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Nesfatin (NES), a  polypeptide derived from nes-
fatin-1, calcium, and DNA-binding nucleobindin2 
(NUCB2 or NEFA), was first described in rats by 
Oh-I and colleagues (15). Nesfatin-1 is a neuropeptide 
regulating hunger and fat storage, acting independently 
of leptin. It is also a vigorous regulator of metabolism 
and appetite control. As documented by Oh-I and col-
leagues, the cell nucleus responsible for appetite con-
trol in the hypothalamus secretes nesfatin (15, 20, 21).

Owing to leptin resistance observed in obese people, 
metabolic weight control via leptin pathways is im-
possible. Given that nesfatin interacts strongly with 
appetite mechanisms, the possible role of NES in the 
treatment of obesity and related diseases can be con-
sidered in cases of leptin-independent decline in food 
intake (15).

Due to its effects on the prevention of food intake 
and appetite control (15), NES has been a very popular 
subject of research in many fields in recent years (20). 
Researchers have highlighted the significant role of the 
peptide hormone nesfatin-1 in the energy metabolism 
of the body and claimed that it may serve as a prog-
nostic factor for obesity, diabetes mellitus, and mental 
depressive disorders (6, 14, 16, 18, 20, 22, 27). Some 
studies have revealed that NES also regulates water 

intake and reduces the need for water (26). In addition 
to the above effects of nesfatin, there are also studies 
demonstrating its role in body temperature regulation 
(25) and its effect on sleep patterns (24).

After post-translational modifications, the enzyme 
prohormone convertase (PC)-1/3 fragments NUCB2 
into an N-terminal fragment (NES-1: aa 1–82) and two 
C-terminal peptides (NES-2: aa 85–163 and NES-3:  
aa 166–396) (1-3, 19, 21). Immuno-histochemical stud-
ies confirmed the presence of nesfatin-1 and its primary 
metabolite NUCB2 polypeptides in the central nervous 
system, hypothalamus, brain-stem, front and mid-brain 
cell nucleus, and central amygdala cell nucleus (5, 6, 
15, 22, 27). Apart from the central nervous system, 
the presence of this polypeptide is also evident in pe-
ripheral tissues (especially in adipose tissue, gastric 
mucosa, pancreatic endocrine beta cells, as well as 
ovarian, uterine, and testicular tissues). After secretion 
in peripheral tissues, it was able to pass through the 
blood-brain barrier both ways without molecular satu-
ration, and an intravenous injection remained stable for 
20 min (1, 2, 5-7, 12, 15-17, 22, 23).

The primary goal of this research was to confirm 
the presence of NES peptides in sheep serum. Next, it 
was aimed at measuring the level of expression of the 
peptide and at identifying any relationships between the 
presence of NES peptides in sheep serum and the age 
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and sex of the animals. The comparison of the levels of 
nesfatin-1 in healthy male and female subjects broken 
down by age is a fundamental goal of this study.

To date, biochemical, immunohistochemical, physi-
ological, pathological, and pharmacological research 
on nesfatin has mostly been focused on humans and 
some animal species (2). In 2006, the presence of nes-
fatin was demonstrated for the first time in rats’ brains 
(15). Thereafter, the prevalence of this peptide was 
also investigated in the hypothalamus of pigs (8), mice 
(10), and dogs (11). This is the first study to investigate 
serum nesfatin-1 levels in healthy sheep categorized by 
age and sex. In literature, in ruminants (cows) just one 
study reports the nesfatin levels in serum and milk (1). 
No study has examined the levels of nesfatin that could 
serve as reference values in healthy sheep. In this con-
text, the present study, investigating the effects of the 
multifunctional polypeptide nesfatin on the metabolism 
of healthy sheep, is of utmost importance. Nesfatin, 
which is likely to be one of the advanced biochemical 
research, diagnostic and prognostic parameters in the 
future, may provide academics and clinicians with im-
portant clues to biochemical, metabolic, physiological, 
and endocrinological processes.

Material and methods
The current research was confirmed by the Bahri Dagdas 

International Agricultural Research Institute Director-
ate of Local Ethics Committee of Animal experiments 
(14.01.2015/35 and 0088).

Sheep blood samples were collected in private enterprises 
in Aksaray, Turkey. The study population comprised 220 
healthy Akkaraman sheep, both females (n = 55 lambs and 
55 ewes) and males (n = 55 lambs and 55 rams). Regular 
health controls of these animals are carried out in farms, 
and they are checked by earring numbers. Blood samples 
were collected into anticoagulant-free serum tubes and cen-
trifuged for 10 min at 3000 rpm (4). Fresh samples were 
used for nesfatin-1 analysis.

Nesfatin assays. Commercially available 
enzyme-linked immunosorbent assay (ELISA) 
kits (Sheep Nesfatin ELISA Kit – Shangai Sunred, 
Biological Tech., China) that detect peptides in 
biological fluids (serum, plasma, saliva, urine, 
etc.) were employed to measure the levels of serum 
peptides blindly.

These kits used an enzyme-linked immune 
sorbent assay based on the biotin double antibody 
sandwich technology to assess sheep nesfatin. 
First, NES was added to wells pre-coated with 
NES monoclonal antibody and then incubated. 
Then added anti-NES antibodies labeled with 
biotin which forms immune complex. After incu-
bation and washing procedures, added substrates. 
The shades of solution and the concentration of 
sheep nesfatin are positively correlated. All the 
samples were measured at 450 nm in ELISA plate 
reader (ELx800 Absorbance Microplate Reader-

BioTek, Vermont, USA). Serum nesfatin-1 levels were 
calculated from standard curves.

Statistical analysis. Data were analyzed with the statisti-
cal software SPSS 15.0 for Windows (SPSS Inc., Chicago, 
IL, USA). The Student t-test was used to analyze differences 
between the groups. One-way ANOVA was performed to 
compare group averages in terms of continuous variables. 
Duncan’s multiple comparison test was used to identify dif-
ferent groups after the analysis of variance. The data were 
represented as means ± standard error (x ± SD). Statistical 
significance was accepted at p < 0.05.

Results and discussion
The results of this study show much higher nesfatin 

levels in both groups of males compared with females 
(Tab. 1). Significantly higher NES values were de-
tected in males than in females (p < 0.05) (Fig. 1). 
Considering all four groups (differentiated by age 
and sex), nesfatin values were significantly lower in 
females than they were in males, but differences were 
also observed within groups. The differences observed 
within the groups are as follows:

In the female group, the nesfatin level was 5.23 
± 1.13 ng/mL in adults and 3.14 ± 0.59 ng/mL in lambs, 
but this difference was not statistically significant 
(p > 0.05).

In the male group, the nesfatin level was 14.31 
± 3.94 ng/mL in adults, whereas the value measured 
in lambs was significantly higher at 28.83 ± 1.72 ng/
mL (p < 0.05).

Thus, as far as age is concerned, the nesfatin level 
was higher in female ewes than in female lambs. In the 
male group, on the other hand, it was lower in adults 
(rams) than in lambs. The nesfatin level in ewes was 
1.66 times as high as it was in female lambs (Fig. 1), 
whereas the NES level in male lambs was 2.04 times 
as high as in rams (Fig. 1). Furthermore, the results 
show that serum nesfatin levels were notably higher in 

Fig. 1. Levels of serum nesfatin-1 in four groups of sheep

Tab. 1. Levels of serum nesfatin in Akkaraman sheep (x ± SD)
Polypeptide (Unit) Ewes Female lambs Rams Male lambs

Nesfatin (ng/mL) 5.23 ± 1.13a 3.14 ± 0.59a 14.31 ± 3.94ab 28.83 ± 1.72ab

Significance (p > 0.05) (p < 0.05)
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males than then they were in females, and this differ-
ence was observed both between ewes and rams and 
between female and male lambs (Fig. 1).

A positive relation was confirmed between the NES 
level and age difference (young-adult), especially in 
males. Higher levels of nesfatin were observed in males 
than in females (Fig. 1). Female adults (ewes) showed 
higher nesfatin levels than female lambs (Fig.  1). 
Unlike in females, nesfatin levels in adult males (rams) 
were lower than they were in male lambs (p < 0.05) 
(Fig. 1).

The published literature includes no report that 
confirms the presence of nesfatin-1 in the blood of 
healthy sheep. This study provides preliminary data 
on nesfatin-1 levels in sheep of different ages and 
both sexes. Elucidating the function and metabolism 
of nesfatin-1 in sheep is an important topic for further 
research. At present, no comparative interpretations can 
be drawn from this point, because of the lack of stud-
ies on nesfatin in healthy sheep (Akkaraman sheep).

The increase in nesfatin in female adults may be due 
to hormonal differences. Alternatively, lower nesfatin 
levels in male adults than in male lambs may be due 
to age-related differences. Perhaps, while estrogen, 
whose synthesis increases at maturity, has a positive 
effect on nesfatin levels in females, testosterone may 
have a negative effect in males. Since there is no lit-
erature to compare this distinction, interpretations are 
limited. Hormonal interactions may be responsible 
for these differences between adults and lambs and 
between males and females, which can be elucidated 
by subsequent studies.

Bergmann et al. (3) investigated the role of serum 
nesfatin-1/NUCB2 level as a biomarker of impaired 
glucose metabolism in human subjects without dia-
betes. They reported significantly lower nesfatin-1/
NUCB2 levels in men than in women. This report (3) 
is in contradiction with the results obtained from the 
sheep in the current study and is open to interpreta-
tion. As stated in their article, it is strongly believed 
that these seemingly dissimilar (or even contradictory) 
results may be attributed to racial, species, and even 
individual genetic differences. It is an important pos-
sibility that gender and age differences have a signifi-
cant effect on nesfatin-1 concentrations and endocrine 
activity through the effects of sex hormones.

Further studies with different animal species and 
breeds by considering endocrine and metabolic activi-
ties will be able to explain the differences in nesfatin 
levels depending on age and gender. Probably, the 
hormonal and physiological characteristics of animals 
may be responsible for the higher concentration of 
nesfatin detected in ewes compared with female lambs. 
On the other hand, physiological, hormonal, and mostly 
biochemical metabolic variations may contribute to 
the lower levels of NES in rams compared with male 
lambs.

Owing to its effect on the hypothalamus, NES, se-
creted from the cell nucleus responsible for appetite 
control, which inhibits food intake and controls ap-
petite (20), has been a topic of intensive research over 
the last ten years. This multifunctional polypeptide, 
which is still under investigation, has been relevant 
in exploring the functions of metabolism, particularly 
with regard to biochemical and hematological param-
eters in healthy animals.

Nesfatin-1 levels were estimated in plasma, milk, 
cheese, and cheese whey in a study conducted with 
dairy cows (1). That study confirmed the presence of 
nesfatin-1 in milk and milk products, and also reported 
the plasma nesfatin level to be 4.02 ± 1.51 ng/mL. 
Comparing cattle ruminants (dairy cows) and small 
ruminants (ewes), we find that the serum nesfatin level 
in cows was fairly close to 5.23 ± 1.13 ng/mL obtained 
in the present study for ewes.

According to the literature, the initiation of puberty 
and fertility are precisely correlated with the amount 
of metabolic energy reserves in the body, which is 
regulated by the primary factors that control appetite. 
It is suggested that nesfatin-1, as an appetite-inhibiting 
hormone, has a marked impact on reproduction me-
tabolism (9). This means that nesfatin levels may be 
higher during growth, development and active repro-
ductive physiological periods.

To restore metabolism homeostasis impaired due 
to growth, development, and mass increase in young 
male sheep, nesfatin-1 synthesis may have increased 
as a compensatory mechanism. On the other hand, this 
may explain why NES levels in the adult mother sheep, 
especially in the lactating ones, were higher than they 
were in the female lambs.

Both central and environmental signals and physi-
ological needs regulate food intake, one of the most 
basic needs and instincts in all animals, including 
humans. Nesfatin levels may also be increased during 
the physiological periods of reproduction (ewes, rams), 
growth and development (lambs), rapid metabolic 
activities (male lambs in particular), and in cold cli-
mate (all groups), and these conditions may also have 
influenced the sheep in the present study.

Nesfatin-1 has a significant impact on food intake 
and body temperature. Cold-induced nesfatin-1 expres-
sion may enable nuclei in different parts of the brain 
to adapt to a  lower temperature (13). In this study, 
blood was collected from sheep in May. Therefore, the 
climatic conditions of that month may have affected 
nesfatin levels, which regulate body temperature.

According to research performed since 2006 (15), 
patients’ response to treatment reflected a  probable 
beneficial effect of nesfatin-1 polypeptides on the 
management of related metabolic diseases (2). Nesfatin 
polypeptide, as a new biochemical parameter in clini-
cal practice and an important addition to advanced 
biochemical data, can be assessed in diseases and 
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compared with its normal values in the blood (serum 
or plasma) of various animals.

This parameter, which is most likely to be among the 
basic biochemical diagnostic variables in the future, 
will provide academics and clinicians with important 
clues to both physiological and endocrinological pro-
cesses. The field of veterinary surveillance provides 
important insights on the diagnosis, early diagnosis, 
etiology, and pathogenesis of the (nesfatin related) 
possible metabolic diseases, detection as well as the 
usefulness of treatment methods applied. At this point, 
apart from the basic biochemical parameters of breeds, 
the determination and use of advanced biochemical 
values will be the most beneficial approach.

This preliminary study will be effective in guiding 
future research on this topic.
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