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Abstract 
 

The endocrine system plays a key role in the pathogenesis of the non-infectious pathology of dairy cows. Howev-
er, the role of a number of hormones in pathology is not clear. These hormones include insulin-like growth factors 
and leptin. The insulin-like growth factor is synthesized predominantly in the liver in response to an increase in the 
level of somatotropic hormone in the blood. According to its physiological properties, it is close to insulin, struc-
turally similar, has common receptors that trigger the same chain of reactions: stimulates transport of amino acids 
and glucose in the muscles, increases the sensitivity of cells to insulin, in adipose tissue, transport glucose, oxida-
tion of glucose to carbon dioxide, the inclusion of glucose in lipids. Leptin is synthesized by adipocytes, and its 
main physiological function is to reduce the synthesis of macroergic compounds and increase energy expenditure. 
Circulating in the blood, it helps to maintain an optimal level of glucose, which is necessary for the energy needs 
of the body. The purpose of this study was to investigate the concentration of insulin-like growth factor, leptin, 
glucose, pyruvate and lactate in the blood of cows under secondary osteodystrophy, ketosis and hepatodistrophy. 
This will give an opportunity to better understand the pathogenesis and create theoretical preconditions for the 
development of informative diagnostic tests and effective means of treatment. The experiment was conducted on 
dairy cows, analogues by age, breed, productivity and physiological state. According to clinical features, urine 
analysis and values of biochemical parameters of blood of experimental cows were divided into four groups: 
1 – clinically healthy cows, 2 – patients with osteodystrophy, 3 – patients with ketosis, 4 – patients with hepatodis-
trophy. The obtained results of research indicate that the internal non-contagious pathology in dairy cows deficien-
cy of exchange energy is recorded, which induces an increase in the activity of gluconeogenesis and is expressed 
by lowering the concentration of glucose and increasing the content of pyruvate and lactate. At the same time, a 
decrease in the level of insulin-like growth factor and leptin was found. The lowest level of insulin-like growth 
factor and leptin was determined by ketosis. The decrease in the level of tissue hormones in the blood plasma of 
cows under osteodystrophy was within the statistical error. 
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1. Introduction 
 
The dominant place in the structure of diseases of dairy 

cows is metabolic diseases (Levchenko et al., 2015). They 
are characterized by complex etiology and pathogenesis. 
The key role in pathogenesis of internal non-pathological 
pathology is endocrine system. Unfused hormones include 
insulin-like growth factor (IGF) and leptin. The IFI is syn-
thesized predominantly in the liver in response to an in-
crease in the level of somatotropic hormone in the blood. By 
its physiological properties, it is close to insulin, structurally 
similar, has common receptors that trigger the same chain of 
reactions: stimulates transport of amino acids and glucose in 
the muscles, increases the sensitivity of cells to insulin, in 
the adipose tissue – transport glucose, oxidation of glucose 
to CO2, inclusion glucose in lipids (Kim, 2014; Vlizlo & 
Simonov, 2017).  Low levels of IFI-1 are associated with 

hepatic insufficiency, intestinal inflammation, renal insuffi-
ciency (Nikolic-Judith et al., 2001). Correlation between 
hydrocarbon, lipid, protein metabolism and IGF-1 synthesis 
was established (Nikolic-Judith et al., 2001; Partridge et al., 
2011). 

Another less-known tissue hormone is leptin. Leptin is 
synthesized with adipocytes, and its main physiological 
function is to reduce the synthesis of macroergic compounds 
and increase energy expenditure. By circulating in the 
blood, it helps to maintain an optimal level of glucose, 
which is necessary for the energy needs of the body  
(Montague et al., 1997). 

The aim of the research was to study the concentration of 
IFI, leptin, glucose, pyruvate and lactate in the blood of 
cows for metabolic diseases, which will enable to better 
understand the pathogenesis and create theoretical precondi-
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tions for the development of informative diagnostic tests and 
effective means of treatment. 

 
2. Materials and methods 

 
The experiment was conducted on dairy cows (black-

and-white Ukrainian dairy breed), which were analogues for 
live weight (480–550 kg), productivity (over 5000 kg per 
lactation) and physiological state (2–4 weeks after calving). 
Cows were examined clinically, and then blood and urine 
samples were taken. In selected urine samples, the ketone 
bodies (using Ketophan test strips) were determined by 
express diagnosis. Blood from animals was taken from the 
jugular vein before the morning feeding. Blood samples 
were taken from sterile test tubes with heparin and plasma 
was immediately centrifuged at 3.000 rpm. In selected sam-
ples of blood plasma by the method of immunoassay analy-
sis (DRG test systems) on the analyzer Stat Fax 2200, the 
concentration of IFI and leptin was determined. The content 
of pyruvate was investigated in whole blood by a modified 
Umbratian method, lactate by reaction with paraoxydiphe-
nyl, glucose by glucose oxidase method (Vlizlo et al., 2012). 

Sampling was taken taking into account the “General 
Ethical Principles of Animal Experiments” (Ukraine, 2001) 
and in accordance with the provisions of the “European 
Convention for the Protection of Vertebrate Animals Used 
for Experimental and Other Purposes” (Strasbourg, 1985). 

According to clinical features, urine analysis and values 
of biochemical parameters of blood of experimental cows 
were divided into four groups: 1 – clinically healthy cows (n 
= 7), 2 – patients with osteodystrophy (n = 4), 3 – patients 
with ketosis (n = 4 ), 4 – patients with hepatodistrophy  
(n = 4). 

The group of cows with osteodystrophy consisted of an-
imals in which, during the clinical examination, deminerali-
zation of the caudal vertebrae, incorrect regulation of the 
limbs and lameness were established. The animals were 
depressed, little moved, some were observed Allotriophagia. 

According to the results of a clinical study (odor of ace-
tone from the skin and exhaled air) and an express diagnosis 
of ketone body contents in the urine of the cows, patients 
with clinically significant ketosis were found. 

In the clinical study of cows suffering from hepatodis-
trophy, oppression, low mobility, loss of appetite, jaundice 
of the mucous membranes, palpation of pain in the liver, and 
percussion – an increase in the limits of the hepatic field are 
established. 

The obtained data was processed on the computer in the 
Excel program, determining the average arithmetic value 
(M), the statistical error of the arithmetic mean value (m), 
the probability of the difference between the arithmetic 
mean of the two variation series (P <). 

 
3. Results and discussion 

 
The main indicator of carbohydrate metabolism is the 

concentration of glucose in the blood. As it is evident from 
the presented results of studies (Fig. 1), hypoglycemia have 
been diagnosed in cows with internal pathology. Namely, in 
blood serum of cows suffering from osteodystrophy, the 
glucose content was lower by 13%, and in case of ketosis 
and hepatodistrophy – by 29.6% (P ˂ 0.001) and 22.7% 
(P ˂ 0.05), respectively, compared with clinically healthy 
animals. The lowest levels of glucose in serum were record-
ed in cows suffering from ketosis. 
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Fig. 1. Glucose content in blood serum of cows (mmol/l) 

 
The direction of glucose metabolism can be judged by 

the level of pyruvate and lactate in the blood. The studies 
conducted by us showed the highest content of pyruvate in 
the blood of cows suffering from ketosis. Thus, in compari-
son with the group of clinically healthy cows, it was twice 

as high (P < 0.01; tab.). In osteodystrophy and hepato-
dystrophy, compared to a group of clinically healthy cows, 
the pyruvate content was higher by 28.6 and 39% (P < 0.01), 
respectively. 

 
Table 1 
The content of pyruvate and lactate in blood serum of cows (μmol/L, mmol/l) 

 

Indicators Healthy animals 
Ill animals:  

Osteodystrophy  Ketosis   Hepatodistrophy  
Pyruvate μmol / l 133.3 ± 12.68 171.4 ± 11.20 257.1 ± 21.65** 185.4 ± 6.32**

Lactate mmol / l     1.9 ± 0.44     2.6 ± 0.36     4.2 ± 0.43*     3.5 ± 0.33* 

Note: statistically probable difference compared to healthy cows: ** – P < 0.01; * – P < 0.05 
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When comparing the content of lactate in healthy and ill 
cows, higher rates were established. Namely, for osteo-
dystrophy – by 36.8%, hepatodistrophy – by 1.8 times 
(P < 0.05), and for ketosis – by 2.2 times (P < 0.05). Ketosis 
of dairy cows and osteodystrophy often overlap with the 
pathology of the liver. The growth of the content of pyruvate 
and lactate on the one hand may be due to liver damage, 
where the main stages of their metabolism pass, and on the 
other – by activation of gluconeogenesis. The liver is the 
main organ that provides a constant concentration of glucose 
in the blood due to the processes of synthesis and disintegra-
tion of glycogen and glycogenogenesis, that is, it performs 
hemostatic function. Violation of glycogen synthesized liver 
function, i.e. its ability to create metabolic glycogen reserves 
and their use as an energy material for the functioning of 
other organs, indicates a decrease in the ability of hepato-
cytes to synthesize glycogen from glucose.  By activating 
ATP, glucose is first converted to glucose-6-phosphate, and 
then into glucose-1-phosphate and uradidine phosphate 
glucose, which attaches the glucose residue to the glycogen 
molecules, and the synthesis of glucose from non-
carbohydrate metabolites. For liver damage, the level of 

oxidative processes in hepatocytes decreases, which leads to 
a decrease in activity of glycogenesis and, as a consequence, 
a violation of the involvement of the liver in the regulation 
of blood glucose levels. 

According to the study of insulin-like growth factor, the 
lowest level was found in the group of cows suffering from 
ketosis, and the highest – in clinically healthy (Fig. 2). Thus, 
in plasma of cows blood suffering from osteodystrophy, in 
comparison with clinically healthy, the concentration of IFI 
was lower by 7.3%, for hepatodystrophy – by 17% 
(P < 0.05), and for ketosis – by 28.2% (P < 0.001). 

The decrease in the concentration of IUF in the blood of 
diseased cows is apparently due to hypoglycemia, which 
occurs with a decrease in the concentration of insulin. It is 
known that insulin concentration is significantly reduced 
with a negative energy balance (Vlizlo et al., 2018). 

The dynamics of changes in the concentration of leptin 
in the blood plasma of ill cows was similar to that of an IFI 
(Fig. 3). In particular, the content of leptin in blood plasma 
of patients with osteodystrophy of cows was lower by 
11.4%, for ketosis and hepatodistrophy by 45.1% 
(P < 0.001) and 39.7% (P < 0.01), respectively. 
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Fig. 2. Content of IFI-1 in blood plasma of cows (mmol/l) 
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Fig. 3. The content of leptin inblood plasma of studied cows (mmol/l) 

Since leptin is directly involved in energy metabolism 
and is responsible for the sense of satiety and appetite, low-
ering its level in the blood of diseased cows may indicate a 
disturbance in their appetite, a change in the metabolism of 
fats with high energy expenditure. 

4. Conclusions

1. In the internal non-contagious pathology of dairy
cows, a deficiency of exchange energy is recorded, which 
induces an increase in the activity of gluconeogenesis and is 
expressed by lowering the concentration of glucose and 
increasing the content of pyruvate and lactate. 

2. The established decrease in the level of IFIs and leptin
is associated with the change in metabolic rates confirms the 
existing data on the ability of IFI-1 to regulate metabolic 
processes, showing endocrine, parathyroid and cranial ef-
fects. 
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