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ABSTRACT

Objective: Sertoli cell and spermatogonia are formed in the prenatal period, and alterations information process could affect the reproduction
function in the adolescence and adult period. This study aimed to unveil the effect of tempeh’s isoflavone that was given from prenatal to weaning
during childhood period toward the amount of Sertoli cell and spermatogonia.

Method: The study design was randomized post-test only control group design with 15 female Wistar experimental mouse in the aged of 12"~
13% weeks was used and divided into three groups, namely, control groups (C) that were given aquadest, intervention Group 1 (I1) and intervention
Group 2 (I12) that was given tempeh 0.5 g/kg body weight/day ethanol extract that contains 0.52 mg genistein and 5 g/kg body weight/day that
contains 5.2 mg genistein, respectively. The intervention was given for a week before copulation, during pregnancy and lactation period. The observed
parameters were Sertoli cell and spermatogonia of an early-born mouse.

Result: The amount of Sertoli cell and spermatogonia were different between the three groups (p<0.05). The 12 group has the lowest amount of Sertoli
cell and spermatogonia and shows a significant difference from the control group as well as 1 (p<0.05). Tempeh ethanol extract has a direct impact
on reducing the amount of Sertoli cell to about 11% lower than control. It also affected the number of spermatogonia indirectly through its effect
toward Sertoli cells.

Conclusion: Intervention of tempeh ethanol extract to female Wistar experimental mouse from prenatal period to weaning child period could disturb
the formation of Sertoli cell and spermatogonia of the early-born mouse.

Keywords: Sertoli cell, Spermatogonia, Tempeh ethanol extract.

© 2018 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This isan open access article under the CC BY license (http://creativecommons.

org/licenses/by/4. 0/) DOI: http://dx.doi.org/10.22159/ajpcr.2018.v11i5.24173

INTRODUCTION

Fertilization process occurs if spermatozoa could penetrate through
defense wall of the ovum. The ability to do fertilization only owned
by a few spermatogonia that have very excellent quality. According
to the World Health Organization, 10-15% married couple in the
world having an infertility problem. The aberration of spermatozoa
is the leading cause in 25% of fertile couples. The aberration
includes anomalies of morphology, motility, and low spermatozoa
concentration in seminal fluid [1]. Spermatogonia are a germinal cell
that undergoes differentiation process in testis. The formation and
differentiation of spermatozoa occurred since the prenatal period
when it is very susceptible to experience derangement of formation and
differentiation [1,2].

The primordial germinal cell in human moves slowly like an ameba
and arrive in primitive gonadal to form gonad indifferent which are
identical in men and women during 4-6" weeks of gestational age.
Several genes are involved in this phenomenon, such as Wilms tumor
suppressor 1 and steroidogenic factor 1. Under the influence of sex
region Y protein and locus gene y-linked or testis-determining factor,
testicular development is promoted [3,4]. Furthermore, testicular
development requires anti-mullerian hormone (AMH) which secreted
by Sertoli cell and testosterone hormone that secreted by the leydig cell.
Estrogen could inhibit differentiation of these cell [2,3].

Sertoli cell plays essential roles in life continuance of spermatozoa
cell. In the human body, Sertoli cell was formed in 6™ or 7" weeks
of gestational age, afterward merge to form a testicular chord, as a
planted place of germinal primordial cells. The Sertoli cell will be

developed in accordance with the development of fetus seminiferous
tubule. During the fetal period of life, the function of the Sertoli cell is
to provide nutrition for other germinal cells, differentiation of germinal
cells, preventing germinal cell entering meiosis phase. The role of this
cell is affected by testosterone hormone that is secreted by fetal leydig
cells [5].

There is assumption related to the similarity of mouse development
with human development in the aspect of physiology [6]. Mouse sexual
embryo differentiation from gonad differentiation become male or
female is started on the 13th day of the gestational period, Sertoli cell
differentiation occurs at 13th and a half day after copulation process,
approximately in the 14th and a half day of gestational age, the
fetal leydig cell may begin to appear and develop. On the 15" day of
gestational age, leydig cell starts to secrete testosterone hormone, in
the 16" day of gestational age, testicular cord become elongated and
curved [7,8]. Estrogen hormones are essential for the development
of sexual characteristics and reproduction, in testicular development
and function process could be influenced by estrogen hormone [34].
Endogenic estrogen inhibits testicular development and function in
fetal and neonatal life period. Furthermore, estrogen-f3 receptors are
consistently found in seminiferous cord controlling gametogenesis
process. Meanwhile, Rea may be expressed in leydig cells controlling
steroidogenesis process [9]. Estrogen regulates the expression of StAR
gene protein and CYP11A1 [10,32].

The period of embryogenesis is very vulnerable to teratogenic process
caused by various etiology including exposure to endocrine disrupting
compound (EDC). It has potential to cause gene mutation, mitotic
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disruption, alteration integrity of nucleic acid as well as its function,
lack of substrate and precursor consist of hormone biosynthesis and
the obstacle of the steroidogenic hormone. This kind of matter could
disrupt the formation and development of testis [8,29]. Isoflavone
has received enormous attention as it has been demonstrated to be
effective in many diseases and has another function as one of EDC due
to its estrogenic effect [33,36].

It is mediated through its interaction with estrogen receptors, which
result in activation of the estrogenic pathway in target cells. Isoflavones
consist of daidzein, genistein, and glycitein. Genistein is an isoflavonoid
that has been shown to possess many biological activities in the
human body [35]. The strongest isolated isoflavone is equol which is
a metabolic product of daidzein [11,12]. The interaction of isoflavones
with Ref receptors is stronger than Rea. When estrogen level is low,
isoflavones could act as an estrogen agonist. However, when estrogen
level is high, isoflavone could act as an antagonist of estrogen [13].

Not only interact with estrogen receptors but isoflavones also could
control endogenic estrogen concentration through its ability to form a
bond or metabolizes slowly by P450 aromatase enzyme, 5a-reductase,
17B-hydroxysteroid dehydrogenase (17B3-OHDH), topoisomerase, and
tyrosine kinase [14]. Isoflavones could affect sex hormone bioavailability
by stimulating synthesis of sex hormone binding globulin (SHBG).
Meanwhile, on leydig cells, isoflavones could downregulate expression
of P450c17 (17a-hydroxylase)/C17-20 lyase (CYP17A1) [15,30]. Several
studies had evaluated the gonadal effect of isoflavones. The intervention
of genistein injection at 1 mg/mouse/day for 5 days on 1 day old mouse,
decreased the expression of REa and mRNA RA [16].

However, Kim and Park revealed that genistein supplementation on
the dietary product as much as 0.02% and 0.1% from a prenatal period
until 21-day postnatal did not affect total weight of child testis [13].
Supplementation of a high dose of isoflavones in female experimental
mouse (150 mg/kg weight/day) during the periconception period has
offspring with damaged tubules seminiferous and undifferentiated
spermatogenic cell with unclear histological appearance [17].

Another study is evaluating the effect of oral isoflavone in Wistar
experimental mouse at a dose of 200 mg/kg body weight/day which
started from weaning period to sexual maturity found no effect
on the number of spermatogonia, while morphological changes in
seminiferous tubules were clearly observed [28].

A different result of studies has been reported according to exposure of
isoflavones in perinatal period of the experimental mouse (12-day post
conception and 21 days postnatal period)

may induce activity proliferation ofleydig cell and upregulate expression
of LH receptors, androgen receptors, and estrogen receptors in
progenitor leydig cell [18]. Another related finding, male experimental
mouse in the age of 50 days, that was given genistein exposure with
a dose of 10 mg and 100 mg per day prenatal period until the age of
21 days, show the overstimulated activity of spermatogenic cell [19].

This research was aimed to confirm the effect of isoflavones exposure
in early life period which is still inconsistent. Legumes and its product
like tempeh contain a significant amount of isoflavone. Tempeh since
long ago has been consumed as the primary foodstuff, especially
in Asian countries. Furthermore, tempeh has been considered as a
functional foodstuff because it contains a higher amount of nutrition
and antioxidant than soybean. Thus, this study was aimed to unveil
the effect of isoflavone from tempeh on the amount of Sertoli cell and
spermatogonia that were given since prenatal period until weaning.

METHODS
Study animal

The experimental animal in this study was female Wistar mouse aged of
the 15-16™ weeks, healthy, and had been giving birth once. 15 mice that fit
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with those inclusion criteria were included in this study with the average
weight 150 g. Six male Wistar experimental mouse in the age of 16-18"
weeks was chosen with the average weight 190 g. Those mice were
obtained from Pharmacology Laboratory Faculty of Medicine, Udayana
University, and all interventions were conducted in the same laboratory.

Plastic boxes with 40 cm x 15 cm x 10 cm dimension were used as an
animal cage. The base of the cage was covered by husk, and the upper
part was covered with wire gauze. The cage was cleaned and husk was
replaced every 2 days. Feeding box was cleaned and filled every day, and
the cage was kept clean and dry with a stable temperature.

The mice were given the opportunity to adapt within a week with
12 h of bright and 12 h of dark. Mice are given water if necessary and
standard pellets as much as 12-20 g per day. The sick mice were not
used for the study.

Isoflavones extraction from tempeh

Wilis soybean variety was processed as tempeh by the researcher.
Fermentation was conducted for 48 h. Then, the tempeh was extracted
using 96% ethanol as maceration material followed by evaporation
and freeze dryer. The procedure yielded 4 g of evaporation extract for
every 100 g of tempeh. The concentration of genistein was tested using
thin layer chromatography-spectrophoto densitometry. Every 1 ml
of preparation weights 1 g, containing 1.04 mg genistein, and phenol
70.25 mg per 100 g gallic acid equivalent. Every 100 g of wet weight,
contain an amount of water as much as 1.5293 g, ash 0.2158 g, protein
1.9387 g, fat 80,4264 g, and carbohydrates 15.8897 g.

Study design

Randomized post-test only controls group design was selected as the
design of this study. The experimental mouse was randomly divided into
three groups, namely, control group (C), intervention Group 1 (I1) which
received 0.5 g/kg body weight/day (0.08 ml containing 0.52 mg genistein)
ethanol extract and intervention Group 2 (12) received 5 g/kg body weight/
day (0.75 ml containing genistein 5.2 mg) ethanol extract 5 g/kg body
weight/day. The control group (C) was treated with only 0.75 ml aquadest.
The intervention was conducted using feeding tube every day at 09.00-
10.00 AM. The dose was adjusted according to Lofamina et al. (2014).
The intervention was conducted for 56-59 days: 7 days before copulation
period, 21-23 days in pregnancy period, and 21 days in lactation period.

The copulation was conducted by placing one male experimental
mouse with two to three female experimental mice in one cage. Then,
the copulation behavior was observed. Mice is stated pregnant when
a vaginal plug was found. The pregnant mice have returned to their
original cage until weaning period. From each litter of offspring aged
21 days, two mice were selected randomly for the intervention. At
the end of the intervention, the mice were euthanized by the cervical-
dislocation method. Then, the testicles were obtained by dissected the
mice for histopathological examination.

Gonadal tissue preparation

The testicles were fixated in 10% formalin liquid, and then the tissue
is processed with Meyer hematoxylin and eosin (HE) staining. Slide
preparation was conducted in the standardized laboratory of the
pathobiology of Veterinary Faculty, Udayana University.

Testicular histological evaluation

The observation and evaluation of Sertoli cell and spermatogonia were
conducted using Olympus CX 21 microscope. The number of the cell
was determined by counting in five large visual fields (x40). The slides
were documented using Canon EOS 60D camera. All of the procedure
was conducted in the laboratory of the pathobiology of Veterinary
Faculty, Udayana University.

Statistical analysis

The statistical analyses were conducted by the descriptive method
followed by comparative analysis between group using one-way
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ANOVA test and, finally, post hoc test and way analysis. All data have
normal distribution (p>0.05) and homogenous variants (p>0.05). Data
analyses were conducted using SPSS software version 17.0 with 95%
confident interval (p<0.05).

RESULT

General observation

The total of experimental mouse mother that we observed is 15, a total
of early-born male mice that we observed for each mother is two, with
the resulting total of early-born male mice that we observed are 30 mice
(10 mice for each group). The average weight of mother mouse was
increase after given intervention, in control group the average of weight
is 5.2 g, in intervention Group 1 is 5.6 g, and in intervention Group 2 is
6.2 g. The average weight of early-born mice in control group is 6.8 g, in
intervention Group 1 is 7.3 g, and in intervention Group 2 is 8.6 g.

Ratio of Sertoli cell and spermatogonia between group

The amount of Sertoli cell and spermatogonia in every testicle of
early-born mice (Table 1). ANOVA test reveals there are significant
differences in the average number of Sertoli cell and spermatogonia
from each group.

The average of the Sertoli cell as well as spermatogonia excessively in
control group. Meanwhile, the fewest are in the 12 group. Every group
shows a different average p<0.05 (Table 1).

Post hoc test of Sertoli cell show there is no significant difference in the
number of the Sertoli cell between C group and I1 group, otherwise,
there is a significant difference in the average number of the Sertoli
cell between C group and 12 group, also between 11 group and 12 group

(Fig. 1).

Post hoc test of spermatogonia cell show there is no significant
difference in the number of spermatogonia cell between C group and
I1 group. Otherwise, there is a significant difference in the average
number of the Sertoli cell between C group and 12 group, also between
11 group and 12 grou-p (Fig. 2).

The histologic structure of rat testes in the three intervention groups
showed that most spermatogonia were present in group C, then
spermatogonia were the least present in the group of 12. (Figs. 3 and 4).

Effect of intervention on the amount of Sertoli cell and
spermatogonia

The effect of tempeh ethanol extract treatment on sertoli and
spermatogonia cells is directly and indirectly evaluated through path
analysis (Fig. 5)

DISCUSSION

The formation of testis began with the appearance of the Sertoli cell
through the process of somatic cell differentiation and continued with
proliferation which increased the number of the Sertoli cells. This
process could be affected by the level of endogenic estrogen.

Table 1: Sertoli cell and spermatogonia in control Group, I1,

and 12
Variable/group n MeanxSD F p value
Sertoli cell
C 10 130.50+10.700 4.729 0.017*
1 10 127.60+8.099
12 10 117.40+10.967
Spermatogonia
C 10 691.80+£18.122 12.762 0.000*
11 10 677.80+£35.755
12 10 632.50+£25.527

*Significant P<0.05
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The lowest amount of Sertoli cell in this study is found in 12 group
(Table 1). This phenomenon is directly affected by the intervention of
tempeh ethanol extract that contains genistein isoflavone. The excessive
intervention of tempeh ethanol extract more than 5g/Kg body weight/
day could increase estrogen level. Isoflavone could form a bond with
estrogen receptors, therefore, could mimic estrogen characteristic [20].
Furthermore, high level of isoflavones could trigger aromatase enzyme
activity which will convert androgen into estrogen and lead to increased
level of endogenic estrogen.

The consequences of such phenomenon are a diminishing level of
testosterone [21]. Genistein extract had been proved to increase
the inhibin-a mRNA and downregulate FSH level in cell culture [22].
Since FSH and testosterone act to increase Sertoli cell proliferation, its
deficiency could decrease the population of Sertoli cell [23].

The lowest amount of spermatogonia was also found in 12 group
(Table 1). These findings are directly affected by the amount of Sertoli
cell and indirectly from tempeh ethanol extract intervention. This
phenomenon is in accordance with the evidence of intervention of
genistein in pregnancy period of day-12 until day-19 could hamper
spermatozoa production [24].

The density of Sertoli cell has a considerable impact on a number of
spermatogonia. Increased number of the Sertoli cell positively correlated
with increasing spermatogenic capacity. There is also a close correlation
between germinal cell and signaling of androgen receptors in Sertoli
cell [25]. Sertoli cell secretes transforming growth factor § (TGF- §,
TGFB1, TGFB2, and activin A) and retinoic acid (RA) that are needed for
germinal cell differentiation and proliferation [26]. The Sertoli cell also
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Fig. 1: Post hoc test of Sertoli cell. C group receive 0.75 ml of
aquadest; I1 group receive tempeh ethanol extract 0.5 g/kg body
weight/day; 12 group receive tempeh ethanol extract 5 g/kg body
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Fig. 2: Post hoc test of spermatogonia cells. C group receive
0.75 ml of aquadest; I1 group receive tempeh ethanol extract 0.5
g/kg body weight/day; 12 group receive tempeh ethanol extract 5
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Fig. 3: Histopathology structure of experimental mouse testis in
the age of 21 days with x100 magnification. A, Group C receiving
aquadest 0.75 ml, show spermatogonia distribution in great
quantities and dense population of the seminiferous tubule. B,
show histopathology structure of I1 group receiving tempeh
ethanol extract 0.5 g/kg body weight/day, shows adequate
spermatogonia distribution, however, with a loose population
of seminiferous tubule and ill-defined border margin. C, shows
histopathology structure of 12 group receiving tempeh ethanol
extract 5 g/kg body weight/day, shows the infrequent distribution
of spermatogonia, with sufficient population of seminiferous
tubule and unorganized margin border

Fig. 4: (a) Histopathology structure of experimental mouse testis
in the age of 21 days with x400 magnification. Histopathology
structure of testis in C group receiving 0.75 ml aquadest. It
shows great quantities of spermatogonia (black arrow), Sertoli
cell lay between spermatogonia (blue arrow), wall margin of
seminiferous tubule (yellow arrow), leydig cells (white arrow)
and (b) histopathology structure of experimental mouse testis
in the age of 21 days with x400 magnification. Histopathology
structure of testis in I1 group receiving tempeh ethanol extract
0.5 g/kg body weight/day. It shows the excessive distribution
of spermatogonia (black arrow). Furthermore, Sertoli cell lay
between spermatogonia (blue arrow). Rare seminiferous tubule
population with unorganized border margin, (yellow arrow),
and leydig cells (white arrow), (c) histopathology structure
of experimental mouse testis in the age of 21 days with x400
magnification. Histopathology structure of testis in 12 group
receiving tempeh ethanol extract 5 g/kg body weight/day shows
the rare distribution of spermatogonia (black arrow), Sertoli
cell lay between spermatogonia (blue arrow), wall margin of
seminiferous tubule are unorganized (yellow arrow), and leydig
cell (white arrow)
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Fig. 5: Effect of intervention on Sertoli cell and spermatogonia.
Intervention group receiving tempeh ethanol extract has a
direct influence on the amount of Sertoli cell as much as 11%,
meanwhile a number of spermatogonia as much as 6%. Direct
effect on the Sertoli cell to spermatogonia is 59%. The impact
of intervention and total of the Sertoli cell together is 35% (R?
0.353)

maintains and protects the germinal cell, secreting inhibin, ABP, AMH/
MIS, and prevent germinal cell entering meiosis period. Abnormality
in Sertoli cell function could inhibit the development of spermatogenic
cell [27].

Another study by Faqi et al. (2004) evaluating the chronic toxicity of
isoflavones supplementation 200 mg/kg body weight/day (low dose
isoflavones) and 2000 mg/kg body weight/day (high dose isoflavones)
to male rats reproduction system. There were significant differences in
the number of spermatid between low dose isoflavones group (331 *
46.7) and high dose isoflavones group (319 + 36.4) [37].

Differentiation of germinal cell from gnosis to gonia (spermatogonia)
depends on the amount of leydig cell, Sertoli cell, FSH with its cognate
receptor, androgen biosynthesis, and LH with its receptor. The
amount of extricated LH is decreasing in the mother that consumed
genistein [13]. Isoflavone has a high affinity toward RE « in child’s
leydig cell which inhibits the activities of the steroidogenic enzyme, for
example, StAR, 33-HSD, P450 aromatase, and 5a-reductase, and thus
decreasing the child’s testosterone secretion. Furthermore, isoflavone
could also stimulate secretion of SHBG resulting in depletion of free
plasma testosterone. In the other hand, isoflavone also can bind RE 8 in
Sertoli cell which affects proliferation of germinal cells [14,15].

In this study, the difference of the number of Sertoli cell and
spermatogonia between C group and 11 was not statistically significant
(p>0.05) (Figs. 1 and 2) although the density of seminiferous tubule in
11 seems loose enough with an irregular surface (Fig. 4b). The possible
cause of such phenomena is a disturbance in the seminiferous cord
differentiation by prooxidant-oxidant level imbalance which results
from the presence of the EDC. Such event could ultimately result in
testicular dysfunction [31].

CONCLUSION

Tempeh ethanol extracts significantly altered the amount of Sertoli
cell in seminiferous tubules which subsequently affect the number of
spermatogonia. Therefore, the intervention of tempeh ethanol extract
per oral to Wistar experimental mouse mother since a week before
copulation until weaning period could disturb the formation of Sertoli
cell and spermatogonia of the newborn mouse.
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