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			ABSTRACT

		

		
			In recent years, the investigation of peptide and protein-structured hormones in biological fluids has become one of the most striking issues. The aim of this study was to determine irisin, asprosin, leptin, adiponectin, and IGF-1 levels in cows and calves after calving according to the mode of delivery. The study was carried out with 20 Holstein cows and 20 calves born from these cows. Blood samples were taken from cows and calves in all groups during birth, after drinking colostrum from calves and on the 15th, 30th, 45th and 60th days after birth in 10 ml tubes. The levels of the aforementioned molecules in these blood samples were determined by ELISA method. Feeding with colostrum led to a decrease in the irisin levels in the dystocia and cesarean section groups and in the IGF-1 levels in the vaginal delivery group, but it did not lead to any other significant changes. The irisin levels of the calves in the vaginal delivery group were compared to those in the other groups, and their levels were found to decrease on the 15th day, and IGF-1 levels were higher on the 15th day. As a result, it was revealed that there were significant changes in the levels of these molecules in the umbilical cord and blood serum of cows and calves depending on the mode of delivery.
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			Introduction

			The largest source of energy in an organism is adipose tissue, and it is known that adipose tissue does not merely act as energy storage, but also works as an endocrine organ by synthesizing various cytokines and hormones (Ahima and Flier, 2000). Adipose tissue synthesizes and secretes many different molecules, such as irisin, asprosin, leptin, and adiponectin (Dua et al., 1996).

			Irisin is a thermogenic protein that was discovered in 2012. It facilitates energy consumption by converting white adipose tissue to brown adipose tissue. The main physiological role of irisin is to pass into white adipose tissue from circulation and convert it to brown adipose tissue, resulting in fat breakdown (Boström et al., 2012). Although it had been known that brown adipose tissue contributes to the regulation of body temperature in infants (Lidell and Enerbäck, 2010), its function in adult physiology remained unknown until the irisin hormone was discovered. Additionally, it had been prevalently known that exercise does not reduce food intake but burns fat and calories, but the molecular mechanism of this process could not be explained until the discovery of irisin (Boström et al., 2012). Therefore, the isolation of irisin has helped to explain metabolic events to a large extent (Polyzos et al., 2013).

			Asprosin is a newly discovered adipokine that increases appetite by triggering hepatic glucose release. A C-terminal cleavage product of the profibrillin-1 protein (encoded by the FBN1 gene), asprosin is a hormone in a protein form that modulates hepatic glucose release and has higher secretion rates during hunger. Several important hormones that take part in metabolism and energy homeostasis are secreted from adipose tissue, but asprosin is mainly secreted from white adipose tissue (Romere et al., 2016). It was emphasized that asprosin levels have a positive relationship with insulin resistance, body mass index, and free androgen index (Alan et al., 2019). 

			Leptin is a recently discovered metabolic hormone, and knowledge of its significance is increasing day by day (Peelman et al., 2004). The most important function of leptin is keeping the amount of fat in the body fixed (Klaus, 2004). Leptin accelerates the maturation of female reproductive organs and is a required hormone for pregnancy (Chehab et al., 1996; Malik et al., 2001).

			Adiponectin is a collagen-like plasma protein that is synthesized from connective tissue (Looker et al., 2004). Plasma adiponectin levels are noticeably lower in men than women, and adiponectin expression is higher in subcutaneous adipose tissue than visceral adipose tissue (Nishizawa et al., 2002). High adiponectin levels in newborns may originate from the different distributions of their fat storage sites (Sivan et al., 2003).

			Insulin-like growth factor-1 (IGF-1) is an insulin-like hormone that has growth effects in childhood and anabolic effects in adults. It is produced primarily by the liver as an endocrine hormone and by target tissues in a paracrine/autocrine manner. The growth function in animals is controlled by a complicated system where the somatotropic axis plays a highly effective role (Deng et al., 2010). It was suggested that growth hormones including IGF-1 regulate muscle and bone growth in this axis and are mainly responsible for postnatal growth (Sellier, 2000). 

			The aim of this study was to determine the levels of irisin, asprosin, leptin, adiponectin, and IGF-1 in cows and the umbilical cord during labor, to determine the effects of the mode of delivery on these hormones, and to identify changes in these hormones in calves after birth.

			Materials and Methods

			Animals

			This study was conducted after obtaining approval from the Experimental Animals Ethics Committee of Bingöl University (decision number: 1199; date: 11/05/2020). The study was carried out with 20 clinically healthy Holstein cows at the ages of 3-5 years that had given birth once in a private establishment in the province of Bingöl, Turkey, as well as 20 calves born from these cows. In the establishment, the cows were milked in the morning and evening with automated milking machines, and a semi-open feeding system was used. The average daily milk yield of the cows was 25 liters, and they were fed with rations consisting of concentrate feed containing barley and roughage comprising dry meadow grass, maize silage, alfalfa, and hay. Body condition scores ranged from 3.4 to 3.5. The calves were fed with substitute feed from the 30th day after birth.

			Experimental model

			The 20 cows and calves included were randomly divided into 4 groups as follows. Vaginal, dystocia, preterm and cesarean section group consists of 5 cows and 5 calves born from these cows in each group. The weights of the included calves were measured based on the blood collection schedule. Throughout the study, the health statuses of the calves were recorded. The cows for which spontaneous vaginal birth did not occur in a species-specific period or those that could not give birth without any assistance were selected as the dystocia group, while those that gave birth between the 220th and 270th days of gestation were selected as the preterm group (Musal and Koker, 2019).

			Blood sample collection and analyses

			Using 10-ml tubes, blood samples were collected from the vena jugularis of all cows during labor before the calf came out and from the umbilical cord right after the calf came out. The sera of these blood samples were separated for analyses. Blood samples were also collected in 10-ml tubes from the calves in all groups during labor, after they drank colostrum, and on the 15th, 30th, 45th, and 60th days in the postnatal period. The sera of the samples were separated and kept at -80°C until the analyses.

			Determination of irisin, asprosin, leptin, adiponectin, and IGF-1 levels

			Commercial ELISA kits were used to determine levels of the following in the collected serum samples: Irisin (SunRed bovine irisin ELISA kit catalog no: DZE201042917), asprosin (SunRed bovine asprosin ELISA kit catalog no: DZE201043068), leptin (SunRed bovine leptin ELISA kit catalog no: DZE201040174), adiponectin (SunRed bovine adiponectin ELISA kit catalog no: DZE201040211), and IGF-1 (SunRed bovine IGF-1 ELISA kit catalog no: DZE201040024). Levels were determined based on the manufacturer’s instructions and an ELISA reader (Bio Tek Instruments, Winooski, VT, USA). 

			Statistical analyses

			The number of animals to be used in the study was determined by conducting power analyses with a 98% confidence interval. This ensured that the groups in the study formed a single paired group, and blood was collected from the same animals 6 times. The normality of the distributions was tested in the irisin, asprosin, leptin, adiponectin, and IGF-1 data using visual methods (histograms and probability plots) and the Shapiro-Wilk test. As a result of the tests, it was determined all data were non-normally distributed and failed to meet parametric test conditions. Therefore, for all parameters, the groups were compared using the non-parametric Kruskal-Wallis test. After the Kruskal-Wallis test, the Mann-Whitney U test with Bonferroni correction was used in post-hoc pairwise comparisons (p˂0.05). The Wilcoxon test was used as a dependency test (p˂0.05) in the comparisons of the maternal blood and umbilical cord blood samples of the groups. The Friedman test was used for the comparisons of all parameters for the pre-colostrum, post-colostrum, 15th day, 30th-day, 45th-day and 60th-day periods for the calves of separate cows for each of the groups. The Wilcoxon test was used for the post-hoc pairwise comparisons after the Friedman test (p˂0.05) (Akgül, 2005). The statistical analyses were carried out using SPSS 22 (Statistical Package for the Social Sciences for Windows, Chicago, Illinois, USA).

			Table I. The levels of irisin, asprosin, leptin, adiponectin and IGF-1 in all groups of the study.

			
				
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Groups

						
							
							Cow 

							(n=5)

						
							
							Umbilical cord (n=5)

						
							
							P

						
							
							Before colostrum (n=5)

						
							
							After colostrum (n=5)

						
							
							15th day

						
							
							30th day

						
							
							45th day

						
							
							60th day

						
							
							p

						
					

					
							
							Irisin (ng/ml)

						
							
							
							
							
							
							
							
							
					

					
							
							VD

						
							
							0.66±0.09

						
							
							1.36±0.23

						
							
							0.043

						
							
							1.64±0.11abBC

						
							
							1.18±0.18BC

						
							
							0.90±0.15A

						
							
							1.26±0.53ABC

						
							
							1.00±0.10AB

						
							
							0.98±0.14AB

						
							
							0.037

						
					

					
							
							Dystocia

						
							
							0.64±0.08

						
							
							1.52±0.31

						
							
							0.068

						
							
							2.34±0.29bcC

						
							
							1.32±0.18AB

						
							
							1.02±0.12A

						
							
							1.12±0.17AB

						
							
							1.24±0.16AB

						
							
							1.44±0.18B

						
							
							0.005

						
					

					
							
							Preterm

						
							
							0.83±0.14

						
							
							1.48±0.27

						
							
							0.042

						
							
							1.40±0.23a

						
							
							1.18±0.17

						
							
							0.70±0.13

						
							
							0.90±0.13

						
							
							0.96±0.09

						
							
							1.02±0.04

						
							
							0.117

						
					

					
							
							Cesarean

						
							
							0.56±0.13

						
							
							2.54±0.46

						
							
							0.042

						
							
							2.62±0.34cB

						
							
							0.86±0.05A

						
							
							0.74±0.04A

						
							
							0.86±0.08A

						
							
							0.92±0.17A

						
							
							0.88±0.07A

						
							
							0.016

						
					

					
							
							p

						
							
							0.507

						
							
							0.164

						
							
							
							0.006

						
							
							0.189

						
							
							0.152

						
							
							0.492

						
							
							0.258

						
							
							0.081

						
							
					

					
							
							Asprosin (ng/ml)

						
							
							
							
							
							
							
							
							
					

					
							
							VD

						
							
							0.58±0.13

						
							
							1.08±0.08

						
							
							0.043

						
							
							1.08±0.10

						
							
							0.68±0.17

						
							
							0.62±0.12

						
							
							0.56±0.10

						
							
							0.76±0.20

						
							
							0.74±0.14

						
							
							0.107

						
					

					
							
							Dystocia

						
							
							0.64±0.06

						
							
							1.04±0.27

						
							
							0.225

						
							
							1.32±0.20

						
							
							1.02±0.15

						
							
							0.88±0.28

						
							
							0.94±0.06

						
							
							0.98±0.06

						
							
							0.82±0.07

						
							
							0.311

						
					

					
							
							Preterm

						
							
							0.48±0.08

						
							
							1.04±0.12

						
							
							0.043

						
							
							1.02±0.19

						
							
							0.80±0.14

						
							
							0.50±0.12

						
							
							0.72±0.08

						
							
							0.62±0.12

						
							
							0.72±0.08

						
							
							0.068

						
					

					
							
							Cesarean

						
							
							0.50±0.03

						
							
							1.16±0.23

						
							
							0.043

						
							
							1.20±0.09B

						
							
							0.82±0.11AB

						
							
							0.74±0.06A

						
							
							0.76±0.09A

						
							
							0.74±0.06A

						
							
							0.86±0.11AB

						
							
							0.037

						
					

					
							
							p

						
							
							0.381

						
							
							0.963

						
							
							
							0.140

						
							
							0.308

						
							
							0.517

						
							
							0.054

						
							
							0.133

						
							
							0.522

						
							
					

					
							
							Leptin (ng/ml)

						
							
							
							
							
							
							
							
							
					

					
							
							VD

						
							
							0.64±0.09ab

						
							
							2.12±0.26

						
							
							0.041

						
							
							1.72±0.30

						
							
							1.66±0.45

						
							
							0.90±0.20a

						
							
							0.98±0.22a

						
							
							1.30±0.26

						
							
							1.10±0.28a

						
							
							0.233

						
					

					
							
							Dystocia

						
							
							1.16±0.16c

						
							
							2.08±0.35

						
							
							0.136

						
							
							2.14±0.42

						
							
							2.26±0.21

						
							
							2.26±0.12b

						
							
							2.16±0.16c

						
							
							1.46±0.32

						
							
							2.56±0.05b

						
							
							0.132

						
					

					
							
							Preterm

						
							
							1.02±0.21bc

						
							
							2.86±0.23

						
							
							0.043

						
							
							1.66±0.36

						
							
							1.92±0.43

						
							
							0.78±0.15a

						
							
							1.26±0.21ab

						
							
							0.74±0.04

						
							
							1.10±0.19a

						
							
							0.164

						
					

					
							
							Cesarean

						
							
							0.30±0.10a

						
							
							2.56±0.12

						
							
							0.043

						
							
							1.78±0.45

						
							
							1.70±0.07

						
							
							1.20±0.31a

						
							
							1.60±0.15bc

						
							
							0.62±0.30

						
							
							1.50±0.35a

						
							
							0.173

						
					

					
							
							p

						
							
							0.009

						
							
							0.298

						
							
							
							0.847

						
							
							0.389

						
							
							0.008

						
							
							0.017

						
							
							0.176

						
							
							0.007

						
							
					

					
							
							Adiponektin (ng/ml)

						
							
							
							
							
							
							
							
							
					

					
							
							VD

						
							
							2.46±0.39

						
							
							5.52±0.80

						
							
							0.043

						
							
							3.64±0.49

						
							
							3.14±0.52

						
							
							2.46±0.46a

						
							
							2.44±0.26a

						
							
							2.50±0.18

						
							
							2.56±0.18

						
							
							0.470

						
					

					
							
							Dystocia

						
							
							2.86±0.32

						
							
							3.76±1.24

						
							
							0.686

						
							
							5.80±1.53

						
							
							6.08±0.37

						
							
							4.60±0.73b

						
							
							6.38±0.42c

						
							
							4.88±1.25

						
							
							5.46±1.38

						
							
							0.504

						
					

					
							
							Preterm

						
							
							2.56±0.55

						
							
							9.08±3.88

						
							
							0.080

						
							
							3.50±1.08

						
							
							4.18±0.75

						
							
							2.36±0.24a

						
							
							2.88±0.47a

						
							
							2.92±0.04

						
							
							2.56±0.27

						
							
							0.434

						
					

					
							
							Cesarean

						
							
							2.22±0.57

						
							
							6.20±0.48

						
							
							0.043

						
							
							5.12±0.76

						
							
							4.54±1.02

						
							
							2.38±0.63a

						
							
							4.60±0.74b

						
							
							2.80±0.87

						
							
							4.64±1.12

						
							
							0.080

						
					

					
							
							p

						
							
							0.609

						
							
							0.428

						
							
							
							0.232

						
							
							0.059

						
							
							0.025

						
							
							0.008

						
							
							0.204

						
							
							0.170

						
							
					

					
							
							IGF-1 (ng/ml)

						
							
							
							
							
							
							
							
							
					

					
							
							VD

						
							
							49.20±5.98

						
							
							57.00±4.27a

						
							
							0.138

						
							
							81.00±16.40aF

						
							
							44.60±2.31aABCD

						
							
							53.00±5.41abDEF

						
							
							40.60±3.81aAB

						
							
							47.00±1.44aBE

						
							
							40.60±1.88aACD

						
							
							0.007

						
					

					
							
							Dystocia

						
							
							68.00±7.67

						
							
							109.40±20.75bc

						
							
							0.225

						
							
							149.80±13.13bC

						
							
							102.20±7.51bBC

						
							
							73.80±5.7bcA

						
							
							85.20±0.86bAB

						
							
							96.80±6.28bB

						
							
							109.40±8.24bBC

						
							
							0.004

						
					

					
							
							Preterm

						
							
							49.20±8.52

						
							
							80.00±16.60ab

						
							
							0.043

						
							
							58.20±8.39a

						
							
							55.40±9.24a

						
							
							49.40±6.90a

						
							
							48.60±5.97a

						
							
							56.60±5.24a

						
							
							53.60±4.92a

						
							
							0.456

						
					

					
							
							Cesarean

						
							
							56.00±5.26

						
							
							141.20±10.56c

						
							
							0.043

						
							
							121.60±10.06b

						
							
							89.40±7.61b

						
							
							87.20±9.39c

						
							
							79.20±4.97b

						
							
							86.40±8.10b

						
							
							96.80±9.23b

						
							
							0.097

						
					

					
							
							p

						
							
							0.236

						
							
							0.027

						
							
							
							0.005

						
							
							0.003

						
							
							0.017

						
							
							0.002

						
							
							0.002

						
							
							0.002

						
							
					

				
			

			a, b, c the difference between groups with different letters in the same column is statistically significant (p˂0.05). A, B, C, D, E, F the difference between groups with different letters on the same line is statistically significant (p˂0.05). VD, Vaginal deliver.

			Results 

			The results of irisin, asprosin, leptin, adiponectin and IGF-1 analyses are shown in Table I. Table I shows that the irisin levels in the maternal blood samples of the vaginal delivery, dystocia, preterm, and cesarean section groups were 0.66±0.09 ng/ml, 0.64±0.08 ng/ml, 0.83±0.14 ng/ml, and 0.56±0.13 ng/ml, respectively. The umbilical-cord irisin levels were significantly higher than the maternal irisin levels in the vaginal delivery (P< 0.043), preterm (P< 0.042), and cesarean section (P< 0.042) groups. The pre-colostrum irisin levels in the calves in all groups were higher than their post-colostrum levels, and the differences in the dystocia and cesarean section groups were statistically significant.

			Discussion

			Adipokines have highly complicated effects on the body, and the effects of each one on the organism vary under different conditions. This complicated nature is leading to the discovery of different results in different studies (Mehta and Farmer, 2007).

			Irisin has multi-spectrum functions, including the conversion of white adipose tissue to brown adipose tissue, reduction of insulin resistance, and improvement of muscle-bone connectivity. Brown adipose tissue is very important for thermogenesis in the neonatal period and is essential for newborn survival (Ojha et al., 2013). Brown adipose tissue creates heat rapidly by increasing energy consumption, thus providing protection against hypothermia that could occur in the extrauterine environment (Cannon and Nedergaard, 2004; Asakura, 2004). For this reason, irisin may have a role in the thermoregulation mechanisms of the newborn, and its presence in the colostrum may contribute to thermoregulation after birth. A previous study reported that lower irisin concentrations are found in the colostrum during breastfeeding because the mother consumes more energy in this process (Briana et el., 2017). The source of irisin in human colostrum is not yet known. Lower concentrations of irisin in comparison to maternal serum levels may indicate the transfer of irisin from the mother’s circulation to the milk. Consequently, although the exact location of its production has not been determined yet, it has been demonstrated that colostrum contains irisin. Therefore, it is strongly recommended that infants be breastfed early, especially infants born via cesarean section who are prone to hypothermia, respiratory dysfunctions, and dehydration (Briana et el., 2017). A study that carried out with Holstein bulls found FNDC5 in cattle skeletal muscles, but despite substantial differences in body composition, neither FNDC5 nor irisin were detected in circulation under standard animal husbandry conditions (Komolka et al., 2014). It was indicated that the modulatory, molecular, and physiological roles of FNDC5/irisin are not exactly defined yet, there are various conflicting findings on this issue, and there is a serious need to investigate the functional mechanisms of FNDC5/irisin in mammals (Wu et al.,2021). One study investigated maternal and cord blood irisin levels in mothers with preterm and term deliveries. Irisin levels were significantly higher in maternal peripheral blood (11.6±2.0 ng/ml) than cord blood (7.2±1.9 ng/ml). However, irisin levels of maternal peripheral blood were not significantly different (Pavlova et al., 2018). Another study found mean serum irisin levels of 393 ng/ml and 333.2 ng/ml in maternal and cord blood samples, respectively (Yuksel et al., 2014). Haberal et al. (2017) compared the effects of vaginal delivery with an elective cesarean section on irisin levels. No statistically significant differences were determined in irisin levels in either maternal serum or in cord blood between the cesarean section and vaginal delivery groups. They also suggested that mean irisin levels in cord blood were similar to those of maternal blood. In our study, the irisin levels in umbilical-cord blood were significantly higher than in the maternal blood in all groups except for the dystocia group. Considering that peptide hormones cannot cross the placental barrier (Vaughan and Fowde, 2016), the increase in irisin levels in umbilical-cord blood indicates the presence of a highly significant level of irisin synthesis in the fetus. A previous study reported lower irisin levels in cord blood samples from newborns with intrauterine growth restriction, which may result in less browning of their adipose tissue (Briana et al., 2014). In our study, growth retardation was not observed in any of the calves in all groups, and it was determined that all of them were healthy. Although the number of subjects in this study was very low, the occurrence of high levels of irisin in the fetus suggested that irisin can have positive effects on the intrauterine development of calves. The activity and serum concentration of irisin depend on the physiological and/or pathological state (Korta et al., 2019). In this study, irisin levels decreased in the blood samples collected from the calves after colostrum intake (on the 15th, 30th, 45th, and 60th days). Irisin levels in circulation increased during labor and right after birth to facilitate thermoregulation and may have declined to normal levels with better functioning of homeostasis in the following days.

			Kılınc and Risvanli (2022) found postpartum asprosin concentrations of 0.99±0.41 ng/ml in sick cows, which was significantly higher than the level of 0.86±0.27 ng/ml in healthy cows. In this study, the asprosin levels in maternal and umbilical-cord blood are in agreement with the data from Kılınc and Risvanli (2022). Another study did not identify any significant difference between the asprosin levels of blood serum samples collected from healthy mothers, umbilical-cord blood, and calves (Baykus et al., 2019). In this study, the asprosin levels in cord blood of the vaginal delivery, preterm, and cesarean section groups were significantly higher than the levels in maternal blood. This increase may have been caused by the calves’ glucose needs being met calves during labor. Asprosin has lower concentrations in milk samples of women than their plasma samples. However, no other study has determined asprosin levels in colostrum. Asprosin levels pathologically increase in conditions such as obesity, insulin resistance, and diabetes mellitus (Morcos et al., 2022). In our study, the increase in the asprosin levels of cord blood in the vaginal delivery, preterm, and cesarean section groups was not high, and there was a gradual decrease in the serum levels of asprosin in calves until the 60th day after birth.

			Leptin regulates the balance between energy intake and energy utilization and ultimately plays a role in fetal growth (Christou et al., 2002; Lewandowski et al., 1999). Maternal leptin levels significantly increase in mid-pregnancy and during labor and then reach the physiological levels of non-pregnant woman by 3 to 6 days after delivery (Nuamah et al., 2004). Leptin levels in cord blood increase with advancing pregnancy and peak after 37–40 weeks of gestation (Kang et al., 2020). High leptin levels in cord blood suggest that the fetus is capable of leptin production in adipose tissue. Additionally, placental leptin synthesis and secretion may contribute to the high levels of leptin in umbilical-cord plasma (Senaris et al., 1997). Increased leptin levels in cord blood may provide a physiological advantage to newborn infants by limiting energy consumption by the body and preserving nutrient reserves for growth and development (Gualillo et al., 2001). Similarly, in our study, the leptin concentrations in umbilical-cord blood of the vaginal delivery, preterm, and cesarean section groups were significantly higher than those in maternal blood. Leptin levels in the placenta are indicated as a cause of higher leptin levels in maternal blood than cord blood. It has been shown that leptin levels in cord blood in the vaginal delivery group were higher than in the cesarean section delivery group, indicating an augmented placental release of leptin during advanced labor (Yoshimitsu et al., 2000). Fetuses delivered vaginally are prone to undergoing more stress during labor than those delivered by cesarean section (Yoshimitsu et al., 1999). The findings of these studies are supported by the increase in the leptin levels of the calves after colostrum intake in the present study

			Adiponectin is abundant in cord blood, where levels are higher than those of maternal circulation, indicating a potential regulatory role in fetal development (Weyermann et al., 2006; Luo et al., 2013). In contrast, Shen et al. (2019) showed that adiponectin levels in venous blood of cows are higher than those of cord venous blood. In our study, adiponectin levels in cord blood from all groups were higher than the maternal-blood levels, in contrast to the findings of Shen et al. (2019)  but similar to other findings (Weyermann et al., 2006; Luo et al., 2013). This difference was significant in the vaginal delivery and cesarean section groups. High fetal adiponectin concentrations may be largely attributable to adiponectin secretion by fetal adipose tissue (Mazaki-Tovi et al., 2007). The placenta might also be a source of adiponectin. It has been revealed that adiponectin is expressed in the placenta and secreted in both maternal and fetal blood circulation (Chen et al., 2006). In another study, adiponectin levels were significantly lower in infants born by elective cesarean section than those born by vaginal delivery (Hermansson et al., 2014). Nevertheless, these inconsistencies are believed to appear as a result of very few studies having been conducted on this topic (Nobe et al., 2013). The adiponectin concentrations in serum samples of newborn calves are substantially increased at 24 h after colostrum intake (Kesser et al., 2015). In our study, no significant change was seen in the blood serum adiponectin levels of the calves between before and after colostrum intake. This different result may have originated from differences in times of blood-sample collection.

			IGF-1 is primarily derived from the liver, but its main source is the placenta during gestation. A previous study determined the mean IGF-1 level was 44.7±7.6 ng/ml in cows that had given healthy births at 24 h after delivery. The highest levels were determined in the dry period with a mean value of 113.7±3.1 ng/ml. In the present study, the IGF-1 levels of the cows that gave birth with different modes of delivery were similar to those reported in the literature (Abribat et al., 1990). Maternal IGF-1 levels have demonstrated to be higher than those in cord blood (Higgins et al., 2012). The lower IGF-1 levels of the cows in our study may have been caused by different factors during labor. IGF-1 levels in the circulation of cows decreases noticeably during labor in comparison to the dry period. The lower IGF-1 concentration during labor could be caused by the transfer of IGF-1 from the mother to the colostrum and the negative energy balance forming in the mother in this process (excessive losses of IGF-1 through colostrum and the insufficient energy supply are possibly responsible for the decrease during the colostrum period) (Ronge and Blum, 1988). In our study, the mode of delivery had different effects on the fetal IGF-1 levels. The IGF-1 levels of the cesarean section and dystocia groups were significantly higher than those in the vaginal delivery group. Because IGF-1 cannot pass from the mother to the fetus through the placenta, maternal IGF-1 levels have an indirect impact on fetal growth (Davidson et al., 2006). Ronge and Blum (1988) reported very high IGF-1 concentrations in colostrum-much higher than in the blood of cows-indicating strong active transport and/or local production in the mammary tissue. However, colostrum feeding did not increase IGF-1 levels in the blood of calves on the first day after delivery. In this study, the highest value IGF-1 level was obtained in the cord blood samples from the cesarean section group at, while the lowest values were found in the vaginal delivery group at and the preterm group at. The maternal-blood IGF-1 levels of the cows in our study were compatible with values reported in the literature (Rhoads et al., 2008). Among the IGF-1 levels of the calves born by vaginal delivery, dystocia, preterm, and cesarean section, the highest value was found in the dystocia group before colostrum intake as whereas the lowest value was found in the vaginal delivery group on the 30th day. In the previous studies (Lents et al., 1998; Panzani et al., 2017) reported they were lower in the period after colostrum intake. In parallel with those findings, Probo et al. (2010) also reported a decline in IGF-1 levels of calves from the 30th minute after birth to the 6th day in the postnatal period. The IGF-1 levels identified in the calves in our study right after birth also had a downward trend through the following sample collection periods (15th, 30th, 45th, and 60th days), and these results were compatible with the information in the literature. It was proposed that the reason for lower levels after birth could be the insufficient production of IGF-1 in the liver in that period or its inadequate absorption (Panzani et al., 2017). Furthermore, the reason for the lowest IGF-1 levels in the calves in the preterm group in this study was thought to be not only insufficient maternal and fetal production, but also inadequate absorption.

				

			Conclusion

			The results of this study indicate that the mode of delivery does not have a prominent impact on irisin, asprosin, leptin, adiponectin and IGF-1 levels in both maternal and fetal blood. The higher levels all the hormones in cord bloods suggest that these hormones may have important functions in fetal life. Further studies are needed to determine the effects of these hormones in fetal development.
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ABSTRACT

In recent years, the investigation of peptide and protein-structured hormones in biological fluids has
become one of the most striking issues. The aim of this study was to determine irisin, asprosin, leptin,
adiponectin, and IGF-1 levels in cows and calves after calving according to the mode of delivery. The
study was carried out with 20 Holstein cows and 20 calves born from these cows. Blood samples were
taken from cows and calves in all groups during birth, after drinking colostrum from calves and on the
15% 30™, 45" and 60" days after birth in 10 ml tubes. The levels of the aforementioned molecules in
these blood samples were determined by ELISA method. Feeding with colostrum led to a decrease in the
irisin levels in the dystocia and cesarean section groups and in the IGF-1 levels in the vaginal delivery
group, but it did not lead to any other significant changes. The irisin levels of the calves in the vaginal
delivery group were compared to those in the other groups, and their levels were found to decrease on
the 15" day, and IGF-1 levels were higher on the 15" day. As a result, it was revealed that there were
significant changes in the levels of these molecules in the umbilical cord and blood serum of cows and
calves depending on the mode of delivery.

Effect of Calf Delivery Mode on Trisin, Asprosin,
Leptin, Adiponectin, and insulin-Like Growth
Factor-1 Levels in Dairy Cattle and their Calves
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INTRODUCTION

he largest source of energy in an organism is adipose

tissue, and it is known that adipose tissue does not
merely act as energy storage, but also works as an endocrine
organ by synthesizing various cytokines and hormones
(Ahima and Flier, 2000). Adipose tissue synthesizes and
secretes many different molecules such as irisin, asprosin,
leptin, and adiponectin (Dua ef al., 1996).

Irisin is a thermogenic protein that was discovered
in 2012. It facilitates energy consumption by converting
white adipose tissue to brown adipose tissue. The main
physiological role of irisin is to pass into white adipose
tissue from circulation and convert it to brown adipose
tissue, resulting in fat breakdown (Bostrom ef al., 2012).
Although it had been known that brown adipose tissue

contributes to the regulation of body temperature in
infants (Lidell and Enerbick, 2010), its function in adult
physiology remained unknown until the irisin hormone
was discovered. Additionally, it had been prevalently
known that exercise does not reduce food intake but burns
fat and calories, but the molecular mechanism of this
process could not be explained until the discovery of irisin
(Bostrom et al., 2012). Therefore, the isolation of irisin
has helped to explain metabolic events to a large extent
(Polyzos et al., 2013).

Asprosin is a newly discovered adipokine that
increases appetite by triggering hepatic glucose release. A
C-terminal cleavage product of the profibrillin-1 protein
(encoded by the FBN1 gene), asprosin is a hormone in a
protein form that modulates hepatic glucose release and
has higher secretion rates during hunger. Several important
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