against its 145 

concentration. 146 

� Effects of haemolysis, lipaemia, and bilirubinaemia. Two canine and two feline serum pools 147 

were mixed with different concentrations of haemoglobin, lipid (Lipofundina 20%, Braun Medical SA, 148 

Barcelona, Spain), or bilirubin (Bilirubin, Sigma Co., St. Luis, MO, USA) solution following previously 149 

described procedures.
19

 The clinically relevant interferences will be considered when ANOVA test 150 

show significant difference in concentrations of measured analytes in aliquots with different 151 

concentrations of haemoglobin, lipids, or bilirubin. 152 

 153 

Overlap performance 154 

Samples from 50 client-owned dogs and 20 client-owned cats were included in the study. Dogs 155 

were divided into three groups: group D1 was formed of 14 healthy dogs (female/male, 9/5; body 156 

weight range, 5 to 20.1 kg; age range, 0.5 to 12.0 years; different breeds); group D2 was formed of 21 157 

dogs with Leishmania (female/male, 9/12; body weight range, 3.0 to 48.5 kg; age range, 1 to 10 158 
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years; different breeds); and group D3 was formed of 15 female dogs with pyometra (body weight 159 

range, 5.3 to 48.5 kg; age range, 4.5 to 12.5 years; different breeds). 160 

Similarly all cats were divided into 2 groups: group C1 was formed of 10 healthy cats 161 

(female/male, 6/4; body weight range, 2.3 to 4.5 kg; age range, 0.5 to 8.5 years; different breeds), 162 

and group C2 was formed of 10 cats with FIV (female/male, 3/7; body weight range, 2.0 to 3.7 kg; 163 

age range, 1 to 10 years; different breeds). 164 

The dogs with leishmaniasis had clinical signs consistent with the disease and the diagnosis was 165 

confirmed by positive IFI titres against the leishmania infection and visualization of Leishmania spp. 166 

amastigotes in bone marrow samples. In case of pyometra, case history and physical examination 167 

data were registered and the diagnosis pyometra confirmed by identification of a pus-filled enlarged 168 

uterus during ovariohysterectomy. Cats with FIV presented symptoms consistent with the disease 169 

that was confirmed by a PCR test. 170 

 171 

Statistical methods 172 

Arithmetic means, medians, intra-assay and inter-assay CVs were calculated using routine descriptive 173 

statistical procedures and software (GrafPad Prism 5.00, GraphPad Software). Runs-test was 174 

performed to determine whether data deviated significantly from the linearity. Interferograms were 175 

prepared to show the differences in immunoglobulin concentration when haemoglobin, triglycerides, 176 

or bilirubin were added. On the graphs, X-axes show increasing concentrations of haemoglobin, 177 

triglycerides, or bilirubin while Y-axes show percentage change in IgG, IgM, or IgA [(Vƒ/Vo)*100]. The 178 

influence of haemoglobin, triglycerides, or bilirubin was investigated using repeated measures 179 

ANOVA and Dunnets’ post test. Comparison of IgG, IgM and IgA concentration between different 180 

groups of animals was determined by use of One Way ANOVA with Newman-Keuls Multiple 181 

Comparison Test, since Gausian distribution of the data was confirmed by D'Agostino & Pearson 182 
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omnibus normality test. Ordinary linear regression analysis comparing measured and expected 183 

concentrations of IgG, IgM and IgA was used to evaluate the linearity under dilution. The significance 184 

level used in each case was p<0.05. 185 

 186 

Results 187 

Cross-reactivity of antigens 188 

Ouchterlony procedure indicated that goat anti-human IgG and IgM antibodies used in the TIA were 189 

able to precipitate with canine and feline serum samples (Fig. 1). Canine Igs showed a reaction of 190 

partial identity with human Igs, as canine serum precipitation line fused completely with human 191 

serum precipitation line, whereas the latter (human) extended a spur beyond the site of coalescence 192 

with canine serum. Similarly, feline Igs showed a reaction of partial identity with human Igs, as feline 193 

serum precipitation line fussed completely with human serum precipitation line, whereas the latter 194 

(human) extended a spur beyond the site of coalescence with feline serum. Bands that were 195 

generated from diseased animals were more intense than those from healthy animals. IgA antibodies 196 

formed only weak bands of precipitation with canine serum. 197 

 198 

IgG, IgM, and IgA assays characteristics 199 

Dogs. The recovery between observed and expected Igs concentrations ranged from 104 to 121% for 200 

IgG, from 102 to 110% for IgM, and from 75 to 118% for IgA (Table 3). Dilution of canine serum pools 201 

with different Igs concentrations resulted in linear regression equations (Table 4) in which correlation 202 

coefficients did not differ from 1, confidence intervals of the slope and intercept included 1 and 0, 203 

respectively and Runs test revealed no deviation from linearity (P>0.1). 204 
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Intra- and inter-assay CVs were below 1 % and 4 % respectively for IgG, below 2 % and 15 % 205 

respectively for IgM, and below 5 % and 15 % respectively for IgA (Table 5). LLOQ for IgG, IgM, and 206 

IgA were 353 mg/L, 35 mg/L, and 206 mg/L, respectively (Fig. 2). 207 

 208 

Cats. The recovery between observed and expected Igs concentrations ranged from 98 to 118% for 209 

IgG and from 98 to 121% for IgM (Table 3). Dilution of feline serum pools with different 210 

immunoglobulins concentrations resulted in linear regression equations (Table 4) in which 211 

correlation coefficients did not differ from 1, confidence intervals of the slope and intercept included 212 

1 and 0, respectively , and Runs test revealed no deviation from linearity (P>0.1). 213 

Intra- and inter-assay CVs were below 4% and 6 %, respectively for IgG (Table 5). Intra- and 214 

inter-assay CVs were below 5 % and 10 %, respectively for IgM (Table 5). LLOQ for IgG and IgM were 215 

380 and 105 mg/L, respectively (Fig. 3). 216 

 217 

Upper limits of quantification of all Igs in dog and cat serum samples were not possible to 218 

determine because of high precision of the methods. The authors observed that even when the Ig 219 

value was outside the calibration curve the CV was lower than 15%. 220 

 221 

Effects of lipaemia, haemolysis, and bilirubinaemia 222 

Interferograms showing effects of haemolysis, lipaemia, and bilirubinaemia on IgG, IgM, and 223 

IgA concentrations in canine and feline serum pools are presented in Figs. 4 and 5. 224 

Dogs. A statistically significant decrease in IgM levels appeared in samples with triglyceride 225 

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 226 
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with haemoglobin concentrations of 8 g/L (p<0.05). A statistically significant increase in IgA levels 227 

appeared in samples with triglycerides at a concentration of 2.5 g/L (p<0.05), and 5 g/L (p<0.01). 228 

Cats. A statistically significant increase in IgG levels appeared in serum pools with triglyceride 229 

concentrations of 5 g/L (p<0.05). IgM levels were decreased in samples with concentrations of 230 

triglyceride of 5 g/L (p<0.01) and bilirubin of 0.15 g/L (p<0.05). 231 

 232 

Overlap performance of the assays 233 

Immunoglobulin G, M, and A levels in different groups of dogs are presented in Fig. 6. Three of 234 

14 serum samples collected from control dogs gave IgA result below LLOQ (206 mg/L) (for further 235 

statistical analysis IgA concentrations of these samples were calculated as 206 mg/L). A statistically 236 

significant increase in IgG (p<0.001), IgM (p<0.001), and IgA (p<0.01) concentrations was detected in 237 

dogs with Leishmania when compared with healthy control dogs. When immunoglobulin 238 

concentrations were compared in dogs with pyometra vs. control dogs, a statistically significant 239 

increase in IgM and IgA was detected (p<0.05 in both cases). Higher IgG levels were recorded in dogs 240 

with Leishmania vs. dogs with pyometra (p<0.001). 241 

IgG and IgM levels in different groups of cats are presented in Fig. 7. IgG and IgM levels were 242 

significantly higher in cats with FIV when compared with healthy ones (p<0.001 and p<0.05, 243 

respectively). 244 

 245 

Discussion 246 

Changes in immunoglobulin levels in dogs and cats are associated with different pathologies 247 

such as infection or immunodeficiency and could be used as an aid for the diagnosis and monitoring 248 

of treatment of immune diseases.
4,20

 However, immunoglobulin determination in routine practice in 249 
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companion animals is quite unusual and one of the reasons could be the absence of precise and fast 250 

methods for their measurements. The present study demonstrates the utility of the automated 251 

human TIA for the measurement of immunoglobulins G, M and A in dog and IgG and IgM in feline 252 

sera. The advantages of the methods evaluated in present study over SRID or ELISA include 253 

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

of human error in measurement of the precipitin ring diameter or pipetting.
13 

255 

 256 

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

Ouchterlony procedure showed a significant precipitation in wells that contained human, canine, and 258 

feline serums with IgG and IgM antibodies. Igs of different species gave the reaction of partial 259 

identity indicating that the antibodies used may recognize fewer epitopes of canine and feline Igs in 260 

comparison with epitopes recognized in human Igs, resulting in lower signal. An evident although 261 

weak precipitation was observed between IgA antibodies and serum of diseased dog; this weak 262 

precipitation could be the reason of the reduced ability of the assay to recognize low values of IgA. 263 

However, the precipitations were more intense when serum samples from diseased animals with 264 

higher Igs concentrations were used. Additionally, the spiking recovery and linearity under dilution 265 

tests indicated that the assays could also detect and accurately measure the different canine and 266 

feline Igs. In order to assure that measurements are in linear ranges, it would be recommend to 267 

dilute the sample when Igs levels exceed the upper limit of calibration curve in a first assay (authors 268 

did not observe prozone effect in samples with very high concentrations of Igs). Ideally for the 269 

accuracy study, a comparison with a “gold standard” assay should have been done. However, the 270 

only commercially available species-specific assay that has been validated is an ELISA that showed 271 

imprecision that could reach up to 25%
11

 and should not be considered as a “gold standard” for the 272 

assay. Therefore we evaluated accuracy by spiking recovery and linearity under dilution as 273 

recommended in cases in which a reference method is not available.
17 

274 
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 275 

Use of species-specific standards is highly recommended to achieve similar affinity of 276 

antiserum against standards and samples.
21

 For this reason the human calibrators supplied by 277 

manufacturers were replaced by canine/feline specific ones. 278 

 279 

The methods showed good intra and inter-assay repeatability with CVs lower than 15%
16

 and 280 

were similar to those reported by manufacturers for human serum samples. Higher intra- and inter-281 

assay CVs (up to 25%) were reported for canine and feline ELISA for Igs determination.
11,12

 The lower 282 

CVs observed in present study could be due to the automation of the methods that decrease 283 

pippeting imprecision. 284 

 285 

The lower limits of quantification for immunoglobulin G, and M were slightly higher for cats 286 

than dogs. However, LLOQs of canine and feline IgG and IgM observed in present study were low 287 

enough to be used for measuring Igs in healthy animals. Also these LLOQs were low enough to detect 288 

the values reported till now in dogs with immunodeficiencies (IgG, 1200 mg/L - 14000 mg/L; IgM, 210 289 

mg/L - 3500 mg/L).
4,22,23

 The LLOQ for canine IgA determination was 206 mg/dL, being the main 290 

limitation of this method as some healthy animals in present study showed lower IgA values. This 291 

must be taken in account when analysing sera from healthy dogs or dogs with immunodeficiencies, 292 

as IgA values lower than 206 mg/dL were observed in these dogs.
22-24 

293 

 294 

In dogs and cats, haemolysis, lipaemia, and bilirubinaemia can be attributed to different 295 

diseases, difficulties at the time of blood sampling, recent meal, or, in contrast, starving.
25

 296 

Haemolysis and bilirubinaemia significantly only affected IgM in our study, although manufacturers 297 
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indicate that haemoglobin and bilirubin produce interferences also in IgG and IgA. Regarding 298 

lipaemia, even low concentrations of triglycerides decreased IgM in canine serum samples, reaching 299 

up to a 25 % reduction at a concentration of 5 g/L of triglycerides, while a significant decrease in 300 

feline IgM was observed only at the highest concentration of triglycerides. The presence of lipaemia 301 

can interfere with many clinical chemistry tests by different mechanisms, the most frequent 302 

mechanism is due to the scattering of light rays by the lipids (mainly chylomicrons and very low 303 

density lipoproteins).
26 

304 

 305 

It should be pointed out that although human methods can be conveniently modified for use in 306 

veterinary practice, but, especially when immunological assay are used, as in this case, methods must 307 

be validated for each new species (e.g. canine and feline) using a species-specific standards if 308 

available,
27

 and analytical validation must be undertaken with each lot and every time the antibody 309 

batch is changed.
28 

310 

 311 

In this study IgG, IgM, and IgA levels in healthy dogs were similar to those reported by different 312 

authors (Table 6). IgG ad IgM levels observed in healthy cats in this work were 2 fold lower than 313 

those reported by other authors (Table 6). These discrepancies may be explained by several factors. 314 

The animals used in the different studies were of different breeds, ages, and sex, factors that have 315 

been shown to influence circulating Igs levels.
20,29,30

 Furthermore, divergences in the obtained results 316 

could be attributed to the different methods used for immunoglobulin determination. 317 

 318 

When assays were applied to serum samples from dogs with different inflammatory diseases, a 319 

2.5 fold significant increase in IgM was observed in dogs with pyometra, whereas dogs with 320 

Leishmania showed a significant 5 fold increase in IgG and IgM. IgM is considered by some authors to 321 
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be an immunological marker for the early phase of infections as its levels increases relatively rapid, 322 

while increase in circulating levels of IgG is generally observed later than this of IgM but lasts long 323 

after infection.
31,32

 The results of present work are in line with these studies, as significantly higher 324 

IgM, but not IgG, levels were detected in dogs with pyometra, an acute inflammatory disease. 325 

However, when the dogs were affected by a chronic disease as Leishmania, statistically significant 326 

increases were observed in both Igs, similarly as described in experimental studies.
33,34 

327 

 328 

In the present study cats with FIV showed significantly higher IgG (1.5 fold) and IgM (2 fold) 329 

levels than healthy ones. Increases in IgG have been described by other authors in cats with FIV.
5,35

 330 

Although the pathogenesis of the increment of Igs in cats with FIV is not totally clear, it has been 331 

postulated that B-cell abnormalities associated with this disease would result in decreased specific 332 

antibody responses to many non-FIV antigens but an overall increase in the total levels of serum 333 

immunoglobulins. The excess immunoglobulins apparently would reflect the response to FIV itself 334 

and not to unrelated antigens, as described in HIV-infected people.
36 

335 

 336 

Overall, measurements of circulating Igs provide an insight into humoral immune response. 337 

Although Igs are very sensitive to detect the activation or deficiency of this humoral immune 338 

response, they are highly unspecific in provide information of the cause of this activation or 339 

deficiency. 340 

 341 

In conclusion, the automated assays for Igs determination in dogs and cats that were evaluated 342 

in present study, with the exception of IgA measurement in cats, exhibit analytical characteristics 343 

allowing their use in the laboratory with an adequate precision, accuracy, and ability to discriminate 344 

between different concentrations of Igs that appear in healthy and diseased animals. It is expected 345 
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that the TIAs evaluated in this study will increase the analytical options of veterinary laboratories for 346 

Igs measurements in dogs and cats, and will contribute to a wider use of these analytes in these 347 

species. 348 
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Table 1. Immunoglobulins G, M, and A programming data for biochemical analyser OLYMPUS AU600. 456 

Specie Analyte  Sample 
vol., µL  

Sample 
Dil. 

Vol., µL  

R1 vol., 
µL 

R1 Dil. 
Vol., 
µL 

R2 
vol., 
µL 

R2 
Dil. 
Vol., 
µL 

Wave-length, 
nm 

Method Reaction 
Point 1, s Point 2, s 

Pri. Sec. Fst Lst Fst Lst 

Dog 

IgG 2.0 0 110 190 100 40 600   END + 0 23 0 10 

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 

Cat 
IgG 2.0 0 110 190 100 40 600  END + 0 23 0 10 

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; 457 

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; 458 

END, an end-point assay method (self blank method) that uses reagent blank absorbance as the reference for measurement data at each photometric point; 459 

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) 460 

measurements of the point 1 and point 2. 461 

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
nd

 reagent 462 

(Point1, Lst)] - [OD value at Point 1, Fst]) - ([OD value at the specific point before dispensing 2
nd

 reagent (Point 2, Lst)] - [OD value at Point 2, Fst]). 463 

IgG, immunoglobulin G; IgM, immunoglobulin M; IgA, immunoglobulin A. 464 
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Table 2. Immunoglobulins G, M, and A calibration data. 465 

Standard  Dog   Cat 

Dil. 
IgG*, 
mg/L 

IgM*, 
mg/L 

IgA*, 
mg/L   

IgG*, 
mg/L 

IgM*, 
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 

Standard Dil. – reference serum dilution. 466 

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

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

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

Species Immunoglobulin 

Ig concentration, mg/L 
Expected 

value, 
mg/L 

Observed 
value, 
mg/L 

Recovery 
(%) Pool 

Dog/Cat 
reference 

serum 

Dog 

IgG 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 

  750 2352.5 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 

Cat 

IgG 2784 540 1662 1624 98 

  1620 2202 2290 104 

  3240 3012 3213 107 

  4320 3552 3843 108 

  5400 4092 4838 118 

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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Table 4. Linear regression analysis data of canine and feline serum pools. 471 

  

Ig 

Regression equation 
Runs 
test 

  
Slope (95% Confidence 

Intervals) 
Intercept (95% Confidence 

Intervals) R 2 

Dog 

IgG 
1.019 (0.974-1.065) -117.5 (-508.1-273.0) 0.998 NS 

0.992 (0.969-1.016) 159.3 (-40.88-359.5) 0.999 NS 

IgM 
1.036 (0.981-1.091) -43.16 (-93.68-7.34) 0.999 NS 

1.007 (0.976-1.040) -15.45 (-40.56-9.66) 0.999 NS 

IgA 
1.114 (0.876-1.353) -157.5 (-374.8-59.76) 0.986 NS 

1.049 (0.692-1.406) -3.34 (-165.1-158.1) 0.966 NS 

            

Cat 

IgG 
1.031 (0.976-1.087) -140.4 (-283.6-2.637) 0.999 NS 

1.045 (0.966-1.126) -163.9 (-367.1-39.18) 0.998 NS 

IgM 
1.008 (0.969-1.048) -4.16 (-13.22-4.88) 0.999 NS 

1.006 (0.866-1.146) -9.16 (-15.41-29.12) 0.994 NS 

NS, not significant (P>0.1) 472 

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

canine and feline serum pools. 475 

Specie Analyte Comparison Sample 

 

CV (%) 

Mean (mg/L) SD 

Dog 

IgG 

Intra-assay 
Pool A 19735 150 0.8 

Pool B 8481 56 0.7 

Inter-assay 
Pool A 20293 783 3.9 

Pool B 8415 172 2.0 

IgM 

Intra-assay 

Pool A 1862 17 0.9 

Pool B 932 12 1.2 

Inter-assay 

Pool A 1855 97 5.2 

Pool B 836 118 14.1 

IgA 

Intra-assay 
Pool A 1748 24 1.4 

Pool B 541 26 4.7 

Inter-assay 

Pool A 1892 133 7.0 

Pool B 593 85 14.3 

Cat 

IgG 

Intra-assay 

Pool A 7153 122 1.7 

Pool B 2080 68 3.3 

Inter-assay 

Pool A 7391 309 4.2 

Pool B 2120 115 5.4 

IgM 

Intra-assay 

Pool A 1039 28 2.7 

Pool B 213 9 4.2 

Inter-assay 

Pool A 1028 31 3.0 

Pool B 192 17 9.1 

CV, coeficient of variation. 476 
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Table 6. Comparative data from the literature for IgG, IgM, and IgA concentrations in healthy dog and cat serum. 477 

Specie Author 
Immunoglobulin, mg/L 

Method 
IgG IgM IgA 

Dog 

Present study 10840±2975 2080±777 899±688 TIA 

Heddle and Rowley24 
9800 (5200-

17300) 
1700 (700-

2700) 
500 (200-

1200) RID 

Schreiber et al.7 4350-12290 190-12290 180-7230 ELISA 

German et al.11 17200 15000 1000 ELISA 

Provost et al.30 7720-9921 2420-2495 - RID 

Foale et al.4 10000-20000 1000-2000 400-1600  

Watson et al.22 10000-20000 1000-2000 200-1600 RID 

            

Cat 

Present study 4863±1464 486±257  TIA 

Ackley et al.5 15100±6600 900±170 1500±100 RID IgG; ELISA IgA and IgM 

Poli et al.35 21900±5500 900±200 - RID 

Casal et al.37 - 3700-6400 - RID 

Harley et al.12 19080±5400 2040±900 2600±2200 RID 

Claus et al.38 15000±5400 - 1900±1400 RID IgG; ELISA IgA 

TIA, turbidimetric immunoassay; RID, radial immunodiffusion; ELISA, enzyme-linked immunosorbent assay. 478 
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Figures 479 

 480 

Fig. 1. Ouchterlony procedure for visualisation of cross-reactivity between goat anti-human 481 

IgG, IgM, and IgA antibodies and serum of the dog (c, diseased dog; d, healthy dog) and cat 482 

(b,e, diseased cat; f, healthy cat). As a control human serum was used (a). IgG, goat antihuman 483 

IgG antiserum; IgM, goat antihuman IgM antiserum; IgA, goat antihuman IgA antiserum. 484 
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Fig. 2. Lower limit of quantification for canine serum samples. a - IgG; b – IgM, c - IgA. 487 
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Fig. 3. Lower limit of quantification for feline serum samples. a - IgG; b - IgM. 490 
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a)  492 

b)  493 

c)  494 

Fig. 4. Interferences of lipids (a), haemoglobin (b), and bilirubin (c) on IgG, IgM, and IgA 495 

determination in two canine serum samples. A statistically significant decrease in IgM levels 496 

was detected in samples with triglyceride concentrations of 0.625 g/L (p<0.05), 1.25 g/L 497 

(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 498 

(p<0.05). A statistically significant increase in IgA levels appeared in samples with triglycerides 499 

at a concentration of 2.5 g/L (p<0.05), and 5 g/L (p<0.01).  500 
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a)  501 

b)  502 

c)  503 

Fig. 5. Interferences of lipids (a), haemoglobin (b), and bilirubin (c) on IgG and IgM 504 

determination in two feline serum samples. A statistically significant increase in IgG levels 505 

appeared in serum pools with triglyceride concentrations of 5 g/L (p<0.05). IgM levels were 506 

decreased in samples with concentrations of triglyceride of 5 g/L (p<0.01) and bilirubin of 0.15 507 

g/L (p<0.05). 508 
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Fig. 6. Immunoglobulin G (a), M (b), and A (c) levels in healthy dogs [D1 (mean±SD)], dogs with 511 

Leishmania [D2 (mean±SD)], and pyometra [D3 (mean±SD)]. Horizontal lines represent 512 

mean±SD. 513 

*, p<0.05; †, p<0.01; ‡, p<0.001. 514 
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Fig. 7. Immunoglobulin G (a) and M (b) levels in healthy cats [C1 (mean±SD)] and cats with FIV 517 

[C2 (mean±SD)]. Horizontal lines represent mean±SD. 518 

*, p<0.05; †, p<0.001. 519 
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Abstract 50 

Background: Obesity is a common medical disorder in dogs, and may predispose to a 51 

number of associated diseases. Recently, human obesity has been recognized as a risk factor 52 

for the development and progression of chronic kidney disease. 53 

Objectives: To investigate the possible influence of weight loss on biomarkers of renal 54 

status. 55 

Animals: 37 obese dogs that successfully lost weight were included in the study. 56 

Methods: three novel biomarkers of renal functional impairment and/or pathology 57 

(homocysteine, cystatin C, and clusterin), in addition to traditional markers of chronic renal 58 

failure (serum urea and creatinine, urine specific gravity [USG], urine protein-creatinine ratio 59 

[UPCR], and urine albumin corrected by creatinine [UAC]) before and after weight loss in dogs 60 

with naturally-occurring obesity were investigated. 61 

Results: Urea (P=0.043) and USG (P=0.012) were both greater post-weight loss than pre-62 

weight loss, whilst UPCR, UAC, and creatinine were less post-weight loss (P=0.032, P=0.006, 63 

and P=0.026, respectively). Homocysteine (P<0.001), Cystatin C (P<0.001) and Clusterin 64 

(P<0.001) all decreased upon weight loss. Multiple linear regression analysis suggested 65 

associations between percentage weight loss (greater weight loss, more lean tissue loss; r=-66 

0.67, r
2
=0.45, P<0.001) and pre-weight-loss plasma clusterin concentration (greater clusterin, 67 

more lean tissue loss; r=0.48, r
2
=0.23, P=0.003). 68 

Conclusion and clinical importance: These results suggest possible subclinical alterations 69 

in renal function in canine obesity, which improve with weight loss. Further work is required to 70 

determine the nature of these alterations and, most notably, the reason for the association 71 

between pre-weight loss plasma clusterin and subsequent lean tissue loss during weight 72 

management.73 
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Chronic kidney disease (CKD) is a major cause of morbidity and mortality in dogs and, given 74 

that it typically diagnosed relatively late in the course of the disease, dogs with advanced 75 

pathology represent only a fraction of all dogs with CKD.
1,2

 Recently, human obesity has been 76 

recognized as a risk factor for the development and progression of CKD,
3
 and reducing body fat 77 

mass, either through dietary energy restriction or bariatric surgery, can reverse many of the 78 

associated clinical and nephropathologic manifestations.
4 

79 

 80 

Obesity is a common medical disorder in dogs, and may predispose to associated 81 

diseases such as osteoarthritis, respiratory disease, neoplasia and insulin resistance.
5
 However, 82 

it is less clear as to whether there is an association between excess adiposity and renal 83 

functional or pathological alterations in this species. When monitoring renal disease, clinicians 84 

rely primarily on serum creatinine and urea concentrations, urine specific gravity (USG), and 85 

urine protein:creatinine ratio (UPCR). Further, microalbuminuria is considered to be an 86 

excellent marker of early kidney disease,
6
 being a sign of mildly altered glomerular 87 

permeability.
7
 However, all of these tests are insensitive, with experimental studies suggesting 88 

that azotemia and impaired urine concentrating ability are not seen until functional nephron 89 

mass is reduced by at least two thirds.
8
 Non-invasive and simple methods that have the ability 90 

to detect renal damage in CKD prior to functional nephron impairment (e.g. inadequate urine 91 

concentrating ability or azotaemia) are limited. Given that there is a high risk of progression to 92 

irreversible renal damage in patients with CKD, there is a current need both to develop 93 

markers that enable early detection of renal dysfunction,
9
 as well as to identify causal factors 94 

that might predispose to such dysfunction. In response, new serum biomarkers for early renal 95 

injury have started to gain attention in human and veterinary medicine, and examples include 96 

homocysteine (Hcy), cystatin C (CysC), and clusterin (Clu).
10 

97 

 98 
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Homocysteine is an amino acid the majority of which (98%) circulates in an oxidized 99 

form bound to protein.
11

 In humans, total plasmahomocysteine (tHcy) concentration is 100 

inversely correlated with the glomerular filtration rate (GFR),
12

 and positively correlated with 101 

circulating creatinine concentration.
13

 In dogs, significantly greater tHcy concentrations are 102 

reported in dogs with cardiac and renal diseases.
14

 CysC is a 13 kDa, 122-amino acid, cysteine 103 

protease inhibitor, and is produced at a constant rate by all nucleated cells in the body.
15,16

 As 104 

a result, circulating concentrations correlate with GFR.
17

 Dogs appear to be similar to humans, 105 

where by circulating CysC concentration may be a better marker of renal functional 106 

impairment than serum creatinine concentration.
10,18,19

 Clu is a glycoprotein which is 107 

composed of two 40 kD subunits (NA1, NA2) bound by disulfide groups.
20

 Reports in human 108 

medicine indicate that Clu is upregulated and released into the urine after nephron 109 

damage.
21,22 

110 

 111 

The aim of this study was to investigate the possible influence of weight loss, in dogs 112 

with naturally-occurring obesity, on biomarkers of renal status, as described in humans.
4
 As a 113 

result, we chose to investigate the behavior of three novel biomarkers of renal functional 114 

impairment and/or pathology (tHcy, CysC, and CLU), in addition to traditional markers of CKD 115 

(serum urea and creatinine, USG, UPCR, and urine albumin:creatinine [UAC]) before and after 116 

weight loss in dogs with naturally-occurring obesity. 117 

 118 

Material and methods 119 

Animals 120 

Dogs were referred to the Royal Canin Weight Management Clinic, University of 121 

Liverpool UK, for investigation and management of obesity and associated disorders. 122 
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Sixty-five dogs were recruited between February 2005 and August 2010, and those 123 

successfully losing weight had completed by January 2011. Eligibility criteria included 124 

confirmation of obesity (based upon body fat measurement by dual-energy X-ray 125 

absorptiometry; DEXA) and availability of sufficient surplus plasma and urine for 126 

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

Guidelines, and was approved by both the University of Liverpool Research Ethics 128 

Committee and the WALTHAM ethical review committee. Owners of all participating 129 

animals gave informed written consent. 130 

 131 

Weight loss regimen 132 

Full details of the weight loss regimen have been previously described.23,24 133 

Briefly, dogs were determined to be systemically well, and without significant 134 

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

Throughout weight loss, patients were weighed on electronic weigh scales,a which were 136 

regularly calibrated using test weights.b Body composition was analysed by fan-beam 137 

DEXA,c and results used to estimate target weight.24,25 
138 

 139 

A weight management protocol was then instigated,23,24 using either a high protein 140 

high fiberd or high protein moderate fibere weight loss diet (Table 1). The initial food 141 

allocation for weight loss was determined by first estimating maintenance energy 142 

requirement (MER=440kJ [105Kcal] × body weight [kg]0.75/day26) using the estimated 143 

target weight. The exact level of restriction for each dog was then individualized based 144 

upon gender and other factors (i.e. presence of associated diseases), and was typically 145 

between 50-60% of MER at target weight.24 Owners also implemented lifestyle and 146 



220 

 

activity alterations to assist in weight loss. Dogs were reweighed every 7-21 days and 147 

changes made to the dietary plan if necessary.23,24 
148 

 149 

Analysis 150 

THcy concentration was measured with a commercial kit
f
 and an automated analyser

g
 151 

following the instructions of the manufacturer. CysC and Clu concentrations were measured 152 

with species-specific commercially-available ELISAs assays
h
. The three assays had intra- and 153 

inter-assay coefficients of variation less than 15%; and the dilution of canine serum samples 154 

resulted in linear regression equations with correlation coefficient close to 1.0. 155 

 156 

Urine specific gravity was measured by a hand refractometer.
i
 Serum urea and creatinine 157 

and urine protein and creatinine assays were performed on the automated clinical chemistry 158 

analyzer.
g
 In the cases of serum urea and creatinine, commercially available reagents were 159 

used.
g
 Urine protein was determined by the pyrogallol method using a commercially available 160 

reagent
j
, while creatinine was measured using the modified Jaffe method using a commercially 161 

available reagent
k
  on samples diluted 1:20 with deionized water. The UPCR was then 162 

calculated with the formula: UPCR = protein (mg/dL)/creatinine (mg/dL). Urine albumin was 163 

determined by human immunoturbidometric assay
l
 in an automated clinical chemistry 164 

analyzer
g
 previously validated for use in canine urine samples.

27
 Urinary albumin levels (mg/L) 165 

were adjusted for urinary creatinine excretion (UAC) and expressed as micrograms per gram of 166 

creatinine for statistical analysis as previously described.
28 

167 

 168 

Statistical analysis  169 
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Data are expressed as median (range) except where indicated. Statistical analyses were 170 

performed with computer software (Stats Direct version 2.6.8; Stats Direct Ltd.), with the level 171 

of significance set at P<0.05 for two-sided analyses. The Shapiro-Wilk test was first used to 172 

assess whether or not data were normally distributed, and either parametric or non-173 

parametric tests were used, as appropriate. These included Fisher’s exact test, simple and 174 

multiple linear regression, paired and unpaired Student’s t test, Mann-Whitney U test, and 175 

Kendall’s rank correlation. 176 

 177 

Differences in the concentrations of the various biomarkers, prior to and after weight 178 

loss, were assessed with either the paired Student’s t test or the Wilcoxon signed rank sums 179 

test. Linear regression was used to determine factors associated with outcomes of weight loss 180 

(i.e. percentage change in lean tissue and rate of weight loss). Initially, simple regression was 181 

used to determine associations between with outcome variables and both pre-weight-loss 182 

parameters (e.g. age at enrolment, sex, percentage body fat) and pre-weight loss plasma 183 

biomarker concentrations. A multiple linear regression model was then constructed, which 184 

initially included any variables identified as P<0.2 on univariable analysis. The model was 185 

subsequently refined by backwards-stepwise elimination of the least significant variable at 186 

each round. Variables were retained in the final model, either if they were significant (P<0.05) 187 

or if removal resulted in substantial (≥ 10%) change to the effect of other variables. 188 

 189 

Results 190 

Baseline characteristics of the dogs 191 

Full details of the baseline characteristics of both groups are given in Table 1. The median age 192 

of the 37 dogs was 72mo (12 to 132mo), and a range of breeds was represented (Table 1); 21 193 
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were male (20 neutered) and 16 were female (14 neutered). Median body weight prior to 194 

weight loss was 35.0 kg (5.4 to 77.0 kg), and body fat mass was 45.0% (30.0 to 54.7%). 195 

 196 

Associations between baseline parameters and pre-weight-loss renal biomarkers 197 

There was no association between baseline parameters (including age, gender, breed, neuter 198 

status, body weight and body fat percentage) and pre-weight-loss renal biomarker (plasma Hcy 199 

concentration P=0.082, all other results P>0.2). 200 

 201 

Changes in renal biomarkers with weight loss 202 

The results for all renal biomarkers are shown in Table 2. Urea (P=0.043) and USG (P=0.012) 203 

were both greater post-weight loss than pre-weight loss, whilst UPCR, UAC, and creatinine 204 

were less post-weight loss (P=0.032, P=0.006, and P=0.026, respectively). Based upon, 205 

accepted international criteria,
29

 increased UPCR (>0.5) was present in 8 dogs before and in 1 206 

dog after weight loss (P=0.012). UAC >30 mg/g (a cut point that has been used to define 207 

microalbuminuria in humans
30

) was present in 8 dogs before and 3 dogs after weight loss. Hcy 208 

(P<0.001), CysC (P<0.001) and Clu (P<0.001) all decreased upon weight loss. 209 

 210 

Associations between baseline parameters and pre-weight-loss renal biomarkers with the 211 

outcomes of weight loss 212 

Both simple and multiple linear regression analyses were used to determine the effect of 213 

baseline parameters (e.g. age, sex, start weight, and body fat mass) and plasma biomarkers on 214 

two weight loss outcomes (e.g. change in lean tissue mass and rate of weight loss). For rate of 215 

weight loss, simple linear regression did not reveal any significantly associated factors (P>0.2), 216 
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and a multivariable regression model including all factors was also not significant (P=0.522). In 217 

contrast, simple linear regression (Table 3) suggested associations between a number of 218 

factors and change in lean tissue mass including breed (retriever vs. non-retriever, P=0.006), 219 

duration of weight loss (P=0.008), percentage weight loss (P<0.001), body fat mass pre-weight 220 

loss (P=0.018), creatinine (P=0.122) and Clu (P=0.080). However, the only factors remaining on 221 

multiple regression were percentage weight loss (greater weight loss, more lean tissue loss; r=-222 

0.67, r
2
=0.45, P<0.001) and pre-weight-loss plasma Clu concentration (greater clusterin, more 223 

lean tissue loss; r=0.48, r
2
=0.23, P=0.003). 224 

 225 

Discussion 226 

The current study has investigated putative renal biomarkers in obese dogs undergoing a 227 

weight management program, that lead to a marked reduction in body fat mass. Both 228 

conventional biomarkers in current clinical use (e.g. serum urea, serum creatinine, USG, UAC, 229 

and UPCR) and novel biomarkers (e.g. tCcy, CysC, and Clu) were assessed before and after 230 

weight loss. Whilst it is tempting to speculate that the results may be the result of altered 231 

renal function, alternative explanations may be possible for many of the changes noted. Most 232 

notably, the differences identified might have been the result of other alterations occurring 233 

concurrently during the weight loss program. As a result, further studies would be required to 234 

confirm these findings and determine their significance. 235 

 236 

The observed changes in urine biomarkers used in routine clinical practice (USG, UPCR, 237 

and UAC) with weight loss could imply improved renal function, through an increase in tubular 238 

concentrating ability (increased USG) and a decrease in protein filtered by the glomerulus 239 

(decreased UPCR and UAC). Experimentally-induced obesity in dogs is known to alter renal 240 



224 

 

function (e.g. glomerular hyperfiltration with an associated increase in GFR) and cause 241 

histologic changes such as expansion of Bowman’s capsule, cell proliferation in the glomeruli, 242 

thickening of glomerular and tubular basement membranes, and increased mesangial matrix.
31

 243 

Similar changes could be the reason why USG was less (e.g. due to an increase in GFR) and 244 

UPCR and UAC more commonly abnormal (e.g. due to the glomerular lesions causing protein 245 

leakage) for the dogs of the current study, when in an obese state. Other diagnostic modalities 246 

such as kidney biopsy could have helped to determine the significance of the changes in this 247 

study. However, since this study was done in clinical conditions it was not ethically possible to 248 

perform invasive procedures such as serial kidney biopsy in client-owned dogs. 249 

 250 

Although the concentrations of urea and creatinine were within laboratory reference 251 

intervals, an increase in serum urea and a decrease in serum creatinine were observed after 252 

weight loss. The increase in plasma urea concentration in obese dogs undergoing weight loss 253 

has been previously reported in some,
32

 but not all
33

 previous studies. Although the reason for 254 

such an increase is not clear, it might either have resulted from a decrease in GFR as a result of 255 

weight loss, or from feeding a high-protein weight loss diet. Increased post-weight loss plasma 256 

urea concentration has also been described in obese humans consuming a moderate protein 257 

diet for weight loss, but not those receiving a high carbohydrate diet.
34,35

 Measurement of GFR 258 

pre- and post-weight loss might have helped to differentiate between these possibilities. The 259 

decrease in serum creatinine concentration is contradictory to previous studies in obese dogs, 260 

whereby increased serum creatinine concentration have been documented following weight 261 

loss.
32,33

 This decrease could be the result of loss of muscle mass during weight management. If 262 

a genuine decrease in GFR were to have occurred with weight loss, as suggested by the 263 

increase in urea concentration, it could counteract the effect of lean tissue loss on serum 264 

creatinine concentration. 265 
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 266 

The current study also investigated three novel biomarkers putatively associated with 267 

renal functional impairment or pathology: tHcy, CysC, and Clu. Increased tHcy concentration 268 

has been associated with renal disease in dogs
14

 and humans
11

 whilst, in humans, moderate 269 

hyperhomocysteinaemia has been noted in early stages of chronic renal failure, becoming 270 

more prominent as renal function deteriorates.
11

 Furthermore, other human studies have 271 

identified greatertHcy concentrations in overweight and obese patients when compared with 272 

normal weight patients.
36

 Thus, the post-weight-loss decrease in tHcy concentration in the 273 

obese dogs of the current study, might indicate altered renal structure or function in the obese 274 

state with subsequent improvement with weight loss. However, given that dietary folate 275 

intake can influence plasma tHcy concentration, folate should ideally have been measured in 276 

all study dogs. This is a limitation of the current study and further assessment is required. 277 

However, in a previous human study, changes in folate concentration did not influence serum 278 

tHcy concentration in weight loss programs.
37 

279 

 280 

Dogs are similar to humans in that circulating CysC concentration is reportedly a better 281 

and more accurate marker of renal function than creatinine or creatinine-based equations.  282 

This is thought to be because the influence of non-renal factors (such as body composition, 283 

age, gender, or dietary protein intake) on circulating CysC concentration is less than for 284 

creatinine concentration.
10,15,16,19,38,39

 Further, given that increases in circulating CysC 285 

concentration with progressive renal compromise, parallel one another in obese and non-286 

obese humans, changes in CysC concentration are thought to reflect renal function whatever 287 

the degree of obesity.
40,41

 However, circulating CysC is consistently increased in obese subjects 288 

independent of GFR, and adipose tissue expression of CysC is increased in the obese state.
41

  289 

This suggests that adipose tissue may contribute directly to circulating CysC concentration 290 
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through increased adipose tissue synthesis in the obese state. Given that it is not currently 291 

known whether canine adipose tissue can synthesise CysC, it is feasible that the decrease in 292 

plasma CysC concentration is either the result of improved renal function or to decreased 293 

synthesis of CysC by adipose tissue after weight loss. 294 

 295 

Weight loss also resulted in a decrease in plasma Clu concentration, which could have 296 

been the result of two different mechanisms: (1) improvement in renal injury, given that 297 

increased serum Clu concentration is seen after nephron damage in humans;
21,22

 (2) 298 

improvement in lipid profile after successful weight loss, since circulating Clu reportedly acts as 299 

an apolipoprotein, by partially associating with high density lipoprotein (HDL).
42

 In dogs, HDL is 300 

the predominant lipoprotein
43

 and this decreases after weight loss.
44

 Furthermore, a positive 301 

correlation between changes of Clu with body fat mass has been described in humans 302 

independent of age, gender, HbA1c and fasting plasma insulin concentrations.
45

 It is again 303 

advisable to consider further studies to determine the true significance of this finding. 304 

 305 

Preservation of lean tissue mass during weight loss is a key outcome for successful 306 

obesity management and, in humans, loss of skeletal muscle mass is correlated with 307 

physical impairment and disability46 as well as being associated with an increased 308 

incidence of death.47 In the present study, pre-weight-loss Clu concentration correlated with 309 

amount of lean tissue lost during subsequent weight management (greater Clu, more lean 310 

tissue loss). The reasons for this association are not clear but, in humans, widespread 311 

upregulation of Clu gene expression and protein synthesis is seen in diseases where either 312 

abnormal cell death or proliferation occurs, including atherosclerosis, myocardial infarction, 313 
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and muscle damage.
48,49

 Thus, it could be hypothesized that Clu acts as a surrogate marker of 314 

deranged metabolic function in canine obesity, and this improves after successful weight loss. 315 

Whatever the reason, this intriguing study finding raises the possibility that pre-weight loss Clu 316 

concentration could be used as a biomarker to identify those dogs at risk of excessive loss of 317 

lean tissue mass. 318 

 319 

The main limitation of this study would be that the studied animals were a population of 320 

client-owned dogs with variable living conditions, family environment, husbandry and medical 321 

care. This made it impossible to evaluate influence of changes in diet composition on studied 322 

analytes, to perform GFR measurements, or to perform renal biopsies in order to evaluate the 323 

weight loss on histologic changes in the kidneys. Nonetheless, the results are arguably more 324 

representative of the true clinical picture since the obesity is naturally-occurring. 325 

 326 

In summary, the current study has demonstrated changes in a variety of renal function 327 

biomarkers in obese dogs undergoing weight loss. Although these results might suggest 328 

possible subclinical alterations in renal function in canine obesity, other explanations are 329 

possible for many of the changes observed. Therefore, further studies are now necessary to 330 

determine whether renal functional changes or injury occur in canine obesity and whether or 331 

not they improve after weight loss. Finally, the reason for the association between pre-weight 332 

plasma clusterin and subsequent lean tissue loss during weight management is intriguing, and 333 

warrants additional investigation. 334 

335 
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Footnotes 336 

a. Soehnle Professional GmbH & Co. KG, Backnang, Germany. 337 

b. Blake andBoughton Ltd, Norfolc, UK. 338 

c. DEXA, Lunar Prodigy Advance; GE Lunar, GE Medical Systems, Madison, WI. 339 

d. Satiety Support, Royal Canin, Aimargues, France. 340 

e. Obesity Management, Royal Canin, Aimargues, France. 341 

f. Diazyme Laboratories, Diazyme Europe GMBH, Dresden, Deutschland. 342 

g. biochemistry analyzer, Olympus AU2700, Olympus Diagnostica GmbH. 343 

h. Canine Cystatin C ELISA Kit and Canine Clusterin ELISA Kit; BioVendor–Laboratorni medicina, 344 

Brno, Czeck Republic. 345 

i. ATAGO Company Ltd, Tokyo 173-0001, Japan. 346 

j. Protein u&csf, Spinreact SAU, Sant Esteve de Bas, Spain. 347 

k. Creatinine-J, Spinreact SAU, Sant Esteve de Bas, Spain. 348 

l. Microalbumin OSR6167, Olympus system reagent, Olympus Diagnostica GmbH. 349 
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Table 1 466 

Summary of weight loss in the study dogs. 467 

Criterion Result
 

Age 72mo (12 to 132) 

Sex 1 M, 20 NM, 2 F, 14 NF 

Breed 

Akita, Border Collie, Cairn Terrier, CKCS (3), Cocker Spaniel, 

Corgi, Dachshund, Doberman, English Bull Terrier, Golden 

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
1 

0.8%/week (0.2 to 1.4) 

Body weight change
2
 -28 % (-10 to -44) 

Change in fat mass
2
 -52 % (-78 to -18) 

Change in lean mass
2
 -7 % (-21 to 14) 

EI during weight loss
3 

251 (184 to 310) [ 60 (44 to 74) ] 

All data are expressed as median (range).  M: male; NM: neutered male; F: female; NF: 468 

neutered female; CKCS: Cavalier King Charles Spaniel. 
1
 Rate of weight loss expressed as 469 

percentage of starting body weight lost per week. 
2 

Refers to the percentage change in starting 470 

mass calculated as follows: ([start mass – end mass] ÷ start mass ) x100%.
3
EI: energy intake 471 

expressed as metabolisable energy (in kJ [Kcal]) per kg of metabolic body weight (BW
0.75

) per 472 

day.473 
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Table 2 474 

Pre- and post-weight-loss renal biomarkers in the study dogs. 475 

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 (μmol/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 (µmol/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 (µg/mL) 91.4 (47.6-108.70) 72.2 (38.9-122.0) <0.001 

 476 

Results are expressed as mean (range). USG: urine specific gravity; UPCR: urine protein 477 

creatinine ratio; UAC: urine albumin micrograms per gram of creatinine; Hcy: homocysteine; 478 

CysC: Cystatin C; CLU:clusterin.479 
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Table 3 480 

Associations between baseline parameters and pre-weight-loss renal biomarkers with the 481 

change in lean tissue mass. 482 

Simple regression r r
2 

P 

    

Age 0.102 0.010 0.540 

Sex -0.062 0.004 0.713 

Neuter status -0.066 0.004 0.696 

Breed
1 

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
2 

-0.051 0.002 0.763 

Serum creatinine
2 

0.255 0.065 0.122 

Urine specific gravity
2 

-0.188 0.035 0.294 

Urine protein:creatinine ratio
2 

0.044 0.002 0.828 

Plasma homocysteine
2 

-0.147 0.022 0.385 

Plasma cystatin C
2 

0.010 0.000 0.950 

Plasma clusterin
2
 -0.291 0.085 0.08 

Multiple regression r r
2
 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 

1
 Breed based upon a dummy variable where dogs of retriever breed were assigned a value of 483 

1, and dogs of other breeds were assigned a value of 0;
2
 refers to pre-weight loss biomarker 484 

results. 485 
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17-Aug-2012 
 
Dear Dr. German: 
 
Manuscript ID JVIM-SA-12-130.R1 entitled "Effect of weight loss in obese dogs on a 
range of renal biomarkers" has been reviewed by experts in the field whose concerns are 
detailed in the attached review. The manuscript may be acceptable for publication 
provided that you address the reviewers' concerns to the editors' satisfaction. We 
encourage you to revise and resubmit this manuscript after carefully considering the 
enclosed reviewers' comments. 
 
Please submit the revised manuscript within 30 days. In your response to the reviewers' 
comments, which must be separate to the revised manuscript, please address each point 
separately and specifically. 
 
 
Once again, thank you for submitting your manuscript to the Journal of Veterinary 
Internal Medicine and I look forward to receiving your revision. 
 
Sincerely, 
Prof. Kenneth Hinchcliff 
Editor in Chief, Journal of Veterinary Internal Medicine 
hkw@unimelb.edu.au 
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Abstract 14 

Background: Obesity is the most common nutritional disorder in today’s dog population and 15 

the major risk factor for a number of diseases. However, the pathogenesis of this relationship 16 

is still not clear. Butyrylcholinesterase (BChE) in humans has been associated with the 17 

lipoprotein metabolism and pathogenesis of inflammation; factors that could be involved in 18 

the development of obesity related diseases. 19 

Objectives: To study the possible effects of experimentally induced weight loss on BChE and 20 

acetylcholinesterase (AChE) in dogs in order to increase the knowledge about the possible 21 

relationship between these enzymes and obesity. 22 

Methods: Six, female, obese, non-castrated, beagle dogs remained in a weight loss programme 23 

for 3 months. BChE was measured in serum samples using butyrylcholine as substrate, while 24 

AChE was measured in whole blood samples after BChE has been inhibited with 25 

ethopropazine, using acetylcholine as a substrate. 26 

Results: Serum BChE showed a statistically significant decrease (p<0.05), whereas, a highly 27 

significant increase (p<0.01) was detected in AChE in dogs after rapid weight loss. A significant 28 

positive correlation was detected between serum BChE activity and levels of total cholesterol 29 

(r=0.745), LDL-C (r=0.752), HDL-C (r=0.744), and TG (r=0.602). A significant negative correlation 30 

was detected between serum BChE and AChE activities (r=-0.826), and between AChE activity 31 

and serum levels of total cholesterol (r=-0.634), LDL-C (r=-0.687), and HDL-C (r=-0.560). 32 

Conclusions: Short-term weight loss in the experimental conditions of this study did produce 33 

different effects in the two cholinesterase isoenzymes, with significant decreases in BChE and 34 

increases in AChE activities. 35 

36 



297 

 

Approximately 25 to 41% of dogs receiving veterinary care are overweight or obese.
1,2

 Obesity 37 

in dogs is associated with increased risk for other diseases, such as diabetes, pancreatitis, 38 

dyslipidemia, osteoarthritis, hypertension, altered kidney function, and respiratory distress.
3
 39 

Mammalian blood contains at least two types of cholinesterase (ChE): erythrocyte 40 

cholinesterase (EC 3.1.1.7), also known as acetylcholinesterase (AChE), which is characterized 41 

by high activity in brain, nerve and red blood cells, and plasma cholinesterase (PsChE; EC 42 

3.1.1.8), also known as butyrylcholinesterase (BChE), which is mainly synthesized in the liver 43 

with posterior distribution to several parts of the organism, being more abundant in plasma.
4
 44 

AChE catalyzes hydrolysis of acetylcholine within cholinergic synapses of the brain and 45 

autonomic nervous system. Although BChE shares some of these functions, its biological role 46 

has not been clearly established.
5
 It has been reported that BChE may be involved in 47 

lipoprotein metabolism and pathogenesis of inflammation.
6,7 

48 

Recent studies in humans have described significant associations of serum BChE 49 

activity with the body weight, body mass index, and different serum analytes related with 50 

adiposity, such as triglycerides or cholesterol.
8-10

 In addition, the increase of serum BChE 51 

activity in experimentally induced obesity in dogs has been reported.
11

 However, to the 52 

authors knowledge no studies about possible effects of an induced weight loss programme on 53 

BChE activity in dogs have been published. Additionally, there are no reports that evaluate if 54 

there is also a relation between the other type of cholinesterase, AChE, and obesity in this 55 

species. 56 

We hypothesized that weight loss could produce changes in BChE and AChE activities 57 

in dogs. So the aim of this study was to evaluate the possible variations in serum BChE and 58 

whole blood AChE activities after an experimentally induced rapid weight loss in dogs. 59 

A total of six adult female obese, non-castrated beagle dogs (age range, 5.2 – 6.5 60 

years), were used in this study. These dogs had participated in a study aiming investigate 61 
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effects of weight loss on inflammatory biomarkers.
12

 Briefly, all dogs began the study with 62 

>30% obesity (body condition score [BCS] 5/5) and remained on the weight loss study until 63 

they reached a BCS 3/5 compatible with their ideal body weight.
13

 Animals received restricted 64 

amount of hypo-energetic commercial diet (Obesity Management, Royal Canin) once a day. 65 

The amount of food was progressively adjusted to induce a rapid weight loss (2-3% of body 66 

weight [BW]/week) and to cover the minimal requirements in proteins.
14

 Drinking water for all 67 

dogs was available ad libitum. BCS and BW were determined weekly. Body fat mass (FM) was 68 

obtained at the obese stage and after weight loss, using dilution of a single dose of deuterium 69 

oxide (275 mg/kg).
15 

70 

At the beginning and the end of experimental weight loss period a total of five mL of 71 

blood from each dog were obtained by venipuncture of the cephalic vein on the morning 72 

before feeding. Four mL were placed in tubes with clot accelerator (TapVal, Aquisel) and 1 mL 73 

in tubes with EDTA (TapVal, Aquisel). EDTA tubes were strictly filled till the limit recommended 74 

by the manufacturer in order to avoid differences in final EDTA concentrations. After complete 75 

clotting, samples of tubes with clot accelerator were rimmed and centrifuged at 2000g for 10 76 

min at room temperature. Then the serum was separated and immediately stored in plastic 77 

vials at -20ºC until analysis. Whole blood samples with EDTA were diluted 1:50 with distilled 78 

water and frozen at -20ºC until analysis.
16

 All samples were analysed in one batch less than 6 79 

months after collection. ChE has been shown to be stable at -20ºC for at least 6 months.
17 

80 

Animal care and procedures were in accordance with the guidelines of the University 81 

of Murcia that follows European legislation and were approved by the Local Ethical 82 

Committee. 83 

Serum BChE activity was measured using butyrylthiocholine as a substrate following 84 

previously reported procedures
16

 and adapted for an automated analyser (Olympus AU2700, 85 

Olympus Diagnostica GmbH). Whole blood AChE (AChE) activity was measured
18

 after 86 
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inhibition of BChE with ethopropazine using acetylthiocholine as a substrate. The procedure 87 

described by Worek et al.
19

 was followed with some modifications (the ethopropazine 88 

concentration was increased to 0.3 mM) in order to adapt its use in dogs and assure a total 89 

inhibition of BChE. This method is considered as a gold standard for measurement of AChE.
20

 90 

The intra- and inter-assay coefficients of variation were below 10%. 91 

Cholesterol, HDL- cholesterol, LDL- cholesterol, and triglycerides were analyzed in the 92 

automated clinical chemistry analyser (Olympus AU2700, Olympus Diagnostica GmbH). 93 

Data is presented as median (range) unless otherwise stated. The results for each 94 

parameter were evaluated for approximate normality of distribution by using the Kolmogorov–95 

Smirnov normality test statistics. Data giving a non parametric distribution were log 96 

transformed for subsequent statistical analysis. Paired t test of log transformed data was used 97 

to compare changes in BChE and AChE at the beginning and the end of the weight loss study in 98 

dogs. Correlations between variables were estimated using Pearson’s correlation coefficient of 99 

log transformed data. Values of p<0.05 for two-sided analyses were considered significant. 100 

Serum BChE showed a statistically significant decrease in dogs after weight loss (6.05 101 

(5.70-8.20) vs. 5.20 (3.10-5.60) µmol/mL/min; p<0.05) and a significant increase was detected 102 

in AChE (0.65 (0.49-0.79) vs. 0.80 (0.80-0.99) µmol/mL/min; p<0.01). 103 

Positive correlation was detected between serum BChE activity and levels of total 104 

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 105 

(r=0.602, p<0.05). Negative correlation was detected between serum BChE and AChE activities 106 

(r=-0.826, p<0.0001). Negative correlation was detected between AChE activity and serum 107 

levels of total cholesterol (r=-0.634, p<0.01), LDL-C (r=-0.687, p<0.01) and HDL-C (r=-0.560, 108 

p<0.05). 109 
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The primary objective of this paper was to analyse the evolution of BChE and AChE 110 

during weight loss in dogs. To the authors’ knowledge, this is the first report in literature that 111 

evaluates simultaneously the behaviour of both isoenzymes, BChE and AChE, in relation with 112 

weight loss in this species. 113 

The BW reduction in animals of our study was accompanied by the decrease in 114 

cholesterol, HDL-C, and LDL-C and the improvement in insulin resistance during experimentally 115 

induced weight loss.
12

 These results indicate that the protocol used in present study lead to 116 

rapid reduction in weight loss accompanied by changes in serum biochemical analytes that 117 

have been shown in previous studies to be related with obesity, such as lipidic profile.
13

 118 

We determined BChE in serum and AChE in whole blood after BChE inhibition, as 119 

recommended by different authors.
19,20

 Use of serum and butyrylthiocholine as substrate to 120 

measure BChE in dogs is indicated since no AChE activity is detected with this procedure.
21

 121 

AChE was measured in whole blood, since the use of whole blood has been recommended for 122 

international standardization of AChE measurements.
22

 When whole blood AChE is measured, 123 

use of selective inhibitor of BChE is recommended, as it was demonstrated that BChE is able to 124 

hydrolyse acetylcholine substrate.
21

 Naik et al.
20

 have reported that ethopropazine is much 125 

more specific inhibitor of BChE compared with Iso-OMPA. For this reason in present study 126 

ethopropazine as a specific inhibitor of BChE was used for AChE measurements. 127 

Serum butyrylcholinesterase activity decreased in average 23.4% (range, 8.2 – 48.3%) 128 

in dogs in response to weight loss during a 12 weeks period. We have previously reported that 129 

serum BChE increased in dogs within a range of 19.7-42.9% after short-term induced weight 130 

gain.
11

 In the present study, a correlation between BChE and cholesterol profile and 131 

triglycerides was found. In human medicine an association between BChE and obesity markers, 132 

like lipid profile, BW and waist circumference, has been reported.
8
 It has been proposed that 133 

an incremental flux of free fatty acids from adipose tissue to the liver might stimulate the 134 
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hepatic synthesis of plasma BChE as a possible explanation for the relationship between ChE 135 

and lipids.
23

 On the other hand, it has been described that serum BChE produces hydrolysis of 136 

acetylcholine and it is implied in the maintenance of cholinergic function.
7
 Increased activity of 137 

BChE leads to reduced levels of acetylcholine, in this way reducing the anti-inflammatory 138 

actions exerted by this molecule. That, in turn, enhances local and systemic inflammation.
7
 139 

Thus, the decrease of BChE activity observed in dogs after weight loss could indicate decreased 140 

predisposition to inflammation of obese dogs. 141 

In the present study, mean increase of 31% (range, 11.9 – 61.9%) in AChE activity was 142 

detected after weight loss in beagle dogs. In human medicine, a significantly lower AChE 143 

activity in overweight/obese persons in comparison with normal weight ones have been 144 

reported (1.18±0.13 vs. 1.23±0.12 nmol hydrolysate/mg protein/min, respectively).
24

 It was 145 

suggested that the decrease in AChE could be related with impairment of the erythrocyte 146 

membrane physical-chemical properties in overweight and obese people as a consequence of 147 

oxidative injury that could be part of a pathogenic mechanism responsible for obesity related 148 

pathologies.
24 

149 

Overall it can be concluded that a short-term weight loss in the experimental 150 

conditions of this study produced significant decrease in BChE and increase in AChE activities. 151 

Further studies should be undertaken to clarify the physiopathological mechanisms involved in 152 

these changes and the possible implication that these variations in cholinesterase isoenzymes 153 

activities can have in the development and complications associated with obesity. 154 

155 
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1. Commercially available assays for adiponectin and IGF-1 showed adequate 

results in our validation studies when using with dogs and cats samples. 

Commercially available leptin and ghrelin ELISA kits tested in our study 

showed to have low sensitivity and/or accuracy; and development of new kits to 

measure these adipokines would be recommended (Articles 2-6). 

 

2. Serum adiponectin and IGF-1 are not influenced by feeding/fasting cycles or by 

a single dose corticoid administration. Also circulating adiponectin levels are not 

affected by orquidectomy. However, caution should be taken when interpreting 

IGF-1 values of castrated dogs, or adiponectin values obtained from bitches in 

oestrus, since lower and higher, respectively, concentrations were observed in 

these situations. Also inflammatory status of the dog should always be evaluated 

when analyzing both adiponectin and IGF-1, since inflammation decreases 

concentrations of these proteins in significant way (Articles 7-10). 

 

3. Canine and feline obesity is associated with decreased circulating adiponectin 

concentrations, which increase after weight loss. But it seems to not produce an 

evident inflammation, at least that can be detected with APPs (Articles 11-14, 

16). 

 

4. Up to one third of obese dogs suffer from obesity-related metabolic dysfuncion, 

characterized by hypoadiponectinemia and hyperinsulinemia, similarly as occur 

in the human metabolic syndrome (Article 14). 

 

5. Weight loss in dogs is associated with the improvement of serum markers of 

renal dysfunction, such as clusterin, homocystein, cystatin C (Article 15). 

 

6. Therapy of dogs with hypothyroidism results in decreased adiponectin 

concentrations and increased BChE activity (Article 17). 
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7. Serum BChE showed to be a good marker of adiposity in dogs and is increased 

in canine diabetes mellitus. No changes were observed in PON1 activity in 

obese dogs, and BChE and PON1 in obese cats. Although in cats pre-weight loss 

PON1 could be used as a predictor of successfulness of weight loss program. 

BChE activity is increased in dogs with diabetes mellitus (Articles 18-22). 

 

8. Proteomic analysis revealed three proteins (clusterin, retinol-binding protein 4, 

and alpha-1 antitrypsin) that could be considered as potential markers of obesity 

and obesity-related disease processes in dogs (Article 23). 
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1. INTRODUCTION 
 

Obesity is the most common nutritional disorder in dogs and cats (Roudebush et al., 

2008; Lusby et al., 2009) being a growing concern nowadays. Its increasing incidence 

appears to be mirroring the trend observed in humans (Rennie and Jebb, 2005). In humans  

almost two-thirds of adults in the United States are overweight or obese (Flegal et al., 

2002). Similarly, studies in companion animals from various parts of the world have 

estimated the incidence of obesity in the dog and cat population 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 adipokines and IGF-1 for use in 

dogs and cats. 

2. To analyze possible causes of the variations due to other but obesity factors, 

(such as diurnal variation, effect of food intake, castration, renal failure, and 

sepsis). For this purpose the analytes that gave adequate validation results in 

point 1 and were more economic, easy and fast to perform would be selected. 

3. To clarify the possible effect of obesity on adiponectin and acute phase proteins 

in dogs and cats. Also to explore if obese dogs suffer from metabolic syndrome, 

evaluate if obesity could be related with changes in renal biomarkers, and to 

study how adipokines and acute phase proteins are affected by an obesity-related 

disease, such as hypothyroidism. 

4. To study and identify new potential serum biomarkers involved/linked to 

obesity. 

 

2. VALIDATION STUDIES 

2.1. Material and methods 

Serum samples were used to evaluate the ability of different commercially 

available assays to measure adiponectin, leptin, ghrelin, and IGF-1 in dogs and 

adiponectin, ghrelin, and IGF-1 in cats. Evaluated assays appear in table 2.1. Leptin in 

cats was not studied due to the lack of reactivity of this adipokine with human or 

mouse/rat ELISAs and due to lack of commercially available species-specific assays at 

the time in which the analysis were performed. 
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For analytical validation of the methods previously published protocols were 

followed (Jensen and Kjelgaard-Hansen, 2010). Therefore, three basic parameters were 

studied: precision, accuracy, and limit of detection. Additionally, overlap performance 

was carried out for all methods using samples with high and low concentrations 

corresponding to normal weight and obese animals or vice versa. With the exception of 

ghrelin, in which the samples for overlap performance were obtained at different times 

after glucose administration to dogs, as glucose is the most potent inhibitor of systemic 

ghrelin levels in humans and rodents (McCowen et al., 2002). 

 

 

2.2. Results 

2.2.1. Analytical validation 

Analytical validation results of different methods for analytes determination in canine 

and feline serum, are presented in tables 2.1 and 2.2, respectively. 

 

2.2.2. Overlap performance 

2.2.2.1. Canine serum samples 

Adiponectin. Samples collected from obese dogs analysed with canine-specific and 

human adiponectin ELISA assays showed significantly lower adiponectin 

concentrations than samples collected from normal weight dogs (p<0.005 and 0.0005, 

respectively) (Table 2.3). 

 

Leptin. When assay A was used, samples collected from overweight-obese dogs had 

higher leptin concentrations than those collected from thin-ideal weight dogs (p<0.001). 

No significant difference (p=0.89) was observed in leptin concentration when serum 

samples from overweight-obese and thin-ideal weight dogs were analyzed with assay B 

(Table 2.3). 
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Ghrelin. Changes in circulating levels of ghrelin after glucose administration 

determined with canine and human assays are presented in figure 2.1. In comparison to 

the basal values, a mean decrease of 17% and a mean increase of 19% in ghrelin 

concentrations were observed 5 and 120 minutes after glucose administration, 

respectively, when analyzed with the 

canine assay. However, no statistically 

significant changes were recorded. When 

a human assay was used, a decrease of 

>30 % in plasma ghrelin levels was 

detected 10 min after glucose 

administration (p<0.05), followed by 50% 

increase in plasma ghrelin levels 120 

minutes after glucose injection (p<0.05) 

when compared to the basal levels. 

 

IGF-1. Serum IGF-1 values in lean dogs 

were higher (p<0.05) in comparison with obese dogs (Table 2.3). 

 

2.2.2.2. Feline serum samples 

Adiponectin, ghrelin, and IGF-1. Serum adiponectin (p=0.01) and ghrelin (p=0.03) 

concentrations were lower in obese cats (n=10) compared with normal weight cats 

(n=10), but there was no difference in IGF-1 concentrations between groups (p=0.12) 

(Table 2.4). 

 

 

 

Figure 2.1. Plasma ghrelin response to IV 
glucose (0.5/kg of body weight) injection in 
four Beagle dogs measured with canine (○) 
and human (∆) assays. 
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Table 2.1. Analytical validation data of different assays to measure adiponectin, leptin, ghrelin, and IGF-1 in canine serum samples. 

Analyte Assay Units Precision   Accuracy   Detection 
limit d CV, %  Linearity Recoveryc 

% 
 

Intra  Inter    Equation R²   

Adiponectina Canine ELISA Kit, Millipore, USA µg/mL <7 <14  y=0.982x+0.65; 
y=0.999x+0.66 

0.9996; 
0.997 

NE  0.098 

Human ELISA, High Sensitivity Kit, BioVendor-
Labaratorni medicina, Czech Republic 

µg/mL <8 <11  y=0.991x+0.11; 
y=0.976x+0.37 

0.996; 
0.999 

NE  0.74 

           

Leptin b Canine ELISA kit, Millipore, USA [assay A] µg/L <6 <8  y=1.037x-0.06; 
y=0.987x-0.79 

0.985; 
0.986 

77 - 101  - 

Canine leptin, BPB Biomedicals Inc, USA [assay 
B] 

µg/L <14 <14  y=0.928x+0.38; 
y=0.907x+3.75 

0.955; 
0.970 

67 - 125  9.08 

           

Ghrelin Canine ELISA, Phoenix Pharmaceuticals Inc, 
USA 

ng/mL <10 >20%  y=1.059x – 0.71; 
y=1.006x – 1.04 

0.991; 
0.924 

101-121  0.6 

Human unacylated ELISA, BioVendor-
Labaratorni medicina, Czech Republic 

pg/mL <7 <20  y=0.977x+15.46; 
y=1.006x+5.06 

0.999; 
0.998 

83-96  - 

           
IGF-1 Immulite 1000 assay, Diagnostic Products, USA ng/mL <8 <10   y=0.993x+4.11; 

y=0.992x+0.18 
0.999; 
0.999 

NE   0.01 

CV, coefficient of variation. 
 a a canine serum sample with an adiponectin concentration determined by the canine ELISA was used as a standard for curve calibration of the human 
ELISA. 
b 3 more kits (Human EASIA, BioSource Europe S.A., Belgium; Human ELISA, BioVendor-Laboratorni medicina a.s., Czech Republic; Mouse/rat 
enzyme immunoassay kit, SPIbio, France) were evaluated for leptin measurements in canine serum, but no reactivity was observed. 
c recovery was performed only with those kits where purified canine protein was available; NE, not evaluated. 
d detection limits for leptin assay A and human ghrelin assay were not possible to be calculated as the blanks did not give any value. 
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Table 2.4. Serum adiponectin, ghrelin, and IGF-1 in obese (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 
 

Table 2.2. Analytical validation data of different assays to measure adiponectin, ghrelin, and IGF-1 in feline serum samples. 

Analyte Assay Units 
Precision   Accuracy   

Detection 
limit 

CV, %  Linearity Recovery 
% 

 
Intra  Inter    Equation R²   

Adiponectin Human ELISA, High Sensitivity Kit, BioVendor-
Labaratorni medicina, Czech Republic 

ng/mL <7 <16  y=0.894x+997.37; 
y=0.882x+605.43 

0.974; 
0.987 

100-112  2.0 

Ghrelin Human unacylated ELISA, BioVendor-Labaratorni 
medicina, Czech Republic 

pg/mL <15 <15  y=0.984x-11.90; 
y=0.963x+5.88 

0.962; 
0.998 

91-112  9.6 

IGF-1 Immulite 1000 assay, Diagnostic Products, USA ng/mL <3 <6  y=1.022x+6.85; 
y=1.022x+0.83 

0.987; 
0.994 

100-112  0.01 

CV, coefficient of variation. 

Table 2.3. Serum levels of adiponectin, leptin, and IGF-1 lean and obese dogs. 

Analyte Assay 
Lean   Obese   P 

n median 
10th-90th percentile   

n median 
10th-90th percentile     

Adiponectin, µg/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 5.54 3.55-14.94  <0.001 
           

Leptin, ng/mL assay A  8 < 3.6 3.6-5.4  37 7.2 4.2-25.0  <0.001 

 assay B  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 
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2.3. Discussion 

Validation studies are needed to ensure that analytical methods can successfully 

measure the analyte and provide reproducible and accurate results that are useful to 

discriminate between healthy and diseased animals (Jensen and Kjelgaard-Hansen, 

2010). Four observations about our validation studies are worth to be pointed out: 

1. The use of a canine serum sample with a known adiponectin concentration would 

be recommended to calibrate the human adiponectin ELISA. Since it contributed to a 

better differentiation between low and high adiponectin concentrations. This is in line 

with the recommendation of use of species-specific standards to achieve similar affinity 

of antiserum against standards and samples (Eckersall, 1995). Also the use of serum 

samples as standard is preferred in many cases to purified protein, since it is more 

economic, yields more suitable physiological matrix and can ensure a consistent, long-

lasting supply of standard material (Eckersall, 1995). 

2. The two methods used for leptin measurements in canine serum samples 

presented some disadvantages. The assay A, showed good precision and accuracy 

results, although gave no result for 7 out of 8 serum samples collected from normal 

weight dogs, indicating a lack of sensitivity. While using assay B, leptin values were 

highly under- or over-estimated (reaching up to 33% of the expected value) when 

compared with expected values in the recovery study. This low performance in the 

recovery studies probably was the reason of the limited ability of this ELISA to 

discriminate differences in leptin concentration between obese and lean dogs. Thus, the 

development and/or evaluation of new commercially available assays for leptin 

measurements in dogs would be recommended. 

3. Interestingly, the human ELISA evaluated for ghrelin measurement in canine 

serum samples gave better results than species-specific ELISA. Firstly, while human 

assay showed intra and inter-assay CVs below 20%, the canine assay showed high inter-

assay CVs (up to 54%), which was probably influenced by the high inter-kit variability. 

Secondly, the greater relative changes in ghrelin values obtained in the overlap 

performance test with human assay in comparison with canine assay, suggest the 

reduced ability of the canine assay to discriminate between high and low ghrelin values. 

Although the human ELISA assay gave better validation results, the high inter-assay 

CV (19.5%) could be considered as a limitation of the kit. Therefore, similarly as 

happened with leptin, new commercially available assays for ghrelin measurement with 

better analytical performance should be developed. 
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4. Overall, adiponectin and IGF-1 assays showed the best results in the validation 

studies with adequate precision, accuracy, and ability to differentiate between low and 

high values of the analytes. Also these assays were economic and easy to perform, so 

were selected to be used in the following experiences of 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 previously described protocol 

(Ishioka et al., 2005). 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 as in 

the previous days. Other group, defined as group Fed-, was fasted on the day of 

experiment. Blood samples were taken at 8:00, 10:00, 12:00, 16:00, 20:00, 24:00, and 

4:00 h. 

 

-Effect of corticosteroids. The design of this study was based on previously described 

protocols (Martinez-Subiela et al., 2004; Yilmaz et al., 2007). Fourteen beagles were 

included in this experiment. None of these dogs had a history of exogenous 

glucocorticoid exposure. The dogs 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 

(0.1ml/kg). The dogs in the test groups were distributed to two subgroups: group 1 (n=5, 

3 males and 2 females) and group 2 (n=5, 3 males and 2 females). Methylprednisolone 

(Aventis Pharma S.A., Spain) was injected once SC 1mg/kg and 5mg/kg in groups 1 

and 2 respectively. The experiment was started at 8:00 am after 12 h fasting in all 

groups. Blood samples were collected prior to treatment at 8:00, 10:00, 12:00, 16:00, 

and at 20:00 h. 

 

-Effect of castration. A total of five male adult, university-owned beagle dogs were used 

in this study. All dogs were castrated using open pre-escrotal method as described by 

Fossum (2007). Blood samples were collected for biochemical assays from all dogs 

before castration (D1), during six consecutive days (D2-D7) and on weeks 2, 4, 8 and 

12 (W2 – W12) after castration. 
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-Effect of renal failure. Sixty

study. Six dogs were healthy dogs and 58 were dogs previously diagnosed to have 

leishmaniasis between 2008 and 2010. 

leishmaniasis based on urine 

presented in figure 3.2. 

In this study, unfortunately, IGF

the samples. Since the used samples in this retrospective study came from the serum left

after routine biochemical profiles and serology protocols of Veterinary Clinical 

Pathology Service of Murcia of Murcia.

 

-Effect of sepsis. The experimental procedures with animals were performed in Uludag 

University (Turkey) by a collaborative project wi

healthy mongrel dogs (6 Male and 4 female) were used. The dogs were assigned to the 

control (n=5; 2 male and 3 female) and 

and 3 female). Dogs in the control group receive

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 9:00 am, after 14 hrs of fasting in 

both groups of dogs. Venous blood samples were co

1, 4, 24 and 48 h post-treatment.

 

Statistical analysis 

The statistical procedures were performed using a standard software (Microsoft Office 

Ecsel 2007, Microsoft Corporation, Redmond, WA, USA

GraphPad Software, San Diego, CA, USA). The results for each parameter were 

Figure 3.2. Schematic presentation of
ratio  and serum creatinine.

Sixty-four dogs, 39 males and 25 females were included in this 

study. Six dogs were healthy dogs and 58 were dogs previously diagnosed to have 

leishmaniasis between 2008 and 2010. Schematic presentation of staging of dogs with 

leishmaniasis based on urine protein/creatinine (UPC) ratio and serum creatinine is 

In this study, unfortunately, IGF-1 could not be evaluated because of the low volume of 

the samples. Since the used samples in this retrospective study came from the serum left

after routine biochemical profiles and serology protocols of Veterinary Clinical 

Pathology Service of Murcia of Murcia. 

The experimental procedures with animals were performed in Uludag 

University (Turkey) by a collaborative project with this institution. A total of 10 adult 

healthy mongrel dogs (6 Male and 4 female) were used. The dogs were assigned to the 

control (n=5; 2 male and 3 female) and lipopolysaccharide (LPS) group (n=5; 2 male 

and 3 female). Dogs in the control group received an intravenous vehicle (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 9:00 am, after 14 hrs of fasting in 

both groups of dogs. Venous blood samples were collected before (baseline) and at 0.5, 

treatment. 

The statistical procedures were performed using a standard software (Microsoft Office 

Corporation, Redmond, WA, USA, and GraphPad Prism, 

phPad Software, San Diego, CA, USA). The results for each parameter were 

presentation of animal staging based on urine protein/creatinine (UPC) 
and serum creatinine. 

four dogs, 39 males and 25 females were included in this 

study. Six dogs were healthy dogs and 58 were dogs previously diagnosed to have 

Schematic presentation of staging of dogs with 

protein/creatinine (UPC) ratio and serum creatinine is 

1 could not be evaluated because of the low volume of 

the samples. Since the used samples in this retrospective study came from the serum left 

after routine biochemical profiles and serology protocols of Veterinary Clinical 

The experimental procedures with animals were performed in Uludag 

th this institution. A total of 10 adult 

healthy mongrel dogs (6 Male and 4 female) were used. The dogs were assigned to the 

(LPS) group (n=5; 2 male 

d an intravenous vehicle (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 9:00 am, after 14 hrs of fasting in 

llected before (baseline) and at 0.5, 

The statistical procedures were performed using a standard software (Microsoft Office 

, and GraphPad Prism, 

phPad Software, San Diego, CA, USA). The results for each parameter were 

animal staging based on urine protein/creatinine (UPC) 
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evaluated for approximate normality of distribution by using the D'Agostino & Pearson 

omnibus or Kolmogorov-Smirnov normality test statistics. To compare changes of BW 

and biochemical analytes in the same animals at different time points paired t test was 

used for data that showed normal distribution, and Wilcoxon signed rank test was used 

for data with non-normal distribution. To compare changes of BW and biochemical 

analytes in different groups of dogs ANOVA test was used for data that showed normal 

distribution and Kruskal-Wallis test was used for data with non-normal distribution. 

Correlations between variables were estimated using Spearman correlation coefficient. 

Values of p<0.05 for two-sided analyses were considered significant. 

 

3.2. Results 

-Diurnal variation. Figure 3.3 shows mean±sd serum glucose, adiponectin and IGF-1 

levels over a 20 h period in fed and fasted dogs. There were significant diurnal rhythms 

of serum glucose in fed and fasted dogs. However, no consistent diurnal patterns in total 

adiponectin or IGF-1 levels in both groups of dogs were detected. 

 

-Effect of corticosteroids. Methylprednisolone 1 mg/kg and 5 mg/kg subcutaneously 

produced a significant increase in serum cortisol levels (180.5% and 1318.9%, 

respectively) 2h after injection. But did not produce alterations in adiponectin and IGF-

1 concentrations, and no significant differences in these analytes were found between 

control group and groups that received glucocorticoids at different time-points. (Figure 

3.4). 

 

-Effect of castration. Serum adiponectin levels significantly decreased on days 3 and 4 

after orchidectomy (Figure 3.5.a). 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 decreased at days 2–5 after castration 

(Fig. 3.5.b), 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 

concentrations were significantly lower in comparison with the values recorded before 

castration. 

 

-Effect of renal failure. No significant differences in adiponectin were found between 

healthy dogs and dogs with different degrees of proteinuria. However, when the group  
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of dogs with proteinuria was subdivided into 2 subgroups according presence or not of 

azotemia, serum adiponectin concentrations were higher in azotemic dogs (median 

[25th-75th percentil], 13.7 µg/mL [10.6-18.7]) in comparison with non-azotemic dogs 

(median [25th-75th percentil], 6.4 µg/mL [3.7-12.8]). 

 

-Effect of sepsis. Serum adiponectin and IGF-1 did not have significant changes in the 

control dogs in the different samples times during the experimental period. However in 

dogs injected with LPS a significant decrease was observed in adiponectin levels at 48 h 

and IGF-1 levels at 24 and 48 h after the LPS administration when compared with 

values recorded at time 0 (Figure 3.6.). 

 

3.3. Discussion 

Diurnal variation. Our results indicated that regular feeding or one day fasting 

does not affect serum adiponectin and IGF-1 levels in dogs and that these analytes did 

not present diurnal variations. These data agree with studies conducted in humans and 

other animal species that found no diurnal variation or post-prandial alterations in 

adiponectin (Shand et al., 2006) or IGF-1 (Juul, 2003) concentrations. This fact 

represents an advantage of adiponectin and IGF-1 over leptin which is greatly 

influenced by feeding-fasting cycles, as up to 5 fold increase in leptin levels after food 

intake has been reported in dogs (Ishioka et al., 2005). 

 

Effect of corticosteroids. Methylpredinisolone up to 5 mg/kg did not have a short-

term effect on adiponectin and IGF-1. There are contradictory results in the literature 

regarding glucocorticoid effects on adiponectin and IGF-1, as one group of studies 
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suggested a direct inhibitory effect of glucocorticoids on adiponectin (Fallo et al., 

2004); others did not observe the difference in adiponectin or IGF-1 levels (Wolthers et 

al., 1994; Lewandowski et al., 2006), while a third group of authors described increased 

serum adiponectin and IGF-1 levels after glucocorticoid administration (Raff and 

Bruder, 2006; Jang et al., 2008). Use of different corticoid, dose, way, and time of 

administration could be responsible of contradictory results obtained by distinct authors, 

thus further studies are needed in order to clarify this topic. However, our data points 

out another advantage of adiponectin and IGF-1 over leptin, which is affected by 

methylprednisolone administration (can increase or decrease up to 2 fold depending of 

the dose) (Yilmaz et al., 2007). 

 

Castration. Orchidectomy induced a short-term inflammatory process due to the 

surgical procedure that could be associated with the decrease in serum levels of 

adiponectin and IGF-1. However, orchidectomy did not result in long-term changes of 

circulating adiponectin concentrations, while a decrease in IGF-1 levels was observed 

on weeks 8 and 12 post-castration in dogs. The observed changes in IGF-1 levels could 

be attributed to the direct effect of the decrease in androgens, since expression of IGF-1 

is through gonadotropins through cAMP-signal transduction induced (Sirotkin, 2005), 

or to the food restriction applied in the study in order to maintain stable body weight, as 

IGF-1 levels had been described to be susceptible to feed restriction (Prewitt et al., 

1982; Jull, 2003). 

 

Sepsis. Both adiponectin and IGF-1 decreased a mean of 37% and 42%, 

respectively, in response to endotoxins in our dogs, similarly as it has been described in 

human medicine (Colson et al., 2003; Tsuchihashi et al., 2006). The decrease in IGF-1 

after an inflammatory-infectious stimulus could be atributed to the inhibitory effect of 

proinflammatory cytokines on the IGF-1 expression in the liver (Colson et al., 2003). 

While the decrease in adiponectin levels could be related with low IGF-1 

concentrations, as IGF-1 has been demonstrated to induce adiponectin synthesis in 

adipose tissue (Meier and Gressner, 2004). This data indicate that inflammatory status 

of the dogs should always be taken in account when the serum adiponectin and IGF-1 

are analyzed. 

 

 



 

 

4. VARIATIONS DUE TO OBESITY AND OBESITY

4.1. Material and methods

In order to try to clarify the two controversies and the three aspects not studied 

regarding this point, the following trials were performed:

4.1.1. Experimental studies in dogs

-Weight gain. A total of fourteen adult intact, 

to obtain a wide range of weights and body condition scores (BCS), following a 

previously described protocol (Sagawa et al., 2002). Schematic presentation of used 

protocol is presented in Figure 4.1. Blood samples wer

end of the experimental period.

-Weight loss. A total of six female non

presentation of protocol used to induce weight loss in dogs is presented in Figure 4.2. 

Blood samples were collected from all dogs at the beginning (obese state, T0) and every 

month (T1-T3) during experimental weight loss period.

Figure 4.1. Schematic presentation of experimental protocol used in order to obtain dogs with a wide 
range of body weights and body condition scores.
5/5, obese dogs. 

Figure 4.2. Schematic presentation of experimental protocol used to induce rapid weight loss in dogs.
*, the amount of food was progressively adjusted to induce a rapid weight loss (2
cover the minimal requirements in proteins (Blanchard et al., 2004).

4. VARIATIONS DUE TO OBESITY AND OBESITY -RELATED DISEASES

methods 

n order to try to clarify the two controversies and the three aspects not studied 

regarding this point, the following trials were performed: 

4.1.1. Experimental studies in dogs 

A total of fourteen adult intact, university-owned beagle dogs were used 

to obtain a wide range of weights and body condition scores (BCS), following a 

previously described protocol (Sagawa et al., 2002). Schematic presentation of used 

protocol is presented in Figure 4.1. Blood samples were collected from all dogs at the 

end of the experimental period. 

A total of six female non-castrated beagle dogs were used. Schematic 

presentation of protocol used to induce weight loss in dogs is presented in Figure 4.2. 

Blood samples were collected from all dogs at the beginning (obese state, T0) and every 

T3) during experimental weight loss period. 

Schematic presentation of experimental protocol used in order to obtain dogs with a wide 
range of body weights and body condition scores. BCS 3/5, lean dogs; BCS 4/5, overweight; BCS 

Schematic presentation of experimental protocol used to induce rapid weight loss in dogs.
*, the amount of food was progressively adjusted to induce a rapid weight loss (2
cover the minimal requirements in proteins (Blanchard et al., 2004). 
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Adiponectin was determined in all samples in order to study if this adipokine was 

affected by changes in BW in dogs. In addition, in order to evaluate the possible 

presence of inflammation in canine obesity, APPs (high sensitivity C-reactive protein 

(hs-CRP), haptoglobin (Hp), ceruloplasmin (Cp), and serum amyloid A (SAA)) were 

assessed in both weight gain and weight loss studies. Also in the weight loss study, 

immunoglobulins (Igs) were measured. For performing Igs, automated methods 

originaly designed for human Igs determinations were validated for use in dogs giving 

adequate precision, accuracy, and overlap performance results. 

 

4.1.2. Clinical studies in dogs 

-Weight loss. The study was performed in collaboration with University of Liverpool 

(United Kingdom). Plasma and urine from 35 client-owned obese dogs were assessed 

before and after a weight loss programme in order to evaluate: 

1) effect of weight loss on circulating adiponectin. 

2) the possible presence of inflammation in canine obesity by measuring hs-CRP. 

3) presence of canine obesity-related metabolic dysfunction (ORMD, using a definition 

modified from that used for human metabolic syndrome). For this purpose, guidelines 

of the International Diabetes Federation (International diabetes federation) were 

modified in order to produce an accessible system for dogs. Therefore, the final 

definition of ORMD was as follows: 

a) BCS 7-9/9 

b) 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). 

3. Systolic blood pressure >160 mmHg. 

4. Fasting plasma glucose >100 mg/dL (5.6 mmol/L). 

Insulin and adiponectin were measured in all dogs to evaluate if these analytes could 

change in ORMD. 

4) effect of weight loss on plasma renal markers. For this purpose classic (serum urea, 

serum creatinine, urine specific gravity [USG], UPCR, and urine albumin corrected by 

creatinine [UAC]) and new (homocysteine, cystatin C, clusterin) 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 University of Liverpool 

(United Kingdom). Blood samples collected prior to and after the weight loss period 

from 37 overweight neutered cats were studied in order to evaluate: 

1) effect of weight loss on plasma adiponectin. 

2) possible presence of inflammation in feline obesity by measuring Hp and SAA. 

 

4.1.4. Hypothyroidism study in dogs 

The study was performed in collaboration with Nantes Atlantic College of 

Veterinary Medicine (France). 39 hypothyroid client-owned dogs were included in the 

study. Primary hypothyroidism was diagnosed based on clinical and laboratorial signs 

of primary hypothyroidism i.e. lethargy, bodyweight (BW, kg) gain, dermatologic signs, 

high cholesterol (>6.5 mmol/L), high c-TSH (>0.5 ng/mL) and low fT4 values (≤12 

pmol/L) (Tyler, 2007). All dogs were subjected to thyroxin therapy (mean±sd, 14.4±5.7 

µg/kg/day) for 3 months. Good therapeutic response was considered, if the dogs 

exhibited a significant clinical improvement (including weight loss, increase activity, 

improvement of the skin) and at least a 30% decrease in c-TSH value. 

Blood samples were collected when hypothyroidism was diagnosed (T1), and after 

treatment with thyroxin during 3 months (T2), and APPs (CRP, SAA, and Hp) and 

adiponectin were assessed. In this study IGF 1 was not evaluated, since a recently 

published study by Jaillardon et al. (2011) dealt with this topic. 

 

4.2. Results 

4.2.1. Experimental studies in dogs 

-Weight gain. Table 4.1 shows the values of the body weight, adiponectin, and APPs of 

the different groups of dogs at the end of the trial. SAA concentrations were below 

detection limit of the assay in six animals, so the statistical study could not be 

performed for this acute phase protein. Dogs with BCS 5/5 (group B2) showed 

significantly lower serum adiponectin and Hp concentrations in comparison with 

normal weight dogs (group A, BCS 3/5), while no statistically significant differences 

were detected in serum concentration of hs-CRP, CRP and Cp between the groups of 

dogs. 

 

-Weight loss. Evolution of the concentrations of adiponectin, APPs, and Igs at different 

time points is presented in Figure 4.3. Serum adiponectin showed a statistically 
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significant increase at two (T2) and three (T3) months after beginning the weight loss 

when compared with pre-weight loss adiponectin concentrations (T0). No statistically 

significant changes were detected in CRP, Hp, Cp, IgG, and IgM concentrations at one, 

two and three months after beginning the weight loss period (T1, T2, and T3, 

respectively) when compared with their levels before weight loss (T0). Serum IgA 

levels were significantly decreased at T1, T2, and T3 when compared with T0. 

 

4.2.2. Clinical studies in dogs 

-Weight loss. 

(1) Adiponectin. Plasma total adiponectin significantly increased in dogs after the 

weight loss program. 

 

(2) Inflammation. In obese state of dogs hsCRP concentrations were within the range 

for normal healthy dogs and did not change with weight loss. 

 

(3) Canine obesity-related metabolic dysfunction (ORMD). Prior to weight loss, 10 

dogs were defined as having ORMD. Plasma adiponectin concentration was less 

(P=0.004), and plasma insulin concentration was greater (P=0.01) in dogs with ORMD. 

 

(4) Renal markers. Urea and USG significantly increased after weight loss, whilst 

UPCR, UAC, serum creatinine, homocysteine, cystatin C, and clusterin all decreased. 

 

4.2.3. Clinical studies in cats 

-Weight loss. The results for all plasma biomarkers are shown in Table 4.2. A 

significant increase in plasma adiponectin was observed after weight loss. APPs in 

obese cats before weight loss were within the range for normal healthy cats, and no 

significant changes were found in APPs after weight loss. 
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Table 4.2. Plasma biomarkers in cats undergoing a weight loss program. 
Analyte Pre-weight loss Post-weight-loss 

Adiponectin (pg/mL) 2661 (978 to 6039) 3174 (668 to 7820) a 

Haptoglobin (g/L) 1.7 (0.2 to 3.1) 1.8 (0.2 to 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). 
a, p<0.05 versus successful cats pre-weight loss. 

Table 4.3. Median (range) data of analytes of successfully (Group A) and unsuccessfully treated 
hypothyroid dogs (Group B). 

  Group A   Group B 
  T1 T2 P   T1 T2 P 
TSH 1.55 

(0.60-8.30) 
0.40 

(0.03-4.80) <0,001   
1.00 

(0.60-4.30) 
0.90 

(0.50-4.20) NS 
FT4 10.00 

(0.0-16.00) 
16.50 

(10.00-29.00) <0,001  
10.00 

(7.00-11.00) 
14.00 

(12.00-17.00) <0,001 
BW 35.50 

(6.00-69.00) 
33.45 

(15.00-70.00) 0,023  
39.00 

(26.00-54.00) 
38.50 

(26.00-51.00) NS 
Adiponectin, 
µg/mL 

13.30 
(5.23-23.78) 

9.48 
(0.43-27.92) 0,001  

16.97 
(8.02-29.87) 

14.53 
(5.92-23.64) 0,038 

CRP, mg/L 5 
(5.00-53.80) 

5 
(5.00-46.20) NS  

5 
(5.00-18.70) 

5 
(5.00-5.00) NS 

Hp, g/L 2.15 
(0,09-7.4) 

2.4 
(0.28-9.20) 0,039  

2.11 
(0.05-4.03) 

2.17 
(0.20-3.72) NS 

SAA, µg/mL 5.04 
(0.68-116.00) 

1.83 
(0.20-24.88) NS  

2.21 
(0.20-90.60) 

3.57 
(0.84-33.95) NS 

Cp, ∆A/min 0.024 
(0.001-0.042) 

0.022 
(0.005-0.055) NS   

0.027 
(0.003-0.052) 

0.020 
(0.004-0.033) NS 

T1, before therapy; T2, after 3 month therapy; NS, not significant. 

Table 4.1. Values of the body weight (BW) and biochemical analytes in dogs with BCS 3/5 (group 
A), BCS 4/5 (group B1), and BCS 5/5 (group B2) after experimentally 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, µg/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*10-3, ∆abs/min 6.60±0.75  6.64±2.45  7.02±2.96 
*, p<0.05; **, p<0.01 vs group A. 
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Figure 4.3. Evolution of the levels of serum biomarkers associated with inflammation in six Beagle 
dogs (B1-B6) before (T0) and during weight loss program (T1-3, 1-3 months after beginning weight 
loss program, respectively). CRP, C-reactive protein; IgG, immunoglobulin G; IgM, 
immunoglobulin M; IgA, immunoglobulin A. *, P<0.05; **, P<0.01 vs. T0. 
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4.2.4. Obesity-related diseases in dogs 

-Hypothyroidism. Twenty eight of 39 dogs exhibited a good therapeutic response (group 

A), whereas the rest of the dogs were considered insufficiently-treated (group B). 

Median (range) results of evaluated analytes in both group of dogs is presented in table 

4.3. After treatment, group A dogs demonstrated a significant decrease in c-TSH and 

increase in fT4 concentration, respectively, accompanied by significant decrease in BW 

and adiponectin, and an increase in Hp. Group B dogs showed no statistically 

significant changes in c-TSH, but had a significant increase in fT4, accompanied by a 

significant decrease in adiponectin, of lower magnitude than group A. 

 

4.3. Discussion 

a) Relation obesity-adiponectin. Our longitudinal experimental as well as clinical 

studies indicated that serum adiponectin is decreased in obese dogs and significantly 

increase after weight loss. Also our clinical studies demonstrated that in cats 

adiponectin has a similar behaviour as in dogs. These results are in accordance with 

those reported by some authors in obesity studies in dogs (Ishioka et al., 2006) as well 

as in human medicine (Arita et al., 1999; Chandran et al., 2003). Although contradict 

those reported by Verkest et al. (2011), who found no correlation between adiponectin 

and canine obesity. It is worth pointing out that the lack of differences in adiponectin 

levels between obese and lean dogs found in some previous studies could be attributed 

to high inter-individual variability of adiponectin, not taking in account the 

inflammatory status or oestrus cycle phase, and/or due to the use of methods that were 

not validated for adiponectin measurement in canine samples. 

 

b) Relation obesity-inflammation. Our results would indicate that there is no 

existence of evident inflammation in canine and feline obesity. Previous papers 

published showed contradictory results about values of CRP in canine obesity. Some 

authors found increases and others decreases, although CRP levels in these studies were 

within the range that indicates a non-inflammatory condition (Veiga et al., 2008; 

German et al., 2009). In obese humans, CRP concentrations are between 3 mg/L 

(concentrations <3 mg/L are considered in human as normal values) and 10 mg/L 

(>10mg/L values are compatible with inflammation). It has been postulated that these 

intermediate values are not directly related with inflammation and could reflect genetic 
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factors, demographic variables, or behavioural and dietary patterns (Kushner et al., 

2006). 

 

c) Canine obesity-related metabolic dysfunction. Definition of “obesity related 

metabolic dysfunction (ORMD)” and not “metabolic syndrome” was chosen since 

syndrome suggests a disease process related to obesity which has not yet been identified 

in dogs. 

When a modified diagnostic criteria of the International Diabetes Federation was 

used, up to third of obese dogs showed to be suffering from obesity-related metabolic 

dysfunction (ORMD) characterized by hypoadiponectinaemia and hyperinsulinaemia, 

similarly as it occurs in humans (Leroith, 2012) and horses (Johnson, 2002). This study 

could represent the basis of further investigations to determine pathogenetic 

mechanisms and the health significance of ORMD for dogs, in terms of disease 

associations and outcomes of weight loss. 

 

d) Weight loss effect on renal biomarkers. Our data demonstrated a decrease in a 

variety of renal biomarkers (such as clusterin, homocystein, cystatin C) in obese dogs 

undergoing weight loss. These results might suggest possible subclinical alterations in 

renal function in canine obesity, and could establish a link between the kidney problems 

that have been described to be associated with obesity (German et al., 2010). 

 

e) Hypothyroidism. Our data indicates that decrease in adiponectin after the 

treatment may be directly attributed to the influence of thyroid hormones, as it has been 

suggested in humans (Iglesias et al., 2003), as no correlation between this adipokine and 

BW was observed. 

No significant difference were found in mean circulating levels of APPs before 

and after treatment; with the exception of a significant increase in Hp concentrations in 

successfully treated dogs, although these values were within the range observed in 

healthy animals (Mylonakis et al., 2011). Our CRP results are in agreement with many 

previous reports, indicating, that disturbances in thyroid status do not produce evident 

increases in CRP in dogs (Nakamura et al., 2008) as well as humans (Pérez et al., 2004; 

Caixás et al., 2009). However, SAA higher than the limit of our laboratory reference 

range (<5 mg/L) was found in 14 dogs before the treatment. And all of them, with the 



 

353 

 

exception of 2 dogs, showed a decrease in these SAA after the therapy, indicating the 

need of further studies to explore the role of SAA in canine 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 cats. Three different spectrophotometric 

assays for measurements of serum PON1 activity in canine serum samples were 

evaluated. Two methods were adapted to 96-well microplate format using phenyl 

acetate and 5-thiobutyl butyrolactonase (TBBL) and one was adapted to an automated 

analyser using p-nitrophenyl acetate as substrate. The analytical validation was 

performed as described in Section 2, precision, accuracy, and limit of detection were 

calculated. 

The methods for BChE measurements in dogs and cats were not evaluated in this PhD 

work, because they were previously validated (Tecles et al., 2000). 

 
5.1.1.2. Variations due to inflammation 

-Effect of sepsis. For material and methods description of experimental sepsis in dogs 

see Section 3.1. 

 

5.1.1.3. Variations due to obesity and obesity-related diseases 

5.1.1.3.1. Experimental studies in dogs 

For material and methods description of experimental induction 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 experimental induction 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 loss study in cats see Section 4.1.3. 

5.1.1.3.4. Obesity-related diseases in dogs 

-Hypothyroidim. 

For material and methods description see section 4.1.4. 
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-Diabetes mellitus (DM). A Total of 222 dogs were included in present study. All dogs 

were divided into 3 groups: 

Group 1 was formed by 74 dogs with diabetes mellitus. The diagnosis of diabetes 

mellitus was made on the basis of previously described criteria (Durocher et al., 2008). 

Only those dogs that were not treated with insulin previously were eligible for inclusion 

in the study. 

Group 2 included 74 dogs that were healthy dogs with no clinical evidences of acute or 

chronic disease, except in some cases obesity. 

Group 3 was formed by 74 dogs that presented different diseases except diabetes 

mellitus. 

 

5.1.2. Results. 

5.1.2.1. Validation PON1 in dogs and cats. Analytical validation data of the three 

methods in dog and one in cat serum are presented in table 5.1.1. 

 

5.1.2.2. Variations due to inflammation 

-Effect of sepsis. Serum BChE and PON1 did not have significant changes in the control 

dogs in the different samples times during the experimental period. However in dogs 

injected with LPS a significant decrease was observed in BChE activity at 24 h and 

PON1 activity at 48 h after the LPS administration when compared with values 

recorded at time 0 (Figure 5.1.1.). 

Table 5.1.1. Analytical validation data of different methods to measure PON1 activity (UI/mL) in canine and 
feline serum samples. 
Species Assay Precision   Accuracy    Detection 

limit CV, %  Linearity  

Intra Inter    Equation R²  

Dog Serum lactonase activity by measuring the 
hydrolysis of 5-thiobutyl butyrolactonase 
(TBBL) [assay A] 

<7 <18  y=0.955x+0.22; 
y=0.594x+0.47 

0.995; 
0.908 

 1.0 

Serum arylesterase activity by measuring the 
hydrolysis of phenyl acetate [assay B] 

<5 <10  y=1.041x-1.38; 
y=1.044x-1.25 

0.999; 
0.992 

 9.1 

Serum arylesterase activity by measuring the 
hydrolysis of p-nitrophenyl acetate [assay C] 

<6 <9  y=0.998x-0.14; 
y=1.056x-0.35 

0.994; 
0.991 

 0.6 

         
Cata Serum arylesterase activity by measuring the 

hydrolysis of p-nitrophenyl acetate [assay A] 
<5 <7   y=0.897x+0.18; 

y=0.960x+0.17 
0.999; 
0.999 

 0.3 

CV, coefficient of variation. 
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5.1.2.3. Variations due to obesity and obesity-related diseases 

5.1.2.3.1. Experimental studies in dogs 

-Weight gain. Serum BChE activity was lower in dogs with BCS 3/5 (group A, 3.1 

kU/L [2.8-3.3]) when compared with dogs with BCS 4/5 (group B1, 3.8 kU/L, [3.2-4.4] 

P<0.05) and dogs with BCS 5/5 (group B2, 5.4 kU/L [4.6-6.1], P<0.001). While no 

significant differences were observed in PON1 activity between the different groups of 

dogs (group A, 5.7 kU/L [5.1-6.3]; group B1, 5.1 kU/L [4.9-6.2], and group B2, 5.4 

kU/L [5.0-6.3]). 

 

-Weight loss. 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] kU/L; p<0.05), while no statistically 

significant differences were observed in PON1 activity in 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 after weight loss, while no statistically 

significant changes were observed in PON1 activity in dogs before and after weight loss 

(Table 5.1.3). 
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Figure 5.1.1. Mean±SD changes of BChE (a) and PON1 (b) concentrations 
during experimental period in dogs treated with 0.9 % NaCl sol. (Control group, 
blue lines) and in dogs that were injected LPS (Test group, red lines). *, p<0.05 
vs. 0 hours. 

Table 5.1.3. BChE and PON1 in dogs before and after weight loss. 

Criterion 
Pre-weight 

loss 
Post-weight-

loss 
P 

BChE (kU/L) 7.4 
(2.4 to 14.8) 

5.9 
(2.5 to 14.0) 

<0.05 

PON-1 (kU/L) 2.5 
(0.5 to 3.8) 

2.23 
(0.5 to 3.4) 

>0.05 
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5.1.2.3.3. Clinical studies in cats 

-Weight loss. There were no differences in BChE (P=0.737) or (PON-1) activity after 

weight loss in obese cats (Table 5.1.4). However, pre-weight-loss PON-1 activity 

(P=0.004) was lower in cats that failed to complete weight loss than those who were 

successful, no differences were noted for BChE, P=0.777. 

 

5.1.2.3.4. Obesity-related diseases in dogs 

-Hypothyroidism. Dogs that demonstrated a good therapeutic response showed 

significant increase in BChE activity from 5.20 kU/L (2.90-9.50) to 5.65 kU/L (2.70-

10.70). No statistically significant changes were observed in PON1 activity in both 

groups of dogs. 

 

-Diabetes mellitus. A 

significantly higher BChE 

activity was recorded in dogs 

with diabetes mellitus (group 1) 

when compared with healthy 

dogs or dogs with diseases 

different than diabetes mellitus 

(groups 2 and 3) (Figure 5.1.2). 

 

 

5.1.3. Discussion 

a) PON1 assays. Three methods were validated for measurement of PON1 

activity in dog and one in cat serum. A different substrate was used in each assay: 

 
Figure 5.1.2. Butyrylcholinesterase (BChE) activity in 
dogs with diabetes mellitus (Group 1), healthy dogs 
(Group 2), and in dogs with different diseases except 
diabetes mellitus (Group 3). *, P<0.05; **, P<0.01. 

Table 5.1.4. BChE and PON1 in cats that completed and not completed weight loss program. 

Criterion Cats not completing 
Cats completing  

Pre-weight loss Post-weight-loss 

BChE (kU/L) 2.8 (1.8 to 3.9) 2.9 (1.7 to 5.1) 2.8 (1.7 to 4.3) 

PON-1 (kU/L) 4.6 (3.1 to 6.9) a 5.5 (3.8 to 7.3) 5.6 (3.3 to 7.4) 

All data are expressed as median (range). 
BChE, butyrylcholinesterase; PON-1, paraoxonase type 1. 
a, p<0.01 versus successful cats pre-weight loss. 
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TBBL for lactonase activity and p-nitrophenyl acetate and phenyl acetate for 

arylesterase activity. All the assays were robust, precise (with the exception of the 

interassay values for lactonase method for canine samples), and easy to set up in 

laboratories. These assays will allow additional research into PON1 behavior in obesity 

and obesity-related diseases that are known to alter oxidative status in dogs and cats. 

 

b) Inflammation. Our data indicate that severe inflammation decrease both BChE 

and PON1 activity in dogs (approximately 30% and 20%, respectively), similarly as 

occur in humans (Al-Kassab and Vijayakumar, 1995; Blanceil and Delaroche, 1996). 

The decrease of BChE could be an organic reaction with the purpose of increasing the 

acetylcholine levels and limiting the inflammatory response (Rossas-Ballina and 

Tracey, 2009). While observed decrease in PON1 activity could be attributed mainly to 

two mechanisms: (1) direct negative effect of cytokines (TNF-α, IL-1) on PON1 

expression (Feingold et al., 1998); and (2) changes in lipid and protein composition of 

HDL in response to inflammation, as during the acute phase response, HDL is losing 

most of the HDL-associated enzymes (including PON1) (Van Lenten et al., 1995; James 

and Deakin, 2004). 

 

c) Obesity. Serum BChE showed to be a good marker of adiposity in dogs, 

similarly as occur in humans (Randell et al., 2005), while no changes were observed in 

obesity in PON1 activity in dogs, and BChE and PON1 in cats. Although in cats pre-

weight loss PON1 could be used as a predictor of successfulness of weight loss 

program, suggesting that pre-weight loss PON1 could be used as a predictor of the 

success of a weight loss regime in cats. However, since these findings are preliminary, 

further studies should be undertaken to clarify the relation between BChE and PON1, 

and obesity in the cat. 

 

d) Hypothyroidim. The successful treatment of hypothyroid dogs was also 

accompanied by the increase in serum BChE activity, similarly as it has been described 

in humans (Popović et al., 1998). The increase of BChE activity could be involved in 

the hydrolysis of triglycerides (Popović et al., 1998) and would contribute to the 

improvement of lipidic profile described in hypothyroid dogs after thyroxin therapy 

(Dixon et al., 2002). 
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e) Diabetes mellitus. The evaluation of BChE in canine DM was performed 

because of two main reasons. Firstly, although increase in BChE was described in 

human DM possibly due to altered lipid metabolism, there were no reports about this 

topic in dogs. Secondly, BChE is included in the general biochemical profile in “San 

Marco” veterinary hospital, what allowed us to perform a retrospective study with more 

than 200 dogs in order to evaluate possible changes in BChE activity due to presence of 

DM. This is a preliminary study, and further studies evaluating PON1 and other 

biomarkers used in this PhD (such as adiponectin, IGF-1 and APPs) should be 

performed in canine diabetes mellitus in order to clarify its physiopathological 

mechanisms. 

Dogs with diabetes mellitus showed higher BChE activity than healthy controls, 

similarly as described in humans (Abbott et al., 1993). However body condition score 

did not affect BChE values in dogs with diabetes mellitus, as reported in humans 

(Abbott et al., 1993) Suggesting that in diabetes mellitus insulin insensitivity or 

deficiency could have a major influence on BChE activity than body weight. 

 
 

5.2. Proteomics 

5.2.1. Material and methods 

-Animals and experimental set-up 

For animal and experimental set-up description see section 4.1.1. 

 

-Two dimensional polyacrylamide gel electrophoresis (2DE) 

Serum samples before (T1) and after (T2) weight loss of five dogs were analyzed 

in duplicate for 2DE. The first dimensional isoelectric focusing was performed on 

homemade immobilized pH gradient strips (11cm) with a non linear pH range of 4 to 

10. For the second dimension was performed on homemade gradient 10-15% 

polyacrylamide gels 140 x 140 x 1.5mm. After electrophoresis, the gel was stained with 

silver according to standard protocols as reported before (Miller and Gemeiner, 1992). 

 

-2DE gel image analysis 

Stained 2D gels were scanned in an ImageScanner II (GE Healthcare Life 

Sciences) and evaluated by using specific software (Image Master 2D Platinum 7.0, GE 

Healthcare Life Sciences). 
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-MS identification and data analysis 

Those spots that appeared significantly differentially expressed between obese 

and lean state of all animals were subjected to MS identification. Selected spots were 

excised and in-gel digestion with trypsin was performed. After desalting step by using 

C18 Zip-Tip the entire peptides were analyzed by MALDI-TOF/TOF mass 

spectrometry (Ultraflex II, Bruker Daltonics). 

Processed spectra were searched using Mascot (www.matrixscience.com) in 

Swiss-Prot database (release 56.5) or the NCBInr database (20090314). Following 

search parameters were set: taxonomy mammalia, global modifications 

carbamidomethylation on cysteine, variable modifications oxidation on methionine, MS 

tolerance 100-150 ppm, MS/MS tolerance 1 Da, one missed cleavage allowed. MS and 

MS/MS-identifications were considered as statistically significant (α < 5%). 

 

5.2.2. Results 

Results of protein mapping of canine serum using 2DE revealed more than 170 

individual spots with molecular weights between 10 and 100 kDa over a pH range of 4 

to10 in each analyzed silver stained 2DE gels from both, obese and lean dog’s serum 

samples (Figure 5.2.1). Protein profiles obtained of each class (dogs in an obese and 

lean state) were homogeneous since no differences were detected between replicates 

and between images from samples of the same class. 

 

Figure 5.2.1. Representative 2DE gel images of silver-stained proteins of canine serum obtained before (T1, 
obese state) and after (T2, lean state) weight loss correspond to dog number 1. Differentially expressed 
protein spots between the obese and lean states of the dogs are encircled and numbered: (1) retinol-binding 
protein 4; (2) Clusterin precursor; (3) Serpin peptidase inhibitor, clade A (alpha-1 antiproteinase, 
antitrypsin), member 1. 
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Image analysis was used for automatic spot detection and for the comparison of 

the spot volumes obtained in the two 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. 

Among the three spots differentially expressed in obese versus lean state, two were up-

regulated and one was down-regulated in obese state in comparison with lean state of 

the dogs (table 5.2.1). 

MALDI-TOF/TOF MS allowed the identification of the three protein spots with 

differential expression levels as belonging to retinol-binding protein 4 (RBP4), clusterin 

precursor (CLU), and alpha-1 antitrypsin (AAT) (Table 5.2.2). 

 

5.2.3. Discussion 

In the present study, serum proteome analysis was performed in beagle dogs 

before and after controlled weight loss program. Statistical comparison of spot volumes 

Table 5.2.1. Differentially expressed spot matches in obese versus lean state of dogs. X: media of 
normalized volumes. SD: standard deviation. 

Spota 
Obese vs 

Lean 

Obese state Lean state 

P value (n = 5) (n = 5) 

X SD X SD 

1 ↑ 0.2091 0.0155 0.1534 0.0409 0.0316 

2 ↑ 0.1639 0.0303 0.0964 0.0234 0.0072 

3 ↓ 0.1998 0.3169 2.726 0.3001 0.0310 
aSpot label number from annotated gel image (see figure 1 & 2). 

Table 5.2.2. MS identification of proteins from canine serum samples. MW: molecular weight. pI: 

isoelectric point. 

Spot 
labela 

Accesion 
numberb Protein identification 

Theoretical 
MW [kDa] 

Theoretical 
pI 

Number 
of unique 
peptides 

Sequence 
coveragec 

[%] 
Score 

1 gi|73998292 Retinol-binding protein 4 
[Canis lupus familiaris] 

29.8 9.4 3 19.5 390.2 

2 gi|50979240 Clusterin precursor [Canis 
lupus familiaris] 

51.8 5.6 3 9.7 81.3 

3 gi|121583756 Serpin peptidase inhibitor, 
clade A (alpha-1 

antiproteinase, antitrypsin), 
member 1 [Canis lupus 

familiaris] 

46.3 5.5 2 6.5 239.2 

aSpot label number from annotated gel image (see Figure 1). 
b NCBI (gi) protein database accession numbers. 
c Sequence coverage: percent of identified sequence to the complete sequence of the known protein. 
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revealed three spots differentially expressed between obese and lean state of the 

animals. The detection of only 3 proteins significantly affected by obesity would be in 

odds with what would be expected, as for example, a range of adipokines are known to 

be altered in canine obesity (German et al., 2010). This could be explained by the 

insensitivity of the technique, as when 2DE gel methods are used for proteome analysis 

the detection of some biomarkers can be very challenging due to the presence of high –

abundance proteins (presented in serum at mg/mL levels) (Selvaraju and Rassi, 2012). 

Mass spectrometric analysis revealed that serum CLU, RBP4, and AAT were the 

proteins involved in the spot changes obtained in the 2DE analysis. These proteins 

could be considered as potential markers of obesity and obesity-related diseases 

processes in dogs. The data from our clinical study of weight loss in dogs support this 

finding, since serum CLU was significantly lower in dogs after weight loss (section 

4.1.2). Future studies, evaluating RBP4 and AAT by using species-specific assays in 

serum of obese and normal weight dogs, would be recommended in order to verify the 

results obtained in this report. 

 

6. CONCLUSIONS 

 
1. Commercially available assays for adiponectin and IGF-1 showed adequate 

results in our validation studies when using with dogs and cats samples. 

Commercially available leptin and ghrelin ELISA kits tested in our study 

showed to have low sensitivity and/or accuracy; and development of new kits to 

measure these adipokines would be recommended. 

 

2. Serum adiponectin and IGF-1 are not influenced by feeding/fasting cycles or by 

a single dose corticoid administration. Also circulating adiponectin levels are not 

affected by orquidectomy. However, caution should be taken when interpreting 

IGF-1 values of castrated dogs, since lower concentrations were observed in 

these animals. Also inflammatory status of the dog should always be evaluated 

when analyzing both adiponectin and IGF-1, since inflammation decreases 

concentrations of these proteins in significant way. 
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3. Canine and feline obesity is associated with decreased circulating adiponectin 

concentrations, which increase after weight loss. But it seems to not produce an 

evident inflammation, at least that can be detected with APPs. 

 

4. Up to one third of obese dogs suffer from obesity-related metabolic dysfuncion, 

characterized by hypoadiponectinemia and hyperinsulinemia, similarly as occur 

in the human metabolic syndrome. 

 

5. Weight loss in dogs is associated with the improvement of serum markers of 

renal dysfunction, such as clusterin, homocystein, cystatin C. 

 
6. Therapy of dogs with hypothyroidism results in decreased adiponectin 

concentrations and increased BChE activity. 

 

7. Serum BChE showed to be a good marker of adiposity in dogs and is increased 

in canine diabetes mellitus. No changes were observed in PON1 activity in 

obese dogs, and BChE and PON1 in obese cats. Although in cats pre-weight loss 

PON1 could be used as a predictor of successfulness of weight loss program. 

BChE activity is increased in dogs with diabetes mellitus. 

 
8. Proteomic analysis revealed three proteins (clusterin, retinol-binding protein 4, 

and alpha-1 antitrypsin) that could be considered as potential markers of obesity 

and obesity-related disease processes in dogs. 
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1. Introducción 

La obesidad es el trastorno nutricional más común en perros y gatos (Roudebush 

et al., 2008; Lusby et al., 2009). Su creciente incidencia parece reflejar la tendencia 

observada en los humanos (Rennie and Jebb, 2005) donde casi dos tercios de los adultos 

en los Estados Unidos tienen sobrepeso o son obesos (Flegal et al., 2002). Del mismo 

modo, los estudios en animales de compañía procedentes de diversas partes del mundo 

han estimado que la incidencia de la obesidad en la población de perros y gatos oscila 

entre el 22 y el 40 por ciento (Burkholder et al., 2000; McGreevy et al., 2005). 

 

Los objetivos de esta tesis doctoral fueron: 

 

1. Validar los ensayos disponibles comercialmente de adipoquinas (adiponectina, 

leptina y grelina) e IGF-1 (factor de crecimiento insulínico-1) para su uso en 

perros y gatos. 

 

2. Estudiar los efectos de las variaciones debidas a factores no relacionados con 

obesidad (como variaciones diurnas, el efecto de la ingesta de alimentos, la 

castración y sepsis). Para este propósito, se seleccionaron los analitos que dieron 

resultados adecuados en la validación realizada en el punto 1 y fueron más 

económicos, fáciles y rápidos de realizar. 

 

3. Estudiar el efecto de la obesidad sobre la adiponectina y las principales proteínas 

de fase aguda en perros y gatos y explorar si los perros obesos sufren de 

síndrome metabólico. También evaluar si la obesidad podría estar relacionada 

con cambios en biomarcadores renales, y estudiar cómo las adipoquinas y 

proteínas de fase aguda se ven afectados por enfermedades relacionadas con la 

obesidad, como el hipotiroidismo. 

 

4. Estudiar e identificar nuevos biomarcadores séricos relacionados con la obesidad 

canina. Para esto se evaluará el PON1 (paraoxonasa 1) y la colinesterasa y se 

realizarán estudios de proteómica. 
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2. Estudios de validación 

2.1. Material y métodos 

Se evaluó la capacidad de los diferentes métodos disponibles comercialmente en el 

momento de la realización de la Tesis, para medir la adiponectina, la grelina, leptina, e 

IGF-1 en perros y adiponectina, la grelina, y el IGF-1 en los gatos. Los métodos 

evaluados aparecen en tabla 2.1. La leptina en los gatos no se estudió debido a la falta 

de reactividad de esta adipoquina con anticuerpos de humana o de ratón/rata utilizados 

en ELISAs y a la no existencia de ELISAs específicos de gato en el momento en que se 

realizaron las pruebas. 

Para la validación de los métodos analíticos se ha seguido protocolos publicados 

previamente (Jensen and Kjelgaard-Hansen, 2010) estudiándose tres parámetros 

básicos: precisión, exactitud y límite de detección. Además, se realizo una validación de 

la capacidad de los métodos para diferenciar muestras con concentraciones altas y bajas. 

Para esto se usaron muestras de animales delgados y obesos, o viceversa, salvo para la 

grelina, en la que las muestras fueron obtenidas a diferentes tiempos después de 

administración de glucosa intravenosa en los perros, ya que la glucosa es un potente 

inhibidor de la grelina  (McCowen et al., 2002). 

 

2.2. Resultados 

2.2.1. Validación analitica 

Los resultados de la validación analitica de diferentes métodos para perro y gato 

aparecen en las tablas 2.1 and 2.2, respectivamente. 

 

2.2.2. Capacidad para diferenciar muestras de diferentes concentraciones 

2.2.2.1. Perros 

Adiponectina. Las muestras obtenidas de perros obesos y analizadas con los ELISAs 

especifico-canino y humano tuvieron concentraciones de adiponectina mas bajo que las 

muestras recolectadas de los perros delgados (p<0.005 and 0.0005, respectivamente) 

(Tabla 2.3). 

 

Leptina. Con el ensayo A, las muestras de perros obesos tuvieron una concentración 

mas alta de leptina que las de perros de peso  normal (p<0.001). No se observaron 
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diferencias significativas (p=0.89) en las concentraciones de leptina cuando las muestras 

de los perros obesos y de peso normal se analizaron con el ensayo B (Tabla 2.3). 

 

Grelina. Los cambios en las concentraciones de grelina en suero canino después de 

inyectar glucosa, medidos con ensayos 

canino y humano, aparecen en la figura 

2.1. En comparación con los valores 

basales, hay una disminución media del 

17% y un incremento medio de 19% en 

las concentraciones de ghrelin tras 5 y 120 

minutos después de la administración de 

glucosa, respectivamente, cuando se 

analizaron con el ensayo canino. Sin 

embargo, no se detectaron cambios 

estadísticamente significativos. Cuando se 

utilizó el ensayo humano, se detectó una 

disminución del 30% en los niveles de 

grelina en plasma 10 min después de la administración de glucosa (p <0,05), seguido 

por un aumento de 50% a los 120 minutos (p <0,05), con respecto a los niveles basales. 

 

IGF-1. Las concentraciones de IGF-1 sérico en los perros delgados fueron mas altas (p 

<0,05) que las de los perros obesos (Tabla 2.3). 

 

2.2.2.2. Gatos 

Adiponectina, grelina, y IGF-1. Las concentraciones de adiponectina (p=0.01) y grelina 

(p=0.03) fueron mas bajas en gatos obesos (n=10) en comparación con gatos de peso 

normal (n=10). Pero no se observaron diferencias significativas en los niveles de IGF-1 

entre los dos grupos de gatos (p=0.12) (Tabla 2.4). 

 

 

 

Figura 2.1. Respuesta de grelina plasmática 
a la glucosa IV (0.5/kg de peso corporal) 
inyectada a cuatro perros de raza beagle y 
medida con ensayos canino (○) y humano 
(∆). 
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Tabla 2.1. Datos de la validación analítica de diferentes ensayos para medir la adiponectina, leptina, grelina, e IGF-1 en muestras de suero 
canino. 

Analito Ensayo Unidades Precisión   Exactitud   Límite de 
detecciónCV, %  Linealidad Recuperaciónc 

% 
 

Intra  Inter    Ecuación R²   

Adiponectinaa Canine ELISA Kit, Millipore, USA µg/mL <7 <14  y=0.982x+0.65; 
y=0.999x+0.66 

0.9996; 
0.997 

NE  0.098 

Human ELISA, High Sensitivity Kit, BioVendor-
Labaratorni medicina, Czech Republic 

µg/mL <8 <11  y=0.991x+0.11; 
y=0.976x+0.37 

0.996; 
0.999 

NE  0.74 

           
Leptinab Canine ELISA kit, Millipore, USA [assay A] µg/L <6 <8  y=1.037x-0.06; 

y=0.987x-0.79 
0.985; 
0.986 

77 - 101  - 

Canine leptin, BPB Biomedicals Inc, USA [assay 
B] 

µg/L <14 <14  y=0.928x+0.38; 
y=0.907x+3.75 

0.955; 
0.970 

67 - 125  9.08 

           
Grelina Canine ELISA, Phoenix Pharmaceuticals Inc, 

USA 
ng/mL <10 >20%  y=1.059x – 0.71; 

y=1.006x – 1.04 
0.991; 
0.924 

101-121  0.6 

Human unacylated ELISA, BioVendor-
Labaratorni medicina, Czech Republic 

pg/mL <7 <20  y=0.977x+15.46; 
y=1.006x+5.06 

0.999; 
0.998 

83-96  - 

           
IGF-1 Immulite 1000 assay, Diagnostic Products, USA ng/mL <8 <10   y=0.993x+4.11; 

y=0.992x+0.18 
0.999; 
0.999 

NE   0.01 

CV, coeficiente de variación. 
 a  se usó una muestra de suero canino, con una concentración de adiponectina determinada con ELISA canino, como estándar para la curva de 
calibración de la ELISA humana. 
b se evaluaron 3 ensayos mas (Human EASIA, BioSource Europe S.A., Belgium; Human ELISA, BioVendor-Laboratorni medicina a.s., Czech 
Republic; Mouse/rat enzyme immunoassay kit, SPIbio, France)  para las medir leptina en suero canino, pero no hubo reactividad. 
c los ensayos de recuperación se realizaron sólo con los kits donde se disponía de la proteína canino purificada; NE, no evaluado. 
d los límites de detección no se han podido calcular para el ensayo A de la leptina y ensayo humano de grelina, ya que blancos no dieron ningún valor. 



 

369 

 

 

 

Tabla 2.4. Valores de adiponectina, grelina, y IGF-1 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 
 

Tabla 2.3. Valores de adiponectina, leptina, y IGF-1  en suero de perros delgados y obesos. 

Analito Ensayo 
Delgados   Obesos   P 

n mediana 
10-90 percentil   

n mediana 
10-90 percentil     

Adiponectina, 
µg/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 < 3.6 3.6-5.4  37 7.2 4.2-25.0  <0.001 

  B  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 
 

Tabla 2.2. Datos de la validación analítica de diferentes ensayos para medir adiponectina, grelina, y IGF-1 en suero felino. 

Analito Ensayo Unidades 
Precisión   Exactitud   Límite 

de 
detección 

CV, %  Linealidad Recuperación 
% 

 
Intra  Inter    Ecuación R²   

AdiponectinaHuman ELISA, High Sensitivity Kit, BioVendor-
Labaratorni medicina, Czech Republic 

ng/mL <7 <16  y=0.894x+997.37; 
y=0.882x+605.43 

0.974; 
0.987 

100-112  2.0 

Grelina Human unacylated ELISA, BioVendor-Labaratorni 
medicina, Czech Republic 

pg/mL <15 <15  y=0.984x-11.90; 
y=0.963x+5.88 

0.962; 
0.998 

91-112  9.6 

IGF-1 Immulite 1000 assay, Diagnostic Products, USA ng/mL <3 <6  y=1.022x+6.85; 
y=1.022x+0.83 

0.987; 
0.994 

100-112  0.01 

CV, coeficiente de variación. 
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2.3. Discusión 

Los estudios de validación son necesarios para garantizar que los métodos analíticos 

funcionan adecuadamente, proporcionando resultados reproducibles y precisos y siendo 

útiles para discriminar entre animales sanos y enfermos (Jensen and Kjelgaard-Hansen, 

2010). Se pueden destacar cuatro puntos con respecto a los estudios de validación 

realizados en esta Tesis: 

1. Se recomienda usar una muestra de suero canino con una concentración conocida  

para calibrar el ELISA adiponectina humana. Ya que produce una mejor diferenciación 

entre las concentraciones altas y bajas de adiponectina. Este dato está en línea con la 

recomendación del uso de estándares específicos de especie para lograr una afinidad 

similar de antisuero frente a estándares y muestras (Eckersall, 1995). También el uso de 

muestras de suero como estándar se prefiere en muchos casos a la proteína purificada, 

ya que es más económico, produce una matriz fisiológica más adecuada y puede 

asegurar un suministro constante y de larga duración de material estándar (Eckersall, 

1995). 

2. Los dos métodos usados para las mediciones de leptina en las muestras de suero 

canino presenta algunas desventajas. El ensayo A, mostró una buena precisión y 

exactitud de los resultados, aunque no dió resultado para 7 de 8 muestras de perros de 

peso normal, lo que indica una falta de sensibilidad del ensayo. Mientras, que en el 

ensayo B, los valores de leptina fueron significativamente sub o sobre-estimados en 

comparación con los valores esperados en el estudio de la recuperación. Este bajo 

rendimiento de los estudios de recuperación probablemente fue la causa de la baja 

capacidad de este ELISA para detectar diferencias significativas entre las 

concentraciones de leptina de perros obesos y delgados. Así sería recomendable el 

desarrollo de nuevos ensayos para determinar la leptina canina de una forma fiable . 

3. Curiosamente, el ELISA humano evaluado para la medición de la grelina en 

perro dio mejores resultados que el ELISA canino. Ya que, mientras el ensayo humano 

mostró unos CV intra e inter-ensayo inferiores al 20%, el ensayo canino tuvo unos CVs  

inter-ensayo muy alto (hasta 54%), probablemente influenciado por la alta variabilidad 

inter-kit. Además, el ensayo humano mostró unos cambios superiores en los valores de 

grelina obtenidos durante la prueba de administración de glucosa; indicando una 

reducida capacidad del ensayo canino discriminar entre los valores altos y bajos de 

grelina. Aunque el ensayo humano proporcionó unos mejores resultados en la 

validación, el alto CV de inter-ensayo (19,5%) se puede considerar como una limitación 
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del kit. Por lo tanto, al igual como ocure con los ensayos de leptina, se deberían 

desarrollar nuevos ensayos para la medición de la grelina en suero canino . 

4. En general, los ensayos de adiponectina y de IGF-1 mostraron los mejores 

resultados en los estudios de validación, con una adecuada precisión y exactitud, y una 

buena capacidad de diferenciar entre los valores altos y bajos de los analitos. También 

estos ensayos fueron económicos y fácil de realizar; por ello fueron seleccionados para 

ser utilizado en las experiencias siguientes de este trabajo de doctorado. 

 

3. VARIACIONES DE LAS ADIPOQUINAS  POR  FACTORES NO 

RELACIONADOS CON LA  OBESIDAD 

3.1. Material y métodos 

-Variaciones diurnas. Este estudio se realizó basándose en un protocolo previamente 

descrito (Ishioka et al., 2005). Ocho perros de raza beagle se distribuyeron en dos 

grupos de cuatro perros (2 machos y 2 hembras en cada uno). Un grupo, Fed+, se 

alimentó a las 9:00 como se realiza habitualmente. Mientras que los perros del otro 

grupo, Fed-, se mantuvieron en ayunas durante el día de experimento. Se sacaron 

muestras de sangre a las 8:00, 10:00, 12:00, 16:00, 20:00, 24:00, y 4:00 h. 

 

-Efecto de los corticosteroides. El diseño de este estudio se realizó según protocolos 

previamente descritos (Martinez-Subiela et al., 2004; Yilmaz et al., 2007). Se emplearon 

14  perros de raza beagle  sin historia de exposición a glucocorticoides exógenos, que se 

distribuyeron en un grupo control (n=4) y un grupo prueba (n=10). A los perros del 

grupo control (2 machos y 2 hembras) se les inyectó SC 0.9% NaCl (0.1ml/kg). Los 

perros del grupo de prueba se dividieron en dos subgrupos: grupo 1 (n=5, 3 machos y 2 

hembras) y grupo 2 (n=5, 3 machos y 2 hembras). A los grupos 1 y 2 se les inyectó 

metilprednisolona (Aventis Pharma S.A., Spain) en una sola dosis SC a dosis de 1mg/kg 

y 5mg/kg  respectivamente. El experimento comezó a las 8:00 am despues de 12 h de 

ayuno y se tomaron muestras de sangre en todos los gupos a las 8:00, 10:00, 12:00, 

16:00 y a las 20:00 h. 

 

-Efecto de castración. Se usaron 5 perros Beagle que se castraron usando la técnica 

abierta pre-escrotal descrita por Fossum (2007). Se tomaron muestras de sangre antes de 
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la castración (D1), durante seis días consecutivos 

semanas después de castración.

 

-Efecto de daño renal. Se incluyeron 64

Seis eran perros sanos y 58 eran perros con leishmaniasis. 

grupos según su ratio proteina/creatinina en orina (UPC) y creatinina en suero 

representa en la figura 3.2. 

En este estudio, el IGF-1 

muestras. Ya que las muestras utilizadas

sobrado después de la realización de los

de Servicio de Patología Clínica de Universidad de Murcia

 

 

-Efecto de sepsis. Los procedimientos experimentales

Uludag University (Turquía) 

Se incluyeron un total de 10 perros adultos mestizos (6 machos y 4 hembras)

asignados a un grupo control (n=5; 2 machos y 3 hembras) y grupo de 

lipopolysaccharido (LPS) (n=5; 2 machos and 3 hembras). 

control se les inyectó IV 0.9% NaCl (0

LPS se les inyectó endotoxina IV en una sola dosis (0.02 mg/kg). 

inició a las 9:00 am, después de 14 

tomaron muestras de sangre venosa antes

tratamiento. 

 

Figura 3.2. Presentación esquemática
proteínas/creatinina (UPC) en orina  y la 

castración (D1), durante seis días consecutivos (D2-D7) y 2, 4, 8 y 12 (W2 

semanas después de castración. 

e incluyeron 64 perros, 39 machos y 25 hembras, en el estudio. 

Seis eran perros sanos y 58 eran perros con leishmaniasis. Estos perros se dividieron en 

ratio proteina/creatinina en orina (UPC) y creatinina en suero 

 

1 no pudo ser evaluado debido al reducido volumen

muestras utilizadas en este estudio procedían del 

de la realización de los perfiles bioquímicos y protocolos

Patología Clínica de Universidad de Murcia. 

rocedimientos experimentales con animales se realizaron en

Turquía) dentro de un proyecto de colaboración con

total de 10 perros adultos mestizos (6 machos y 4 hembras)

grupo control (n=5; 2 machos y 3 hembras) y grupo de 

(LPS) (n=5; 2 machos and 3 hembras). A los p

IV 0.9% NaCl (0.2 mL/kg), mientras que a los perros 

endotoxina IV en una sola dosis (0.02 mg/kg). El experimento se 

, después de 14 horas de ayuno en los dos grupos de

sangre venosa antes (basales) y a 0,5, 1, 4, 24

Presentación esquemática de la clasificación de los animales a base de 
) en orina  y la creatinina sérica. 

D7) y 2, 4, 8 y 12 (W2 – W12) 

39 machos y 25 hembras, en el estudio. 

Estos perros se dividieron en 

ratio proteina/creatinina en orina (UPC) y creatinina en suero como se 

al reducido volumen de las 

 suero que había 

y protocolos de serología 

se realizaron en 

proyecto de colaboración con esta institución. 

total de 10 perros adultos mestizos (6 machos y 4 hembras) que fueron 

grupo control (n=5; 2 machos y 3 hembras) y grupo de 

A los perros del grupo 

a los perros del grupo 

El experimento se 

los dos grupos de perros. Se 

24 y 48 h post-

 

 ratio 
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Análisis estadístico 

Los análisis estadísticos se realizaron usando un software estándar (Microsoft Office 

Ecsel 2007, Microsoft Corporation, Redmond, WA, USA, and GraphPad Prism, 

GraphPad Software, San Diego, CA, USA). Los resultados de cada parámetro se 

evaluaron para la normalidad de la distribución mediante el uso de la D'Agostino y 

Pearson omnibus o Kolmogorov-Smirnov. Para comparar los cambios de peso corporal 

y analitos bioquímicos en los mismos animales a diferentes tiempos de una prueba se 

utilizó prueba t pareada para los datos que mostraron una distribución normal, y el test 

de Wilcoxon para datos con distribución no normal. Para comparar los cambios de peso 

corporal y analitos bioquímicos en diferentes grupos de perros se utilizó el test ANOVA 

para los datos que mostraron una distribución normal y el Kruskal-Wallis para datos con 

distribución no normal. Las correlaciones entre variables se estimaron mediante el 

coeficiente de correlación de Spearman. El límite para el nivel de significación se 

estableció en  p>0’05. 

 

3.2. Resultados 

-Variaciones diurnas. La Figura 3.3 muestra la media ± sd de glucosa sérica, 

adiponectina y IGF-1 durante un período de 20 h en el grupo de perros alimentados y el 

grupo en ayunas. Se encontraton ritmos diurnos significativos de glucosa sérica en los 

dos grupos. Sin embargo, no se detectó ningún patrón cíclico consistente en las 

variaciones de adiponectina total o IGF-1 en ambos grupos de perros. 

 
-Efecto de corticoesteroides. La metilprednisolona a 1 mg/kg y 5 mg/kg por vía 

subcutánea produjo un incremento significativo en los niveles de cortisol en suero 

(180,5% y 1318,9%, respectivamente) 2h después de la inyección. Sin embargo, no 

produjo alteraciones en las concentraciones de adiponectina e IGF-1, y no se observaron 

diferencias significativas en estos analitos a diferentes tiempos entre el grupo control y 

los grupos que recibieron glucocorticoides (Figura 3.4). 

 
-Efecto de castración. Los niveles séricos de adiponectina disminuyeron 

significativamente en los días 3 y 4 después de la orquidectomía (Figura 3.5.a). Después 

de este cambio inicial, la adiponectina volvió a los niveles iniciales, y no mostró 

alteraciones significativas durante los 3 meses del período experimental 
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Figura3.4 Respuesta de valores 
medios±SD de cortisol (a), adiponectina 
(b), y IGF-1 (c) a una inyección s.c. de 
metilprednisolona: 1mg/kg (grupo 1; 5 
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Las concentración de IGF-1 sérico se redujo significativamente 2-5 días después de la 

castración (Fig. 3.5.b), y luego comenzó a aumentar, mostrando valores similares a los 

registrados antes de la castración en las semanas 2 y 4 después de la cirugía. Sin 

embargo, en la semanas 8 y 12 las concentraciones de IGF-1 fueron significativamente 

más bajas en comparación con los valores registrados antes de la castración. 

 

-Efecto de daño renal. No se observaron diferencias significativas en la adiponectina 

entre perros sanos y perros con distintos grados de proteinuria. Sin embargo, cuando el 

grupo de perros con proteinuria fue subdividido en 2 subgrupos en función de la 

presencia o no de azotemia, las concentraciones séricas de adiponectina fueron más 

altas en los perros con azotemia (mediana [25-75 percentil], 13,7 mg/ml [10.6-18.7]) en 

comparación con perros sin azotemia (mediana [25-75 percentil], 6,4 mg/ml [3.7-12.8]). 

 

-Efecto de sepsis. La adiponectina e IGF 1 no mostraron cambios significativos en los 

perros en grupo control en las distintas tomas efectuadas durante todo período 

experimental. Sin embargo, en los perros inyectados con LPS, se observó una 

disminución significativa en los niveles de adiponectina a las 48 h y en los niveles de 

IGF-1 a las 24 y 48 h después de la administración de LPS en comparación con los 

valores registrados a tiempo 0 (Figura 3.6). 

 

3.3. Discusión 

Variaciones diurnas. Nuestros resultados indican que la alimentación regular o un 

día de ayuno no afecta la adiponectina o IGF-1 en los perros y que estos analitos no 

presentan variaciones diurnas. Estos datos concuerdan con estudios realizados en 
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Figura 3.6. Variaciones de niveles medios±SD de adiponectina (a) y IGF-1 
(b) durante el periodo experimental en perros tratados con solución 0.9 % 
NaCl ( Grupo control, líneas azules) y perros tratados con LPS (Grupo LPS, 
Líneas rojas). *, p<0.05; **, p<0.01 vs. 0 horas. 
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humanos y otras especies, donde no se encontraron variaciones diurnas o alteraciones 

post-prandiales en las concentraciones de adiponectina (Shand et al., 2006) o IGF-1 

(Juul, 2003). Este hecho representa una ventaja de la adiponectina y la IGF-1 sobre la 

leptina que está fuertemente influenciada por ciclos de la alimentación y ayunas; ya que 

se han descrito en el perro incrementos de hasta 5 veces en los niveles de leptina 

después de la ingesta de alimentos (Ishioka et al., 2005). 

 
Efecto de corticosteroides. La methylpredinisolona hasta 5 mg/kg no tuvo un 

efecto a corto plazo sobre las concentraciones ´sericas de adiponectina e IGF-1. Existen 

resultados contradictorios en la literatura sobre los efectos de los glucocorticoides en la 

adiponectina y el IGF-1. Ya que se ha indicado un efecto inhibidor directo de los 

glucocorticoides sobre la adiponectina (Fallo et al., 2004); otros autores no observan 

diferencias en los niveles de adiponectina o IGF-1 (Wolthers et al., 1994; Lewandowski 

et al., 2006); mientras que en otros estudios se ha descrito un aumento de la 

adiponectina sérica y los niveles de IGF-1 después de la administración de 

glucocorticoides (Raff and Bruder, 2006; Jang et al., 2008). El uso de diferentes tipos de 

corticoides, dosis, modo y tiempo de administración podría ser los factores responsables 

de los resultados contradictorios obtenidos por distintos autores, y se necesitarían más 

estudios para aclarar este tema. Sin embargo, nuestros resultados ponen de manifiesto 

otra ventaja de la adiponectina y la IGF-1 sobre la leptina en perros; ya que la leptina 

que se afecta por la administración de metilprednisolona (puede aumentar o disminuir 

hasta 2 veces dependiendo de la dosis de corticoide administrado) (Yilmaz et al., 2007). 

 

Castración. La orquidectomía indujo un proceso inflamatorio a corto plazo debido 

a la intervención quirúrgica, que podría estar asociada con la disminución de los niveles 

séricos de adiponectina y IGF-1. Sin embargo, la orquidectomía no produjo cambios a 

largo plazo en las concentraciones de adiponectina, mientras que se observó una 

disminución en los niveles de IGF-1 en las semanas 8 y 12 después de la castración en 

perros. Los cambios observados en los niveles de IGF-1 podrían atribuirse a la 

disminución de los andrógenos, ya que la expresión de IGF-1 es inducida por 

gonadotropinas a través de la transducción de señal del AMP cíclico (Sirotkin, 2005). O 

también a la restricción de alimentos que se realizó en los animales del estudio con el 

fin de mantener el peso corporal estable, ya que se descrito que los niveles de IGF-1 son 

susceptibles a la restricción de alimento (Prewitt et al., 1982; Jull, 2003). 



 

 

Sepsis. Tanto la adiponectina como la

42%, respectivamente, como respuesta a

similar como se ha descrito

La disminución de IGF-1 

proinflamatorias en la expresión

que la disminución en los niveles de adiponectina

concentraciones bajos de IGF

el tejido adiposo (Meier and Gressner, 2004). 

analize la adiponectina y/o la IGF

los perros. 

 

4. VARIACIONES DEBIDAS A

RELACIONADAS  

4.1. Material y métodos 

Se realizaron los siguientes ensayos

 

4.1.1. Estudios experimentales en perros

-Engorde. Se usaron catorce

amplia gama de pesos y condición corporal

previamente (Sagawa et al., 2002). 

Figura 4.1. Las muestras de sangre

período experimental. 

Figura 4.1. Presentación esquemática de
con una amplia gama de pesos
perros con sobrepeso; BCS 5/5, perros obesos.

la adiponectina como la IGF-1 disminuyeron una media 

como respuesta a la endotoxina en nuestros estudio

se ha descrito en  humana (Colson et al., 2003; Tsuchihashi et al., 2006). 

 podría ser atribuída al efecto inhibidor de las cit

expresión de IGF-1 en el hígado (Colson et al., 2003). 

los niveles de adiponectina podría estar relacionada

concentraciones bajos de IGF-1, ya que la IGF-1  induce la síntesis de 

(Meier and Gressner, 2004). Estos datos indican que

analize la adiponectina y/o la IGF-1 se debe de tener en cuenta el estado

VARIACIONES DEBIDAS A  LA OBESIDAD Y ENFERMEDADES

e realizaron los siguientes ensayos: 

4.1.1. Estudios experimentales en perros 

catorce perros adultos intactos de raza beagle, para obtener

condición corporal (BCS), siguiendo un protocolo 

(Sagawa et al., 2002). El esquema del protocolo utilizado 

Las muestras de sangre se recogieron de todos los perros

Presentación esquemática del protocolo experimental usado para obtener
pesos y condiciones corporales. BCS 3/5, perros delgados; BCS 4/5, 

perros con sobrepeso; BCS 5/5, perros obesos. 
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media de 37% y 

estudio, de manera 

(Colson et al., 2003; Tsuchihashi et al., 2006). 

de las citoquinas 

(Colson et al., 2003). Mientras 

podría estar relacionada con 

 adiponectina en 

indican que siempre que se 

el estado inflamatorio de 

LA OBESIDAD Y ENFERMEDADES  

para obtener una 

BCS), siguiendo un protocolo descrito 

utilizado aparece en la 

todos los perros en el final del 

 

para obtener  perros 
. BCS 3/5, perros delgados; BCS 4/5, 
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-Pérdida de peso. Se emplearon un

esquema del protocolo utilizado

en la Figura 4.2. Las muestras de sangre

comienzo (estado obeso, T0

pérdida de peso. 

 

En todas las muestras se midió la adiponectina

adipoquina se afecta por los cambios

de evaluar la posible presencia de

ganancia y pérdida de peso se evaluaron

la proteína C reactiva de alta sensibilidad

(Cp) y el amiloide A sérico (

cuantificaron las inmunoglobulinas 

originalmente diseñados para

mostrando una satisfactoria precisión y linealidad

 

4.1.2. Estudios clínicos en perros

- Pérdida de peso. El estudio se realizó

Liverpool (Reino Unido). 

después de un programa de pérdida de

1) el efecto de la pérdida de peso

2) la posible presencia de 

hs-CRP. 

Figura 4.2. Presentación esquemática
peso rápida en los perros. * 
pérdida de peso rápida (2-3%
(Blanchard et al., 2004). 

Se emplearon un total de seis perras de raza beagle, 

protocolo utilizado para inducir la pérdida de peso en los perros se

Las muestras de sangre se recogieron de todos los perros

T0) y cada mes (T1-T3) durante el periodo 

En todas las muestras se midió la adiponectina con el fin de 

por los cambios en el peso corporal de perros. Además,

la posible presencia de inflamación en la obesidad canina, en los estudios de 

pérdida de peso se evaluaron las principales proteínas de fase aguda (PFAs): 

alta sensibilidad (hs-CRP), haptoglobina (Hp)

A sérico (SAA). También en el estudio de la pérdida de peso

las inmunoglobulinas (Igs). Para ello, se validaron métodos automatizados

diseñados para determinaciones de Igs in humana  para su uso en perros

mostrando una satisfactoria precisión y linealidad. 

4.1.2. Estudios clínicos en perros 

El estudio se realizó en colaboración con la Universidad de

Unido). Se evaluaron plasma y orina de 35 perros

programa de pérdida de peso con el fin de estudiar: 

la pérdida de peso en la adiponectina. 

 inflamación en la obesidad canina mediante la medición de

Presentación esquemática del protocolo experimental de inducción de pérdida de 
. * la cantidad de alimento se ajustó progresivamente
3%/semana) y para cubrir los requisitos mínimos de las

 no castradas. El 

en los perros se presenta 

todos los perros en el 

T3) durante el periodo experimental de 

 estudiar si esta 

Además, con el fin 

en los estudios de 

las principales proteínas de fase aguda (PFAs): 

, ceruloplasmina 

la pérdida de peso, se 

métodos automatizados 

su uso en perros; 

con la Universidad de 

perros obesos antes y 

mediante la medición de 

 

de inducción de pérdida de 
progresivamente para inducir una 

requisitos mínimos de las proteínas 
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3) la presencia de disfunción metabólica canina relacionada con la obesidad (ORMD 

siglas en ingles de obesity related metabolic disfunction) utilizando una definición 

modificada a partir de la usada para el síndrome metabólico humano. De esta forma se 

empleó como criterio para considerar a un perro con ORMD:: 

a) Una condición 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. Presión arterial sistólica >160 mmHg. 

4. Glucosa en ayunas >100 mg/dL (5.6 mmol/L). 

La insulina y adiponectina se midieron en todos los perros para evaluar si estos analitos 

podrían cambiar en ORMD. 

4) efecto de la pérdida de peso en marcadores renales. Para esto se evaluaron 

biomarcadores de la función renal clásicos (urea sérica, creatinina sérica, la densidad de 

orina, UPCR y albúmina en la orina corregida por creatinina [UAC]) y nuevos ( 

homocisteína, cistatina C y clusterina). 

 

4.1.3. Estudios clínicos en gatos 

- Pérdida de peso. Este estudio se realizó en colaboración con la Universidad de 

Liverpool (Reino Unido). Se recogieron las muestras de sangre antes y después de 

pérdida de peso de 37 gatos castrados con sobrepeso para evaluar: 

1) efecto de la pérdida de peso en la adiponectina plasmática. 

2) posible presencia de inflamación en la obesidad felina midiendo Hp y SAA. 

 

4.1.4. Estudio sobre hipotiroidismo en perros 

El estudio se realizó en colaboración con el Atlantic College de Medicina 

Veterinaria de Nantes (Francia). Se incluyeron en el estudio 39 perros hipotiroideos. El 

hipotiroidismo primario se diagnosticó en base a signos clínicos y de laboratorio, como 

letargo, ganancia de peso corporal, alteraciones dermatológicas, colesterol alto (> 6,5 

mmol / L), c-TSH alta (> 0,5 ng / ml) y bajos niveles de fT4 (≤ 12 pmol / L) (Tyler, 

2007). Todos los perros fueron sometidos a una terapia con tiroxina (media±sd, 

14,4±5,7 mg/kg/día) durante 3 meses. Se consideró como una buena respuesta 

terapéutica, si los perros mostraron una significativa mejoría clínica (incluyendo pérdida 
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de peso, aumento de la actividad, la mejora de la piel) y al menos una disminución del 

30% en los niveles de c-TSH. 

Las muestras de sangre fueron obtenidas en el momento del diagnostico del 

hipotiroidismo (T1) y después del tratamiento con tiroxina durante 3 meses (T2), y se 

midieron en ellas las principales proteínas de fase aguda (CRP, SAA, y Hp) y  la 

adiponectina. En este estudio no se evaluó la IGF 1, ya que un trabajo recientemente 

publicado por Jaillardon et al. (2011) trató este tema. 

 

4.2. Resultados 

4.2.1. Estudios experimentales en perros 

-Ingorde. La Tabla 4.1 muestra los valores del peso corporal, la adiponectina y PFAs de 

los diferentes grupos de perros al final del ensayo. Las concentraciones de SAA estaban 

por debajo del límite de detección del ensayo en los seis animales. Los perros con BCS 

5/5 (grupo B2) mostraron unas concentraciones de adiponectina y Hp 

significativamente más bajas  en comparación con los perros con peso normal (grupo A, 

BCS 3/5). Mientras que no se observaron diferencias estadísticamente significativas en 

las concentración séricas de hs-CRP y Cp entre los grupos de perros. 

 

-Pérdida de peso. La evolución de las concentraciones de adiponectina, PFAs e Igs  se 

presenta en la Figura 4.3. La adiponectina sérica mostró un aumento estadísticamente 

significativo a los dos (T2) y tres (T3) meses después del inicio de la pérdida de peso, 

en comparación con las concentraciones de antes de perder peso (T0). No se observaron 

cambios estadísticamente significativos en los niveles de CRP, Hp, Cp, IgG, y IgM en 

los 3 (T1, T2 y T3) meses posteriores tras comenzar el período de pérdida de peso en 

comparación con los niveles previos a la pérdida de peso (T0). Los niveles séricos de 

IgA se redujeron significativamente en T1, T2, y T3 en comparación con T0. 

 

4.2.2. Estudios clínicos en perros 

-Pérdida de peso. 

(1) Adiponectina. La adiponectina total aumentó significativamente en los perros 

después del programa de pérdida de peso. 

 

(2) Inflamación. En los perros obesos, las concentraciones de hsCRP estaban dentro del 

rango de valores de perros normales. Y la hsCRP no cambió con la pérdida de peso. 
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(3) Disfunción metabólica canina relacionada con la obesidad (ORMD). Antes de la 

pérdida de peso, 10 perros fueron identificados con ORMD. En estos perros la 

concentración plasmática de adiponectina fue menor (P = 0,004), y la concentración 

plasmática de insulina fue mayor (P = 0,01) que en el resto de perros obesos. 

 

(4) Marcadores renales. La urea y la densidad aumentaron significativamente después 

de la pérdida de peso, mientras que UPCR, UAC, la creatinina sérica, la homocisteína, 

la cistatina C y la clusterina disminuyeron. 

 

4.2.3. Estudios clínicos en gatos 

-Pérdida de peso. Los resultados de todos los biomarcadores se muestran en la Tabla 

4.2. La adiponectina aumentó de forma significativa después de la pérdida de peso. Las 

PFAs en los gatos obesos estaban dentro del rango de referencia para gatos normales 

sanos, y no cambiaron significativamente después de la pérdida de peso. 

 

4.2.4. Enfermedades relacionados con obesidad 

-Hipotiroidismo. Veintiocho de los 39 perros mostraron una buena respuesta terapéutica 

(grupo A), mientras que el resto de los perros fueron considerados como que no habían 

tenido una respuesta adecuada al tratamiento  (grupo B). La mediana (rango) de los 

resultados de los analitos evaluados en ambos grupos de perros se presenta en la tabla 

4.3. Después del tratamiento, los perros del grupo A mostraron una disminución 

significativa en c-TSH y un aumento de la concentración de T4 libre, respectivamente, 

acompañado de un descenso significativo en el peso corporal y la adiponectina, y un 

aumento de Hp. Los perros de grupo B no mostraron cambios estadísticamente 

significativos en c-TSH, pero tenían un aumento significativo en fT4, acompañado de 

una disminución significativa de la adiponectina, aunque inferior que el grupo A. 
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Tabla 4.2. Biomarcadores plasmáticos antes y después de pérdida de peso en gatos. 
Analito Antes Después 

Adiponectina (pg/mL) 2661 (978 to 6039) 3174 (668 to 7820) a 

Hp (g/L) 1.7 (0.2 to 3.1) 1.8 (0.2 to 2.9) 

SAA (mg/L) 0.38 (0.38 to 0.38) 0.38 (0.38 to 0.38) 

Todos los datos se expresan como mediana (rango). 
a, p<0.05 vs. antes de pérdida de peso. 

Tabla 4.3. Mediana (rango) de los analitos medidos en los perros hipotiroideos que mostraron 
buena (Grupo A) o no suficiente (Grupo B) respuesta al tratamiento. 

  Grupo A   Grupo B 
  T1 T2 P   T1 T2 P 
TSH 1.55 

(0.60-8.30) 
0.40 

(0.03-4.80) <0,001   
1.00 

(0.60-4.30) 
0.90 

(0.50-4.20) NS 
FT4 10.00 

(0.0-16.00) 
16.50 

(10.00-29.00) <0,001  
10.00 

(7.00-11.00) 
14.00 

(12.00-17.00) <0,001 
Peso 35.50 

(6.00-69.00) 
33.45 

(15.00-70.00) 0,023  
39.00 

(26.00-54.00) 
38.50 

(26.00-51.00) NS 
Adiponectina, 
µg/mL 

13.30 
(5.23-23.78) 

9.48 
(0.43-27.92) 0,001  

16.97 
(8.02-29.87) 

14.53 
(5.92-23.64) 0,038 

CRP, mg/L 5 
(5.00-53.80) 

5 
(5.00-46.20) NS  

5 
(5.00-18.70) 

5 
(5.00-5.00) NS 

Hp, g/L 2.15 
(0,09-7.4) 

2.4 
(0.28-9.20) 0,039  

2.11 
(0.05-4.03) 

2.17 
(0.20-3.72) NS 

SAA, µg/mL 5.04 
(0.68-116.00) 

1.83 
(0.20-24.88) NS  

2.21 
(0.20-90.60) 

3.57 
(0.84-33.95) NS 

Cp, ∆A/min 0.024 
(0.001-0.042) 

0.022 
(0.005-0.055) NS   

0.027 
(0.003-0.052) 

0.020 
(0.004-0.033) NS 

T1, antes de la terapia; T2, 3 meses después de la terapia; NS, no significativo. 

Tabla 4.1. Valores del peso corporal y analitos bioquímicos en los perros con BCS 3/5 (grupo A), 
BCS 4/5 (grupo B1), y BCS 5/5 (grupo B2) después del engorde. 

  Grupo A   Grupo B1   Grupo B2 

Peso, kg 14.53±1.7  15.66±1.1  19,15±3,46* 

Adiponectina, µg/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*10-3, ∆abs/min 6.60±0.75  6.64±2.45  7.02±2.96 
*, p<0.05; **, p<0.01 vs grupo A. 



 

383 

 

  

T0 T1 T2 T3
0

5

10

15
B1
B2
B3
B4
B5
B6

****

A
di

po
ne

ct
in

,
µµ µµg

/m
L

T0 T1 T2 T3
0

2

4

6

8

10
B1
B2
B3
B4
B5
B6

hs
-C

R
P

, m
g/

L

T0 T1 T2 T3
0

1

2

3

4
B1
B2
B3
B4
B5
B6

H
ap

to
gl

ob
in

, g
/L

T0 T1 T2 T3
0.000

0.002

0.004

0.006

0.008

0.010
B1
B2
B3
B4
B5
B6

C
er

ul
op

la
sm

in
, a

bs
/m

in

T0 T1 T2 T3
600

800

1000

1200

1400
B1
B2
B3
B4
B5
B6Ig

G
, m

g/
dL

T0 T1 T2 T3
0

100

200

300

400

500
B1
B2
B3
B4
B5
B6Ig

M
, m

g/
dL

T0 T1 T2 T3
0

100

200

300

400

500
B1
B2
B3
B4
B5

*****

B6Ig
A

, m
g/

dL

 
Figura 4.3. Evolución de los niveles de biomarcadores séricos asociados con la inflamación 

en seis perros Beagle (B1-B6) antes (T0) 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; IgG, imunoglobulina G; IgM, imunoglobulina M; IgA, imunoglobulina A. *, 
P<0.05; **, P<0.01 vs. T0. 
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4.3. Discusión 

a) Relación obesidad-adiponectin. Nuestro estudio experimental, así como los 

estudios clínicos indicaron que la adiponectina sérica está disminuida en los perros 

obesos y aumenta significativamente después de la pérdida de peso. También nuestros 

estudios clínicos demostraron que la adiponectina en los gatos tiene un comportamiento 

similar al de los perros. Estos resultados están de acuerdo con lo descritos por algunos 

autores en los estudios de la obesidad en perros (Ishioka et al., 2006) así como en  

medicina humana (Arita et al., 1999; Chandran et al., 2003). Aunque contradicen los 

obtenidos por Verkest et al. (2011), quien no encontró correlación entre la obesidad y la 

adiponectina caninos. La ausencia de diferencias en los niveles de adiponectina entre 

perros obesos y delgados que se encontraron en estos estudios previos se podría atribuir 

a la alta variabilidad interindividual de la adiponectina, el no tener en cuenta el estado 

inflamatorio, y/o debido a la utilización de métodos que no han sido validados para la 

medición de la adiponectina en el perro. 

 

b) Relación obesidad-inflamación. Nuestros resultados indican que no hay signos 

que indiquen la existencia de una inflamación evidente en la obesidad canina y felina. 

Los artículos publicados anteriormente muestran resultados contradictorios acerca de 

los valores de proteína C reactiva en la obesidad canina. Unos autores encontraron 

aumentos, mientras que otros encontraron disminuciones, aunque los niveles de CRP en 

todos estos estudios estaban dentro del rango que indica una condición no inflamatoria 

(Veiga et al., 2008; German et al., 2009). En humanos obesos, los valores de CRP están 

entre 3 mg/L (las concentracones <3 mg/L se consideran en humanos como valores 

normales) y 10 mg / L (valores> 10 mg / L  son compatibles con la inflamación). Se ha 

postulado que estos valores intermedios no están directamente relacionadas con la 

inflamación y podría reflejar factores genéticos, variables demográficas, o patrones de 

comportamiento y de dieta (Kushner et al., 2006). 

 

c) Disfunción metabólica canina relacionada con la obesidad. En nombre  de 

“disfunción metabólica canina relacionada con la obesidad (ORMD)” y no "síndrome 

metabólico" se eligió por que el síndrome sugiere un proceso de enfermedad 

relacionada con la obesidad que aún no ha sido identificado en los perros. 

En nuestro estudio se encontró que un 30% de perros obesos mostraron presencia 

de ORMD, caracterizada por hipoadiponectinemia e hiperinsulinemia, de manera 



 

385 

 

similar como ocurre en seres humanos (Leroith, 2012) y caballos (Johnson, 2002). Este 

estudio podría ser la base de nuevas investigaciones para determinar los mecanismos 

patogénicos y la importancia de la salud de ORMD para perros, en términos de 

asociaciones de enfermedades y los resultados de la pérdida de peso. 

 

d) Efecto de pérdida de peso sobre los biomarcadores renales. Nuestros datos 

demuestran una disminución de varios biomarcadores renales como la clusterina, 

homocisteína y cistatina C en perros obesos sometidos a la pérdida de peso. Estos 

resultados sugerirían que en la obesidad canina se pueden producir posibles alteraciones 

subclínicas de la función renal, y explicarían los problemas renales que se han descrito 

asociados a la obesidad (German et al., 2010). 

 

e) Hipotiroidismo. Nuestros datos indican que la disminución de la adiponectina 

después del tratamiento puede ser atribuida directamente a la influencia de las hormonas 

tiroideas, como se ha sugerido en los seres humanos (Iglesias et al., 2003), ya que no se 

observó correlación entre esta adipoquina y el peso corporal. 

No hemos encontrado diferencias significativas en la media de los niveles 

circulantes de PFAs antes y después del tratamiento, con la excepción de un incremento 

significativo en las concentraciones de haptoglobina en los perros tratados con éxito, 

aunque estos valores estaban dentro del rango para animales sanos (Mylonakis et al., 

2011). Los resultados de CRP concuerdan con anteriores publicaciones, indicando que 

las alteraciones en el estado de la tiroides no producen aumentos evidentes de CRP en 

perros (Nakamura et al., 2008) asi como en los humanos (Pérez et al., 2004; Caixás et 

al., 2009). Sin embargo,  se encontraron valores de SAA mayores que el límite del 

rango de referencia de laboratorio (<5 mg / L)  en 14 perros antes del tratamiento. Y 

todos ellos, con la excepción de 2 perros, mostraron una disminución en valores de 

SAA después de la terapia, lo que indica la necesidad de estudios adicionales para 

investigar el papel de SAA en el hipotiroidismo canino. 

 
 
5. ESTUDIO E IDENTIFICACIÓN DE NUEVOS BIOMARCADORES  

RELACIONADOS CON LA OBESIDAD 

5.1. PON1 y BChE 

5.1.1. Material y métodos. 
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5.1.1.1. Validación de PON1 en perros y gatos. Se evaluaron tres ensayos  

espectrofotométricos diferentes para la medición de la actividad PON1 en muestras de 

suero canino. Dos métodos se realizaron en formato de microplaca de 96 pocillos 

usando acetato de fenilo y 5-thiobutyl butyrolactonase (TBBL) y uno fue adaptado a un 

analizador automatizado usando p-nitrofenil acetato como sustrato. Por otra parte se 

evaluó un método automatizado basado en el p-nitrofenil acetato en gatos.La validación 

analítica se realizó tal como se describe en la Sección 2, calculándose la precisión,  

exactitud, y el límite de detección. No se validaron métodos para determinación de 

BChE en perros y gatos  en este trabajo de doctorado, ya que han sido previamente 

validados (Tecles et al., 2000). 

 
5.1.1.2. Variaciones por inflamación 

-Efecto de sepsis. La descripción de materiales y métodos de la prueba inducción 

experimental de sepsis en perros aparece en la Sección 3.1. 

 
5.1.1.3. Variaciones debidas a la obesidad y enfermedades relacionadas 

5.1.1.3.1. Estudios experimentales en perro 

La descripción de materiales y métodos de las pruebas de inducción experimental de la 

obesidad y  pérdida de peso en perros aparece en la Sección 4.1.1. 

 
5.1.1.3.2. Estudios clínicos en perros 

La descripción de materiales y métodos de las pruebas de inducción de la pérdida de 

peso en  perros aparece en la Sección 4.1.2. 

 
5.1.1.3.3. Estudios clínicos en gatos 

La descripción de materiales y métodos de la prueba de pérdida de peso en gatos 

aparece en la Sección 4.1.3. 

 
5.1.1.3.4. Enfermedades relacionados con la obesidad en perros 

-Hipotiroidismo. 

Para la descripción de material y métodos ver sección 4.1.4. 

 
-Diabetes mellitus (DM). Se incluyeron en este estudio un total de 222 perros. Todos los 

perros se dividieron en 3 grupos: 
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Grupo 1: formado por 74 perros con diabetes mellitus. El diagnóstico de la diabetes 

mellitus se basó en los criterios  descritos  por Durocher et al (2008). Se incluyeron en 

el estudio sólo perros que no habian sido tratados previamente con insulina. 

Grupo 2: formado por 74 perros sanos sin evidencia clínica de enfermedad aguda o 

crónica, excepto obesidad en algunos casos. 

Grupo 3:formado por 74 perros que presentaban diferentes enfermedades, excepto 

diabetes mellitus. 

 

5.1.2. Resultados. 

5.1.2.1. Validación de PON1 en perros y gatos. Los datos analíticos de la validación de 

los tres métodos en perros y el de gatos se presentan en la tabla 5.1.1. 

 

5.1.2.2. Variaciones por inflamación 

-Efecto de sepsis. La BChE y PON1 en suero no mostraron cambios significativos en 

los perros de grupo control durante el período experimental. Sin embargo en los perros 

inyectados con LPS se observó una disminución significativa en la actividad BChE a las 

24 h y en la actividad PON1 a las 48 h  en comparación con los valores obtenidos en el 

tiempo 0 (Figure 5.1.1.). 

Tabla 5.1.1. Datos de validación analítica de los diferentes métodos evaluados para medir la actividad de 
PON1 (UI/mL) en muestras de suero canino y felino. 
Especie Ensayo Precisión   Exactitud    Límite de 

detección CV, %  Linealidad  

Intra Inter    Ecuación R²  

Perro Actividad de lactonasa en suero mediante la 
medición la hidrólisis de la 5-thiobutyl 
butyrolactonase (TBBL) [ensayo A] 

<7 <18  y=0.955x+0.22; 
y=0.594x+0.47 

0.995; 
0.908 

 1.0 

Actividad de arilesterasa en suero mediante la 
medición de la hidrólisis de acetato de fenilo 
[Ensayo B] 

<5 <10  y=1.041x-1.38; 
y=1.044x-1.25 

0.999; 
0.992 

 9.1 

Actividad de arilesterasa en suero mediante la 
medición de la hidrólisis de p-nitrofenil 
acetato [ensayo C] 

<6 <9  y=0.998x-0.14; 
y=1.056x-0.35 

0.994; 
0.991 

 0.6 

         
Gato Actividad de arilesterasa en suero mediante la 

medición de la hidrólisis de p-nitrofenil 
acetato 

<5 <7   y=0.897x+0.18; 
y=0.960x+0.17 

0.999; 
0.999 

 0.3 

CV, coeficiente de variación. 
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5.1.2.3. Variaciones debidas a la obesidad y las enfermedades relacionadas. 

5.1.2.3.1. Estudios experimentales en perros 

-Engorde. La actividad de BChE fue menor en los perros con BCS 3/5 (grupo A, 3.1 

kU/L [2.8-3.3]) que en los de BCS 4/5 (grupo B1, 3.8 kU/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 diferentes grupos de perros (grupo A, 5.7 

kU/L [5.1-6.3]; grupo B1, 5.1 kU/L [4.9-6.2], and grupo B2, 5.4 kU/L [5.0-6.3]). 

 

-Pérdida de peso. La BChE sérica disminuyó de forma significativa en los perros 

después de la pérdida de peso (6.05 [5.70-8.20] vs. 5.20 [3.10-5.60] kU/L; p<0.05), 

mientras que no se observaron diferencias estadísticamente significativas en la actividad 

PON1 en los perros antes (6.0 kU/L [4.9-7.2]) vs. después (5.83 kU/L [5.4-6.7]) de la 

pérdida de peso. 

 

5.1.2.3.2. Estudios clínicos en perros 

La actividad de la BChE sérica disminuyó significativamente en los perros después de 

la pérdida de peso, mientras que no se detectaron cambios estadísticamente 

significativos en la actividad sérica de PON1 (Tabla 5.1.3). 
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Figura 5.1.1. Media±SD de la actividad de BChE (a) y PON1 (b) 
durante el período experimental en perros tratados con NaCl 0,9% sol. 
(Grupo control, líneas azules) y en perros que fueron inyectados con 
LPS (grupo prueba, líneas rojas). *, P <0,05 vs 0 horas. 

Tabla 5.1.3. BChE y PON1 en perros antes y después de pérdida de peso. 

 

Antes de 
pérdida de 

peso 

Después de 
pérdida de 

peso 
P 

BChE (kU/L) 7.4 
(2.4-14.8) 

5.9 
(2.5-14.0) 

<0.05 

PON-1 (kU/L) 2.5 
(0.5-3.8) 

2.23 
(0.5-3.4) 

>0.05 
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5.1.2.3.3. Estudios clínicos en gatos 

-Pérdida de peso. No hubieron diferencias significativas en las actividades de BChE (P 

= 0,737) o (PON-1) entre antes y después de la pérdida de peso en gatos (Tabla 5.1.4). 

Sin embargo, actividad de PON-1 antes de la pérdida de peso fue menor (P = 0,004) en 

los gatos que no completaron el programa  de pérdida de peso que en aquellos que 

tuvieron éxito. 

 

5.1.2.3.4. Enfermedades relacionadas con la obesidad en perros 

-Hipotiroidismo. Los perros que tuvieron una buena respuesta terapéutica mostraron un 

aumento significativo en la actividad de BChE de 5.20 kU/L (2.90-9.50) a 5.65 kU/L 

(2.70-10.70). No se observaron cambios estadísticamente significativos después de 

tratamiento en la actividad de PON1 en los dos grupos de perros. 

 

-Diabetes mellitus. Se observó 

que la actividad de BChE era 

significativamente más alta en 

perros con diabetes mellitus 

(grupo 1) en comparación con 

los perros sanos o perros con 

enfermedades diferentes a la 

diabetes mellitus (grupos 2 y 3) 

(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 diferentes 
enfermedades, excepto diabetes mellitus (Grupo 3). *, 
P<0.05; **, P<0.01. 

Tabla 5.1.4. BChE y PON1 en los gatos del programa de pérdida de peso. 

 
Gatos que no lo 

completaron 

Gatos que lo completaron 

Antes de pérdida 
de peso 

Después de pérdida 
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) a 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 tipo 1. 
a, p<0.01 compardo con gatos que completaron el programa successful cats pre-weight loss. 
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5.1.3. Discusión 

a) Ensayos para el PON-1.  Todos los ensayos evaluados fueron precisos (con la 

excepción de los valores de interensayo de método para medir lactonasa en muestras 

caninas), exactos y fáciles de instalar en el laboratorio. Estos ensayos facilitarán la 

implantación del PON-1  en los laboratorios de veterinaria y la investigación del 

comportamiento de esta enzima en la obesidad y las enfermedades relacionadas ella en 

perros y gatos. 

 

b) Inflamación. Nuestros datos indican que la inflamación severa disminuye tanto 

la actividad de BChE como la de PON1 en perros (aproximadamente 30% y 20%, 

respectivamente), de manera similar como ocurre en humanos (Al-Kassab and 

Vijayakumar, 1995; Blanceil and Delaroche, 1996). La disminución de BChE podría ser 

una respuesta del organismo con el fin de aumentar los niveles de acetilcolina y así 

limitar la respuesta inflamatoria (Rossas-Ballina and Tracey, 2009). Mientras que la 

disminución observada en la actividad PON1 podría atribuirse principalmente a dos 

mecanismos: (1) efecto negativo directo de citoquinas (TNF-α, IL-1) sobre la expresión 

de PON1 (Feingold et al., 1998); y (2) cambios en los lípidos y la composición de 

proteínas de HDL como respuesta a la inflamación, ya que durante la respuesta de fase 

aguda el HDL pierde la mayor parte de las enzimas asociadas (incluyendo PON1) (Van 

Lenten et al., 1995; James and Deakin, 2004). 

 
c) Obesidad. La BChE sérica demostró ser un buen marcador de adiposidad en los 

perros, de forma similar a lo descrito en humana (Randell et al., 2005). No se 

observaron cambios en la actividad PON1 en la obesidad en perros, y BChE y PON1 en 

gatos. Aunque en los gatos los valores de PON1 podrían ser utilizado como un factor 

predictivo del éxito de programa de pérdida de peso. Sin embargo, estos resultados 

deben considerarse preliminares, y se deberían realizar más estudios para aclarar la 

relación entre  BChE y PON1 y la obesidad en el gato. 

 
d) Hipotiroidismo. Cuando los perros hipotiroideos respondieron adecuadamente 

al tratamiento, se produjo un aumento de la actividad BChE en suero, de manera similar 

como se ha descrito en humana (Popović et al., 1998). El aumento de la actividad de 

BChE podría estar implicado en la hidrólisis de los triglicéridos (Popović et al., 1998), 

contribuyendo a la mejora del perfil lipídico que se ha descrito en perros hipotiroideos 

después de la terapia de tiroxina (Dixon et al., 2002). 
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e) Diabetes mellitus. La evaluación de la BChE en la diabetes mellitus canina se 

realizó debido a dos razones principales. En primer lugar no hay publicaciones acerca 

de este tema en perros. Y además la BChE está incluida en el perfil bioquímico general 

del hospital veterinario "San Marco", lo que nos permitió realizar un estudio 

retrospectivo con más de 200 perros con el fin de evaluar los posibles cambios en la 

actividad BChE debido a la presencia de DM. Se trata de un estudio preliminar, y se 

deberían realizar estudios adicionales que evalúen el PON1 y otros marcadores 

utilizados en este estudio de doctorado (como adiponectina, IGF-1 y PFAs) en la 

diabetes mellitus canina con el fin de aclarar sus mecanismos fisiopatológicos. 

 

  Los perros con diabetes mellitus mostraron mayor actividad BChE que los perros 

sanos, de forma similar a como se describe en humana (Abbott et al., 1993). Sin 

embargo, la condición corporal no afectó los valores de BChE en perros con diabetes 

mellitus, como también se ha descrito en humana (Abbott et al., 1993). Esto indica  que 

la insensibilidad o deficiencia de insulina en diabetes mellitus podría tener una mayor 

influencia sobre la actividad BChE que el peso corporal. 

 

5.2. Proteómica 

5.2.1. Material y métodos 

-Animales y desarrollo experimental 

La descripción de los animales y desarrollo experimental aparece en la Sección 

4.1.1. 

 

- Electroforesis de dos dimensiones en gel de poliacrilamida (2DE) 

Las muestras de suero antes (T1) y después (T2) de la pérdida de peso se 

analizaron por duplicado en 2DE. El isoelectroenfoque de primera dimensión se realizó 

en tiras (11 cm) caseras en gradiente inmovilizado de pH con intervalo de pH no lineal 

comprendido entre 4 y 10. La segunda dimensión se realizó en geles de poliacrilamida 

caseras 140 x 140 x 1.5mm de gradiente 10-15%. Después de la electroforesis, se 

tiñeron los geles con plata de acuerdo con protocolos estándar anteriormente descritos 

(Miller and Gemeiner, 1992). 
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- Análisis de imágenes de geles 2DE 

Los geles 2D teñidos fueron escaneados con ImageScanner II (GE Healthcare Life 

Sciences) y evaluados mediante el uso de un software específico (imagen principal 2D 

Platinum 7.0, GE Healthcare Life Sciences). 

 
- Identificación con espectrometría de masas (MS) y análisis de los datos 

Las manchas (o “spots” en inglés) que aparecieron expresados de forma diferente 

en los animales obeso en comparación con los delgados fueron sometidos a una 

identificación por espectrometría de masas MALDI-TOF/TOF (Ultraflex II, Bruker 

Daltonics). 

Los datos fueron analizados utilizando Mascot (www.matrixscience.com) en las 

bases de datos Swiss-Prot (versión 56.5) o NCBInr (20090314).  

 
5.2.2. Resultados 

Los resultados del “mapa” de proteínas de suero canino utilizando 2DE reveló 

más de 170 “spots” individuales con pesos moleculares entre 10 y 100 kDa en un 

intervalo de pH de 4 a 10 (Figura 5.2.1). Los perfiles proteicos obtenidos en los estados 

de obesidad y delgadez  fueron homogéneos, ya que no se detectaron diferencias entre 

repeticiones y entre las imágenes de las muestras en los mismos estados. 

Mediante análisis por imagen se detectaron 3 “spots” que fueron expresados de 

forma diferencial en la situación de pérdida de peso en comparación con el estado de 

obesidad. De estos tres puntos, dos habían incrementado y uno se había reducido (tabla 

5.2.1). 

El MALDI-TOF/TOF MS permitió la identificación de las 3 ”spots” de proteínas, 

correspondiendo a la proteína retinol-binding 4 (RBP4), precursor de clusterina (CLU), 

y antitrypsina alfa-1 (AAT) (Tabla 5.2.2). 
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Figura 5.2.1. Imágenes representativas de geles 2DE teñidos con plata de suero canino obtenido antes (T1, 
estado obeso) y después de la pérdida de peso (T2, estado delgado), que corresponden al perro número 1. 
“Spots” de proteínas expresados diferencialmente entre los estados de obesidad y delgadez de los perros 
están rodeados y numerados: (1) proteína retinol-binding 4; (2) precursor de clusterina; (3) inhibidor de 
peptidasa de Serpin, clade A (alfa-1 antiproteinasa, antitripsina), miembro 1. 
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Tabla 5.2.2. Identificación MS de proteínas de las muestras obtenidas de suero canino. MW: peso 

molecular. PI: punto isoeléctrico. 

Spota 
Número de 

accesob 
Identificación de 

proteínas 
Teórico 

MW [kDa]  
Teórico 

pI 

Número 
de 

péptidos 
únicos 

Cobertura 
de 

secuenciac 
[%] 

Puntuación 

1 gi|73998292 Retinol-binding protein 4 
[Canis lupus familiaris] 

29.8 9.4 3 19.5 390.2 

2 gi|50979240 Clusterin precursor [Canis 
lupus familiaris] 

51.8 5.6 3 9.7 81.3 

3 gi|121583756 Serpin peptidase inhibitor, 
clade A (alpha-1 
antiproteinase, 

antitrypsin), member 1 
[Canis lupus familiaris] 

46.3 5.5 2 6.5 239.2 

a Numero de “spot” anotado en los imagenes de geles (ver Figura 1). 
b Número de acceso de base de datos NCBI (gi). 
c Cobertura de secuencia: por ciento de secuencia identificado a la secuencia completa de la proteína conocida. 

Tabla 5.2.1. Manchas expresadas diferencialmente en estado de obesidad versus delgadez en perros. X: media 
de los volúmenes normalizados. SD: desviación estándar. 

Spotsa 
Obesidad vs 

Delgadez 

Obesidad Delgadez 

P (n = 5) (n = 5) 

X SD X SD 

1 ↑ 0.2091 0.0155 0.1534 0.0409 0.0316 

2 ↑ 0.1639 0.0303 0.0964 0.0234 0.0072 

3 ↓ 0.1998 0.3169 2.726 0.3001 0.0310 
a Numeros de “spots” anotados en la imagen de gel (ver figuras 1 & 2). 
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5.2.3. Discusión 

Este estudio consistió en el análisis de proteoma del suero en perros beagle antes y 

después de un programa controlado de pérdida de peso. La comparación estadística de 

los volúmenes de las “spots” reveló tres que mostraban diferencias en la expresión  

entre el estado de obesidad y delgadez de los animales. No se detectó ninguna de las 

citoquinas o adipoquinas que se saben que estan alteradas en situaciones de obesidad 

(German et al., 2010). Esto podría explicarse por la falta de sensibilidad de la técnica, 

ya que cuando los métodos 2DE de gel se utilizan para el análisis del proteoma, la 

detección de algunos biomarcadores puede ser muy difícil debido a la presencia de 

proteínas de alta abundancia que enmascaran otras proteinas (Selvaraju and Rassi, 

2012). 

El análisis de espectrometría de masas reveló que CLU, RBP4, y AAT séricos 

fueron las proteínas correspondientes a las ”spots” que mostraron cambios en el análisis 

2DE. Estas proteínas podrían ser consideradas como posibles marcadores de obesidad y 

de las enfermedades relacionadas con la obesidad en perros. Los datos de nuestro 

estudio clínico de pérdida de peso en perros apoyan este hallazgo, ya que CLU sérico 

fue significativamente menor en perros después de la pérdida de peso (Sección 4.1.2). 

Sería recomendable realizar estudios futuros, evaluando RBP4 y AAT en el suero de 

perros de peso normal y obesos mediante el uso de ensayos especies específicos, con el 

fin de verificar los resultados obtenidos en proteómica. 

 

6. CONCLUSIONES 

 
1. Los ensayos disponibles comercialmente en la actualidad para la adiponectina y 

la IGF-1 mostraron unos resultados adecuados de validación en el perro y en el 

gato. Sin embargo, los ensayos para leptina y grelina, probados en nuestro 

estudio, mostraron una sensibilidad y/o exactitud baja, y por ello se 

recomendaría el desarrollo de nuevos kits para medir estas adipoquinas en perros 

y gatos. 

 

2. La adiponectina e IGF-1 séricas no están influenciados por los ciclos de 

alimentación/ayuno o por la administración de una dosis única de corticoides. 

También los niveles circulantes de adiponectina no se ven afectados por una 
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orquidectomia. Sin embargo, hay que tener precaución al interpretar los valores 

de IGF-1 de los perros castrados o valores de adiponectina obtenidos de perras 

en celo, ya que pueden estar descendidos o aumentados respectivamente en estas 

situaciones. También se debe evaluar el estado inflamatorio del animal siempre 

que se analice tanto la adiponectina como la IGF-1, ya que la inflamación 

disminuye las concentraciones de estas proteínas en forma significativa. 

 

3. La obesidad canina y felina está asociada con una disminución de la 

concentración de adiponectina, aumentando después de la pérdida de peso. Sin 

embargo, la obesidad no parece producir una inflamación evidente, al menos que 

se puede detectar con las proteínas de fase aguda. 

 

4. Hasta un tercio de los perros obesos sufren del síndrome de disfuncion 

metabólica relacionado con la obesidad. Este síndrome está caracterizado por 

hipoadiponectinemia y la hiperinsulinemia, de manera similar como ocurre en el 

síndrome metabólico en humana. 

 

5. La pérdida de peso en perros está asociada con un descenso de los marcadores 

séricos de  disfunción renal, como clusterina, homocisteina, cistatina C. 

 
6. La terapia adecuada de los perros con hipotiroidismo disminuye las 

concentraciones de adiponectina y aumenta la actividad de BChE. 

 

7. La BChE sérica demostró ser un buen marcador de la adiposidad en los perros y 

está aumentada en la diabetes mellitus canina. No se observaron cambios en la 

actividad de PON1 en perros obesos, ni BChE y PON1 en gatos obesos. Aunque 

en los gatos, el PON1 podría ser utilizado para predecir el éxito del programa 

pérdida de peso. La actividad BChE está incrementada en perros con diabetes 

mellitus. 

 
8. El análisis proteómico reveló tres proteínas (clusterina, proteína retinol-binding 

4 y alfa-1 antitripsina) que podrían ser considerados como posibles marcadores 

de obesidad y enfermedades relacionadas en el perro. 
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