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ABSTRACT

The purpose of the current study was to determine the concentrations of adiponectin and
testosterone in various ages of bucks as well as the correlations of adiponectin and testosterone with
semen quality as an indicator of fertility. Nineteen Anglo Nubian (AN) x Etawah Grade (PE) (Anpera)
crossbred bucks belonged to the Research Institute for Animal Production were classified into four
different age groups: 24 months, 30 months, 36 months, and more than 48 months. The concentrations
of adiponectin and testosterone in the samples of blood plasma were analyzed using enzyme-linked
immunosorbent assay (ELISA). The semen characteristicc were evaluated both macroscopically
and microscopically. The results of the study showed that plasma concentrations of adiponectin
in Anpera bucks at the ages of 24, 30, 36, and more than 48 months were 14.10+1.73 mg/L, 18.36+8.25
mg/L, 20.38+8.67 mg/L, and 15.41+7.31 mg/L, respectively. There was no significant difference in
adiponectin concentrations among the age groups (p>0.05). However, there were correlations of
adiponectin concentrations with semen volume, sperm morphology, and sperm concentration. Plasma
concentrations of testosterone at the ages of 24, 30, 36, and more than 48 months were 9.76+2.46 ng/
mlL, 9.81¥1.56 ng/mL, 10.05£0.94 ng/mL, and 9.93+2.71 ng/mL, respectively. Plasma concentrations of
testosterone in Anpera bucks also did not demonstrate a significant difference among the age groups
(p>0.05). However, plasma testosterone concentrations had significant correlations with semen volume,
sperm motility, and sperm concentration. In conclusion, the plasma concentrations of adiponectin
and testosterone hormones had correlations with the semen quality parameters, which are related to

fertility.
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INTRODUCTION

The crossbreeding of Anglo-Nubian (AN) bucks
and Etawah Grade (PE) does to create a new dairy-goat
breed expected to be highly productive and adaptable
to the tropical environment and climate. On the other
hand, PE goats are crossbreds between local goats and
Etawah goats from India which have been living in
Indonesia for decades and have an advantage of high
milk production (Sodiq, 2012; Dianingtyas et al., 2017).
The crossbreeding was intended to increase production,
but it was reported a decrease in fertility in males, such
as a decrease in semen quality and libido in bull (Rajak
et al., 2014). Therefore, an experiment is required to
evaluate the fertility of crossbreed bucks.

The fertility of breeding male is influenced by
the luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) which modulate the synthesis of tes-
tosterone in Leydig cells and aromatase to estradiol
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synthesis in Sertoli cells. The hypothalamus-pituitary-
gonad (HPG) axis plays an important role in altering
the secretions of gonadotropin and testosterone for
spermatogenesis, sperm maturation, and reproductive
behavior (Brito ef al., 2007; Byrne et al., 2017). Therefore,
the assessment of fertilities in breeding male is often
conducted by measuring semen quality (Boe-Hansen ef
al., 2015), libido (Fahey et al., 2012), and the concentra-
tions of testosterone hormone (Singh et al., 2014). Results
from the most recent studies demonstrated that the
protein hormone adiponectin had a positive correlation
with fertility in bulls (Kasimanickam et al., 2013), sperm
concentration and morphology in human (Thomas et al.,
2013), and sperm motility in rams (Kadivar et al., 2016).
Adiponectin is a protein composed of 224 amino
acids produced mainly by adipose tissues and some
by bones and muscle tissues (Elfassy ef al., 2018).
Messenger ribonucleic acid (mRNA) for adiponectin has
been found in the testicles and Leydig cells (Caminos
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et al, 2008) and in spermatocytes (Gregoraszczuk et
al., 2016). Meanwhile, adiponectin has two receptors
in binding with the cells, i.e,, AdipoR1 and AdipoR2
(Elfassy et al., 2018). Adiponectin receptors are found in
seminiferous tubules (Kasimanickam ef al., 2013), Sertoli
cells, Leydig cells, germinal cells (Kawwass et al., 2015),
and sperm (Kasimanickam et al.,, 2013). Furthermore,
Campos et al. (2008) stated that adiponectin had mul-
tiple roles and is pleiotropic since in addition to bind
with its receptor, it could also interact with the other
hormones to induce the target genes. Adiponectin
works locally to increase sperm production to capacita-
tion ability (Kasimanickam et al., 2013). It was reported
that adiponectin concentration was higher in older bulls
(>73 months) compared to the youngest bull (<24-72
months) (Heinz et al., 2015). However, a study in rats
demonstrated a decline in adiponectin concentration
when the rats were aging (Choubey et al., 2019). In ad-
dition, there is no report concerning the level of adipo-
nectin in crossbreed bucks and its relations to the bucks
fertility. Based on those findings, the present study was
conducted to detect the concentration of adiponectin
in AN x PE (Anpera) bucks and to determine its cor-
relations with parameters of male fertility assessment to
find a specific marker candidate in assessing the fertility
of male bucks.

MATERIALS AND METHODS
Ethical Statement

The utilization of the treated animals in this study
was ethically ratified by the Animal Care and Use
Committee (ACUC) of IPB University, number: 81-2017
IPB.

Animals

The samples used in the present study were semen
and blood samples collected from 19 Anpera bucks,
with body weights range between 32 and 58 kg and
aged range of 24-66 months old. The Anpera bucks be-
longed to the Research Institute for Animal Production
and were raised in individual cages. The bucks were
fed 3-4 kg of king grass and 0.5-0.7 kg of concentrate
daily and water was available ad libitum. The bucks were
classified into four age groups: 24 months old (1=6),
30 months old (n=6), 36 months old (n=4), and more
than 48 months (n=3). Observations of the libido, the
collection and evaluation of semen, and the collection
of blood samples from each animal were conducted in
the morning; 5 times collections with an interval of 10
days, in line with the seminiferous epithelial cycle in
bucks which was 10.6+0.5 days (Franca et al., 1999). To
obtain the same status, all animal samples were treated
by semen collections one day before the first sample
collection.

Blood Collection and Processing

Blood samples were collected from the jugular vein,
with the volume ranging between 1.5 and 1.8 mL by us-

ing a 3 mL disposable syringe filled with the anticoagu-
lant ethylenediamine tetraacetic acidethylene diamine
(EDTA) (Art. 8418 Titriplex® III, Merck, Darmstadt,
Germany). The blood samples were then centrifuged
at 5000 rpm at room temperature for 10 minutes. The
supernatant (blood plasma) was then poured into a
microtube and stored at -20°C until the analysis for adi-
ponectin and testosterone concentrations.

Measurements of Adiponectin Concentrations

Adiponectin concentrations were measured by
using goat adiponectin enzyme-linked immunosorbent
assay (ELISA) kit produced by Bioassay Technology
Laboratory, Shanghai Crystal Day Biotech Co., Ltd.,
China (Cat. No E0020GO). The measurements of adi-
ponectin were performed by following the protocol in
the instructions of the manufacturer. Briefly, 50 uL of
adiponectin standards were added to the standard wells
and 40 uL of the samples of blood plasma were placed
in the sample wells. Ten pL of anti-adiponectin antibody
and 50 pL of streptavidin-horseradish peroxidase (HRP)
were then added to the sample wells, standard well, and
control well. The control well was only filled with 10 uL
of anti-adiponectin antibody and 50 pL of streptavidin-
HRP. The filled plate was then thoroughly mixed, cov-
ered with a sealer, and incubated for 60 minutes at 37°C.
The sealer was removed and the plate was rinsed with
a rinsing buffer 5 times. The wells were immersed in
0.35 mL of the rinsing buffer for 30 seconds to 1 minute
for each rinsing. After rinsing, the wells were thumped
firmly on the absorbent paper to remove any residual
clumps. Substrates A and B (50 puL) were added to each
well, respectively. The plate was separated and covered
using a new sealer for 10 minutes at 37°C. The enzyme
reaction was stopped by using 50 uL of the stop solu-
tion. The absorbances (optical density) were measured
by ELISA reader.

Measurements of Testosterone Concentrations

Testosterone concentrations were analyzed by
using ELISA testosterone kit. The measurements of
testosterone concentrations were done based on manual
instruction from DRG diagnostic (Cat. no. EIA-1559,
DRG Instruments GmbH, Germany). Briefly, standard,
control, and blood plasma samples (25 uL), respectively,
in duplicate were added into the appropriate wells
on a microplate which were coated with testosterone
monoclonal antibody. Subsequently, after adding 200
uL of enzyme conjugate each well was incubated for
60 minutes. The plates were then washed with washing
solution and blotted dry four times. Then, each well was
added 200 uL of substrate solution (tetramethylbenzi-
dine), and re-incubation was done for 15-20 minutes.
All of the above procedures were conducted at room
temperature. The enzyme reaction was stopped using
100 uL 0.5 M H,SO,. The absorbance was measured at
450 nm using ELISA reader.
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Libido Assessment

The libido of the Anpera bucks were evaluated
according to the method reported by Mickelsen et al.
(1982). The libido was scored ranging from 0 to 10. The
score was score 0, no interest; score 1, interest only in
one event; score 2, more than one interests one occur-
rence; score 3, active interest during the whole test
period; score 4, one attempt to mount or mount, no
intromission; score 5, two attempts to mount or mount,
without intromission; score 6, more attempts to mount
or mount, no intromission; score 7, one intromission, no
interest anymore; score 8, one intromission followed by
interest; score 9, two intromissions, no interest anymore;
score 10, two intromissions followed by interest (includ-
ing mounts and/or services).

Semen Collection and Evaluation

Semen samples were obtained from each animal
and analyzed, as previously reported by Rodrigues et al.
(2013) and Maidin et al. (2018). The semen samples were
collected 5 times using an artificial vagina with 10 days
interval, and measurement for the semen volume was
used a tube with labels. Sperm motility, morphology,
and concentration were evaluated under a microscope
(Olympus, Tokyo, Japan). The collected semen was
immediately placed in a water bath (37°C) and evalu-
ated for sperm motility, sperm morphology, and sperm
concentration. The motility of sperm was evaluated
subjectively, whereas the morphology and concentration
of sperms were evaluated using eosin-nigrosin staining
and Neubauer hemocytometer, respectively.

Data Analysis

The means of adiponectin and testosterone concen-
trations, libido scores, and semen quality were analyzed
by one-way ANOVA, and probability of p<0.05 was
determined as a significant difference. Furthermore,
correlations between means of groups adiponectin and
testosterone concentrations with the characteristics of
semen were determined using Pearson’s correlation test.

RESULTS

The Plasma Concentrations of Adiponectin and
Testosterone as well as the Libido in
the Anpera Bucks

The plasma concentrations of adiponectin in
Anpera bucks at the ages of 24 months, 30 months, 36
months, and more than 48 months were 14.10+1.73
mg/L, 18.36+8.25 mg/L, 20.38+8.67 mg/L, and 15.41+7.31
mg/L, respectively (Figure 1). There was no significant
difference in the plasma adiponectin concentrations
among different ages of Anpera bucks (p>0.05).

On the other results, the plasma concentrations of
testosterone in Anpera bucks also did not demonstrate
a significant difference in the present study (p>0.05).
The plasma concentrations of testosterone in the bucks
at the ages of 24, 30, 36, and more than 48 months were
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9.76+2.46, 9.81x1.56, 10.05+0.94, and 9.93+2.71 ng/mL,
respectively (Figure 2).

Based on the scores of libido, the present study
also did not show a significant difference in the scores
of libido among the different age groups of 24 months,
30 months, 36 months, and more than 48 months with
an average score of 9.00+0.31, 9.53+0.22, 9.90+0.10, and
9.07+0.48, respectively (p>0.05) (Figure 2).

Correlations of Adiponectin and Testosterone with
Semen Characteristics

The semen characteristics in Anpera bucks for each
of the age groups were presented in Table 1. Semen
characteristics observed in the present study were se-
men volume, sperm concentration, sperm motility, and
sperm morphology. No significant difference was found
in the quality of semen evaluated among different age
groups of Anpera bucks (p>0.05).

Meanwhile, plasma adiponectin concentrations had
a strong positive correlation with the semen volume
(p<0.05), but no correlation was found with the sperm
concentration and morphology (p>0.05) (r= 0.858-0.913),
and a weak correlation with the sperm motility (r=
0.394). Furthermore, testosterone concentration had
positive and strong correlations with semen volume,
sperm concentration and motility with a range of cor-
relation coefficient r=0.797-0.867, and a weak correlation
with sperm morphology (r=0.317) (Table 2).

DISCUSSION

The Plasma Concentrations of Adiponectin and
Testosterone, and the Libido of Anpera Bucks

The plasma concentrations of adiponectin in the
current study showed no significant difference in
Anpera bucks with different ages from 24 months to
more than 48 months (p>0.05). However, it seemed
that there was an increase in the plasma concentrations
of adiponectin in Anpera bucks from the ages of 24
months to 36 months, and the decreasing level of plasma
concentrations of adiponectin in the animal ages more
than 48 months. In contrast with our finding, Heinz
et al. (2015) reported the older the age of the bulls, the
higher the concentrations of adiponectin in the blood
of the bull. It seemed that the pattern of concentrations
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Figure 1. The plasma concentrations of adiponectin in Anpera
bucks in various age groups.
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Figure 2. The plasma concentrations of testosterone (a) and libido score (b) in Anpera bucks
in various age groups.

Table 1. Mean of semen characteristics in Anpera bucks in various ages (mean + SE)

. s Age (months)
Variables Replication
24 (n=6) 30 (n=6) 36 (n=4) >48 (n=3)
Semen volume (mL) 5 0.60+0.08 0.78+0.05 0.84+0.18 0.75+0.03
Sperm concentration (x10%/mL) 5 2.05+0.23 2.06+0.21 2.52+0.27 1.97+0.39
Sperm motility (%) 5 76.92+1.72 77.50+1.28 79.75+1.18 80.33+1.20
Sperm morphology (%) 5 96.50+0.76 98.03+0.40 97.61+0.48 96.60+0.24

Table 2 The correlation coefficient (r) between plasma adiponectin and testosterone concentrations with semen characteristics

Correlation coefficient (r)

Variables - o
Semen volume Sperm concentration Sperm motility Sperm morphology
Adiponectin 0.913* 0.858 0.394 0.879
Testosterone 0.799 0.797 0.867 0.317

Note: *= Correlation is significant at the 0.05 level.

of adiponectin in Anpera bucks in our study was in ac-
cordance with the pattern of adiponectin concentrations
in rats reporting a decrease in the plasma concentration
of adiponectin with the increase in the ages of rats
(Choubey et al., 2019).

The older the animals, the adipose tissue will
undergo hypertrophy with the result leading to the
increase in adiponectin concentration in the blood and
the increase in the sensitivity of adipose tissues to insu-
lin (Cawthorn et al., 2012; Yu et al., 2019). Furthermore,
Ayina et al. (2016) reported that the increase and de-
crease in adiponectin concentrations were determined
by the factors of insulin resistance in the adipose tissues,
intra-abdominal fat, and lipoprotein profile. A further
report by Ting-Ting et al. (2019) stated that the increase
in lipoprotein had a high correlation with the increase in
age. Those statements were supported by Pfaehler et al.
(2012), who reported that lipoprotein had a positive cor-
relation with adiponectin concentration. It is proposed
that the increase in adiponectin concentration follows
the optimum reproductive age. According to Pezzanite
et al. (2017), the optimum reproductive age for bucks
and rams were up to four years. Therefore, the results
of our study revealed a decrease in adiponectin concen-
tration in the animal group for more than 48 months
(p>0.05).

Further research in rats showed that old ages
would decrease the plasma adiponectin concentration

(Lumeng et al., 2011). The decline in the plasma adipo-
nectin concentration in the old-age mice was caused by
the increase in insulin resistance (Cawthorn et al., 2012;
Yu et al., 2019). The insulin resistance in the adipose tis-
sues of animals was caused by the increased number of
pro-inflammation macrophages due to aging (Lumeng
et al., 2011), leading to a decline in plasma adiponectin
concentration. Further proof was found in rats dem-
onstrating a decline in plasma adiponectin concentra-
tion and receptors as the rats were in the aging phase
(Choubey et al., 2019). Therefore, since there is no report
on adiponectin pattern in old bucks, further research is
required to explore the patterns of adiponectin in goats.
The plasma concentration of testosterone in Anpera
bucks did not show a significant difference among age
groups (p>0.05) from age 24 months to more than 48
months in the current study. This finding was supported
by the results reported by Hannan et al. (2017) that the
plasma testosterone concentrations in post-pubertal age
(34-52 weeks) significantly increased compared to early-
late pubertal age (<34 weeks). Further study revealed
that the plasma concentration of testosterone was as-
sociated with semen quality (Malik et al., 2018) so that
the plasma concentrations of testosterone remained high
during the period of active semen production. This con-
dition was the reason why the plasma testosterone con-
centrations in our study were not significantly different
among the age groups. Furthermore, all animal groups
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in our study could be categorized in the post-pubertal
period and period of active in spermatogenesis. There
is no report about the relationship between plasma tes-
tosterone concentration in Anpera bucks with different
ages. Our study in Anpera bucks revealed that plasma
testosterone concentrations had similarity to Kacang
bucks (10.27+5.42 ng/mL) (Armansyah et al., 2018) and
PE bucks (13.20+£3.96 ng/mL) (Ferasyi et al., 2015).

Meanwhile, the pattern of libido scores in Anpera
bucks had a similarity to the pattern of plasma tes-
tosterone concentrations. It is strongly suggested that
testosterone primarily responsible for the maintenance
of secondary sexual characteristics and libido (Hafez &
Hafez, 2000). A further study reported that libido was
influenced by the presence of testosterone (Swelum et
al., 2017).

Correlations of Andiponectin and Testosterone with
Semen Characteristics

The results of our study showed that sperm
production was not significantly different among the
different age groups (p>0.05). These results could be
explained that the sperm production in mammals is
strongly influenced by the number of Sertoli cells, and
the formation of Sertoli cells is generally believed to be
completed before pre-puberty (Berger, 2019). The results
of our current study did not show a significant differ-
ence in the ages of Anpera bucks. A further reason for
no difference in semen characteristics could be related to
the influence of the months and the seasons (Elsheikh &
Elhammali, 2015).

According to El Kadili ef al. (2019) the season fac-
tor was still more influential on the quality of semen in
bucks. The reports of El Kadili et al. (2019) was strength-
ened by his finding that the highest quality of semen
was obtained during summer and fall. It is therefore
that semen collection during summer and fall would be
more suitable for freezing than those during the other
seasons.

Interestingly, the results of our current study
revealed that adiponectin had a strong correlation with
the concentration and morphology of sperm. These
results are supported by Elfassy et al. (2018) that the
concentration of adiponectin in seminal plasma has been
shown to be positively correlated with sperm concentra-
tion, sperm count, and the percentage of typical sperm
forms. These results indicate that adiponectin plays an
important role in spermatogenesis.

These results were in line with a study on the mor-
phology of sperm in cattle (Kasimanickam et al., 2013)
and the concentration and morphology of sperm in hu-
mans (Thomas ef al., 2013). In contrast, the results of the
present study demonstrated that plasma testosterone
concentration did not have a strong correlation with the
morphology of sperm. Another study demonstrated that
the normal morphology of sperm was more strongly in-
fluenced by genetic factors (Gotoh, 2010). This statement
was proven that gene defects had a direct qualitative ef-
fect on sperm morphology or function (Ray et al., 2017).
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Meanwhile, the results of our study revealed that
plasma testosterone concentration had a strong positive
correlation with sperm motility and concentrations.
These results could be explained that testosterone did
not only played a role in spermatogenesis but also in
the formation of dense outer fibers in the sperm, which
were important in the process that produces the motil-
ity of the sperm (Henkel et al., 2005). On the other side,
adiponectin in our current results showed only a weak
correlation with the motility of the sperm. This could
be explained by the fact that the motility of sperm was
influenced more strongly by a number of other proteins
(Rodrigues et al., 2013), such as dehydrogenase subunit
a, phosphoglycerate mutase 2, and triose phosphate
isomerase (Zhao et al., 2007).

Concerning to the positive correlation of testoster-
one with the sperm concentration, it is widely known
that FSH and testosterone are key regulators of sper-
matogenesis. Each hormone plays a unique role in the
differentiation and proliferation of spermatogonia, after
which testosterone promotes the formation and dif-
ferentiation of spermatocytes into round and elongated
spermatids. Therefore, testosterone plays an important
role in sperm concentration (Dickson & Sanford, 2005).
This role is played through the bonds between testos-
terone and Src and extracellular signal-regulated kinase
(ERK), which facilitates the adhesion of germinal cells to
Sertoli cells, which will then increase the release of im-
mature sperm (Shupe et al., 2011).

In connection with the correlation with semen
volume, both adiponectin and testosterone had a strong
positive correlation with semen volume. In general, it
is widely known that semen volume is influenced by
the accessory glands, especially the seminal vesicle
gland (Hafez & Hafez, 2000). However, the synergistic
relationship between adiponectin and testosterone
with the activity of accessory glands, which has a large
contribution to the volume of the semen, has not been
known definitely (Goeritz et al., 2003). The results of the
present study have strengthened the argument that adi-
ponectin is a potential candidate as a parameter for male
fertility assessment. However, further investigation with
a greater number of samples and more uniform condi-
tions is required.

CONCLUSION

The increase in the plasma adiponectin concen-
tration in Anpera bucks is in accordance with the
productive age and has a strong positive correlation
with semen volume, sperm morphology, and sperm
concentration. Meanwhile, plasma concentration of tes-
tosterone has a strong positive correlation with semen
volume, sperm motility, and sperm concentrations.
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