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

To facilitate studies on IFG-1 in dogs automated assays for deter-
mination of this factor need to be validated. Most of the studies 
published on the dog have used a multispecies radioimmunoassay 
(RIA) or enzyme-linked immunosorbent assay (ELISA) for IGF-1 
quantification (2–4). The use of an automated solid-phase, enzyme-
labelled chemiluminescent immunometric assay would have several 
advantages, such as easy integration into laboratory functions, high 
throughput, and rapid turnaround time. Secondly, knowledge about 
possible effects of some sources of variation, such as diurnal varia-
tions, feeding/fasting cycles, or corticoid administration on IGF-1, 
would allow proper interpretation of the values of this analyte. The 
aim of this study was to evaluate the performance characteristics of 
an automated immunoassay for canine IGF-1 measurement and to 
investigate the possible effects of some sources of variation, such 
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A b s t r a c t
The aim of this study was to evaluate the performance characteristics of an automated immunoassay for canine insulin-like 
growth factor 1 (IGF-1) measurement and to investigate the possible effects of some sources of variation, such as diurnal 
variations, feeding/fasting cycles, and glucocorticoid administration, in dogs. The immunoassay evaluated had an adequate 
analytical performance with intra- and inter-assay coefficients of variation (CVs) lower than 10%, linear regression equations with 
correlation coefficients of 0.9993 and 0.9988 after serial dilutions, and a limit of quantification of 7.1 ng/mL that was even lower 
than that reported by the manufacturer. The assay was significantly affected by hemolysis and lipemia producing a significant 
decrease in IGF-1 concentrations, but not by bilirubinemia.

Serum IGF-1 concentrations did not show significant diurnal changes in fed or fasted dogs and were not affected by 
glucocorticoid administration.

R é s u m é
L’objectif de la présente étude était d’évaluer les caractéristiques de performance d’une épreuve immuno-enzymatique automatisée pour la 
mesure du facteur de croissance 1 apparenté à l’insuline (IGF-1) et d’étudier chez les chiens les effets possibles de quelques sources de variation, 
telles que les variations diurnes, les cycles alimentation/jeûne, et l’administration de glucocorticoïdes. L’épreuve immuno-enzymatique évaluée 
avait une performance analytique adéquate avec des coefficients de variation (CV) intra- et inter-essais inférieur à 10 %, des équations de 
régression linéaire avec des coefficients de 0,9993 et 0,9988 après des dilutions sériées, et une limite de quantification de 7,1 ng/mL qui était 
inférieure à celle mentionnée par le manufacturier. L’épreuve était affectée de manière significative par de l’hémolyse dans l’échantillon et 
une lipémie, qui entraînaient une réduction significative des concentrations d’IGF-1, mais pas par une bilirubinémie. 

Les concentrations sériques d’IGF-1 n’ont pas montré de changements significatifs associés aux variations diurnes chez des chiens nourris 
ou mis au jeûne et n’étaient pas affectées par l’administration de glucocorticoïdes.
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as diurnal variations, feeding/fasting cycles, and glucocorticoid 
administration in dogs.

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

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

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

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

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

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

Two serum pools with different IGF-1 activities were prepared, 
one from the population of healthy dogs (mean IGF-1 close to  

Figure 1. Linearity under dilution of 2 canine serum samples with differ-
ent insulin-like growth factor (IGF-1) concentrations measured with an 
assay (IMMULITE 1000).
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Figure 2. Interferograms corresponding to the effect of hemoglobin (a), 
triglycerides (b), and bilirubin (c) concentrations on insulin-like growth 
factor (IGF-1) determination by assay (IMMULITE 1000). Y-axes show 
percentage of change in IGF-1 [(Vƒ/V0) 3 100] for a given concentration 
of hemoglobin, triglycerides, or bilirubin, respectively. Vƒ, final value; 
V0, original value.
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315.20 ng/mL), and the other from dogs with chronic hepatopathies 
(mean IGF-1 close to 38.02 ng/mL) and were used for precision 
studies. Intra- and inter-assay coefficients of variation (CV) were 
calculated after analysis of these 2 serum pools 5 times in a single 
assay or on 5 consecutive days, respectively.

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

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

To investigate diurnal variation and possible effect of food intake 
on serum IGF-1, a previously described protocol (8) with some 
modifications was used. Briefly: 8 adult beagle dogs were divided 
into 2 groups of 4 dogs (2 males and 2 females in each). One group, 
defined as group Fed1, was fed at 09:00 as on previous days. The 
other group, defined as group Fed-, was fasted 24 h. Blood samples 
were taken prior to feeding at 08:00 and at intervals of 2, 4, 8, 10, 
12, 16, and 20 h.

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

Blood samples were collected by venipuncture in the cephalic 
vein into tubes containing clotting accelerator (TapVal; Aquisel, 
Barcelona, Spain). Samples were centrifuged at 2000 3 g for 10 min 
at room temperature to obtain serum, which was then stored in 
plastic vials at 220°C for less than 6 mo (11). Serum samples used 
for repetitive analysis were frozen in aliquots and only vials needed 
for each run were used, to avoid possible changes due to repetitive 
thawing and freezing.

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

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

Dilution of 2 serum samples resulted in linear regression equa-
tions with correlation coefficients of 0.9993 and 0.9988 (Figure 1). 
The LLOQ was 7.1 ng/mL with the precision within 15% verified 

Figure 3. Mean 6 standard deviation variation of serum insulin-like 
growth factor (IGF-1) concentrations. Four beagle dogs were fed at 
09:00 h (Fed1) and 4 beagle dogs were fasted (Fed2) all day long.
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Figure 4. Mean 6 standard deviation plasma cortisol (a) and insulin-like 
growth factor (IGF-1) (b) response to subcutaneous (SC) bolus of meth-
ylprednisolone: 1 mg/kg BW (group 1; n = 5) and 5 mg/kg BW (group 2; 
n  =  5). Four dogs in the control group were injected SC 0.9% NaCl 
(0.1 mL/kg). a Statistically significant (P , 0.01). b Statistically significant 
(P , 0.001). c Statistically significant (P , 0.0005).
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by repeated analysis (13), and it was lower than that reported by 
manufacturers (20 ng/mL). This fact could help for detecting the 
low values of IGF-1 that can be expected in liver diseases.

Interferograms showing effects of hemolysis, lipemia, and bili-
rubinemia on determining IGF-1 concentrations are presented in 
Figure 2. On the graphs, X-axes show increasing concentrations of 
hemoglobin, triglycerides, or bilirubin while Y-axes show percent-
age change in IGF-1 [(Vƒ/Vo) 3 100]. A one-way ANOVA showed 
significant decrease in IGF-1 concentrations in presence of hemolysis 
(P = 0.0015) and lipemia (P = 0.0043), but not bilirubinemia (P = 0.1). 
Dunnetts’ post test showed a statistically significant decrease in 
IGF-1 concentrations when hemoglobin concentrations were 1, 2, 
4, and 8 g/L (P , 0.05, P , 0.05, P , 0.01, P , 0.005, respectively), 
and when any amount of triglycerides was added to the samples 
(P , 0.01, in all cases). These results would partly agree with ones 
reported by manufacturers, as they indicate the influence of low 
grade hemolysis on IGF-1 levels and that the presence of conjugated 
and unconjugated bilirubin in concentrations up to 200 mg/L had no 
effect on the results. But it is contradictory in the case of lipemia, as 
the manufacturers have reported that the presence of triglycerides, 
up to 3000 mg/dL, had no effect on the IGF-1 levels.

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

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

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

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