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Abstract

Leptin is a cytokine produced by adipocytes, and plays a key role in the regulation of
energy balance. In the present study, we measured plasma leptin concentrations of 166 normal
and obese dogs visiting veterinary practices, and clarified the influence of age, gender and breed
on plasma leptin levels in dogs. Leptin levels were higher in the dogs with higher body
condition scores. There was no noticeable influence of age, gender and breed, but those in
optimal puppies and obese Miniature Dachshund tended to be lower than those in corresponding
groups. We conclude that plasma leptin is a reliable marker of adiposity in dogs regardless of
age, gender and breed variations, and thereby useful as a blood biochemistry test for health

examinations and treatment of obesity.
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1. Introduction

Obesity is the most common nutritional disorder encountered in small animal medicine,
and is associated with various other diseases, such as diabetes mellitus, pancreatitis,
cardiovascular diseases and articular problems (Lund et al., 1999). Quantitative estimation of
adiposity is essential for diagnosing obesity and for evaluation of preventive and therapeutic
challenges in human medicine. Although there are various methods for diagnosis of obesity in
human medicine, most of them are not successfully applicable to small animal medicine. For
example, body mass index (BMI) is a simple and reliable indicator of obesity in humans, but it is
not suitable in the dog and cat because of wide variations of their body dimensions. The body
condition score (BCS) and relative body weight (RBW) are widely used to evaluate nutritional
condition of the dog and cat, but they are based on subjective estimation (Laflamme, 1997).

Leptin, the product of the ob gene, is a representative adipocytokine, which is synthesized
and secreted primarily by adipocytes (Zhang et al., 1994), and it is a key molecule for the
regulation of whole body energy balance. In humans and rodents, blood leptin concentration is

known to positively correlate with body fat content (Maffei et al., 1995). Since plasma leptin
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level is closely related to metabolic condition, it can be a strong tool for the study of obesity and
related disorders. Previously, we cloned canine leptin gene (Iwase et al., 2000b), produced
recombinant protein, and established a sandwich ELISA specific to canine leptin (Iwase et al.,
2000a). Using this ELISA method, we demonstrated a highly positive correlation between
plasma leptin concentration and body fat content estimated by a deuterium oxide dilution method
in experimentally induced obese beagles (Sagawa et al., 2002, Ishioka et al., 2002b). We also
found, in preliminary studies, higher plasma leptin concentrations in dogs with higher BCSs
visiting veterinary practices (Ishioka et al., 2002b), but the sample size was too small to analyse
the effects of various factors other than BCSs statistically. In the present study, we collected
plasma samples from 166 dogs visiting 8 veterinary practices and performed a retrospective study

focusing on the relationship of the plasma leptin concentration to BCS, age, gender and breed.

2. Materials and Methods

2.1. Subjects and sample collection

Plasma samples were collected during a 5-year period from 1999 to 2003 from eight
veterinary practices in Japan consisting of two veterinary teaching hospitals (Hokkaido
University and Gifu University) and 6 private general practices. Detailed information, such as

name, age, gender (male, female, castrated or spayed), breed, feeding status (fed or fasted before
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sampling) and clinical history were recorded for each dog. The assessment of the nutritional
condition was based on a five-scale BCS. Since we have previously found that plasma leptin
concentration is increased 2 — 10 hours (hr) after food intake (Ishioka et al., 2005), administration
of insulin (Ishioka et al., 2005) and glucocorticoids (Ishioka et al., 2002a), in the present study,
we carefully assessed the individual records, and only used blood samples collected from 166
dogs that had been fasted for at least 10 hr and not treated with insulin and/or glucocorticoids.
Most of the animals presented to the hospitals for castration, ovariohysterectomy, dental

treatment and health examinations.

2.2. Leptin assay

The plasma leptin concentration was measured by the previously reported method of
sandwich ELISA using an anti-canine leptin antibody (lwase et al., 2000a) with minor
modifications. Briefly, each well of a 96-well microplate was coated with 0.2 pg of the purified
rabbit anti-canine leptin antibody and incubated for 2 hr at room temperature.  After washing the
wells twice with TBS-T (10 mM Tris-HCI, pH 7.4/150 mM NaCl/0.05% Tween 20), 300 pL of
TBS-T-BSA (TBS-T/0.1% bovine serum albumin) was added to each well for blocking. After a
2 hr incubation, the wells were then washed twice with TBS-T, and incubated overnight at 4°C
with 80 uL of 30% normal rabbit serum and either 20 pL of plasma or recombinant canine leptin
(0.5-32ng/mL). The wells were washed 5 times with TBS-T, and incubated with 100 pL of

horseradish peroxidase-conjugated anti-canine leptin antibody (0.2 pg/mL) for 4 hr at 4°C.
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After washing 7 times, the wells were incubated with 100 pL of a peroxidase substrate solution in
the dark for 30 min at room temperature.  After stopping the reaction by adding 50 pL of 1N

sulfuric acid, the absorbance of each well was measured at 450 nm.

2.3. Data analyses

All leptin data were recorded and classified based on their profiles, such as age, gender,
breed and BCS. Values were expressed as mean = standard error of the mean.  Statistical
analyses were performed by Spearman’s rank correlation test for comparison of the groups with
different BCSs. Analysis of variance (ANOVA) with Scheffe's test as a post hoc was also used
for comparison of the groups with different profiles, such as gender and breed. P<0.05 is

considered significant. (Statview 5.0, SAS Institute Inc, Cary, NC, USA)

3. Results

3.1. Population of subjects

The general profiles and populations of 166 dogs used in the present study were as follows:
When the dogs were divided based on their BCS, 45 were optimal (BCS 3), 46 overweight (BCS
4) and 75 obese (BCS 5). Their ages ranged between 6 months and 17 years old, with a median

of 8.8 years old. Fourty-eight were intact males, 12 castrated, 57 intact female and 44 spayed
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(the age of 5 dogs and the gender of 15 dogs were unknown). The breeds included 31 Golden
Retriever, 10 Labrador Retriever, 26 Miniature Dachshunds, 15 Shetland Sheepdog, 13 Shih Tzu
and 34 mixed breeds. The other 30 dogs consisted of Beagle, Bichon Frise, Chihuahua, Cocker
Spaniel, Maltese, Miniature Schnauzer, Pekingese, Pomeranian, Poodle, Shiba Inu, Siberian
Husky, Tosa Inu, Yorkshire Terrier, and Welsh Corgi, but the number of these individual breeds

was less than 10 each.

3.2. Effects of BCS

Table 1 shows plasma leptin concentrations for each BCS in all dogs. Plasma leptin
concentrations were considerably different among individual dogs, ranging from undetectable
(less than 0.5) to 33.4 ng/mL. Mean leptin concentrations were 3.0 = 0.2 ng/mL in BCS 3, 8.6 +
0.7 ng/mL in BCS 4 and 12.8 + 0.8 ng/mL in BCS 5. Plasma leptin concentrations were

significantly higher in dogs with higher BCSs (p=0.639, p<0.0001).

3.3. Effects of age and gender

Table 2 shows the correlation between the plasma leptin concentration and age for each
BCS in 151 dogs (the age of 15 subjects was unknown). There was a weak but positive
correlation between plasma leptin concentration and age in the 40 dogs with BCS 3 (p=0.345,
p=0.031). This group included 6 puppies younger than 1 year old, which showed rather lower

leptin concentration (2.0 £ 0.2 ng/mL) than the remaining 34 adults (3.1 £ 0.3 ng/mL). When
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the data from only the 34 adults with BCS 3 were analyzed, no significant relationship was
detected. Similarly, there was no significant effects of age in dogs with BCS 4 (p=0.609) and 5
(p=0.263).

The effects of gender were also analyzed in 161 dogs (the gender of 5 subjects was
unknown). As shown in Table 3, plasma leptin concentrations were not different between male
and female dogs regardless of their BCS.  In male dogs, there was no significant effect of
castration regardless of the BCS.  Although spayed dogs of BCS 3 showed elevated plasma
leptin concentrations compared to unspayed females (4.8 £ 0.8 ng/mL vs. 2.6 £ 0.3 ng/mL), it
was not significant and such effects were not found in female dogs with BCS 4 and 5. More
importantly, in all genders, plasma leptin showed significantly higher values in dogs with higher

BCSs (p=0.512-0.704, p=<0.0001-0.042).

3.4. Plasma leptin in various breeds

Table 4 shows the relationship between the plasma leptin concentration and BCS in various
breeds. Six breeds, Miniature Dachshund (n=26), Shih Tzu (n=13), Mix breed (n=34), Shetland
Sheepdog (n=15), Golden Retriever (n=31), and Labrador Retriever (n=10), were selected for the
analysis, while the data from other breeds were not analyzed because of rather small sample size
of less than 10 dogs per breed. In dogs with BCS 3, the mean plasma leptin concentrations were
equal to or lower than 5 ng/mL in all the breeds, showing no significant difference among the

breeds. Plasma leptin concentrations in dogs with BCS 4 ranged between 7.1 £ 1.2 ng/mL and
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15.5 + 2.6 ng/mL, and those in dogs with BCS 5 were between 8.1 £ 1.2 ng/mL and 21.0 + 3.1
ng/mL. Inall BCS groups, Shetland Sheepdog showed the highest leptin values while
Miniature Dachshund showed the lowest. Plasma leptin at BCS 5 in Miniature Dachshund was
significantly lower than that in Shetland Sheepdog (P<0.05). More importantly, in all breeds,
plasma leptin concentrations were significantly higher in dogs with higher BCSs (p=0.558-0.812,

p=0.001-0.037).

4. Discussion

We have shown that plasma leptin concentrations correlate positively with body fat content
in experimentally induced obese beagles (Sagawa et al., 2002, Ishioka et al., 2002b), suggesting
that plasma leptin is a good index of adiposity in the dog, as has been well-establised in humans
and rodents. In our previous studies using beagles, the subjects were chosen for homogeneity of
age, gender, breed, and housing conditions such as room temperature, lighting conditions, and
feeding time. In small animal practices, however, the patients and their conditions are
considerably heterogeneous. In preliminary studies using 19 overweight and/or obese dogs
visiting veterinary practices, we also found elevated plasma leptin concentrations compared with
non-obese optimal weight dogs (Ishioka et al., 2002b). Consistent with our preliminary results,

the present large-scale retrospective study using 166 clinical cases clearly showed higher plasma
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leptin concentrations in subjects with higher BCSs; that is, the mean concentration was 3.0 ng/mL
in BCS 3, and increased to 8.6 and 12.8 in BCS 4 and 5, respectively. Since BCS is widely
accepted as a semi-quantitative index of adiposity, and BCS 3, 4 and 5 correspond to optimal,
overweight and obese, respectively, plasma leptin is thus confirmed to be a quantitative marker of
obesity in the dog.

Based on the relatively large number of subjects, we analyzed the influences of age, gender
and breed on the BCS-related increase in plasma leptin.  The analysis of the relationship
between the plasma leptin concentration and age at each BCS showed a weak but significant
positive correlation between the two parameters in 40 dogs with BCS 3, but not those with BCS 4
and 5. The BCS 3 group contained 6 puppies younger than 1 year old, which showed lower
leptin concentrations than the remaining 34 adults, probably reflecting less body fat contents in
puppies than that in the adult dog. In fact, re-analysis of the data after censoring the puppies
revealed no significant effect of age, in the same way as in the groups of BCS 4 and 5 which did
not include puppies. Thus, there is no effect of age on plasma leptin concentration and its
relation to adiposity over one year of age (generally, obesity is a disorder of adult subjects).

The effects of gender physiology were analyzed by comparing the leptin data obtained
from male, female or between neutered and intact dogs. There was no significant difference
between male and females, and also between neutered (castrated or spayed) and normal dogs,
regardless of whether they were obese or of optimal body condition. These findings seem

consistent with our previous results using female beagles in which plasma leptin concentrations
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did not change after ovariohysterectomy (Sagawa et al., 2002). In humans and mice, it has been
reported that plasma leptin concentrations are higher in females than males, depending on leptin
secreted from the placenta (Masuzaki et al., 1997).  Although our results did not confirm such a
gender difference, we have not yet measured leptin levels in pregnant dogs. Further study is
required to clarify this point. In addition, stomach (Bado et al., 2005) and mammary gland
(Smith-Kirwin et al., 1998) are also known to produce significant amounts of leptin, but these
have not been studied as yet in the dog.

Most interesting is that plasma leptin concentrations in the subjects with BCS 3 were
within a rather low and limited range in various breeds, despite their largely different body sizes,
and increased 3-5 fold with increasing BCS in most breeds tested. ~ One exception was the
Miniature Dachshund, in which plasma leptin concentration was lower than 10 ng/mL even in the
subjects with BCS 5.  This finding may not be due to their relatively small body size, because
plasma leptin in Shih Tzu with BCS 5, which is also a toy-breed, was elevated similarly to other
breeds with larger body sizes. We could not detect a significant difference between Miniature
Dachshund and other breeds, however, this may in part be due to the small sample size in the
individual breed groups. However, plasma leptin concentrations were significantly higher in
dogs with higher BCSs in all breeds. The present results strongly suggest that plasma leptin is a
good quantitative marker of adiposity, regardless of wide variations of body size among breeds,
although the possibility of some innate breed-specific effect cannot be excluded at present.

In conclusion, plasma leptin is an available and quantitative index of adiposity in dogs
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regardless of their age, gender and breed variations. In companion animal practices, leptin
levels could be monitored in obesity-control programs to ensure fat loss instead of muscle loss,
and therefore useful as a blood biochemistry test. In addition, leptin could also be a helpful
parameter for scientists studying obesity in dogs, for example, it can be an index to evaluate the
effect of newly developed anti-obese drugs. Collectively, leptin is a strong tool for both study

of obesity and health examinations in dogs.
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Table 1
Plasma leptin concentration for each body condition score (BCS).

BCS Leptin (ng/mL)
3 3.0+0.4 (n=45)
4 8.6+0.7 (46)

5 12.8+0.8 (75)

0=0.639 (p<0.0001)

Table 2
Correlation between the plasma leptin concentration and age for each body condition score (BCS).

BCS p (leptin vs age) p
0.345 (n=40) 0.031
4 0.082 (40) 0.609

0.134 (71) 0.263




Table 3

Gender variation of the plasma leptin concentration for each body condition score (BCS).

Gender BCS

3 4 5
Intact male 3.0+0.4 (n=19) 8.7x1.4 (14) 12.7+1.7 (15) p=0.704 (p<0.0001)
Castrated 1.3+0.8 (2) 12.5+2.9 (5) 16.0+64.1 (5) p=0.614 (p=0.042)
Intact female 2.6+0.3 (14) 7.3+1.0 (16) 12.1+1.4 (27) p=0.663 (p<0.0001)
Spayed 4.840.8 (5) 8.7+£1.1 (11) 12.9+1.4 (28) p=0.512 (p=0.0008)




Table 4
Relationship between the plasma leptin concentration (ng/mL) and body condition score (BCS) among various breeds
(n=129).

Breed BCS
3 4 5

Miniature Dachshund 2.5+0.4 (n=8) 7.1+1.2 (10) 8.1+1.2% (8) p=0.685 (p=0.001)
Shih Tzu 2.8+0.4 (6) 8.2+2.1 (3) 14.8+6.3 (4) p=0.812 (p=0.005)
Mix 2.611.0 (6) 10.1+2.0 (8) 13.0£1.8 (20) p=0.558 (p=0.001)
Shetland Sheepdog 5.0£1.5(3) 15.542.6 (2) 21.0+3.1° (10) p=0.680 (p=0.011)
Golden Retriever 4.4+1.3 (5) 12.5+1.9 (10) 15.4+1.1 (16) p=0.590 (p=0.001)
Labrador Retriever 3.1+0.5 (3) 7.9+2.6 (5) 13.4+1.4 (2) p=0.697 (p=0.037)

a,b Values with different letters are significantly different (p<0.05).
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