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The aim of our research was to establish reference values for acute-phase proteins
during obesity in horses. The study was conducted on 20 horses aged 5-10 years. The
control group included 10 animals with a body condition score (BCS) of 4—6 according
to the Henneke scale, while the experimental group consisted of 10 horses showing signs
of obesity (=7 BCS).

The serum concentrations of circulating immune complexes (CICs), seromucoids,
C-reactive protein (CRP), haptoglobin, total protein, and its fractions were measured. It
was found that the biochemical analysis of serum revealed statistically significant
changes in protein metabolism in obese animals. The total protein level in the
experimental group was 75.0 (71.5-76.5) g/L compared to 65.5 (61.8-72.0) g/L in the
control group (p<0.05), indicating increased protein synthesis. This increase was due to
a rise in globulin levels to 39.5 (37.8-42.0) g/L compared to 32.0 (30.5-36.0) g/L in the
control group (p<0.001), while albumin levels remained unchanged (30.5+1.2 g/L in the
experimental group and 30.1x1.1 g/L in the control group, p>0.05).

Among acute-phase proteins, the CRP level in obese horses was 5.62 (4.98-5.92)
mg/L, exceeding the values in the control group (3.19 (3.08-3.63) mg/L, p<0.01).
Seromucoids increased by 37.8% (3.21 (3.11-3.61) g/L compared to 2.19 (2.06-2.26)
g/L, p<0.001), and haptoglobin concentration reached 0.617 (0.581-0.678) g/L
compared to 0.462 (0.429-0.477) g/L in the control group (p<0.001). The level of CICs
in the experimental group was 160.0 (138.8-170.0) mmol/L, significantly exceeding the
values in the control group (116.0 (99.5-129.0) mmol/L, p<0.001). The albumin-to-
globulin ratio decreased from 0.74 in the control group to 0.61 in the experimental group
(p<0.01), indicating a predominance of the globulin fraction associated with chronic
inflammation.

We believe that the mechanism of these pathological changes is related to obesity
in animals and, possibly, to laminitis, the development of which is one of the pathogenic
links in metabolic syndrome.

Keywords: obesity, metabolic syndrome, inflammation, acute phase proteins,
laminitis.
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Memaboniunuti cuHOpom ma ONCUPIHHA )Y KOHell € MICHO MO8 SA3AHUMU MINC
coboto npoyecamu, KOMpPi CYNPoBOOHCYIOMbC XPOHIUHUM 3ananeHHAM. Memoro nawiux
0ocniddceHb OYI0 BCMAHOBNIEHHA HOPMAMUBHUX NOKA3HUKIE OLIKie 2ocmpoi ¢hasu
3ananenHs 3a 0xcupinms y Koweu. Jocrniodcenns npogedeno na 20 xowusix eikom 5—10
poxis. [lo konmponvhoi epynu ysitiwnu 10 meapun i3 oyinkoro cmauy mina 4—6 6anie 3a
wixkanoio Xenuexe, a 00 oocnionoi epynu — 10 Kowell i3 03Hakamu oxcupinms (=7 6anis).

B cuposamyi kposi eushauanu KOHYeHmMpayilo YupKyaronoyux —IMyHHUX
KOMNJeKCig, cepomykoiois, C-peakmugHo2o npomeiny, 2anmoziooiny, 3a2aibHo20 OLIKy
ma ozo ppakyit. Bcmanosieno, wo OIOXIMIUHULL AHANI3 CUPOBAMKU KPOBI BUABUS
CMamucmuyHo 3Ha4ywi 3MIHU Y NOKA3HUKAX OIIK0B020 Memabonizmy y meapuu i3
oxrcupinnsm. Pigenv 3aeanvnozo 6inka y docnionit epyni cmanosus 75,0 (71,5-76,5) o/n
npomu 65,5 (61,8-72,0) /1 y koumponsniti (p<0,05), wo exazye na niosuwenns cunmesy
oinkis. ITiosuwenns 6y10 3yMo61eH0 3pocmannam pisns 2nobyuinie oo 39,5 (37,8-42,0)
e/n y nopisusinui 3 32,0 (30,5-36,0) /1 y konmponsniu epyni (p<0,001), mooi sik pisens
anvoyminie 3anuwascs 6e3 3min (30,5€1,2 2/n y Oocniouiti epyni ma 30,1+1,1 2/n y
kowmponvnit, p>0,05). Cepeo 6inkie cocmpoi ¢aszu 3ananenns pigenv C-peakmusHo2o
npomeiny y meapun i3 odcupinuim cmaroeus 5,62 (4,98-5,92) me/n, wo nepesuwgysano
snauenns konmpoavnoi epynu (3,19 (3,08-3,63) me/n, p<0,01). Cepomykoiou spociu Ha
37,8 % (3,21 (3,11-3,61) npomu 2,19 (2,06-2,26) 2/n., p<0,001), a xonyenmpayis
eanmoanobiny oocsena 0,617 (0,581-0,678) /1 nopisnsano 3 0,462 (0,429-0,477) a/n y
koumponvnitl epyni (p<0,001). Pisenv yupkynowuux imyHuux xomniekcie (L[IK) y
oocnioniu epyni cmanosus 160,0 (138,8-170,0) mmonv/n., wo 3nauno nepesuwyysano
nokaznuku kowmpoavhoi epynu (116,0 (99,5-129,0) mmonv/n., p<0,001). ArvOymin-
2nobyninoge cniggionowents 3meHwunoca 3 0,74 y xoumponvhiu epyni 0o 0,61 y
docniouiti (p<0,01), wo exazye Ha nepesaxcanus 2100yniHO60I (ppakyii, o8 ’a3aHoi 3
XPOHIUHUM 3ANATEHHSM.

Ha nawy oymky mexanizm po3eumy yux namono2iuHux 3miH noe si3anuil siK i3
OJICUPIHHAM )Y MBAPUH, MAK 1, MONCIUBO, 13 JAMIHIMOM, PO3BUMOK AKO2O € OOHIEI0 i3
namo2eHemuyHUux J1aHOK MemaboiuHo20 CUHOPOMY.

Kurouosi ciioBa: oxxupinHs, MeTabOIIYHUNA CUHAPOM, 3arajeHHs, 01K TOCTpoi
¢a3u, TamiHIT.

Obesity of horses on the background of metabolic syndrome is characterized by
metabolic disorders, which can lead to serious consequences for animal health, especially
with a sedentary lifestyle or overeating (Carter R. A. et al., 2010). According to research,
a certain proportion of horses are overweight, which increases the risk of developing
obesity and metabolic syndrome. Some researchers believe that the etiology and
pathogenesis of obesity and the development of equine metabolic syndrome is similar to
that of humans, and includes insulin resistance, hyperglycemia, hyperlipidemia, and
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hypertension (Morgan R. et al., 2015). The pathogenesis of metabolic syndrome involves
a complex interaction between hormonal, metabolic, and inflammatory processes
(Durham A. E. et al., 2019). This leads to impaired carbohydrate and fat metabolism, as
well as changes in the function of the endocrine system, which can lead to the
development of cardiovascular diseases, obesity, laminitis and other diseases
(Karikoski N. P. et al., 2011).

The role of acute phase inflammatory proteins in the context of obesity in horses
has hardly been studied, although it is known that obesity in horses is often accompanied
by chronic inflammation, which plays a key role in its pathogenesis. Acute inflammatory
phase proteins are important inflammatory mediators and may be significant indicators
of the degree of low-level inflammatory response in obesity. Studying the role of proteins
in the acute phase of inflammation will allow us to understand the mechanisms by which
obesity affects the metabolism and health of horses. They can be important biomarkers
for diagnosing and assessing the severity of obesity in horses, as well as monitoring the
effectiveness of therapy (Menzies-Gow N. J. et al., 2017).

Acute inflammatory phase proteins are a group of proteins that are actively
synthesized in response to various stressors, such as injuries, infections, tumors, and other
pathological conditions (Bilous L. L. & Kovalchuk N. A., 2015) and can affect various
organs and tissues, including adipose tissue, liver, and muscle, leading to impaired energy
balance and the development of obesity characteristic of metabolic syndrome. They
perform a number of important functions, such as regulating the immune response,
correcting metabolism, protecting against infections, and forming a response to tissue
remodeling, antiviral protection, phagocytosis, regulating apoptosis, and other processes
related to protecting the body from harmful influences (Slivinska L. G. et al., 2017).
According to the literature, these proteins (APP) are key elements of the innate immune
system and are part of the acute phase response (APR). These proteins are mainly
synthesized by hepatocytes, and their production depends on cytokines. The main
inducers of these proteins are interleukin-6 (IL-6), interleukin 1 (IL-1), and tumor
necrosis factor alpha (TNF-a). As a rule, the reaction is non-specific and is associated
with infection, injury, or inflammation. However, other conditions, such as heat stress ,
childbirth, and intense exercise, have been associated with changes in app levels in
animals (Zak, A., 2020). Acute phase proteins, in addition to immune responses, are
actively involved in the body's inflammatory response and can be synthesized by cells,
including hepatocytes, monocytes, macrophages, fibroblasts, etc. It is also important that
inflammatory proteins can also be involved in the formation of inflammatory complexes,
protein complexes that play a key role in triggering the body's inflammatory cascade
response. The group of these proteins includes proteins whose concentration in the blood
serum during inflammation increases or decreases by at least 25 percent [Gotda R. et al.,
2004]. Such proteins are called positive or negative, respectively. Positive factors include:
C-reactive protein( CRP), fibrinogen, haptoglobin, ceruloplasmin, a number of
complement factors, as well as numerous proteinases and their inhibitors (Tkaczenko, H.,
2023). Negative reactants include prealbumin, albumin, and transferrin (Carter, R. A.,
2010). According to the literature, the synthesis of acute phase proteins in the liver in
conditions of obesity contributes to the activation of the connective tissue system and the
progression of fibrosis without the development of classical steatohepatitis. In addition,
factors of the hemostatic system are activated with the development of hypercoagulation
syndrome and the progression of dyslipidemia (Ranganathan S., 2001).

Thus, based on the functions of these proteins and their role, the aim of the study
was to determine the content of proteins of the acute phase of inflammation in horses in
normal and obese conditions.
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Materials and methods. Studies were conducted on twenty horses of different
breeds and sexes, from which age-appropriate groups were formed: clinically healthy
animals (n=10) and a control group with signs of obesity (n=10). Mostly horses were of
the Ukrainian riding breed, and partly local on its base. The body condition of each horse
was evaluated on a 9-point Henneke scale according to a visual examination of the
animals by a veterinarian.

The conditions of feeding and keeping animals met physiological needs. The diet
contained the necessary amount of nutrients, and access to water and the ability to walk
were free. Regular clinical examination of animals was carried out, including
determination of basic physiological parameters and examination of organs and systems
using general clinical methods. The control group included clinically healthy animals
with normal physiological parameters. The diagnosis of obesity was made according to
the Hennecke point system, where the first rank corresponds to exhaustion, and the ninth
corresponds to a very fat animal, the assessment was carried out by a veterinary doctor of
the farm. Blood was taken from the jugular vein directly into test tubes for further
biochemical studies. Blood was taken from the jugular vein on an empty stomach into
vacuum tubes with a volume of 10 cm? for further preparation of blood serum. In the
blood serum, such biochemical parameters as the concentration of Total Protein,
albumins, total globulins, haptoglobin and seroglycoids were determined using reagent
kits of Prjsc "Reagent" (Ukraine). The concentration of circulating immune complexes
was determined as described (Golda R. et al., 2004), precipitation of protein complexes
antigen antibody PEG 6000. Biochemical parameters were recorded on a SHIMADZU
UV 1800 spectrophotometer (Japan).

All animal studies were conducted in accordance with the basic principles of
Bioethics, in accordance with the European Convention for the protection of vertebrates
used for experimental and other scientific purposes (European convention..., 1986), and
the "general ethical principles of animal experiments”, adopted by the First National
Congress on Bioethics (Procedure for conducting..., 2012).

Statistical data analysis was performed using Minitab 19 and Minitab Inc. Based
on the results of statistical processing, the tables show nonparametric indicators, such as:
median, quartiles Q1 and Q3. A significant difference between the study groups was
established based on the calculation of the Mann—Whitney criterion (p<0.05).

Results. Detailed results of serum concentrations of circulating immune
complexes, seromucoids, reactive protein C, haptoglobin, total protein, and protein
fractions are presented in Table 1. however, it should be noted that horses did not have a
significant difference between the age of animals of different groups.

In the animals of the experimental group, a significant increase in the point
assessment of body condition was recorded to a median indicator of 7.0 (p<0.05), which
corresponds to the assessment of "well-fed animal”. Thus, probable differences between
the groups were established for almost each of the studied indicators.

Thus, according to the results of our studies, the level of circulating immune
complexes in obese horses was increased by 37.9% and reached the level of 160.0 mmol/I
(***p<0.001). It should also be noted that the concentration of circulating immune
complexes had a significant positive correlation (0.769) with the content of seromucoids,
which may be associated with chronic inflammation, which is often observed in obesity.

In this study, we found a 33.5% increase in haptoglobin levels to 0.617 g/l
(p<0.001) compared to the control group, which may indicate various pathological
processes in the body, including impaired liver function, as well as inflammatory
processes. In addition, the level of haptoglobin directly correlated with the age of the
animals (0.771) and the content of reactive protein C with a content of 0.781.
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Table 1
Results of acute phase protein concentration in the control and obese groups

Clinically healthy horses, n=10
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Median | 115 | 6,5 | 116,0 | 0,462 | 3,19 2,19 | 655 | 340 | 320

Q1 9,75 [ 575 | 99,5 0,429 | 308 | 2,06 | 61,8 | 32,0 | 305

Qs 12,25 | 7,00 | 129,0 | 0,477 | 3,63 2,26 72,0 | 36,0 | 36,0

Obese horses, n=10

. 160,0 | 0,617 | 562 | 3,21 39,5
Median | 12,0 | 7,0%| “200 | ot | 225 | 240 | 750% | 350 | SO

Q1 12,0 | 6,75 | 138,75 | 0,581 | 4,98 3,11 715 | 333 | 37,8

Q3 14,0 | 8,00 | 170,0 | 0,678 | 5,92 3,61 76,5 | 36,3 | 42,0
Notes:* - p<0.05, * * - p<0.01, * * * - p<0.001, compared to clinically healthy horses

We found that the content of reactive protein C increased by 76.2% (p<0.001) and
reached a level of 5.62 mg/L.

Also, the development of the inflammatory process in horses of the experimental
group is indicated by an increase in the level of globulins by 25.8 % (p<0.001), which
was 39.5 g/l against the background of an increase in the level of total protein to 75.0
G/L, which was 14.3% (p<0.05). Moreover, it should be noted that the level of albumins
has not undergone significant changes.

These data are supplemented by the aloumin-globulin ratio- the ratio of albumin
to serum globulin levels, which was 1.42 in healthy horses and 0.89 in obese horses,
which was 37.3% (p<0.05).

The results obtained in our study indicate that the content of seromucoids
significantly increased by 47.2 % (p<0.001) to the level of 3.21 G/L, compared with the
control group.

Discusion. Blood serum is a dynamic equilibrium system that consists of 70.0%
proteins, and the specifics of their metabolism reflect the state of almost all body tissues.

Circulating immune complexes can be formed by the interaction of antigens with
antibodies in the blood. When these complexes are formed in excessive amounts or cannot
be effectively purified by the body, they can trigger an inflammatory response.
Inflammation can result from the deposition of circulating immune complexes in tissues,
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where they activate inflammatory processes, contributing to tissue damage and the
subsequent development of inflammatory diseases (Tkaczenko H. et al., 2023). At the
same time, a high level of circulating immune complexes (especially those containing
Class G immunoglobulins) stimulates the suppressor activity of T cells
(Morgan, R., 2015). In addition, it is known that processes caused by the deposition of
circulating immune complexes in tissues can affect metabolism, causing insulin
resistance and other factors that contribute to the development of obesity (Stefaniuk-
Szmukier M. et al., 2023). The data obtained by US may indicate an increase in low-
molecular complexes, since according to the literature, low-molecular circulating
immune complexes have the greatest toxicity to body tissues, but the increased level of
high-molecular circulating immune complexes can be caused by the processes of
activation of functional systems of polymorphonuclear leukocytes and mononuclears, as
well as an increase in complement activity, which is a positive shift in the immune system
(Slivinska, L. G., 2017).

The next important proteins in the acute phase of inflammation are haptoglobin
and C reactive protein. Haptoglobin is a protein that binds free hemoglobin in the blood,
preventing its toxic effects. An increase in the level of haptoglobin in the blood can be
associated with various physiological or pathological conditions. It is known that
haptoglobin in horses is characterized by an increase in peritonitis or after surgery, can
be produced by adipocytes and is considered a marker of obesity (Johnson P. J., 2002),
and also acts as an antioxidant, reducing cell damage and suppressing inflammation by
reducing prostaglandin synthesis.

It is known that the content of reactive protein C in horses increases several times
during inflammation and obesity (Girardi F. M. et al.,, 2019). Reactive protein C
concentrations have been shown to increase in enteritis, pneumonia, and arthritis in adult
horses and foals. In addition, reactive protein C concentrations correlate with markers of
inflammation and increase during experimentally induced laminitis; however, others have
shown no differences in reactive protein C concentrations in obese horses (Johnson P. J.
et al., 2010). Also, the pathogenesis of increased C-reactive protein against the
background of immune system activation leads to the release of pro-inflammatory
cytokines, such as interleukin-1 (IL-1), interleukin-6 (IL-6), which is the main factor in
triggering this process and tumor necrosis factor (TNF-a) (Witkowska-
Pitaszewicz, O. D., 2019).

We found that the content of reactive protein C increased which completely
coincides with the studies of previous authors and may indicate both the development of
animal obesity and the subclinical course of laminitis with activation of the immune
system, which requires further research (Reynolds A. et al., 2019; Zak A. et al., 2020).

Because obesity is accompanied by low-grade chronic inflammation, and fat cells
(adipocytes) secrete various pro-inflammatory molecules, in particular cytokines. these
inflammatory factors can affect globulin levels because they stimulate the production of
acute phase proteins that include certain globulins (Tkaczenko, H., 2023). In turn, an
increase in the globulin fraction indicates a disorder of protein synthesis in the liver
against the background of metabolic processes (Johnson P. J., 2002). It should also be
noted that metabolic disorders - obesity can cause changes in the levels of hormones such
as insulin, leptin, cortisol, and others, which affects the production and level of globulins
in the blood (Carter, R. A.,.2010). These data are supplemented by the aloumin-globulin
ratio. A decrease in this ratio can occur in response to inflammation, when the liver directs
resources to produce pro-inflammatory proteins (globulins), as well as in the case of
chronic diffuse liver and kidney dysfunction (Duncan Jr., 2003).
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To differentiate between acute and chronic inflammation, there are discussions
about the role of seromucoids: they are indicated, given that they are a fairly sensitive
marker of inflammatory processes, during which their level increases several times. An
increase in seromucoids has been described in many inflammations of bacterial and viral
etiology. according to other data, seromucoids are considered markers of chronic
inflammation rather than acute (Galatyuk A. et al., 2018). In addition, normally
seromucoids are components of connective tissue, so when it is destroyed, they enter the
blood in significant quantities and are therefore considered markers of destructive and
degenerative processes (Witkowska Pitaszewicz O. D. et al., 2019). This can also be
evidenced by the corresponding correlation data on the direct dependence of the content
of seromucoids and the state of the body, circulating immune complexes and haptoglobin
and C reactive protein. According to some reports, seromucoids also correlated with body
mass index and adipose tissue content (Henneke D. R. et al., 1983), and the level of
adiponectin (Gotda R. et al., 2004). Therefore, in our opinion, the content of seromucoids
can be used as an integral indicator of proteins of the acute phase of inflammation in
horses with obesity.

Conclusions. Obesity in horses leads to a significant increase in the levels of acute
phase inflammatory proteins, which can be used as markers of inflammation in clinical
practice to assess the intensity of the inflammatory response and prognosis of the disease.
Determination of seromucoid concentration can be used as an integral indicator of acute
inflammatory phase proteins in horse obesity.
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