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Abstract. Disorders in lipid metabolism in the bodies of horses (genus Equus) due to various factors 
often lead to the development of diseases, including those associated with the onset of metabolic 
syndrome. Therefore, determining marker changes in the serum lipid profile during metabolic 
disorders is a relevant issue in investigating the pathogenesis of the most common diseases in 
this species. The purpose of the study is to identify the features of lipid metabolism indicators 
in the serum of horses in a physiological state and in the case of the onset of colic, laminitis, 
and metabolic syndrome symptom complexes. The investigation of lipid metabolism indicators in 
the serum of these animals was conducted using an enzymatic colorimetric method with the use 
of a biochemical automatic analyzer COBAS C 311 (“Roche Diagnostics GmbH”, Germany). It is 
established that in the lipid profile of the serum of clinically healthy Ukrainian Hutsul horses, the 
share of high-density lipoprotein cholesterol was 75.1%, low-density lipoproteins were 15.7%, and 
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Introduction

Horse breeding is considered a substantial area 
within the agricultural sector and veterinary 
science. Modern horse breeding provides oppor-
tunities for the development of sports, tourism, 
and recreation and serves as a source of agricul-
tural production. However, there is a negative 
trend in the development of the horse breeding 
industry. According to T.A.  Yusiuk-Omelnyts-
ka (2023), in 2001, the total number of horses in 
Ukraine was 701.2 thousand, with 209.8 thou-
sand on enterprises and 451.4 thousand in pri-
vate households. By 2019, there was a signifi-
cant decrease to 244.0 thousand, mainly due to 
a reduction in horses in private households. As 
of 2020, Ukraine has 79 institutions involved in 
breeding activities in horse breeding, includ-
ing 20 horse farms, 46 breeding reproducers, 
3 breeding centres, and 2 genetic control en-
terprises, as noted by O. Stetsiuk (2020). State 
horse farms concentrate 28.0% of the breeding 
population, while the rest is distributed among 
farms of various ownership forms.

Nevertheless, proper conditions for the 
maintenance and feeding of horses are often 
not observed, especially in recent years, which 
can have serious negative consequences for the 

animals. Issues such as insufficient body weight 
or, conversely, obesity, musculoskeletal prob-
lems, digestive system issues, weakened immu-
nity, and nervous disorders can be observed in 
horses. Therefore, it is crucial to create suitable 
conditions for the housing, proper nutrition, 
and regular veterinary care of horses to ensure 
their health and well-being.

Among the most common pathologies in 
horses related to metabolic syndrome is lami-
nitis. Researchers like A. Reynolds et al. (2019) 
noted equine metabolic syndrome, classified 
in 2010 by the American College of Veterinary 
Internal Medicine as insulin resistance, general 
or regional obesity, and susceptibility to lam-
initis. Equine metabolic syndrome is similar 
to that in humans. It is classified by features 
such as visceral obesity, hypertriglyceridem-
ia, glucose intolerance, low cholesterol levels, 
and high-density lipoproteins. A.C. Ericsson et 
al.  (2021) compared metabolic syndrome in 
horses with that in humans, allowing the ap-
plication of methodologies already developed 
in medicine for diagnosis and differential di-
agnosis of metabolic syndrome in horses. The 
state of hyperlipidemia in horses can develop 

very low-density lipoproteins were 9.2%. In cases of pathologies with colic symptom complex in the 
serum of horses, the share of high-density lipoprotein cholesterol significantly decreased, while 
low-density lipoproteins increased 3.9 times compared to healthy animals. In the lipid profile of 
the serum of clinically healthy ponies, the share of high-density lipoprotein cholesterol was 26.3%, 
low-density lipoproteins were 65.1%, and very low-density lipoproteins were 8.61%. In the case of 
laminitis in ponies, the dynamics of lipid profile indicators corresponded to those in horses. The 
established regularities regarding changes in the serum lipid profile in different representatives of 
the horse genus allowed specifying their role in the pathogenesis of certain prevalent pathologies. 
The results of the study are of practical value for application in clinical veterinary medicine and 
will contribute to conducting high-quality laboratory diagnostics of the most common horse 
pathologies (colic symptom complex, laminitis, and metabolic syndrome), characterised by lipid 
metabolism disorders

Keywords: pony; Ukrainian Hutsul breed; cholesterol; lipoproteins; colic symptom complex; 
laminitis; metabolic syndrome
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in various forms. Therefore, different terms are 
used to differentiate them based on the severity 
of these diseases. In this context, four terms are 
proposed, determined by the concentration of 
triglycerides in the horse’s blood serum: hyper-
triglyceridemia, hyperlipidemia, severe hyper-
triglyceridemia, and hyperlipemia. Hyperlipi-
demia usually results from a negative energy 
balance, primarily caused by feed restriction, 
especially during periods of high energy de-
mand, such as pregnancy, lactation, or anorex-
ia induced by illness. However, other findings 
suggest that obese and stressed mares pose the 
highest risk of developing hyperlipidemia re-
gardless of pregnancy status.

There are several factors that can cause 
disruptions in energy metabolism in horses, 
but the most common cause is insulin resist-
ance, as described in most publications, includ-
ing Z. Daradics et al. (2021) and J. Delarocque et 
al. (2021). Various studies have been conducted 
to demonstrate that horses with insulin resist-
ance are prone to hyperlipidemia; however, the 
etiology of this condition remains unknown. 
Hyperlipidemia most often arises as a prima-
ry sign. However, through clinical trials, it has 
been proven that its occurrence is secondary, 
resulting from the development of pathologies 
in various systemic diseases leading to a nega-
tive energy balance. Among the most common 
pathologies in miniature horse breeds are en-
terocolitis, dental diseases, bacterial and para-
sitic infections, pneumonia, colic, and laminitis. 

Therefore, the purpose of this study is to 
investigate lipid metabolism indicators in the 
blood serum of horses and ponies under normal 
conditions and in the case of colic, laminitis, 
and metabolic syndrome.

Literature Review
In the last decade, lipid metabolism in horses 
and other animals has become the subject of 
in-depth research in global veterinary medi-
cine. J.J. Kaneko et al. (2008) and C.M.M. Loos et 

al. (2019) indicate that disorders in lipid metab-
olism are associated with diseases of the liver 
and biliary tract, kidneys, pancreas, and lungs. 
J. Delarocque et al. (2021) note that changes in 
lipid metabolism play a crucial role in the onset 
of dystrophic processes, endocrine pathology, 
and obesity, negatively affecting the animals’ 
bodies and leading to the development of oth-
er pathologies. Equine metabolic syndrome has 
significant prevalence and is a current issue 
in horse breeding, as evidenced by a consid-
erable number of publications. It is a complex 
disorder, with more questions than answers, as 
A.C.  Ericsson  et al.  (2021) note that the main 
components of metabolic syndrome in horses 
are intense obesity, insulin resistance, and lam-
initis. This is complemented by the results of 
studies by N. Heliczer et al. (2017) and R. Lu et 
al. (2018), indicating that this syndrome encom-
passes a much broader range of disorders af-
fecting energy metabolism, adipocyte function, 
promoting thrombosis, causing inflammation 
and oxidative stress, and altering the function 
of vascular endothelial cells in affected horses.

The role of adipose tissue in the devel-
opment of metabolic syndrome is not limited 
to the excessive accumulation of nutrients. 
K.  Marycz  et al.  (2018a; 2018b) show that ad-
ipokines released from adipocytes and other 
cells in adipose tissues, including leptin, re-
sistin, adiponectin, visfatin, and apelin, as well 
as inflammatory cytokines, play a crucial role. 
A. Reynolds et al. (2019) state that disruptions 
in lipid metabolism, particularly enhanced lipid 
peroxidation, are one of the primary links in 
the stress response associated with metabolic 
syndrome. According to the research conduct-
ed in Ukraine, specifically by A. Andriichuk  et 
al.  (2014) and M.A.  de  Laat & D.M.  Fitzger-
ald (2023), the causes of lipid metabolism dis-
orders in farm animals were identified.

C.M.M. Loos et al. (2019) and Z. Daradics et 
al.  (2021) developed and implemented suffi-
cient diagnostic methods for this syndrome, 
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including biochemical ones. These methods 
include determining glucose, insulin, interleu-
kins, and lipid exchange indicators in the blood, 
including lipoproteins. Researchers note that 
blood lipid profile indicators undergo specific 
changes and depend on the region, breed, and 
age characteristics of the animals.

Therewith, information regarding this 
problem in horses is lacking, although these 
animals often experience pathological condi-
tions and diseases accompanied by disruptions 
in lipid metabolism, including lipoproteins  – 
obesity, hepatic lipidosis, nephropathy, ca-
chexia, tumors, lung diseases, and others. This 
is mentioned in individual studies by domestic 
researchers such as I.A.  Zhukova  (2014) and 
L.I. Posternak (2017).

R.B.  Olley  et al.  (2019), N.P.  Karikoski  et 
al. (2022) and C. Cantarelli et al. (2018) empha-
sise that there is currently a lack of in-depth 
research on the role of lipid metabolism disor-
ders in the development of pathologies in the 
internal organs of horses. The causative factors 
of these disorders may include the pathogenic 
influence of environmental factors, especially 
inappropriate conditions of maintenance and 
feeding, neurogenic stress, various physical, 
chemical, and other factors. Therefore, explor-
ing the features of lipid metabolism disorders, 
determining the informativeness of their indi-
cators for the diagnosis and assessment of the 
effectiveness of horse treatment for various in-
ternal diseases, is a relevant task for veterinary 
science and practice. 

Materials and Methods
During the study, Ukrainian riding breed hors-
es and ponies housed at the State Biotechno-
logical University Equestrian Sports Complex 
(Kharkiv) and at the Feldman Eco Park Public 
Organisation (Kharkiv region) were examined. 
Specifically, 10 Ukrainian riding breed horses, 
males and females, of sports direction, aged 

6-10 years, in a state of relative rest (control 
group), 5 horses with colic syndrome, and 5 
horses with symptoms of laminitis were exam-
ined. 5 clinically healthy ponies (control group) 
and 5 ponies with metabolic syndrome on the 
background of obesity were used for the study. 
Thus, a total of 30 animals were examined. 
Studies on these farms were conducted during 
2021-2023. The research scheme included a 
minimal number of animals for statistical pro-
cessing using non-parametric methods of sta-
tistical analysis, allowing the determination of 
the informativeness of indicators according to 
the stated research purpose.

Feeding and housing conditions corre-
sponded to the physiological needs of the an-
imals. The ration of animals was balanced with 
essential nutrients. All animals had free access 
to water and enjoyed walking. Animals under-
went clinical examination according to gener-
ally accepted methods, including the determi-
nation of basic physiological indicators, the 
examination of major organs and systems using 
inspection, percussion, palpation, and auscul-
tation methods. Only clinically healthy animals 
were selected for the control group. The diagno-
sis of metabolic syndrome, colic symptom com-
plex, and laminitis was made comprehensively, 
considering the data of the medical history, 
clinical picture, and based on the conducted 
laboratory studies. In addition, for the diagno-
sis of metabolic syndrome, an oral glucose tol-
erance test with insulin was applied. Horses in 
the control group were examined during show 
jumping competitions, when their bodies were 
subjected to significant physical and emotional 
stress. Blood samples from the animals were ob-
tained in a state of relative rest and 15 minutes 
after a entertainment show performance with a 
large audience and loud music accompaniment. 
Blood samples were taken from the jugular vein 
into Vacuette vacuum tubes with a volume of 10 
cm3 for further obtaining native blood, plasma, 
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and serum depending on the research methods 
for its biochemical analysis, which were con-
ducted at the Research Institute of Experimen-
tal and Clinical Medicine, Kharkiv.

The research on biochemical indicators 
in the blood serum, including total cholester-
ol, triacylglycerols, high-density lipoproteins 
(HDL), low-density lipoproteins (LDL), and very 
low-density lipoproteins (VLDL), was conduct-
ed using the photometric system COBAS C 311 
(Germany) with the corresponding ion-selec-
tive electrodes. Total cholesterol was deter-
mined using an enzymatic colorimetric meth-
od, where cholesterol esters are hydrolysed by 
cholesterol esterase into cholesterol and fatty 
acids. Cholesterol oxidase catalyses the oxida-
tion of cholesterol to form hydrogen peroxide. 
In the presence of peroxidase, hydrogen per-
oxide acts on the oxidative coupling of phenol 
and 4-aminophenazone to form a red-coloured 
compound, the intensity of which determines 
the concentration of cholesterol. Cholesterol 
in lipoproteins was determined using a homo-
geneous colorimetric method based on the use 
of cholesterol esterase and cholesterol oxidase 
in the presence of surfactants that selectively 
absorb certain types of lipoproteins.

During the experimental research, all ma-
nipulations with the horses involved in the 
studies were conducted considering the basic 
principles of bioethics, in accordance with the 
Law of Ukraine No. 3447-IV (2006, February), 
the European Convention for the Protection 
of Vertebrate Animals Used for Experimental 
and Other Scientific Purposes (1986), and the 
“General Ethical Principles of Experiments on 
Animals” adopted by the First National Con-
gress on Bioethics (Procedure for conduct-
ing…, 2012).

Statistical analysis of the data was per-
formed using the Minitab 19 program by Mi-
nitab Inc. The results of the statistical process-
ing present non-parametric indicators in the 

tables, such as Median, Quartiles Q1 and Q3. 

The significant difference between the study 
groups was established based on the calcula-
tion of the Mann-Whitney criterion (P<0.05).

Results and Discussion
The clinical condition of the horses before the 
start of the study corresponded to physiological 
parameters. The body temperature, pulse, and 
respiratory rate in horses were within the range 
of Me = quartile Q1 and Q3, respectively. Cardiac 
auscultation revealed no changes in heart tones 
and murmurs, and lung auscultation detected 
vesicular breath sounds throughout the projec-
tion of the lungs on the chest wall. Therefore, 
these animals were selected into the control 
group for further investigation.

According to the results of H.  Gehlen  et 
al.  (2020), the composition of the blood lipid 
profile in animals of different species shows 
significant differences. For instance, in pigs, 
the quantitative distribution of cholesterol 
fractions is similar to that in humans, namely, 
the share of low-density lipoprotein cholesterol 
accounts for about 50-60% of the total serum 
cholesterol. In rabbits and mice, on the contra-
ry, almost all serum cholesterol is part of very 
low-density and high-density lipoproteins. 
According to P.G.  Xenoulis  et al.  (2020) and 
F.H. Alonso et al. (2022), in the blood serum of 
dogs, cholesterol in high-density lipoproteins 
is 5-7 times higher than in low-density lipopro-
teins. In horses, as reported by E.M. Norton et 
al.  (2019), similar to dogs and unlike humans, 
the highest proportion of cholesterol is noted 
in high-density lipoproteins, preventing the 
development of atherosclerosis in animals of 
these species. These data indicate significant 
variability in lipid metabolism indicators in 
the blood serum of different animal species, 
necessitating further examination. It can be 
assumed that such variability may result from 
the influence of different diets and genetically 
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determined differences in the mechanisms of 
lipoprotein and cholesterol metabolism in an-
imals of different species.

Table 1 presents the results of the study of 
the lipid profile in the blood serum of clinically 
healthy resting horses.

Indicator Total 
cholesterol Triglycerides HDL 

Cholesterol
LDL 

Cholesterol
VLDL 

Cholesterol

Median 1.85 0.36 1.39 0.29 0.17

Q1 1.81 0.34 1.37 0.28 0.16

Q3 1.89 0.38 1.40 0.31 0.18

Source: developed by the author

Table 1. Lipid profile indicators in the blood serum 
of clinically healthy horses, n=10 (mmol/L)

According to the results shown in Table 1, 
it was found that in clinically healthy horses, 
the share of HDL cholesterol was 75.1%, while 
LDL cholesterol was 15.7%, and associated with 
VLDL cholesterol was 9.2%. This indicator is 
consistently unchanging in all examined an-
imals, both in terms of the median value and 
when calculating individual quartiles. This 
aligns with the findings of most other research-
ers. For example, J.J. Kaneko et al. (2008) indi-
cated that in the bodies of clinically healthy 
horses, high-density lipoproteins play a crucial 
role in lipid metabolism. This is explained by 
their ability to transport cholesterol alongside 
other representatives of this class through the 
circulatory system’s organ network. According 
to their model, high-density lipoproteins ex-
hibit an anti-atherogenic effect through their 
role in the reverse transport of cholesterol by 
removing it from macrophages and incorpo-
rating it into the early forms of these lipopro-
teins, followed by the transformation of free 
cholesterol into esterified form (cholesterol 
esters). Esterified cholesterol is then extracted 
from the plasma by the liver through high-den-
sity lipoprotein receptors and transported to 
the bile for subsequent intestinal excretion. 
Thus, high-density lipoproteins can perform 
functions related to transporting cholesterol 

from tissues and the intima of blood vessels 
to the liver for the synthesis of bile acids and 
the elimination of excess lipids from the body. 
J.  Delarocque  et al.  (2021) indicated that this 
mechanism provides regulation of cholesterol 
levels in the body. In addition, high-density li-
poproteins exhibit antioxidant properties posi-
tively impacting the endothelium and the vas-
cular system’s condition. They also transport 
cholesterol for the synthesis of not only bile 
acids but also steroid hormones and vitamin D. 
This underscores the substantial functional as-
pects of lipid metabolism in horses, indicating 
the importance of high-density lipoproteins 
in maintaining effective cholesterol and other 
lipid exchange. Understanding these metabol-
ic processes in clinically healthy animals can 
shed light on anomalies that occur in horses, 
especially those suffering from laminitis, where 
considerable changes in lipid metabolism and 
serum lipid profile are observed. Such studies 
open prospects for developing targeted ther-
apeutic strategies to overcome characteristic 
lipid metabolism disorders affecting the devel-
opment of internal diseases in horses.

It can be asserted that determining lipid 
metabolism indicators, along with other bio-
chemical tests, should be applied not only in 
diagnosing internal diseases in horses but also 
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in assessing the condition of clinically healthy 
animals under physical or emotional stress, 
particularly during sports competitions or oth-
er stressful factors. In the current environment 
where demands on sports horses are steadi-
ly increasing, their bodies are not always able 
to withstand intense training and stress loads 
during competitions. Therefore, veterinary 
professionals need rapid and effective meth-
ods to assess the functional state and training 
capabilities of horses’ bodies to maximise their 
adaptation to stress factors, adequately and 
timely correct possible disorders, and thus sup-
port their ability to endure intense loads and 
demonstrate high performance in competitions. 
This is precisely what prompted the determina-
tion of lipid metabolism indicators in sports 
horses during show jumping competitions.

The increase in the content of triglycerides 
in the blood serum is a specific indicator for ex-
ercising horses, as the primary source for work-
ing muscles during loading is the oxidation of 
free fatty acids released by their breakdown. 
Despite the consumption of free fatty acids 
by the muscles, the triglyceride content in the 
blood serum increases, and their synthesis 
in the liver also increases. Therefore, this in-
crease is a specific sign for a horse undergoing 
emotional and physical stress during training. 
This elevation is a basis for a more in-depth 
analysis of lipid metabolism in sports hors-
es and should be considered when assessing  

lipid exchange indicators in horses. Therefore, 
an examination of lipid exchange indicators in 
major pathologies associated with its distur-
bances has been conducted.

Among the pathologies in horses that man-
ifest substantial changes in lipid metabolism, 
researchers prefer a group of diseases accom-
panied by a colic symptom complex, caused by 
a sharp change in the diet when transitioning 
animals from stable to pasture. The diagnosis 
of the colic symptom complex was established 
comprehensively. According to the history, it 
is known that the animals were transferred to 
green fodder, which included mown meadow 
grass, replacing hay. They eagerly consumed the 
green mass of mown grass, and in the evening, 
clinical signs of digestive disorders in the form 
of colic were observed. These animals showed 
restlessness, constantly lying down and get-
ting up, hitting their abdomen with their limbs, 
making pendulum-like movements with their 
bodies. At the same time, an increase in pulse 
and respiration rates was noted. Upon palpa-
tion of the abdominal wall, tension and tender-
ness were detected. Auscultation revealed the 
absence of bowel peristalsis sounds, and per-
cussion indicated excessive gas accumulation. 
After blood sampling, the animals were given 
symptomatic treatment and transferred to a 
different diet. The lipid profile indicators in the 
blood serum of horses with the colic symptom 
complex are presented in Table 2.

Note: * P<0.05, compared to clinically healthy horses (Table 1)

Source: developed by the author

Indicator Total 
cholesterol Triacylglycerols HDL 

Cholesterol
LDL 

Cholesterol
VLDL 

Cholesterol

Median 2.55* 0.38 1.19 1.15* 0.21

Q1 2.32 0.36 1.09 1.05 0.18

Q3 2.93 0.46 1.32 1.29 0.32

Table 2. Lipid profile indicators in the blood serum  
of horses with the colic symptom complex, n=5 (mmol/L)
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From the indicators presented in Table  2, 
it can be inferred that with the clinical mani-
festation of colic in the blood serum of horses, 
there was an increase in the concentration of 
total cholesterol by 37.8% (P<0.05) compared to 
clinically healthy animals (Table 1), mainly due 
to a 3.9-fold increase (P<0.05) in the concen-
tration of low-density lipoprotein cholesterol. 
Therefore, with a sharp change in the diet of 
these animals, the reverse cycle of cholesterol 
metabolism is likely to be disrupted. As a result, 
the intensity of cholesterol entering tissues 
and vessels increases, further deposition un-
der the intima occurs, and the functioning of 
internal organs is disrupted. However, for col-
ic symptoms caused by a sharp change in the 
diet, there were no noteworthy changes in the 
blood serum level of triglycerides and, accord-
ingly, very low-density lipoprotein cholesterol. 
Thus, hypercholesterolemia developed in this 
pathological condition due to low-density lipo-
protein cholesterol against the background of a 
relatively stable level of triglycerides.

Another fairly common pathology among 
all breeds of horses is laminitis. Its pathophys-
iology is not yet fully understood and is con-
tradictory. Chronic laminitis is accompanied by 
persistent lameness, breakdown of anatomical 
structures of the hoof, including changes in the 
laminae, prolapse of the sole, and disruption of 
hoof horn growth. There is a separation of the 
basal membrane of the hoof bone and the epider-
mal lamellae lining the inner surface of the hoof 
capsule. Only a very limited number of horses 
restore their athletic condition after experienc-
ing chronic laminitis and can return to a normal 
training regimen. Laminitis more often occurs 
as a complication of pathologies of internal or-
gans that seem unrelated to the limbs, among 
which the most common are gastrointestinal 
pathologies, septic metritis, pneumonia, pleu-
ritis, insulin resistance, and others. According 
to A.C. Ericsson et al. (2021), laminitis can also  

occur against the background of hyperlipidemia. 
However, this mechanism in the pathogenesis of 
this pathology in horses is not sufficiently stud-
ied. Presumably, hyperlipidemia induces insulin 
resistance, suppressing the biological action of 
the hormone and reducing glucose intake into 
all cells of the body. This includes the lamel-
lar keratinocytes of the horse’s hoof, which 
have an extremely high glucose requirement.

Perhaps it is associated with hyperinsu-
linemia and “glucose starvation” of the hoof 
tissues, or perhaps with an increase in capillary 
pressure in the hoof vessels. Nevertheless, the 
final mechanism of laminitis development is 
not yet established. Therefore, five horses with 
clinical symptoms of laminitis were investigat-
ed, and a complex of biochemical indicators, in-
cluding a lipid profile, was determined in their 
blood serum. The animals showed a change in 
gait and short steps, changes in body position, 
limb swapping to alleviate pain. Some animals 
had swelling in the hoof wall area, increased 
temperature in the hoof area. Unnatural posi-
tions were also noted; horses tried to reduce 
the load on the limbs, standing on the back of 
the hoof or even lying down. Difficulty in stand-
ing up was observed because horses with lami-
nitis may have difficulty rising or even refuse to 
stand due to pain.

Considering this, the lipid exchange indi-
cators in the blood serum of horses with lamini-
tis were determined (Table 3). According to the 
research results, horses with laminitis showed 
a considerable increase in the serum concen-
tration of total cholesterol by 34.1% (P<0.05) 
and low-density lipoprotein (LDL) cholester-
ol by 51.7% (P<0.05) compared to clinically 
healthy animals (Table 1). It is noteworthy that 
lipoproteins of this fraction transport choles-
terol to tissues, and in normal circumstances, 
their level in the blood of animals is insignif-
icant, unlike in humans, where this indicator 
depends particularly on dietary fat intake. The 
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Notes: * P<0.05, compared to clinically healthy horses (Table 1)

Source: developed by the author

Table 3. Indicators of the lipid profile in the blood serum of horses with laminitis, n=5 (mmol/L)

Indicator Total 
cholesterol Triacylglycerols HDL 

Cholesterol
LDL 

Cholesterol
VLDL 

Cholesterol

Median 2.48* 1.02* 1.56 0.44* 0.48*

Q1 2.27 0.83 1.49 0.39 0.39

Q3 2.77 1.07 1.68 0.55 0.54

elevation of cholesterol concentration in this 
fraction is a pathogenic factor in the develop-

ment of internal diseases in animals, particu-
larly laminitis in horses. 

However, an increase in the level of 
high-density lipoprotein (HDL) cholesterol, 
where cholesterol concentration is usually 
highest in clinically healthy animals compared 
to other lipoprotein fractions, is not observed 
in horses. High-density lipoproteins are known 
to facilitate the reverse transport of cholester-
ol from tissues to the liver, where it serves as a 
source for bile acid formation, vitamin D, and 
steroid hormones. Horses with laminitis expe-
rienced a substantial increase in the concentra-
tion of triglycerides and very low-density lipo-
proteins by 2.8 times (P<0.05), indicating the 
development of hyperlipidemia (Table 3). This 
condition arises due to the increase in choles-
terol concentration, which is a cyclic alcohol by 
chemical structure and a neutral fat represent-
ed by triglycerides. This phenomenon is not ob-
served in colic symptoms. However, this hyper-
lipidemia does not lead to the direct deposition 
of fats on the epidermal lamellae covering the 
inner surface of the hoof capsule in horses, as is 
characteristic in large ruminants.

Thus, in horses, hypercholesterolemia like-
ly leads to microvessel damage in the distal 
part of the limb, accelerating dystrophic and 
destructive disturbances in hoof tissues and 
contributing negatively to the development 
of the pathological process. However, all the 
pathogenetic links of this process are currently 

not definitively revealed. It is worth noting that 
direct deposition of triglycerides on the lamel-
lae did not occur.

In horses, especially in ponies as their va-
riety, metabolic disorders, primarily associat-
ed with obesity, are highlighted as a separate 
metabolic syndrome, often accompanied by 
laminitis, making it particularly important to 
inspect pathologies in horses. The existence of 
metabolic syndrome is considered established 
only in horses and ponies, and its presence 
in animals of other species remains an open 
question. For instance, N. Heliczer et al. (2022) 
noted that ponies with excess body weight ex-
hibit large local fat deposits, especially in the 
withers and on the back, often accompanied by 
insulin resistance, a leading factor in the de-
velopment of laminitis in horses, as described 
earlier. Moreover, the authors acknowledge 
that ponies, like horses, with metabolic syn-
drome are less prone to vascular complications, 
including the development of ischemic disease 
and atherosclerosis, compared to humans. This 
is primarily attributed to differences in lipopro-
tein metabolism, dietary habits, and different 
lifespans. The pathophysiological mechanisms 
linking metabolic syndrome to impaired in-
sulin regulation and the onset of laminitis in 
these animals require further investigation. 
Various mechanisms are considered, including 
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the impact of reduced intensity of peripheral 
glucose metabolism on lamellar bone tissue, 
pro-inflammatory status associated with insu-
lin resistance, accumulation of end products 
of glycation, effects mediated by insulin-like 
growth factor, vasoactive properties of insulin, 
and subsequent development of endothelial 
damage. Endothelial dysfunction likely plays 
a primary role in the development of laminitis. 
Nevertheless, whether laminitis in the presence 
of metabolic syndrome should be interpreted 
as a metabolic, cardiovascular, or inflammato-
ry condition or as their combination remains a 
contentious issue.

Metabolic syndrome in ponies was diag-
nosed based on the analysis of anamnesis data, 
clinical presentation, morphometric indicators, 
and the results of biochemical blood serum 
studies. Insulin resistance in ponies was diag-
nosed using an oral sugar test, which is increas-
ingly used by practicing veterinarians to assess 
insulin regulation disorders. Although this test 
quantitatively determines hyperinsulinemia 
and insulin regulation disorders in response to 

oral glucose levels, its results were used to as-
sess insulin sensitivity in horses and ponies. In 
these animals, pancreatic exhaustion is rarely 
observed. Conversely, it begins to produce sig-
nificant amounts of insulin. The peculiarity lies 
in the fact that insulin toxicity may play a key 
role in triggering laminitis when exceeding its 
maximum norm values (100  μIU/mL) by more 
than 3 times.

This aspect opens up new possibilities for 
further investigation and the development of 
treatment and prevention strategies for lam-
initis in ponies, considering the importance 
of metabolic syndrome in this process. Fur-
ther exploration of the relationships between 
metabolic syndrome and the development of 
laminitis in these animals will contribute to 
the understanding of its mechanisms and al-
low the development of effective measures to 
preserve their health.

Table 4 provides the results of the exam-
ination of two groups of ponies – those with-
out signs of obesity and those with massive fat 
deposits.

Notes: 1. – clinically healthy animals; 2. – obesity, metabolic syndrome; *P<0.05 compared between groups

Source: developed by the author

Table 4. Serum lipid profile indicators in ponies under normal conditions  
and with metabolic syndrome, n=5 (mmol/L)

group No. Total 
cholesterol Triacylglycerols Cholesterol

LDL
Cholesterol 

HDL
Cholesterol 

VLDL

1.Median 2.09 0.39 0.55 1.36 0.18

Q1 1.96 0.37 0.49 1.31 0.16

Q3 2.24 0.42 0.60 1.45 0.19

2.Median 4.57 0.62* 1.98* 2.30* 0.29*

Q1 4.31 0.58 1.85 2.21 0.25

Q3 4.81 0.69 2.09 2.39 0.33

According to the data in Table  4, in the 
blood serum of clinically healthy ponies, the 
content of total cholesterol and triglycerides 
did not significantly differ from the indicators 
in clinically healthy horses (Table 1). However,  

unlike the latter, in animals without signs of 
obesity, a reverse correlation between the frac-
tions of low-density lipoprotein cholesterol and 
high-density lipoproteins was observed  – the 
amount of low-density lipoproteins exceeded  
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the content of high-density lipoproteins by 2.5 
times. In healthy horses, on the contrary, the 
amount of high-density lipoproteins is 4.8 times 
higher than that of low-density lipoproteins. 
This indicates the existence of metabolic syn-
drome in animals, which may be analogous to 
that in humans. Defining metabolic syndrome 
in animals requires specifying their species af-
filiation, for example, metabolic syndrome in 
cats, dogs, horses, etc. In cases where there is 
insufficient objective evidence of the develop-
ment of metabolic syndrome in animals, it is 
considered appropriate to use the term “meta-
bolic dysfunction” to describe the condition of 
representatives of a certain species.

In the group of ponies with pronounced 
signs of obesity, significant hyperlipidemia was 
observed, confirming the presence of meta-
bolic syndrome and being a risk factor for the 
development of laminitis. The increase in the 
levels of all lipid profile indicators in the blood 
serum of animals in this group confirms its 
importance in the formation of the specified 
pathological condition. The directionality of 
the ratio of low-density lipoprotein cholesterol 
to high-density lipoproteins was maintained, 
but an increase in the amount of low-density 
lipoprotein cholesterol by 1.2 times compared 
to high-density lipoproteins was noted (Ta-
ble  4). This highlights the complex metabolic 
changes that occurred in the bodies of ponies 
with obesity and emphasises the need for fur-
ther examination to uncover the molecular 
mechanisms of these changes and develop ef-
fective strategies for managing metabolic dis-
orders in horses with obesity. Considering the 
complexity of the impact of these changes on 
the organism, further investigation will be a 
key stage in the development of therapeutic ap-
proaches and preventive measures for correct-
ing metabolic disorders in the studied species. 
The obtained results on determining lipid me-
tabolism indicators in horses and ponies with 

colic symptoms, laminitis, and obesity suggest 
the feasibility of a more in-depth investigation 
of the role of lipids and lipoproteins in the de-
velopment of internal diseases in horses as in-
formative diagnostic tests.

Conclusions
The conducted study disclosed that the serum 
lipid profile in clinically healthy Ukrainian 
Hutsul horses was characterised by the follow-
ing composition: the share of high-density li-
poprotein cholesterol was 75.1%, low-density 
lipoproteins were 15.7%, and very low-density 
lipoproteins were 9.2%. In cases of colic symp-
tom complex induced by a sharp change in the 
diet, horses experienced an acute inflammatory 
process accompanied by hypercholesterolemia, 
due to an increase in the content of low-den-
sity lipoprotein cholesterol, compared to clin-
ically healthy animals, with no changes in the 
content of triglycerides, very low-density, and 
high-density lipoproteins.

For laminitis as a chronic inflammatory 
process, horses exhibited hyperlipidemia due 
to an increase in the concentration of triglyc-
erides, total cholesterol, very low-density lipo-
protein cholesterol, and low-density lipopro-
teins, compared to clinically healthy animals, 
with no changes in the content of high-density 
lipoprotein cholesterol. In clinically healthy 
ponies, the content of total cholesterol and tri-
glycerides in serum did not significantly differ 
from the indicators in clinically healthy hors-
es. However, in horses, quantitative indicators 
of high-density lipoprotein cholesterol were 
4.8 times higher than those for low-density 
lipoproteins; in ponies, on the contrary, the 
amount of low-density lipoprotein cholesterol 
was 2.5 times higher than high-density lipopro-
teins. This supports the idea of a tendency to 
develop metabolic syndrome in ponies, similar 
in course to that in humans. Ponies with met-
abolic syndrome showed hyperlipidemia due 
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to an increase in both serum triglyceride and 
cholesterol content in all types of lipoprotein 
complexes of the lipid profile. In diseased an-
imals, the content of low-density lipoprotein 
cholesterol exceeded high-density lipoprotein 
cholesterol by 1.2 times.

The results of determining lipid metabo-
lism indicators, as informative diagnostic tests, 
for colic symptoms, laminitis, and metabolic  
syndrome in horses and ponies suggest the  

expediency of more in-depth further inves-
tigation of the role of lipids and lipoprotein 
complexes in the development of internal an-
imal diseases.
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Анотація. Порушення метаболізму ліпідів в організмі коней (рід кінь, Equus) за дії 
різноманітних чинників часто призводить до виникнення захворювань, у тому числі 
з розвитком метаболічного синдрому. Тому визначення маркерних змін ліпідограми 
сироватки крові за метаболічних розладів є актуальним питанням у дослідженні патогенезу 
найпоширеніших хвороб у цього виду тварин. Мета роботи полягала у визначенні 
особливостей показників обміну ліпідів в сироватці крові коней за фізіологічного стану 
та у разі виникнення симптомокомплексу кольок, ламініту і метаболічного синдрому. 
Дослідження показників обміну ліпідів у сироватці крові цих тварин здійснювали 
ензиматичним колориметричним методом із використанням біохімічного автоматичного 
аналізатора COBAS C 311 (“Roche Diagnostics GmbH”, Німеччина). Встановлено, що у 
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ліпідограмі сироватки крові клінічно здорових коней української верхової породи 
частка холестеролу ліпопротеїнів високої щільності становила 75,1 %, ліпопротеїнів 
низької щільності – 15,7 %, ліпопротеїнів дуже низької щільності – 9,2 %. За патології з 
симптомокомплексом кольок у сироватці крові коней частка холестеролу ліпопротеїнів 
високої щільності істотно зменшувалася, а ліпопротеїнів низької щільності підвищувалася 
у 3,9 раза порівняно із здоровими тваринами. При цьому, в ліпідограмі сироватки крові 
клінічно здорових поні на частку холестеролу ліпопротеїнів високої щільності доводилось 
26,3 %, ліпопротеїнів низької щільності – 65,1 %, ліпопротеїнів дуже низької щільності – 
8,61 %. У разі виникнення в поні ламініту, динаміка показників ліпідного складу сироватки 
крові відповідала такій у коней. Встановлені закономірності щодо змін ліпідограми 
сироватки крові у різних представників роду коней дозволили уточнити їх роль у патогенезі 
окремих найпоширеніших патологій. Результати дослідження мають практичну цінність 
для застосування у клінічній ветеринарній медицині та сприятимуть проведенню якісної 
лабораторної діагностики найпоширеніших патологій в коней (за симптомокомплексу 
кольок, ламініту та метаболічного синдрому), у патогенезі яких відмічаються порушення 
метаболізму ліпідів

Ключові слова: поні; Українська верхова порода; холестерол; ліпопротеїни; 
симптомокомплекс колік; ламініт; метаболічний синдром


