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ABSTRACT 
Apelin is an important adipokine hormone that is released from 

adipose tissue, which is considered as the energy store of the body, 

which plays a role in many physiological processes in the body, as 

well as cardiovascular, immune functions and energy, nutrients and 

fluid metabolism. In this study, it was aimed to determine the effect 

of lactation, pregnancy and gender on apelin hormone levels in blood 

serums belonging to different races of ewe. In the present study, the 

hormone levels of the pregnant, non-pregnant ewe and rams of the 

Akkaraman Kangal and Morkaraman races were thin, with different 

body condition scores (<2, 3 to 3.5 and ≥4). Apelin hormone level 

was determined by ELISA technique in blood serum samples of ewe's 

Jugular vein. It was determined that there was a difference in body 

scores between races and the interaction between race and body score 

was important (P<0.05). Apelin level in ewe in lactation and pregnant 

ewe did not change according to body condition scores (P>0.05). In 

terms of apelin, gender and body condition score, race and gender, 

and body condition score interactions were found to be significant. 
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1. Introduction

Adipose tissue is the source of circulating lipids, a metabolically active endocrine organ that is involved in the production 

and secretion of adipokines and has a role in energy homeostasis (Medina-Gómez 2012; Pérez-Pérez et al 2015).  

Adipose tissue is categorized into three groups based on its structural characteristics: white, brown and beige adipose 

tissue (Awad & Bradford 2010). White (unilocular) adipose tissue is an endocrine gland from which the adipokines are 

secreted, has a thin cytoplasmic section and the nuclei in the cells are pushed to the side. Brown adipose tissue (BAT) has 

numerous large mitochondria in its cytoplasm (Symonds 2013). The role of BAT in thermoregulation is to produce heat 

for thermogenesis via uncoupling protein-1 (UCP-1) instead of adenosine triphosphate (ATP) (Cinti 2012). UCP1 is only 

present in small amounts in the fetus and in ewe and humans. In neonatal lambs, it is activated with endocrine stimulating 

factors during delivery only at the beginning of respiration and to provide protection against severe hypothermia 

(Symonds et al 2003). Numerous endocrine factors including leptin (Mostyn et al 2002), catecholamines (Symonds et al  
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2000), thyroid hormones (Heasman et al 2000), cortisol (Clarke et al 1998), and prolactin (Pearce et al 2005) have 

potential to activate BAT. In neonatal lambs, major BAT depots are found in the peri-abdominal and inguinal regions of 

lambs (Everett-Hincks & Duncan 2008). Moreover, the anterior-scapular region and the subcutaneous tissues in the leg 

regions contain functional BAT (Jackson et al 2001).  

           

 Apelin hormone secreted from adipose tissue is a member of the hormone-cytokine family, which was discovered 

recently, isolated from the bovine gastric juice, originates from preproapelin and has a 77-amino acid precursor (Tatemoto 

et al 2001). 

 

It has various isoforms such as apelin and APJ receptor, apelin-12, 13, 17, 36. The levels and localizations of these 

isoforms (APLN-12, 13, 17, 36) in the body vary according to the tissues (Kawamata et al 2001). Apelin/APJ is present 

in various brain areas (hypothalamic supraoptic nucleus; SON, paraventricular nucleus; PVN), heart, stomach, skeletal 

muscle, testicle and ovary (Hosoya et al 2000). Apelin-36 isoform is present at higher levels in the lung, testicle and 

uterus, while apelin-13 is present at higher levels in the mammary glands (Kawamata et al 2001). When the isoforms are 

analyzed in terms of action, apelin 13 isoform has 8 times more potent biological activity than apelin 17 and 60 times 

more potent biological activity than apelin 36 (Tatemoto et al 1998). Therefore, most of the recent studies were conducted 

on apelin-13 with a greater biological activity compared to other apelin isoforms and with N-terminal pyroglutamate 

residues (Bełtowski 2006). 

 

Apelin/APJ system is effective in important physiological processes including endocrine stress response (Taheri et al 

2002; O'Carroll et al 2013), cardiovascular functions (Szokodi et al 2002), regulation of blood pressure (Tatemoto et al 

2001), angiogenesis (Zhang et al 2016), thermoregulation (Reaux et al 2001) and regulation of energy metabolism 

(Bertrand et al 2015). One of the potential roles of apelin is the regulation of food intake. Due to the nutritional regimen, 

apelin and insulin secretion increase together with adipocytes (Boucher et al 2005). While intracerebro-ventricular 

injection of apelin does not affect food intake in satiated rats, it increases feed intake dose-dependently in hungry animals. 

This effect arising suggests that apelin has an anorectic effect (Brailoiu et al 2002). Therefore, possible changes in the 

amount of adipose tissue for a mammalian species result in important metabolic, immunological and endocrine problems.  

 

The plasma level of apeline hormone, a member of the cell signaling protein group secreted by adipose tissue, called 

adipokines, is anticipated to be a potential serum biomarker that predicts the early diagnosis of diabetes mellitus (Ma et 

al 2014), cardiovascular diseases, obesity, and various types of cancer (Wysocka et al 2018).   

 

 Apelin/APJ is an important molecule and confirmation of its use as a biomarker in different diseases, determination 

of the potential of therapeutic strategies are a very important step for its clinical use. On the other hand, ewe races in 

Turkey is a branch of the livestock sector that has an important contribution to both economy and human nutrition (meat 

and milk production) (Yildiz & Denk 2006). The lactation, reproduction and pregnancy periods are important stages in 

the production cycle for ewe races sustainability. For an effective reproduction process to ensure sustainability, genetic 

and endocrine control pathways should be known in detail. Lactation, one of the important stages affecting the production 

cycle, causes radical changes in the adipose tissue metabolism of ruminants. Apelin hormone, secreted from adipose tissue 

and found in the mammary gland, regulates the activity of mammary gland in ewe (Mercati et al 2018). In addition, 

primarily apelin, leptin, and adinopectin hormones in the adipokine group, and hormones such as growth hormone, 

prolactin and parathyroid hormone are secreted from the mammary gland. Some adipokines such as apelin, adiponectin 

and leptin have a role in the growth, function and lactogenic regulation of the mammary gland (Habata et al 1999; Palin 

et al 2017). Adipose tissue has a critical importance in meeting the metabolic energy required for lactation and in the 

strategies for increasing and improving the milk yield (Vernon & Pond 1997) its ability to use adipose tissue energy (Lau 

et al 2005). The regulation of reproductive and nutritional behavior is controlled by the central effectors in the brain, the 

hypothalamus and the endocrine and nerve signals (Traslaviña et al 2014).  

 

Apelin and APJ (G protein-coupled receptor) has a diffuse distribution in the reproductive areas of the brain such as 

hypothalamus, pituitary gland, and in the ovary and testicle. The role of apelin in the reproductive behavior and regulation 

of the hormone realizes the release of LH and FSH (Hosoya et al 2000). It has been reported that its regulatory role in 

male reproductive system suppresses the release of LH and testesterone (O'Carroll et al 2013; Sandal et al 2015). 

  

The issue of infertility in rams is one of the most fundamental issues that affects the sustainability in ewe sector since 

it affects the reproductive performance in ewe, the number of ewe giving birth and lambs born per ewe. It is reported that 

apelin/apj agonist might be a useful drug in the treatment of infertility (Valle et al 2008). However, there is a limited 

number of studies investigating the effect of apelin hormone on male reproductive system. Another important stage in the 

production cycle is pregnancy. Pregnancy, is a period of intense physiological changes due to fetal growth. Protection of 
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maternal and fetal health is very important in this period. If the body does not provide sufficient energy support required 

for the development of fetus or fetuses during pregnancy, other energy sources and body adipose depots are used. This 

process also corresponds to the lactation period. The energy source used in this period is glycogen reserves in the liver 

(Ağaoğlu & Akgul 2006; Kaymaz 2006). The energy that cannot be met from carbohydrates is met from the fatty acids 

accumulated in the liver. If this accumulation is excessive, the liver functions are impaired, resulting in hepatic lipidosis, 

on the other hand, some fatty acids transform into toxic ketone bodies. Pregnancy toxemia occurs with the increased toxic 

ketones in blood, milk and urine and due to disorders in carbohydrate and fat metabolism (Rook 2000; Brozos et al 2011). 

Pregnancy toxemia, a metabolism and herd problem, most commonly results in death, if not diagnosed and treated timely. 

Therefore, attention should be paid to the feeding program from the 30th day of pregnancy, especially in multiple 

pregnancies (Scott 2007). In the treatment of pregnancy toxemia, the administration of insulin increases the chance of 

recovery of animals with severe disease since it stimulates glucose intake (Henze et al 1998; Rook 2000). There is a strong 

link between apelin and insulin secretion (Guo et al 2009). The concentration of circulating apelin is directly increased 

by insulin, while it is reduced by glucocorticoids (Boucher et al 2005). Insulin acts directly on adipocytes to stimulate 

apelin production (Sörhede et al 2005). Apelin hormone modulates fetal angiogenesis and energy homeostasis during 

pregnancy. However, although its effect on pregnancy metabolism has not been fully clarified, it has an important role in 

providing a normal fetal development and in the regulation of placental vascularity and blood flow (Cobellis et al 2007; 

Telejko et al 2010). In a study conducted on experimental animals, it has been shown that the use of glucose was increased 

in the skeletal muscle and the plasma glucose level significantly decreased after acute apelin injection. With this aspect, 

apelin is considered as a promising development in the management of insulin resistance (Dray et al 2008).  

 

The presence of apelin isoforms (Apelin 13, 17, 36) in plasma (Bełtowski 2006) allows the effect of apelin hormone 

to be analyzed, which forms the basis of our study. Therefore, the effect of race, lactation, pregnancy and gender factors 

on serum levels of apelin-13 isoform, which has been indicated to have a high biological activity in the literature, was 

investigated in our study. Fat in the tail of fat-tailed ewe is the fat stored in the tails of ewe raceed in regions with long 

winter season and limited possibility of feeding. It is also a reserve store of food and energy for ewe (Sönmez 1968; 

Anonymous 2012). Moreover, it is a human food containing quite high amounts of omega acids and the total fat and 

protein content of 100 g is 86.12 and 2.87 g, respectively (TÜRKOMP 2019). 

 

 Clinical studies report that apelin hormone has a therapeutic potential in clinical use as a potential serum biomarker 

for the early diagnosis of various diseases (cancer, diabetes and cardiovascular problems) and follow-up of metabolic 

processes. The data obtained as a result of our current study is a preliminary study for the studies that we will conduct to 

investigate the therapeutic efficacy as a result of the use of synthetic apelin hormone among alternative treatment methods 

for pregnancy toxemia. Moreover, since this study on elucidating the factors affecting the level of apelin hormone is the 

first comparative and comprehensive study on domestic ewe, it will serve as a reference for further studies and provide 

new information to the literature. Furthermore, the studies to be conducted on large numbers of animals and different ewe 

races are of importance in terms of strategies. The aim of this study was to investigate the effect of gender, body condition 

score and race on serum apelin hormone levels of domestic ewe races (Akkaraman-Kangal and Morkaraman), during 

lactation and pregnancy periods.   

 

2. Material and Methods 
 

2.1. Animal selection and creation of groups  

 

In the study, 270 ewes of Morkaraman and Akkaraman-Kangal races aged between two and seven with equal average 

live weight, gave normal birth in the previous reproductive season and 90 adult rams of Morkaraman and Akkaraman-

Kangal-races were used. 

 

The study was conducted in 6 ewe farms in Bayburt Province center and two districts (Demirozu and Aydıntepe) 

(40.16 N, 39.89-K; 40.22 N, 40.26-K; 40.3 N, 40.14-K) which ewe production is performed under intensive conditions 

and records are regularly followed up. The animals used in the study were divided into three groups as Group I (lactation 

group), ewes in the early lactation period (n= 90); Group II (pregnancy group), ewes in the first period of pregnancy (on 

the 100th day of first pregnancy) (n= 90) and Group III (rams) by randomization so that the average total live weight of 

the groups was equal. During the study period, the environment and feed factor (Table 1) were taken into account. The 

content of feeds used in this study was analyzed according to the standard AOAC methods. 
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Table 1- Nutrient composition of diets used in the study (%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
1 kg vit.-min. Premix contains vitamin A, 7,000,000 IU; vitamin D3, 1,000,000; vitamin E, 30,000; Mn, 50,000 mg; Zn, 50,000 mg; Fe, 50,000; Cu, 

10,000 mg; I, 8,000 mg; Co, 200 mg; Se, 150 mg; and Mg, 100 mg  

 

2.2. Collection of serum samples 

  

Blood sample of 10 mL was collected from the jugular vein of the ewe into the tubes not containing anticoagulant 

(VACUETTE® TUBE 9 mL Serum Clot Activator). The blood samples collected were centrifuged at 3000 rpm/min for 

10 minutes on a refrigerated centrifuge (NF 1200, NUVE, Ankara, Turkey) in the laboratory, then resulting blood serums 

were separated. The separated serums were transferred into sterile tubes and stored in deep freezers ( -80 °C) until the 

laboratory analyses were carried out. 

 

2.3. Measurement of apelin hormone levels in serum 

 

The basic principle of the Elisa method is based on the use of enzyme to determine the antigen-antibody combination in 

the sample. The enzyme used converts the colorless layer (chromogen) into a colored product, indicating the presence of 

antigen-antibody, and the intensity of the resulting color is read by the elisa plate reader at the recommended wavelength 

so the relevant concentration is determined (Marai et al 2001). 

 

 The minimum detectable concentration of the apelin hormone kit used in the measurement of apelin levels in the 

blood serums obtained as a result of the study is reported as <18.75 pg mL-1. The race-specific ewe APLN ELISA Kit 

(Apelin, FineTest, Product code: ESH0081, CHINA) was studied in accordance with the procedure described in the 

manufacturer's catalog using the determination of 31.25-2000 pg mL-1, the intra assay coefficient of 8.0% and the inter-

assay coefficient of 10.0%. 

 

2.4. Statistical analysis  

 

In this study, the serum apelin hormone levels of Kangal Akkaraman and Morkaraman ewe races in the lactation and 

pregnancy period were analyzed as dependent variables and gender, body score and race factors were analyzed as fixed 

effects. In the analysis of the effects of gender, body score and race on the serum apelin hormone levels of Kangal 

Akkaraman and Morkaraman ewe races in the lactation and pregnancy period, normality test was applied to the apelin 

measurements. As a result of significant Shapiro Wilk test, logarithmic transformation was applied to the data. After the 

transformation process, Levene's test (P= 0.33) was used to determine whether the data was normally distributed and the 

group variances were homogenous. Then, the univariate procedure was used in the generalized linear models for the 

logarithmic apelin measurements. The analyses were performed in the full factorial setting with 3 factors (2x3x3) 

according to completely randomized design, and the interaction effects of the body score and race, body score and gender, 

race and gender, and body score, gender and race were also investigated. Tukey's multiple comparison test was used to 

compare the differences for the means of apelin hormone. IBM SPSS v25 statistical package software was used in all 

analyses in this study. All significant differences were evaluated by testing at P<0.05 level. 

Ration composition Morkaraman Kangal Akkaraman 

Barley 65.00 65.00 

Wheat bran 10.50   7.00 

Soybean meal 22.00 20.50 

Dicalciumphosphate   1.00   1.00 

Salt   0.50   0.50 

Premix   0.50   0.50 

Chemical composition, % 
 

 

 

 

 

Dry matter 

 

 

 

 

 

 

 

(%) 
90.39 

 

90.60 

Dry Matter 90.39 90.60 

Crude protein 17.37 16.99 

Crude ash   5.59   5.78 

ADF   8.84 11.26 

NDF 34.44 32.72 

ME Kcal kg-1 

 

                              

2642 

 

2620 
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3. Results

Kangal Akkaraman and Morkaraman ewe with a body condition score of ≤2 (low), 3- 3,5 (optimal), and ≥4 (high). The 

treatment groups were: Group 1; non-pregnant (n= 90); Group 2 pregnant (n= 90) and Group 3, rams (n= 90). The 

experimental material was composed of animals of similar ages. At the end of the research, when the apelin level of the 

coaches was examined according to the races and body condition score (Table 2), it was determined that there was a 

bodyscore difference according to the races, while it was found to be important in the apelin-related interaction between 

race and body score (Table 3). In the study conducted on the ewe, it was found that the apelin level in the lactation and 

pregnancy period was similar in terms of body condition score (Table 3 and 4), but it was determined that there was a 

difference between races. As a result of the statistical analysis, it was found that the effect of the apple's gender on the 

body condition score, the race's gender and race's body condition score interaction (P<0.05) (Table 4). 

Table 2- Effect of apelin on ram races and body condition score (ng mL-1) 

Table 3- Effect of apelin on pregnancy and body condition score in pregnancy (ng mL-1) 

N Morkaraman Kangal Akkaraman 

2 Bodyscore 

3 Bodyscore 

4 Bodyscore 

30 

30 

30 

5.60±0.54a 

3.31±0.54bc 

 4.04±0.34abc 

4.43±0.34ab 

4.85±0.39ab 

 3.22±0.22c 

Source of variation (P-values) 

Race 

Bodyscore 

Race × Bodyscore 

0.66 

0.00** 

0.01** 

Main effect means diet 

2 Bodyscore 

3 Bodyscore 

4 Bodyscore 

3.99±0.18a 

3.86±0.18ab 

3.74±0.14b 

Race 

Morkaraman 

Kangal Akkaraman 
4.32±0.28 

4.17±0.19 

N Morkaraman Kangal Akkaraman 

2 Bodyscore 

3 Bodyscore 

4 Bodyscore 

30 

30 

30 

4.55±0.58 

4.75±0.58 

4.45±0.52 

4.32±0.47 

5.47±0.37 

5.61±0.36 

Source of variation (P-values) 

Race 

Bodyscore 

Race × Bodyscore 

0.18 

0.35 

0.37 

Main effect means diet 

2 Bodyscore 

3 Bodyscore 

4 Bodyscore 

4.43±0.37 

5.11±0.34 

5.03±0.31 

Race 

Morkaraman 

Kangal Akkaraman 
4.58±0.32 

5.14±0.23 
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Table 4- Simultaneous comparison of apelin in ewe and rams Interaction of gender, races and body condition score (ng 

mL-1) 

 

4. Discussion and Conclusions 
 

Pregnancy and lactation are important processes involving physiological and hormonal changes. The mammary gland is 

subject to physiological changes both during pregnancy and postpartum period lactation. Endocrine gland mammary 

gland, especially apelin, leptin, adiponectin hormones, especially growth hormone, prolactin, hormones such as 

parathyroid are secreted (Habata et al 1999; Palin et al 2017). Apelin hormone originating from adipose tissue; body mass 

index, depending on the secretion of adipose tissue, varies according to many physiological periods such as pregnancy, 

lactation (Lérias et al 2014; Hughes & Watson 2018). In our current study, it was found that the relationship of race, 

lactation, pregnancy and gender with apelin hormone level in ewes was not investigated in the literature and there was no 

study in this regard. 

          

As a result of clinical studies, it has been reported that apelin hormone has a therapeutic potential in clinical use as a 

potential serum biomarker in the early diagnosis of various diseases (cancer, diabetes, cardiovascular) and follow-up of 

metabolic processes (Ma et al 2014; Mutlak et al 2018; Wysocka et al 2018; Diakowska et al 2019). In the studies on rats, 

it was reported that the level of apelin in breast tissue increased during pregnancy and lactation, but reached the maximum 

level during the delivery period and decreased during lactation (Habata et al 1999; Clarkson et al 2004; Mercati et al 

2018). In the studies on ruminants, it was stated that apelin levels of ewes with a body condition score of 2 were higher 

in the blooming period of range land compared to the period of dry grass, and that apelin levels decreased in the 

postpartum period (Mercati et al 2018). In our study, serum apelin levels of ewes of different races (Morkaraman and 

Kangal Akkaraman) with different body condition scores (<2, 3, 3.5, and ≥4) in the lactation and pregnancy period and 

serum apelin levels of rams were investigated. In our study, it was determined that the apelin level of those with a body 

                   Ewe in Lactation   Ewe in Pregnancy  Ram 

 N Morkaraman       Kangal   Morkaraman Kangal Morkaraman Kangal 

2 Bodyscore 

3 Bodyscore 
4 Bodyscore 

90 

90 
90 

2.33±0.39 

1.91±0.35 
2.32±0.35 

2.71±0.38                            

2.87±.39 
2.81±0.35 

    4.55±0.43 

     4.75±0.43 
      4.45±0.38 

4.32±0.35 

5.47±0.28 
5.61±0.27 

5.60±0.61 

3.31±0.61 
4.04±0.39 

4.43±0.39 

4.85±0.43 
3.22±0.25 

Source of variation (P-values) 

Gender 

Body Condition Score 
Race 

Gender X Body Condition Score 

Gender X Race 
Body Condition Score X Race 

Gender X Body Condition Score X Race 

0.000 

0.492 
0.009 

0.013 

0.029 
0.014 

                                          0.131 

Main effect 

Lactation Ewe 
Ewe in Pregnancy 

Coaches 

 
        2.49±0.15c 

          4.86±0.15a 

                                                                                 4.24±0.19b 

    Morkaraman  

Lactation Ewe 

Ewe in Pregnancy 

Rams 

 

2.19±0.21b 

4.58±0.24a 

4.32±0.32a 

  

2.80±0.22c 

5.14±0.18a 

4.17±0.21b 

  Ewe in Lactation  Ewe in Pregnancy    Rams 

2 Bodyscore 

3 Bodyscore 
4 Bodyscore 

 

     2.52±0.27bc 

     2.38±0.26c 
     2.56±0.25bc 

 

4.43±0.28a 

5.11±0.26a 

5.03±0.24a 
  

5.01±0.36a 

 4.08±0.37ab 

3.63±0.23a 

 2 Bodyscore     3 Bodyscore       4 Bodyscore 

Morkaraman 

Kangal 

4.15±0.28ab 

           3.82±0.21a 
 

   3.32±0.27b 

   4.39±0.21a 
 

   3.60±0.21ab 

   3.87±0.17a 

Races 

Morkaraman 

Kangal 
     

3.70±0.15b 

4.03±0.12a 
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condition score of <2 in rams of Morkaraman race was high, whereas there was no difference in Kangal Akkaraman race; 

when the interaction between them was analyzed, it was found that there was difference between rams on the basis of 

race according to the body condition score, and that the interaction of race x body condition score was significant 

(P<0.05), and this difference did not exhibit the same tendency between the ram races in the groups with the same body 

condition scores. According to the result of the analysis on pregnancy, it was determined that pregnancy did not have any 

effect on body condition score in animal races. Whereas in the lactation period, apelin levels varied according to the races, 

and it was determined that apelin was higher in Kangal Akkaraman race. In the lactation period, the apelin levels were 

found to be similar in the body condition score groups. The apelin levels in the body condition score groups of races had 

the similar tendency and no interaction effect was found (Table 5). In addition to that, apelin levels were simultaneously 

compared between the ewes in lactation and pregnancy period and rams. A statistically significant difference was 

determined in terms of different gender groups and races created according to this. On the other hand, the effect of apellin 

on the interaction of race-sex, body condition scores- sex and body condition score on race was found to be statistically 

significant. According to these results, apelin levels in the same race but in different gender groups or at different body 

condition score groups did not change. 

 

Therefore, when we examined similar studies, the same results were obtained (Mercati et al 2018), however, studies 

on different species things have shown different results (Habata et al 1999; Clarkson et al 2004). This dissimilarity can 

be attributed by species differency and it can also be explained by the continuation of secretory activation from breast 

tissue in the dry period in ruminants, unlike other species (Holst et al 1987;Sordillo and Nickerson 1988; Mercati et al 

2018). In the light of the results obtained from our current study, we can predict early diagnosis and prevention of 

metabolic diseases such as pregnancy toxemia. However, it is thought that the continuation of studies on large numbers 

of animals and different sheep races will benefit in understanding the physiological mechanisms and the strategies that 

can be developed for this mechanism. 
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