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ABSTRACT

The goal of the present research was to investigate the effects
of pregnancy toxemia (PT) on nesfatin—1 levels in ewes and to
examine its relationship with spexin, another biomarker involved
in energy metabolism. The study was conducted on 45 Awassi
ewes that had given birth at least once and were between 120
and 150 days of pregnancy. There were three groups of ewes. The
control group (Group 1, n=15) consisting healthy ewes showing f—
hydroxybutyric acid (BHBA) levels < 0.8 mmol:-L?, the subclinical PT
group (Group 2, n=15) involved ewes with BHBA levels between 0.8
to 2.5 mmol-L?, and the clinical PT group (Group 3, n=15) contained
ewes with BHBA levels > 2.5 mmol-L* (which ranged from 2.6 to
7.10 mmol-L?). We utilized a commercial kit that measured the
levels of serum nesfatin—1 and spexin. Compared to the control
group, the concentrations of spexin were significantly lower in
both of the subclinical and clinical PT groups (P<0.001). The
subclinical PT group showed lower levels of Nesfatin—1 than the
control group, but the clinical PT group had larger levels (P<0.001).
The subclinical and clinical PT groups had significantly higher
levels of triglycerides and cholesterol in comparison to the control
group (P<0.001). The subclinical and clinical PT groups had very
high levels of aspartate aminotransferase (AST) and gamma-—
glutamyl transferase (GGT) (P<0.001). The correlation examination
elucidated the ensuing relationships: There was an important
positive link between spexin levels and insulin (P<0.001). Spexin
levels showed an adverse correlation with nesfatin—1, BHBA, non-—
esterified fatty acids (NEFA), triglycerides, cholesterol, AST, and
GGT (P<0.001). Nesfatin—1 levels exhibited a positive connection
with glucose, BHBA, NEFA, triglycerides, cholesterol, AST, and
GGT, and a significant negative correlation with insulin (P<0.001).
In conclusion, nesfatin—1 and spexin neuropetids could act as
novel biomarkers for the detection of both clinical and subclinical
forms of PT in sheep.
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RESUMEN

El objetivo de este estudio fue investigar los efectos de la toxemia
gestacional (TP) en los niveles de nesfatina—1 en ovejas y examinar
su relacion con la espexina, otro biomarcador involucrado en el
metabolismo energético. El estudio se realiz6 en 45 ovejas Awassi
que habian parido al menos una vez y tenian entre 120 y 150 dias de
gestacion. Las ovejas se dividieron en tres grupos. El grupo control
(Grupo 1, n=15) consistid en ovejas sanas con niveles de BHBA
(acido p-hidroxibutirico) < 0,8 mmol-L?, el grupo PT subclinico
(Grupo 2, n=15) incluyo ovejas con niveles de BHBA entre 0,8y 2,5
mmol-L2, y el grupo PT clinico (Grupo 3, n=15) consistié en ovejas
con niveles de BHBA > 2,5 mmol-L* (rango de 2,6 a 7,20 mmol-L?).
Los niveles séricos de nesfatina—1 y espexina se midieron utilizando
un kit comercial. Los niveles de espexina fueron significativamente
menores en los grupos de PT subclinico y clinico en comparacion
con el grupo control (P<0,001). Los niveles de nesfatina—1 fueron
menores en el grupo de PT subclinico, pero mayores en el grupo
de PT clinico en comparacion con el control (P<0,001). Los niveles
de triglicéridos y colesterol fueron significativamente mayores
en los grupos de PT subclinico y clinico en comparacién con el
control (P<0,001). Los niveles de aspartato aminotransferasa (AST)
y gama glutamil transferasa (GGT) también fueron significativamente
elevados en los grupos de PT subclinico y clinico (P<0,001). El
analisis de correlacion revelo las siguientes relaciones: los niveles
de espexina mostraron una correlacién positiva significativa con
la insulina (P<0,001). Los niveles de espexina se correlacionaron
negativamente con nesfatina-1, BHBA, (acidos grasos no
esterificados) NEFA, triglicéridos, colesterol, AST y GGT (P<0,001).
Los niveles de nesfatina—1 se correlacionaron positivamente con la
glucosa, BHBA, NEFA, triglicéridos, colesterol, AST y GGT, mientras
que mostraron una correlacion negativa significativa con la insulina
(P<0,001). En conclusién, las neuropéptidos nesfatina—1y espexina
podrian servir como nuevos biomarcadores para el diagndstico de
las formas clinicas y subclinicas de TP en ovejas.
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INTRODUCTION

Pregnancy toxemia (PT) is a prevalent metabolic condition seen
in small ruminants during the final six weeks of gestation. This
condition is characterized by imbalances in energy, protein, mineral
profile, and oxidative—antioxidative balance. As a disease with
distinct clinical symptoms, it can lead to severe consequences,
including the loss of both the fetus and the mother [1, 2]. PT can
present in either clinical or subclinical forms and is predominantly
detected in undernourished ewes gestating two or more fetuses [3].
The differentiation into clinical and subclinical forms is predicated
on clinical manifestations and blood f—Hydroxybutyric acid
(BHBA) concentrations. Blood BHBA levels indicate the severity
of negative energy balance (NEB) and are thus regarded as a crucial
biochemical sign for the diagnosis of PT [4].

Researchers found spexin, also called neuropeptide Q, in 2007
through an in silico analysis. It is a 14-amino acid peptide hormone
[5]. This hormone is produced in large amounts in both central
and peripheral tissues and is released into the bloodstream when
the body is under metabolic stress. Spexin exerts its functions by
binding to galanin receptors 2 and 3. While these receptors are
primarily located in adipose tissue, they are also found in the testes,
skeletal muscles, small and large intestines, rectum, pancreas,
placenta, and liver. To date, the majority of research on spexin
has focused on its roles in humans. These studies have examined
its association with energy and glucose metabolism as well as its
involvement in the pathogenesis of various diseases [6, 7]

Nesfatin—1 is an 82-amino acid multifunctional metabolic
regulator that plays a significant role in metabolic control due to
its anorexigenic and antihyperglycemic effects [8].The Nucleobindin
2 (NUCB2) messenger RNA, a precursor of nesfatin—1, serves as
the basis for the synthesis of this peptide. Although the receptor for
nesfatin—1 has not yet been fully identified, it is known to be widely
distributed in various tissues, including the central nervous system,
pancreatic islet cells, pituitary gland, adipose tissue, gastric, and
intestinal mucosa. The extensive presence of NUCB2/Nesfatin—1
in the hypothalamus and brainstem indicates that this peptide is
essential for the regulation of energy balance [9].

Nesfatin—1 functions as an anorectic factor that modulates
the activity of certain neurons in the brain, promoting satiety and
suppressing food and water consumption [10]. Studies on nesfatin—1
in veterinary medicine is lacking. Particularly, there are no studies
examining the role of nesfatin—1 in PT in sheep (Ovis aries).

This work aims to find out the changes in nesfatin—1 levels
produced by PT in ewes and look into their correlation with spexin,
a different biomarker associated in energy metabolism. The study
also aims to evaluate the potential role of nesfatin—1 and spexin
in the diagnosis of PT.

MATERIALS AND METHODS

This study was conducted with the approval of the Harran
University Local Animal Experiments Ethics Committee (HRU-
HADYEK), under permit number 2025/001/05.
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Selecting animal material

The study involved 45 Awassi ewes, each having given birth at
least once and gestating for 120 to 150 days (d), who were taken
to the Veterinary Faculty Animal Hospital of Harran University. The
ewes were categorized into three groups according to their BHBA
levels, as determined from blood samples obtained from the jugular
vein, and the clinical manifestations of PT [11]. The control group
(Group 1, n=15) included healthy ewes with a BHBA level <0.8
mmol-L?, the subclinical PT group (Group 2, n=15) included ewes
with a BHBA level between 0.8-2.5 mmol-L? that did not show
any clinical signs of PT, and the clinical PT group (Group 3, n=15)
included ewes with a BHBA level >2.5 mmol-L* (2.6—=7.10 mmol-L?%)
that showed clinical signs of PT such as anorexia, lethargy, head
drooping, opisthotonus, limb edema, and sternal recumbency
[12]. The study exclusively used pregnant ewes in the final month
of gestation exhibiting comparable body condition scores, and
who were not in lactation. The sheep in the research had also not
received any medicine in the preceding two weeks and shown no
further indications of disease.

Taking blood samples and testing them in a lab

Blood samples were taken from the jugular vein of the ewes in all
groups following the BHBA measurement. To get serum from the
blood samples, they were spun (NUVE NF 200, Ankara, Tiirkiye)
at 3000 rpm for 10 min. The obtained serum samples were stored
at -20°C until the d of analysis. Serum nesfatin—1 levels of the
ewes in the study groups were determined using a commercial kit
(Sheep Nesfatin ELISA Kit, MBS735285, MyBioSource, Inc., USA).
Spexin levels were also measured using a commercial kit (Sheep
Spexin ELISA Kit, MBS7273093, MyBioSource, Inc., USA). Insulin
levels were also measured using a commercial kit (Sheep Insulin
(INS) ELISA Kit, EK10248, Signalway Antibody, USA). BHBA level
was measured using rapid test kits (Free Style Optium Neo H—
Abbott®). Triglycerides, cholesterol, aspartate aminotransferase
(AST), gamma-glutamyltransferase (GGT), nonesterified fatty
acids (NEFA) and glucose levels were evaluated using the Seamaty
SMT-120V (Notavet, izmir, Tiirkiye) biochemical analyzer.

Statistical analysis

Statistical analyses were done using SPSS version 26 software.
We used visual approaches (histograms and probability plots)
and analytical tests (Kolmogorov—Smirnov/Shapiro—Wilk tests)
to determine if the variables were normal. For variables that
indicated a normal distribution, descriptive analyses were provided
as mean * standard deviation. Since the measured parameters
were found to follow a normal distribution, the differences between
these parameters were compared using a one—way ANOVA test.
In cases where significant differences were detected between
groups, pairwise comparisons were performed using the Tukey
test. Correlation analysis and statistical significance assessment
of the data were conducted using the Pearson test. A significance
level of 5% was considered for all analyses.

RESULTS AND DISCUSSION

The levels of spexin, nesfatin—1, insulin, glucose, BHBA, NEFA,
triglycerides, cholesterol, AST, and GGT according to the clinical
form of PT in ewes are presented in TABLE I.



Revista Cientifica, FCV-LUZ / Vol XXXV

TABLEI

The levels of spexin, nesfatin-1, insulin, glucose, BHBA, NEFA, triglycerides, cholesterol, AST, and GGT

according to the clinical form of pregnancy toxemia (PT) in ewes (Mean * Standard Error of Mean)

Parameters Control Subclinical PT Clinical PT P value
Spexin (pg:mL™) 123+2.992 73.14%1.55° 49.11+2.11¢ <0.001
Nesfatin-1 (ng'mL") 5.28+0.142 3.43+0.48° 12.31+£1.78¢ <0.001
Insulin (ng-mL™") 7.48+0.392 3.93+0.24° 3.36+0.35 <0.001
Glucose (mg-dl') 60.83+0.5% 44.44+0.69° 66.27 +£0.56¢ <0.001
BHBA (mmol-L") 0.42+0.232 1.77+0.31° 5.93+0.25¢ <0.001
NEFA (umolL-L") 0.249+0.0072 0.631+0.010° 1.000+0.27¢ <0.001
Triglycerides (mg-dL™) 0.44+0.013° 1.14+0.027° 3.73+0.069¢ <0.001
Cholesterol (mg-dL"") 60.73+0.442 59.66+0.28° 89.78+0.57¢ <0.001
AST (U-L") 108.77 £1.70° 115.92+2.31% 170.53 £2.54¢ <0.001
GGT (U-L") 31.04+0.56* 51.69+0.74° 81.38+0.84¢ <0.001

abe: Different letters in the same column indicate a statistically significant difference. g-hydroxybutyrate (BHBA), nonesterified
fatty acids (NEFA), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT)

This work offers strong evidence that spexin and nesfatin—1
hormones may exist as potential biomarkers for the diagnosis and
track of pregnant toxemia in sheep. Spexin is a hormone encoded
by the Cg120rf39 gene, and it is strongly vital for many things,
like controlling energy levels, obesity, endocrine homeostasis,
and glucose and lipid metabolism [13, 14]. Gu et al. [6] noticed
that individuals with type 2 diabetes demonstrated substantially
decreased amounts of spexin, which had a strong association
with their glucose levels. A further investigation which includes
people with type 1 diabetes identically revealed a significant
decrease in spexin levels [7]. A study monitoring the therapeutic
properties of spexin shown that its treatment resulted in decreased
adipocyte hypertrophy, normalizing of metabolic profile markers,
and substantial reductions in weight gain and pro—inflammatory
cytokine production [15].

There were big variations between groups in the levels of spexin,
nesfatin—1, insulin, glucose, BHBA, NEFA, triglycerides, cholesterol,
AST, and GGT (P<0.001). Spexin levels were significantly reduced
in the subclinical and clinical PT groups relative to the control
group (P<0.001).

A study investigating changes in spexin concentrations at
different times during the transition period in dairy cows revealed a
significant decrease in spexin levels during the 21—-day prepartum
phase, leading up in the lowest concentrations seen on the day
previous calving. Furthermore, spexin concentrations showed a
significant negative connection with NEFA and BHBA levels [16].
In our study, the concentrations of spexin in ewes with PT were
significantly lower than those in healthy animals, promoting the
results of Gu et al. [6], Karaca et al. [7], and Uztimur and Unal [17].
This findings confirm the significant negative correlations between
spexin concentrations and BHBA and NEFA levels reported by
Mikula et al. [16] and Uztimur and Unal [17].

Compared to the control group, the subclinical PT group had
lower levels of Nesfatin—1 while the clinical PT group had greater
levels (P<0.001). Insulin levels were reduced in both the subclinical
and clinical PT groups relative to the control group (P<0.001).

The serum insulin levels in sheep with subclinical and clinical
PT were similar (P>0.05). The subclinical PT group had lower
glucose levels than the control group, whereas the clinical PT
group had higher glucose levels than the control group (P<0.001).
The levels of triglycerides and cholesterol were greater in both
the subclinical and clinical PT groups than in the control group
(P<0.001). Serum cholesterol concentrations were comparable
in sheep with subclinical and clinical PT (P>0.05). AST and GGT
levels were higher in both the subclinical and clinical PT groups
compared to the control group (P<0.001). Serum AST levels were
analogous in sheep with control and subclinical PT (P>0.05).

Nesfatin—1 is a peptide derived from the NUCB2 precursor
molecule [18]. It has been identified in both the central nervous
system and peripheral tissues, playing a significant role in appetite
regulation within the central nervous system [19]. The appetite—
suppressing function of nesfatin-1 has been demonstrated
through its activating effect on melanocortin—3/4 receptors in the
hypothalamus [18]. Some studies suggest that nesfatin—1 may play
aregulatory role in energy and homeostasis. Individuals diagnosed
with anorexia nervosa and those experiencing chronic food restriction
were found to have significantly lower plasma nesfatin—1 levels
compared to healthy controls [20]. Plasma nesfatin—1 levels have
been shown to be associated with insulin resistance, fasting blood
glucose, fasting insulin levels, body weight, and fat mass [21, 22].
Data suggest that nesfatin—1, particularly when derived from adipose
tissue, is crucial for metabolism and food intake regulation [23].

The correlation findings between spexin, nesfatin—1, insulin,
glucose, BHBA, NEFA, triglycerides, cholesterol, AST, and GGT levels
according to the clinical form of PT in ewes are presented in TABLE II.
Strong correlations were determined between spexin, nesfatin—1,
insulin, glucose, BHBA, NEFA, triglycerides, cholesterol, AST, and
GGT levels (P<0.001). Spexin levels showed a significant positive
correlation with insulin (r=0.950, P<0.01). Spexin levels were
negatively correlated with nesfatin—1, BHBA, NEFA, triglycerides,
cholesterol, AST, and GGT (r=-0.569, P<0.01; r=-0.833, P<0.01;
r=-0.928, P<0.01; r=-0.837, P<0.01; r=-0.701, P<0.01; r=-0.769,
P<0.01; r=-0.913, P<0.01, respectively). Nesfatin-1 levels were
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TABLE IT

The correlation findings between spexin, nesfatin-1, insulin, glucose, BHBA, NEFA, triglycerides, cholesterol,

AST, and GGT levels according to the clinical form of pregnancy toxemia in ewes

Correlation analysis  Spexin Nesfatin-1 Insulin Glucose BHBA NEFA Triglycerides Cholesterol AST GGT
Spexin r 1

Nesfatin-1 r -0.569** 1

Insulin r 0.827*%* -0.393** 1

Glucose r -0.029 0.763 ** 0.167 1

BHBA r  -0.833*%* 0.843%* -0.686** 0.454** 1

NEFA r -0.928** 0.706** -0.807** 0.227 0.888** 1

Triglycerides r  -0.837*%* 0.891%* -0.667** 0.508** 0.966** 0.922%* 1

Cholesterol r -0.701** 0.944%* -0.507** 0.696** 0.932*%* 0.821%* 0.959** 1

AST r  -0.769*%* 0.874%* -0.577*%* 0.570** 0.932** 0.870%* 0.948** 0.955%* 1

GGT r -0.913** 0.778** -0.787** 0.317 0.953** 0.965** 0.963** 0.886** 0.918** 1

** P<0.01. B-hydroxybutyrate (BHBA), nonesterified fatty acids (NEFA), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT)

positively correlated with glucose, BHBA, NEFA, triglycerides,
cholesterol, AST, and GGT (r=0.763, P<0.01; r=0.843, P<0.01;
r=0.706, P<0.01; r=0.891, P<0.01; r=0.944, P<0.01; r=0.874,
P<0.01; r=0.778, P<0.01, respectively). Nesfatin—1 levels were
negatively correlated with insulin (r=-0.393, P<0.01).

There were substantial variances between groups in the levels
of spexin, nesfatin—1, insulin, glucose, BHBA, NEFA, triglycerides,
cholesterol, AST, and GGT (P<0.001). The subclinical and clinical
PT cohorts exhibited reduced levels of spexin in comparison to
the control group (P<0.001).

This study discovered significant negative correlations between
spexin and the energy metabolism biomarkers NEFA and BHBA,
indicating that spexin may be an extremely useful diagnostic tool
for pregnant toxemia. This hormone can be necessary for the
prompt identification of pregnancy toxemia in sheep and for the
control of glucose and lipid metabolism.

In a study conducted by Basar et al. [24] on humans, a negative
correlation was found between serum nesfatin—1 levels and fasting
blood glucose. In the present study, the decreased nesfatin—1
levels in ewes with subclinical PT were associated with increased
appetite and food intake. This phenomenon is thought to be a
homeostatic mechanism developed by the body to prevent disease
progression. It is known that diabetic polyphagia is caused by
reduced circulating nesfatin—1 levels [25].

Nesfatin—1 has been reported to exhibit antihyperglycemic
effects under conditions of impaired glucose metabolism [8].
Additionally, it may act by increasing insulin sensitivity in the brain
[26] and enhancing insulin secretion from beta cells in response
to hyperglycemia [27]. A study on patients with type 2 diabetes
found that plasma nesfatin—1 levels were lower compared to
healthy controls and patients with type 1 diabetes [25]. Another
study reported that serum nesfatin—1 levels were lower in women
with gestational diabetes compared to healthy controls [28]. Type
2 diabetes is often associated with obesity, impaired insulin
sensitivity [29], and eating disorders [30].

4 of 7

In contrast to the literature, the present study found that nesfatin—1
levels were higher in ewes with clinical PT compared to the control
group. During the late stages of pregnancy in ewes, significant
adaptations occur in maternal energy metabolism to meet the
increased energy demand. These adaptations involve reducing glucose
utilization by peripheral maternal tissues to preserve energy for fetal
growth. Key adaptations include decreased insulin production and
physiological peripheral insulin resistance (IR), characterized by
reduced insulin secretion, decreased insulin sensitivity, or both [31].

Peripheral IR limits glucose supply to maternal adipose and
skeletal muscle tissues, promoting the mobilization of lipid reserves.
In this study, clinical pregnancy toxemia ewes were brought to the
clinic in advanced stages of the disease, with high average BHBA
levels, suggesting a higher degree of insulin resistance. This may
explain the elevated nesfatin—1 levels observed in these animals.
Additionally, all ewes in the clinical pregnancy toxemia group
exhibited anorexia, which may indicate that the increased nesfatin-1
levels observed in PT could be related to anorexia, a common
symptom of the disease. Nesfatin—1 plays a role in inhibiting food
intake within the central nervous system [32]; however, further
studies are needed to clarify its specific mechanism in PT.

Pregnant ewes with PT have problems with lipid metabolism and
liver function because they don’t get enough energy. This affects
fatty acid oxidation (FAO), acetyl-CoA metabolism (ACM), and
triglycerides synthesis (TGS). These metabolic abnormalities are
exacerbated in ewes exhibiting clinical PT. In the current study,
it is significant that nesfatin—1 exhibited a positive association
with triglyceride and cholesterol levels. The mechanism by which
elevated nesfatin—1 diminishes intracellular lipid accumulation
is believed to entail the facilitation of triglyceride mobilization
through the upregulation of hormone-sensitive lipase (HSL) and
adipose triglyceride lipase (ATGL) [33]. The inverse relationship
between spexin and AST/GGT, together with the direct relationship
between nesfatin—1 and AST/GGT, indicates that these hormones
may operate as crucial indicators for the diagnosis of lipid and
hepatic dysfunction related to PT. Nesfatin—1 and spexin are vital
for retaining blood sugar levels stable and breaking down fats.
Others think that both hormones can activate the AMP—-activated
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protein kinase (AMPK) route, which speeds up the decomposition
of fatty acids. This might be a way for the body to fix issues with
lipids. This method has been shown to improve nesfatin-1 and
spexin levels in people with type 2 diabetes mellitus (T2DM) [34].

The oxidative decarboxylation of pyruvate and the f—oxidation
of fatty acids develop acetyl-Coenzyme A (Acetyl-CoA). Acetyl—
CoA serves as a metabolic intermediary and second messenger,
affecting essential liver functions such as fatty acid synthesis,
cholesterol generation, and ketone body synthesis [35]. The
hepatic mitochondrial matrix mostly transforms Acetyl-CoA
into molecules of ketone, including acetoacetic acid (AcAc) and
BHBA, by ketogenesis [36]. Glucose, lipids, and proteins enter
the tricarboxylic acid (TCA) cycle and oxidative phosphorylation
via Acetyl-CoA, where they are completely oxidized into carbon
dioxide and water, producing ATP for energy synthesis. Nutritional
restriction leads to decreased glucose levels and a reduction in
glycolytic metabolism. This condition enhances lipolysis and
ketogenesis in adipose tissue, stimulating mitochondrial oxidation
of non—glucose energy substrates into Acetyl-CoA and activating
the TCA cycle for energy production [37].

The low nesfatin—1 levels observed in the subclinical PT group
are thought to exhibit a protective effect against the progression
of PT by inhibiting cAMP production and insulin signaling, thereby
suppressing adipocyte differentiation [38]. Spexin plays a crucial
role in energy homeostasis by regulating lipid metabolism in
mammals. Walewski et al. reported that spexin expression in
human white adipose tissue inhibits the uptake of long—chain fatty
acids, leading to weight loss in rat models [13]. Spexin promotes
lipolysis by phosphorylating HSL while inhibiting lipid synthesis
[39]. In conclusion, spexin regulates lipid metabolism through
multiple mechanisms, including blocking fat uptake, inhibiting lipid
synthesis, and promoting lipolysis. The decreased spexin levels in
ewes with PT may act as a protective mechanism to limit lipolysis
and prevent further disease progression.

There are some limiting factors in our study. The fact that the clinical
group consisted only of clinical cases resulted in higher average BHBA
levels in this group compared to the subclinical group. This limitation
prevented us from determining the exact stage at which the increase
in nesfatin—1 levels began. Additionally, since long—term follow—-up of
the ewes was not possible, it was not feasible to assess the response
of nesfatin—1 and spexin levels to treatment.

CONCLUSIONS

Nesfatin—1 and Spexin are considered potential biomarkers for
the diagnosis of both clinical and subclinical forms of pregnancy
toxemia in ewes. However, to fully elucidate the roles of these
biomarkers throughout the course and treatment of pregnancy
toxemia, studies in which the disease is experimentally induced are
required. It is believed that such studies, supported by molecular—
level analyses, will allow for a more detailed understanding of the
effects of Nesfatin—1 and Spexin in pregnancy toxemia.
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