Validation of 2 commercially available enzyme-linked immunosorbent
assays for adiponectin determination in canine serum samples

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

Abstract

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

Résume

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

(Traduit par Docteur Serge Messier)

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

Introduction

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

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

rapid turnaround (18).

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

Dogs and samples

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

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

Adiponectin analysis

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

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

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

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

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

Analytical validation

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

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

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

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

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

Effects of hemolysis and lipemia

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

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

Statistical methods

Arithmetic means, medians, and intra-assay and interassay CVs
were calculated by means of routine descriptive statistical proce-
dures and software [Excel (Microsoft, Redmond, Washington, USA)
and GraphPad Prism (GraphPad Software, San Diego, California,
USA)]. Differences between results obtained with human and canine
standards and comparison of the results for lean dogs with those
for overweight or obese dogs obtained with the assay for human
adiponectin were studied by use of Student’s f-test with a signifi-
cance level of P < 0.05. In addition, Bland-Altman plots were used
to evaluate the clinical agreement between results obtained in the
ELISA for human adiponectin with 2 different standards and to
reveal any bias. Bias was computed as the mean difference between
scores for the 2 methods. Values for 95% limits of agreement (LOA)
were computed as the mean difference = 1.96 standard deviations
of the difference. Linearity under dilution was accomplished by
ordinary linear regression analysis comparing the measured levels
of adiponectin with the expected levels. Interferograms were pre-
pared to show the differences in adiponectin concentration when
hemoglobin or lipid was added. On the graphs the X-axes show
increasing concentrations of hemoglobin or lipid; the Y-axes show
the percentage change in adiponectin [V (V) X 100]. Additionally,
regression analysis was applied in the comparison of results of the
canine and human ELISAs to derive regression data. The significance
level used in each case was P < 0.05.

Assay characteristics

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

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

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

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

Effects of hemolysis and lipemia on adiponectin
analysis

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

Ability of the assays to differentiate lean and
obese dogs

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

There are numerous methods to determine grade of obesity in
dogs, but most of them are complicated, expensive, or time-intensive
(25). So in recent years it has become of great interest to find new,
rapid, and reliable methods to diagnose and monitor obesity in this
species. Adiponectin is decreased in obese dogs and can be used
as an obesity marker (13,14). But the measurement of adiponectin
concentrations is not very common in companion animal practices,
which often use RIA kits. These kits have the inherent disadvantages
of the need to have special installations and to dispose of radioactive
wastes, as well as being labor-intensive and having a long processing
time. The development of adiponectin assays based on the ELISA
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Table I. Intra-assay and inter-assay coefficients of variation (CVs) in the adiponectin concentration of serum samples with high
and low values [mean and standard deviation (s) for 2 samples] as determined by a canine-specific enzyme-linked immunosorbent
assay (ELISA) and an ELISA originally designed to measure the adiponectin concentration in human serum

Obtained in present study Reported by manufacturer

Adiponectin
concentration
Number of (ug/mL) Mean adiponectin
ELISA Comparison samples Mean S CV (%) concentration (ug/mL) CV (%)
Canine-specific Intra-assay 2 20.20 1.26 6.26 13.39 2.86
2 7.11 0.31 4.40 1.58 4.21
Inter-assay 2 25.81 2.20 8.52 13.47 0.46
2 5.59 0.74 13.31 1.73 8.97
Human Intra-assay 2 18.58 1.39 7.45 13.75 4.2
2 5.45 0.135 2.48 6.59 6.7
Inter-assay 2 18.54 1.76 9.52 19.08 9.5
2 5.52 0.59 10.60 6.41 7.6
35
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corresponding analyte, provide repeatedly accurate results, and
discriminate between healthy and diseased animals (26).

This study validated 2 different ELISA kits for adiponectin mea-
surement in dogs: 1 canine-specific and 1 designed for measuring

y = 0.999x + 0.6592
35 R? = 0.997

adiponectin in humans. The use of a canine serum sample with a

Observed concentration (jug/mL)
N
[3,]

20 known adiponectin concentration measured by the canine-specific
15 assay to calibrate the human adiponectin ELISA was evaluated. A
10 proportional bias was detected between the human and canine stan-
5 dards. Although the reasons for this bias are not clear and should be
0 ‘ further investigated, from a practical point of view this bias could
0 10 20 30 40 indicate that the use of a canine serum sample as a standard might

contribute to better differentiation between low and high adiponectin
concentrations in overweight or obese and lean dogs, respectively.

Expected concentration (j.g/mL)

Figure 1. Linearity under dilution of 2 canine serum samples with different

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

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

In this study similar CVs were obtained in the 2 assays. However,
except for the intra-assay CV for low adiponectin values in the
human assay, the CVs obtained with both ELISA kits for intra-assay
and interassay precision were higher than those reported by the
manufacturers. A murine RIA kit previously used for quantification
of adiponectin in dogs gave a higher intra-assay CV (9.5%) but a
slightly lower interassay CV (9.7%) than the kits in our study (14).

282 The Canadian Journal of Veterinary Research



14

y = 0.9912x + 0.1135
R? = 0.9958

12

10

Observed concentration (j.g/mL)

0 5 10 15

Expected concentration (p.g/mL)

30

y = 0.9762x + 0.3696
R? = 0.9989

25

Observed concentration (j.g/mL)

0 5 10 15 20 25 30
Expected concentration (.g/mL)

Figure 3. Linearity under dilution of 2 canine serum samples with different
adiponectin concentrations measured with the ELISA originally designed
to measure the adiponectin concentration in human serum.

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

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

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

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

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

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

concentrations in the 2 groups of dogs were higher than those
reported by another group of investigators (14), who found an adi-
ponectin concentration in normal dogs of 1.22 pg/mL, but lower
than those reported by others (13), who found means of 16.8 * 3.5
pg/mL and 33.4 = 2.9 pg/mL in obese and lean dogs, respectively.
The differences can be attributed to different methods used in the
studies.

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

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

30

y = 0.8756x + 1.3542
25 R? = 0.9173

Concentration (j.g/mL); human ELISA

0 5 10 15 20 25 30

Concentration (.g/mL); canine-specific ELISA

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

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