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ABSTRACT

Background: Adiponectin, leptin, and ghrelin are metabolism regulatory factors affecting
milk production and reproductive performance.

Objectives: This study aimed to investigate the adiponectin, leptin, and ghrelin serum
concentration in predicting Holstein cows’ reproductive and milk production indexes in the
post-partum period.

Methods: In this research, 45 clinically healthy and pregnant Holstein dairy cows were
randomly selected near the forthcoming calving. Blood samples were taken from the
jugular veins of cows 15 days before and after parturition, and serum concentrations
of adiponectin, leptin, ghrelin, and some other metabolic biochemical parameters were
measured. The animals were monitored for milk production and reproductive parameters
for 3 consecutive months.

Results: Findings showed no significant difference in adiponectin concentration between the
pregnant and non-pregnant cows following the first artificial insemination (AI); however, pre-
and post-partum serum concentrations of leptin, ghrelin, and insulin were higher in conceived
cows following the first Al (P<0.05). A significant negative correlation was found between
post-partum serum adiponectin concentration, the number of services before conception, and
mean milk production levels (P<0.05). However, adiponectin did not have a long-lasting
effect on the reproductive and milk production indexes because of other studied variables.
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1. Introduction

eed intake is an important factor in prevent-

ing metabolic stress in a transitional period,

defined as 3 weeks before and after the par-

turition of cows (Sordillo & Raphael, 2013).

During the transitional period, nutritional
requirements increase rapidly along with fetal growth
and milk production, consequently inducing negative
energy balance (NEBAL), which extends 8-10 weeks
(Lean et al., 2013). NEBAL delays the timing of first
ovulation through attenuation of Luteinizing hormone
(LH) pulse frequency and low levels of blood glucose,
insulin, and insulin-like growth factor I that collectively
limit estrogen production by dominant follicles (Lean et
al., 2013). Dairy cattle experience appetite suppression
during the last week of gestation before dry matter in-
take recovers, and it can take up to a few weeks after
calving. Therefore, appetite-determining factors can af-
fect feed intake and the presence of periparturient meta-
bolic disorders (Lean et al., 2013; Sordillo & Raphael,
2013). Concurrent with the transitional period, a state of
insulin resistance may develop as a part of physiologic
(late pregnancy and early lactation) or pathologic pro-
cesses that may appear as a reduced insulin sensitivity or
decreased insulin responsiveness (Azarbayejani & Mo-
hammadsadegh 2021; De Koster & Opsomer, 2013) and
an increased insulin concentration (hyperinsulinemia)
(Artunc et al., 2016). During this period, glucose con-
sumption is reduced in many tissues to supply sufficient
glucose for fetal growth and to produce colostrum and
milk (De Koster & Opsomer, 2013).

Severe insulin resistance, especially in overweight
dairy cows, may contribute to excessive adipose tissue
lipolysis (Al-Thwaini, 2022) and a greater risk of met-
abolic diseases such as ketosis and fatty liver diseases
(Rico et al., 2015), which in turn can show deleterious
effects on ovarian activities (Noakes et al., 2019). On
the other hand, it has been shown that increased lipoly-
sis, as well as elevated plasma non-esterified fatty acids
(NEFA) concentrations, may contribute to impaired pan-
creatic insulin response and peripheral insulin resistance,
which in turn, may promote ketogenic conditions such as
ovine pregnancy toxemia (Duchlmeier et al., 2013). In-
sulin resistance is mediated in part by increased growth
hormone (De Koster and Opsomer, 2013) and NEFA
(Oliveira et al., 2016; Pires et al., 2007) and is restricted
by adiponectin (De Koster et al., 2017).
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Ghrelin (the hunger hormone) and adipocyte-derived cy-
tokines (adipokine) such as leptin (satiety hormone) and
adiponectin (Kubota et al., 2007), cholecystokinin, and the
glucagon-like peptide 1, which also may stimulate insu-
lin secretion are among the hormones that affect appetite
and feed intake, respectively (Allen & Piantoni, 2013). It
seems that adiponectin may control appetite by its effect
on the hypothalamus satiety center (Kubota et al., 2007).
Adiponectin is one of the most abundant plasma proteins
(making up about 0.01% of all plasma proteins). The main
known function of adiponectin is in fats and carbohydrate
metabolism. The effects of adiponectin on the reproduc-
tive function to some extent that some researchers have
discussed are common disorders associated with pregnan-
cy (gestational diabetes mellitus, preeclampsia, preterm
birth, and abnormal intrauterine growth) and the potential
of adiponectin to serve as biomarkers for these disorders
(Choi et al., 2020; Pheiffer et al., 2021).

The expression of adiponectin genes in bovine ovaries
has been investigated in some studies suggesting the
possibility that adiponectin affects bovine ovarian activ-
ity. Adiponectin can affect reproductive performance by
reducing insulin resistance and metabolic consequences.
The effect of adiponectin on insulin resistance is such
that some human researchers introduce it as an insulin
resistance marker and suggest that adiponectin > 7 mg/L
in severe insulin resistance had a 97% positive predictive
value for insulin receptoropathy and <5 mg/L, a 97%
negative predictive value (Tabandeh et al., 2012). Ghre-
lin is a peptide hormone associated with controlling the
appetite (hunger or appetite-stimulating hormone) con-
sisting of 28 amino acids, in which serine 3 is modified
by a fatty acid (n-octanoic acid) in the activated form.
It is also associated with increased reward-seeking be-
haviors, including food and sex, through the stimulation
of the mesolimbic dopaminergic system (Sztainert et al.,
2018). Serum ghrelin concentrations are not stable in cir-
culation and vary throughout the day. It is high before
eating and decreases after nutrition. The level of ghrelin
in circulation is also influenced by time and reaches its
highest level throughout the night and then drops dur-
ing the day. Low levels of leptin increase appetite and
prepare the animal to maintain energy. After giving birth
and early lactation, plasma leptin levels are low, and
cows have a negative energy balance. Leptin, known to
be secreted by adipocytes, is a polypeptide containing
167 amino acids with 16 kD molecular weights, carried
in blood freely and or adhered to protein, and maintains a
specific blood level in the plasma. Leptin’s main mecha-
nism of action is to inhibit the oscillation and expres-
sion of neuropeptide-Y to control appetite in the arcuate
nucleus (Beasley et al., 2009).
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Hormones such as leptin, as a satiety-inducing hor-
mone, adiponectin (Kubota et al., 2007), and ghrelin,
as a hunger-inducing hormone, can regulate the feed
intake and control metabolic conditions as well as the
amount of fat mobilization from the body stores, and
consequently, affect the reproductive performance in the
post-partum period. Leptin, ghrelin, and adiponectin, in
addition to affecting food intake and metabolism, may
directly affect the hypothalamic-pituitary-ovarian axis.
If an association is found between adiponectin, leptin, or
ghrelin in post-partum reproductive and milk production
indices, it may be used to predict the mentioned indices.

This study aimed to determine the relationship between
quantitative and qualitative changes in milk production,
post-partum fertility indexes in cows, and changes in ad-
iponectin, leptin, and ghrelin hormones before and after
parturition.

2. Materials and Methods

Farm selection and herd management

This study was conducted on a commercial milk-pro-
ducing dairy farm in the Isfahan Province, Iran, with
3800 milking cows and stable management and nutri-
tional conditions from April to September 2018. The
farm is located between 30°42" and 34°30" N latitude and
49°36' and 55°32' E longitude with an average altitude
of 1600 m. The region has a sub-tropical climate. Geo-
graphical conditions of the study period were ambient air
temperature of 24.57+4.56 (max-min: 6.4-40.8), rainfall
of 11.56+6.31 mm, relative humidity of 24.1%+8.3%,
and the average number of sunny hours per month of
313.83448.97 h. The monthly variation in ambient tem-
perature (30% between lowest and highest values) was
higher than in relative humidity (16% between lowest
and highest values). Relative humidity and ambient tem-
perature data for the study period were obtained from the
Isfahan Airport weather station. The study was approved
by the Animal Care and Use Committee of the Depart-
ment of Clinical Sciences of Islamic Azad University
of Garmsar, Iran. On the dairy farm, cows were kept in
a free-stall barn and had free access to drinking water.
Cows were fed ad libitum close-up balanced total mixed
ratio (TMR) cow diet twice a day, starting 3 weeks be-
fore the anticipated calving date. Cows were moved to
separate covered maternity pens bedded with clean and
dry straw when parturition was imminent, and they were
fed the same TMR. All cows immediately after parturi-
tion were separated from the calf and were fed the same
balanced TMR that met the recommended requirements
of early lactating cows based on the National Research
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Council (2001) and milked two times a day at 05:00 and
15:00. During milking in the morning, the troughs were
closed for cleaning for 30 min.

Animal selection and blood sampling

In animal selection, 45 clinically healthy Holstein
dairy cows were randomly selected. They had no history
of diseases in recent months. Their mean body condition
score (BCS) (3.4+0.26, median=3.5), parity (1.8%1.5,
median=1), age (47+£19.5 months, median=39.9672
months), and weight (545+65 kg, median=510 kg) were
determined and recorded at the beginning of the study.
BCS was also recorded 15 days after parturition and
calculated based on the previous study by Mohammad-
sadegh (2019). Afterward, 15 days before and 15 days
after the impending parturition, the blood samples were
collected in partially evacuated plain tubes (BD, NIJ,
USA) from the jugular vein of each cow (6 h after the
start of the morning feeding). They were immediately
placed in iced water and transported to a laboratory for
batch analysis before 2 h. The ambient temperature was
25°'C-30°C when blood samples were collected and ana-
lyzed. The sampling time points of the 15th day before
and after parturition were chosen based on Sordillo &
Raphael (2013) study on the cows in the transition peri-
od. On the other hand, because metabolic syndrome and
post-partum ketosis persist until about the post-partum
second week, the 15th day after parturition was selected
for sampling.

Laboratory measurements

In the laboratory, the samples were centrifuged at
2000xg for 15 min before the harvested serum was
stored in a microtube (Easy-lock®, 1.5 mL; FL Medical
Technology, Italy) at —20°C. At the beginning of animal
serum tests, the samples were thawed at room tem-
perature and spectrophotometrically analyzed using a
benchtop chemistry analyzer (Erba XL-200, Germany).
The concentrations of adiponectin (Bovine ADP ELISA
Kit Catalog No.ABIN414074; antibodies-online GmbH
Germany), leptin (Bovine LEP ELISA kit, Cusabio
Biotech Co. China), ghrelin (Bovine GHR ELISA kit,
MyBioSource Co. USA), glucose (Hexakinase method;
Glucose commercial Kit; Parsazmun, Iran), insulin (Bo-
vine INS commercial Kit, Korean Biotech Co. China),
BHBA (BHB dehydrogenase method, Ranaut, Randox
Ltd, Antrim, UK).), urea (commercial Kit; Parsazmun
Co., IRAN), and creatinine (commercial Kit; Parsaz-
mun Co., Iran) were measured in the serum samples
according to the catalog based ELISA method. Serum
adiponectin concentrations were measured by a com-
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petitive ELISA method. The microtiter plate contained
in the kit was pre-coated with a specific ADP antibody.
The standard solution of samples for which we intend
to measure adiponectin concentrations was added to the
wells along with the ADP biotin conjugate. The antibody
binds less with the ADP biotin conjugate in samples with
higher adiponectin levels. After the plate washing, the
HPR was added to all wells and fixed with a stop-dye
solution, and the ELISA reader measured the color in-
tensity. The measurable concentrations of adiponectin
in the used kit range from 3.12 to 50 ug/mL. The post-
partum cows with serum BHB concentrations of more
than 1.1 mmol/L were considered ketotic cows based on
Constable et al. (2017). Adiponectin, leptin, and ghrelin
concentration and the first service conception rate were
compared between the ketotic and normal cows.

Study hypotheses and variables

Serum adiponectin, leptin, and ghrelin concentrations
were assumed as independent variables in the hypoth-
esis. They can affect reproductive indexes, milk produc-
tion levels, and milk constitution. Therefore, levels of
post-partum fat, protein, and milk production, the rate
of pregnancy following the first artificial insemination
(Al), days to the first service (DFS), parturition to preg-
nancy intervals (days open), and services per conception
were considered dependent variables in this hypothesis.
On the contrary, parturition, the length of the dry period,
the length of pregnancy, and calf weight were assumed
as independent (predictor) variables in the hypothesis
that they could affect the concentrations of adiponec-
tin, leptin, and ghrelin. Thus, the mentioned hormones
were considered dependent (criteria) variables in the last
hypothesis. BCS, BHBA, parity, age, urea, creatinine,
glucose, and insulin at 15 before and 15 days after the
expected parturition were considered independent vari-
ables.

Statistical analysis

Serum concentrations of adiponectin, leptin, ghrelin,
glucose, insulin, urea, and creatinine were presented
as Mean£SD in data with a normal distribution and as
medians and the interquartile in data with non-normal
distribution.

The quantitative data were first analyzed with the Sha-
piro-Wilk and the Kolmogorov-Smirnov tests to evaluate
the normality of the distribution. After that, the data were
compared between the two groups (cows before and after
parturition, or pregnant and non-pregnant following the
first Al) with the Wilcoxon (in pairs data) or Mann-Whit-
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ney U test in the non-normally distributed data or with the
student t-test in a normally distributed data.

The association between the quantitative data was ana-
lyzed with the bivariate Pearson correlation test. Finally,
the Cox regression statistical model was used to evalu-
ate the effects of covariates on the effects of adiponectin,
leptin, and ghrelin on the calving to conception intervals
(days open). The logistic regression statistical model
was also utilized to predict the constancy of adiponectin,
leptin, and ghrelin serum concentrations on the first ser-
vice conception rate, together with many other covariates.

All statistical analyses were performed using software
programs MedCalc, version 13.3.3 (MedCalc Software,
Ostend, Belgium, 2015) and SPSS software, version 24
(IBM Co., New York 10504-1722, USA). P<0.05 was
considered statistically significant.

3. Results

The findings showed that the assumption of normality in
the distribution of quantitative data was accepted in adipo-
nectin, insulin, leptin, and ghrelin before and after parturi-
tion, and urea only after parturition, length of last pregnan-
cy, and parturition to pregnancy intervals (P>0.05).

Adiponectin = (14.6£3.2 and 16.65+2.2 pg/mL,
P=0.002), ghrelin (155+0.78 and 21.3+0.8 pg/mL,
P<0.001) and leptin concentrations (8.02+0.55 and
6.05+0.54 ng/mL, P<0.001), before and after parturi-
tion (respectively) were measured, and revealed some
differences (Table 1). Insulin, glucose, urea, and cre-
atinine concentrations before parturition also showed a
difference in comparison with their concentrations after
parturition (P<0.001) (Table 1). The ratio of adiponec-
tin to leptin (1.8306+0.44 and 2.7608+0.33, P<0.001)
and leptin to ghrelin (0.51812+0.025 and 0.28340+0.02,
P<0.001) before and after parturition were also analyzed,
and showed some differences, too (Figure 1).

In the samples collected on the 15th day before the
parturition, concentrations of adiponectin showed no
association between leptin (r=-0.019, P=0.9) and ghre-
lin (r=0.023, P=0.88) and had a negative association
with the BCS (r=-0.73, P<0.001). In pre-partum cows
with BCS<3, the average serum adiponectin concen-
tration (15.44£3 pm/mL) was more than in cows with
BCS>3 (11+1.2 pm/mL) (P<0.001) (Figure 2). There
was no relationship between the concentration of adi-
ponectin 15 days before the parturition and variables
of age, parity, the length of the dry period, and the calf
weight at caving (P>0.05). Leptin concentrations re-
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Table 1. Comparing adiponectin, leptin, and ghrelin concentrations before and after parturition (P)

Periparturient 95% Confidence 95% Cl for the
Criteria Time at MeantSD Interval for Mean |\edian Median Min  Max P
Sampling Lower  Upper Lower Upper
. . Before 14.60+3.3%" 13.6 15.575 15.43 12.717 16.582 8.89 20.60
Adiponectin 0.002
(hg/mL) After 16.65:22° 160  17.296 1678  16.185 17.184 1250 21.22
. Before 8.02+0.55° 79 8.18 8.0 7.800 8.154 7.0 9.4
Leptin 0.001
(ng/mL) 5 ’
After 6.05+0.54 5.9 6.21 6.0 5.800 6.154 5.0 7.2
) Before 15.5+0.78° 15.2 15.71 15.7 15192 15900 140 17.0
Ghrelin 0.001
X X
(pg/mL) After 21.3+0.8° 211 2157 215 21000 21754 197 229
. Before 5.09+0.42° 4.96 5.22 5.1 4,946 5.200 4.2 6.0
Insulin
(ng/mL) 0.001
After 4.79+0.45° 4.7 493 4.8 4.600 4954 3.9 59
Before 53.15+3.1 52.2 54.09 53.22 52.384 54.854 44.60 58.50
Glucose
(mg/dL) 0.001
After 48.3613.7 47.26 49.5 50.0° 47.800 50.300 40.00 53.70
Before 15.7£1.6 15.2 16.2 15.4° 14.892 16.054 13.0 19.0
Urea
(mg/dL) 0.001
After 15.1+£1.5 14.7 15.6 15.0° 14.492 15.408 12.2 18.5
.. Before 1.22+0.16 1.18 1.27 1.16° 1.140 1.185 1.09 2.00
Creatinine 0.001
(meg/dL) After 1.25:0.16 12 1.29 119 1175 1211 103 204
Standard deviation, * " Significantly different group (P<0.05).
vealed a relationship with ghrelin (r=0.69, P<0.001), Ghrelin concentration had an association with the age

age (r=0.464, P=0.001), parity (r=0.48, P=0.001), in- of cows (r=0.435, P=0.003), parity (r=0.442, P=0.002),
sulin concentrations (r=0.89, P<0.001), and the length and insulin (r=0.76, P<0.0001).
of dry period (r=-0.445, P=0.005).

4.0
3.5
3.0

25

Parturition Group
20 Befor parturition

Afterparturition

1.5
1.0
0.5

0.0
Adip/lep le-to-Ghr

Figure 1. Adiponectin to leptin (P<0.001), and leptin to ghrelin (P<0.001) ratio before and after parturition
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Table 2. Comparing some biochemical parameters between the pregnant (n=15) and non-pregnant (n=30) cows following the first Al

Pregnancy 95% Cl for Mean
Criteria ——— Median MeaniSD MeantSE ————— Min Max P
First Al Lower Upper
No 14.7 14.5+3.3" 14.5+0.6°" 13.3 15.8 8.9 20.6
Before P 0.830
. . Yes 16.2 14.843.3° 14.8+0.8° 129 16.6 9.5 19.2
Adiponectin
(ug/mL)
No 16.4 16.4+2.1° 16.4+0.4° 15.6 17.2 125 20.2
After P 0.310
Yes 17.6 17.1+2.32 17.1+0.6° 15.9 18.4 13 21.2
No 7.8 7.8+0.4° 7.8+0.1° 7.7 8 7 8.7
Before P 0.004
. Yes 8.6 8.4+0.6° 8.440.2° 8.1 8.7 7 9.4
Leptin
(ng/mL)
No 5.9 5.9+0.5° 5.9+0.1° 5.7 6.1 5 7
After P 0.015
Yes 6.5 6.3+0.6° 6.3+0.2° 6 6.7 5 7.2
No 15.3 15.2+0.7° 15.2+0.1° 14.9 15.5 14 16.5
Before P 0.001
. Yes 16 16+0.7° 16+0.2° 15.6 16.4 144 17
Ghrelin
(pg/mL) . .
No 21 21.1+0.7 21.1+0.1 20.8 21.4 19.7 223
After P 0.007
Yes 21.9 21.840.8° 21.840.2° 214 22.2 20.1 229
No 5 5+0.3° 5+0.1° 4.8 5.1 4.2 5.6
Before P 0.011
. Yes 5.4 5.3+0.5° 5.3+0.1° 5.1 5.6 4.4 6
Insulin
(ng/mL)
No 4.7 4.7+0.4° 4.7+0.1° 4.5 4.8 3.9 5.5
After P 0.022
Yes 5 5+0.5° 5+0.1° 4.8 53 4 5.9
No 53.7° 53.5+3.2 53.5+0.6 52.3 54.7 446 585
Before P 0.270
Yes 52.2° 52.4+2.9 52.4+0.7 50.9 54 46.8 56
Glucose
(mg/dL)
No 50.12 4913.6 4910.6 47.7 50.4 40 53.7
After P 0.04
Yes 46.8° 4713.6 47+0.9 45 49 415 522
No 15.3? 15.7¢1.6 15.7+0.3 15 16.3 13 19
Before P 0.8
Yes 1.4° 15.7+1.6 15.7+0.4 14.8 16.6 14 18.8
Urea
(mg/dL)
No 152 15.1+1.5 15.1+0.3 14.6 15.7 122 185
After P 0.9
Yes 152 15.1+1.6 15.1+0.4 14.2 16 13 18.3
No 1.2° 1.240.2 1.240.03 1.2 13 1.1 2
Before P 0.9
. Yes 1.2° 1.240.1 1.240.03 1.1 13 1.1 1.42
Creatinine
(mg/dL)
No 1.22 1.3+0.2 1.3+0.03 1.2 1.3 1.1 2.04
After P 0.8
Yes 1.2° 1.240.1 1.240.03 1.2 13 1 1.42

P: Parturition. *»®Significantly different group (P<0.05).
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Figure 2. Comparing concentrations of adiponectin, ghrelin, insulin, and leptin before and after parturition between the dif-

ferent BCS groups

In the samples collected on the 15th day after partu-
rition, the concentrations of adiponectin showed a sta-
tistical association with leptin (r=0.46, P=0.001), ghre-
lin (r=0.35, P=0.019), and insulin (1=0.344, P=0.02).
There was a relationship between the serum concentra-
tion of adiponectin and the calves’ weight at parturition
(r=0.336, P=0.024). No association was found between
the serum concentration of adiponectin and age, parity,
the length of the dry period, and post-partum BCS of
cows (P>0.05). In post-partum cows with the BCS<3,
the average serum adiponectin concentration (16.5+2
pm/mL) was not statistically more than in cows with the
BCS>3 (16.8+2.5 pum/mL) (P<0.001) (Figure 2). Leptin
concentrations revealed a statistical relationship with
ghrelin (r=0.55, P=0.000), age (r=0.34, P=0.023), par-

ity (r=0.36, P=0.015), the length of dry period (r=0.32,
P=0.049), and insulin (r=0.55, P<0.001). Ghrelin con-
centrations had an association with the age of the cows
(r=0.38, P=0.01), parity (r=0.38, P=0.01), and insulin
(r=0.67, P=0.001). A comparison of serum biochemi-
cal parameters between the pregnant and non-pregnant
cows following the first Al showed no difference in adi-
ponectin concentration; however, pre- and post-partum
serum concentrations of leptin, ghrelin, and insulin were
higher in pregnant cows following the first AI. Neverthe-
less, only post-partum serum glucose concentration was
lower in pregnant cows at the first Al (Table 2).

bHBA Groups: normai<1.1

InsulinBeforengml InsulinAfterngml  LeptinBeforenormal LeptinAfterngml

GhrelinBeforenormal GhrelinAfterngml AdiboBefore AdiboAfter

bHBA Groups: ketotic>1.2

InsulinBeforengml InsulinAfterngml LeptinBeforenormal LeptinAfterngml

GhrelinBeforenormal ~ GhrelinAfterngml AdiboBefore AdiboAfter

Figure 3. Comparing biochemical parameters with a statistical difference between the normal (low phba) and ketotic (high
Bhba) cows post-partum adiponectin concentration, and pre and post-partum leptin, ghrelin, and insulin concentrations

showed a lesser level in ketotic cows. P<0.05.
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Figure 4. Comparing between the absolute number of pregnant and non-pregnant cows following the first Al in ketotic (high

BHBA) and normal (BHBA) cows (P=0.011)

A comparison of biochemical parameters between the
ketotic (high BHBA) and non-ketotic (low fHBA) cows
revealed that the pre-partum adiponectin concentration
and pre- and post-partum glucose, urea, and creatinine
concentrations had no differences (P>0.05). However,
post-partum adiponectin concentration and pre- and
post-partum leptin, ghrelin, and insulin concentrations
showed lower levels in ketotic cows (Figure 3) (P<0.05).

Of 15 conceived cows following the first Al, 14 cows
were non-ketotic, and only one cow suffered from keto-
sis (Figure 4). However, from 30 non-conceived cows
following the first Al, 17 were non-ketotic, and 13 suf-
fered from ketosis (P=0.011).

The adiponectin concentration showed a negative asso-
ciation with the milk production levels (r=-0.5, P=0.00)
(no association with milk fat or protein) and service per
conception (r=-0.4, P=0.009) (Figure 5).

Leptin concentration revealed negative correlations
with the milk fat levels (r=-0.37, P=0.013) (no associa-
tion with milk production or milk protein levels), the pe-
riod of the first Al to pregnancy (r=-0.56, P<0.0001), and
days open (r=-0.04, P=0.003) (Figure 5).

Ghrelin concentrations had a positive association with
the milk production levels (r=0.034, P=0.02) (no asso-
ciation with milk protein) and negative correlations with

milk fat levels (r=-0.32, P=0.03), the period of the first
Al to pregnancy (r=-0.57, P=0.000) and days open (r=-
0.43, P<0.0001) (Figure 5).

Insulin concentration showed negative correlations
with the period of the first Al to pregnancy (r=-0.52,
P<0.0001) and days open (r=-0.41, P=0.005). It also
revealed a negative association with glucose concentra-
tions (r=-0.32, P=0.031).

Finally, the Cox regression statistical model showed
that the effects of adiponectin, leptin, and ghrelin on
the length of parturition to pregnancy (days open) were
not constant against the other metabolic-biochemical,
or managemental covariates (BCS, age, the length of
the dry period, calf weight, milk production, milk pro-
tein and fat, and post-partum reproductive disorders)
(P>0.05). Also, the logistic regression analysis showed
that the effects of adiponectin, leptin, and ghrelin on
the pregnancy at the first Al were not stable against the
other metabolic-biochemical or managemental covari-
ates (P>0.05).

4. Discussion

Based on the present study’s findings, serum adiponec-
tin and ghrelin concentrations increased, and serum leptin
levels were reduced after parturition. Serum adiponec-
tin concentrations have been studied by many research-
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Figure 5. Visualization of scatter plot of linear fit model and the effect of leverage for detecting the relationship between milk
production levels with serum concentrations of A) Adiponectin (r=-0.5, P=0.00), leptin (r=0.12, P=0.4), and Ghrelin (r=0.034,
P=0.02), B) Milk fat levels with serum concentrations adiponectin (r=0.12, P=0.4), Ghrelin (r=-0.32, P=0.03), Leptin (r=0.37,
P=0.013), C) Service per conception with serum concentration of adiponectin (r=-0.32, P=0.03), leptin (P>0.05), and ghrelin
(P>0.05), D) Calving to conception interval (days open) with adiponectin (P>0.05), leptin (r=-0.04, P=0.003) and ghrelin (r=-

0.43, P=0.000).

ers and showed a decrease at the end of the dry period
in dairy cows (De Koster et al., 2017), reached a nadir at
calving, and increased throughout lactation (Ohtani et al.,
2012). De Koster et al. (2017) enrolled only 10 cows, and
Singh et al. (2014) used 50 multiparous cows in their re-
search to study adiponectin concentrations. In the present
study, the same number of cows was enrolled. Consider-
ing the deduction of the means of pre- and post-partum
adiponectin, their standard deviation, and the ratio of the
samples were used to calculate the sample size based on
the MedCalc software, the suggested sample size was 40
cows in pre- and post-partum cows (type I error=0.05,
type II error=0.10 and the power of the test=90%)).

Higher post-partum adiponectin concentrations regu-
late insulin resistance and its metabolic postponements.
In rodents and primates, insulin resistance develops dur-
ing pregnancy and decreases after parturition due to se-
rum adiponectin changes. However, insulin resistance is
maintained in dairy cows via decreased serum adiponectin
concentrations in early lactation to favor mammary glu-

cose uptake. This reduction occurred without any change
in the medium molecular weight distribution of plasma
adiponectin or adiponectin mRNA abundance in the white
adipose tissue; however, it occurred via a reduction in high
molecular weight adiponectin (Giesy et al., 2012).

Based on the findings of the current investigation on
the 15th day before the anticipated calving time, the lack
of an association of the adiponectin concentration with
the leptin, ghrelin, and insulin levels, and a strong cor-
relation of leptin and ghrelin with the insulin concentra-
tions may emphasize the importance of leptin and ghre-
lin in energy and glucose metabolism. On the other hand,
the lack of association of leptin and ghrelin with the BCS
and a strong negative correlation (r=-0.73, P<0.001) be-
tween adiponectin and the BCS show the importance of
adiponectin in fat mobilization and or metabolism. In our
study, serum adiponectin concentrations were more in
pre-partum cows with BCS<3.5, and serum adiponectin
concentrations were higher than in cows with BCS>3.5.
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In agreement with the present research, serum adipo-
nectin concentration during the dry period in some stud-
ies was negatively associated with the BCS (De Koster
etal., 2017). It has been shown that the increased serum
adiponectin might be involved in energy metabolism just
around parturition (Ohtani et al., 2012). The findings of
the current research 15 days after the parturition, similar
to the study of Giesy et al. (2012), i.e. the higher lev-
els of adiponectin and ghrelin concentrations and lower
amounts of leptin concentration may be a reaction to the
increased demand for feed intake and a reduced in insu-
lin resistance rate.

In the present study, the pre-partum adiponectin con-
centration and pre- and post-partum glucose, urea, and
creatinine concentrations had no difference between the
healthy and ketotic cows. However, post-partum adi-
ponectin concentration and pre and post-partum leptin,
ghrelin, and insulin concentrations showed lower levels
in ketotic cows.

In agreement with our study, Akgul et al. (2018) found
that adiponectin had a lower level in dairy cows with
both clinical and subclinical ketosis on day 7 post-par-
tum compared to the healthy cows (Akgul et al., 2018).

Our study found a very low first service conception
rate (7% rather than 45%) in cows suffering from ke-
tosis. The associations among the concentrations of
adiponectin, leptin, ghrelin, and insulin greatly empha-
size their activities in the field of energy metabolism in
early lactation. Consistent with our study, serum adi-
ponectin concentrations are positively associated with
insulin responsiveness in many research studies (De
Koster et al., 2017).

Contrary to the current study, the findings of a research
on young female sheep showed that the leptin concentra-
tion had a negative association with age and revealed a
positive correlation with the live weight at the first estrus
and the proportion of females that attained puberty, and
with the fertility rate (Rosales Nieto et al., 2015).

In the present investigation, the lack of an associa-
tion of adiponectin with the days to the first service, or
days open, a negative correlation with the service per
conception, and the presence of a relationship of leptin
and ghrelin on the period of the first Al to pregnancy,
and days open may depict the importance of leptin and
ghrelin in ovulation, fertilization, implantation, and or
early embryonic developments. Furthermore, none of
the studied hormones in the current study correlated
with days to the first service, a post-partum period in
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which the ovaries become active. On the other hand, the
comparison of serum biochemical parameters between
the pregnant and non-pregnant cows following the first
Al showed no difference in adiponectin concentration in
the present study. However, pre- and post-partum serum
concentrations of leptin, ghrelin, and insulin were higher
in conceived cows following the first AI. Nevertheless,
only post-partum serum glucose concentration was low-
er in pregnant cows on the first Al. Based on the findings
of Oliveira et al. (2016), the increased level of insulin in
pregnant cows following the first Al in our study raises
the possibility of insulin resistance. However, the de-
creased concentration of glucose in pregnant cows fol-
lowing the first Al is a questionable finding in our study.
In this study, we may encounter a state in which insulin
levels increase via ways other than insulin resistance,
probably through the other hormones. Concerning the
fact that insulin resistance is characterized by a reduced
action of insulin even though hyperinsulinemia and in-
sulin resistance is restricted by adiponectin (De Koster et
al., 2017), a negative association between the serum adi-
ponectin and insulin concentrations has been assumed in
the present study. However, the current study’s findings
show a positive correlation between the serum adiponec-
tin and insulin concentrations 15 days after parturition.
Adiponectin can affect female animal reproduction by
its effects on the pituitary gland, LH secretion, and theca
cells (Lu et al., 2008). In a study in bovine healthy fol-
licles, follicular growth was correlated with an increase
in the gene expression of adiponectin and its receptors in
the granulosa and cumulus-oocyte complex. In contrast,
adiponectin expression decreases in theca cells across
the follicular development. Regression of the corpus lu-
teum was related to increased expression of adiponectin
and its receptors (Tabandeh et al., 2012). Contrary to the
lack of an association between adiponectin and the days
to the first service, or days open in the present study,
there are accumulating pieces of evidence for the direct
effects of adipokine on the GnRH and LH production
and function, steroidogenesis, the late stages of folliculo-
genesis and on the development of a functional placenta
(Dos Santos et al., 2012).

The lack of association with adiponectin on the days
to first service (DFS), the period of the first Al to preg-
nancy, and days open in the current paper may indicate
no effect of adiponectin on post-partum ovarian activity.
In a study, adiponectin concentrations in cows with the
commencement of luteal activity greater than 45 days
decreased more than those with the commencement of
luteal activity 45 days or less after week 3 post-partum.
Serum adiponectin concentrations at week 7 post-partum
were lower in the delayed commencement of the luteal
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activity. Serum adiponectin concentrations decreased
gradually by week 3 post-partum in cows with normal lu-
teal activities and then increased, whereas in an-ovulato-
ry cows and delayed first ovulation, they were decreased
after week 3 post-partum. Moreover, serum adiponectin
concentrations in normal luteal activity were more than
in an-ovulatory cows at weeks 5 and 7 post-partum. It is
revealed that the expression of ADIPOQ and ADIPOR2
(receptors of adiponectin) genes on chromosome 3 are
the only genes showing a significant mRNA overexpres-
sion in infertile cows at the stage of fat mobilization, and
an increase of non-esterified fatty acid (NEFA) levels
(Kafi et al., 2015). Furthermore, leptin stimulates go-
nadotropin secretion at the hypothalamus and pituitary
levels to modulate ovarian steroidogenesis, embryonic
implantation, and placental functions (Guerre-Millo,
2008). Because ghrelin reveals a direct regulatory effect
on GnRH neurons and modulates the surge of GnRH in
an ovarian cycle (Prajapati et al., 2018), it is expected in
the present study that the ovulation risk and the concep-
tion rate increase and days open decrease in the cases
with higher concentrations of ghrelin. On the other hand,
it is reported that the release of GnRH and the function
of the reproductive endocrine system are determined by
the balance of positive signals (IGF1, leptin) and nega-
tive signals (Ghrelin) at GnRH neurons (D’Occhio et al.,
2019).

However, the findings of the present investigation
showed that the serum leptin concentrations had a nega-
tive correlation with the period of the first Al to pregnan-
cy (r=-0.56, P=0.000) and calving to conception interval
(days open) (r=-0.04, P=0.003) in post-partum cows.
Besides, in agreement with the findings of D’Occhio et
al. (2019), ghrelin showed negative associations with the
period of the first Al to pregnancy (r=-0.57, P=0.000)
and days open (r=-0.43, P=0.000) in our study.

In the present study, milk production levels were posi-
tively associated with ghrelin and negatively correlated
with adiponectin concentration. On the other hand, milk
fat levels were negatively related to leptin and ghrelin
concentration. In agreement with our findings, the milk
fat levels showed a negative correlation with serum
ghrelin and leptin concentrations in some other studies
(Elis et al., 2013). Regarding results that leptin single
nucleotide polymorphisms were associated with fertil-
ity (UASMS1, UASMS2, A1457G, A59V) and milk
production (A59V) genes (Clempson et al., 2011) we
assumed that milk production or reproductive indexes
were related to serum leptin concentrations.
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Finally, no constant effect of the adiponectin, leptin,
and ghrelin on the calving to conception interval and
pregnancy in the first insemination showed a lower ef-
fect of the hormones on reproduction indexes than the
effects of other covariates. On the other hand, the im-
pact of adiponectin on milk production levels probably
showed that the strongest activity of the hormone is the
regulation of metabolism. More studies are needed to
investigate their effects on reproductive performance in
field conditions. It is important to notice that the sample
size of the present study does not seem suitable for eval-
uating the constancy of the hormones by the logistic and
Cox survival analysis.

5. Conclusion

In conclusion, this study showed that the serum con-
centrations of adiponectin and ghrelin increased, and
the serum levels of leptin decreased after parturition.
However, these patterns of changes could not have a
long-lasting effect on the reproductive and milk pro-
duction indexes along with the studied covariances and
confounding variables. Therefore, the possibility of pre-
dicting post-partum reproductive and milk production
indexes via the concentrations of adiponectin, leptin,
and ghrelin tends is not encouraging. Other studies with
more samples are needed to better understand the effect
of the measured hormones on reproductive and milk pro-
duction indexes.
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