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INTRODUCTION: There is little data concerning the ability of Eurycoma longifolia Jack (EL) to reverse the inhibitory effects
of estrogen on testosterone production and spermatogenesis. The aim of the present study was to determine the effect of EL on
testicular histology and sperm count in estrogen-treated male rats.

METHODS: Adult male Sprague-Dawley rats weighing 200-250 g were divided into four groups of six rats each. Group A (control)
was given solvent in the same manner as the treated groups were given EL. Group B was treated with EL (8 mg/kg body weight)
orally. Group C was treated with estradiol (E,) (intramuscular dose of 500 ng/kg body weight), and group D received a combined
treatment of oral EL and intramuscular E,. After fourteen consecutive days of treatment, rats from all groups were sacrificed and
subjected to spermatogenic and epididymal sperm cell counts.

RESULTS: The spermatogenic cell count in the E -treated group was significantly decreased as compared to the control (p <
0.05) and EL+E -treated groups (p < 0.05). A similar finding was found for the epididymal sperm count; the E -treated group had
a significant decrease in the count compared to the control (p < 0.05) and EL+E -treated groups (p < 0.05). Rats that were treated
with EL alone exhibited significantly higher sperm counts and sperm motility when compared to the control group (p < 0.05).
CONCLUSIONS: EL extract acts as a potential agent for reversing the effects of estrogen by increasing spermatogenesis and
sperm counts in rats after fourteen consecutive days of treatment.
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INTRODUCTION

Eurycoma longifolia Jack (EL), a herb found in South-
East Asia, has been widely used in traditional medicine. The
plant belongs to the Simaroubaceae family and is known
locally as ‘Tongkat Ali’ or ‘Pasak Bumi’ in Malaysia and
Indonesia, respectively.! EL has been shown to possess
anticancer,? antibacterial,® cytotoxic,*> aphrodisiac®’ and

"Department of Physiology, Faculty of Medicine, UKM Medical Molecular
Biology Institute (UMBI), Universiti Kebangsaan — Malaysia.
'Department of Biomedical Science, Faculty of Allied Health Sciences,
Universiti Kebangsaan — Malaysia.

TPDepartment of Anatomy, Faculty of Medicine, Universiti Kebangsaan —
Malaysia.

Email: kakmeah @yahoo.com.sg

Tel.: 006 003 9289 7575

Received for publication on September 14, 2009

Accepted for publication on October 26, 2009

antimalarial effects.®®

Reduced fertility in males is related to hormonal, male-
related diseases, such as varicocele, cryptorchidism and
testicular cancer, or severe exposure to chemicals, such
as pesticides that contain lindane,'®!" and drugs for the
treatment of cancer.'>!*> Hormonal disturbances that may
lead to infertility include low plasma levels of testosterone
or gonadotropins or high plasma levels of estrogen.'*
Indeed, there are reports that phytoestrogen diets may cause
reductions in male fertility.'>!®

Estrogen exerts its effect on spermatogenesis by two
mechanisms. Estrogens may act directly on Leydig cells
to suppress testosterone production or through negative
feedback on gonadotropin-releasing hormone secretion.!”
Some studies have reported on the presence of estrogen
receptors in germ cells'® or Sertoli cells.” In males,
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endogenous estrogens are synthesized from androgens
by the enzyme aromatase.”®?! The estrogens produced in
males are known to regulate testicular steroidogenesis and
spermatogenesis;?> however, to date, the role of estrogen
in germ and Sertoli cells is poorly understood and requires
further investigation.

EL was reported to be a potential agent that could
increase male sexual competency®. Previous animal studies
have strengthened this conclusion with the observation that
EL is a potential stimulator of male sexual character in
Sprague-Dawley rats. This natural compound also possesses
some effects on hormones, showing evidence of marked
androgenic action. However, to the best of our knowledge,
earlier studies have not explored the action of EL on testis-
retrieved sperm counts in comparison to such counts in
estrogen-treated rats.

Therefore, the primary aim of the present study was to
determine if EL extract could counteract the adverse effects
of estrogen on spermatogenesis and improve fertility in
Sprague-Dawley rats. The results of the present study could
define the use of EL in the future as a potential natural
treatment for low male fertility.

METHODS AND MATERIALS

Prior ethical clearance was obtained from the Universiti
Kebangsaan Malaysia Animal Care and Use Committee
(UKMACUC), and the experiment was conducted at the
histology laboratory, Department of Anatomy, Universiti
Kebangsaan Malaysia (UKM).

Animals, chemicals and treatment

Twenty-four fertile male Sprague-Dawley rats, each
weighing 200-250 g (between four and six months of age)
were obtained from the UKM animal unit. Animals were
caged in the animal house and maintained at 27-30°C. The
animals had free access to rat chow and drinking water.
The animals were divided into four groups of six rats each.
Group A served as the control and received normal saline by
oral gavage; group B was treated with EL at a dose of 8 mg/
kg body weight orally; group C was treated with estradiol
at a dose of 500 pg/kg body weight intramuscularly (i.m.),
and group D was treated with 8 mg/kg body weight of EL
orally with an i.m. injection of 500 pg/kg body weight of
estradiol (Sigma Chemical Co, USA). All treatments were
administered daily at 0900 hrs and were continued for
fourteen days. On the 15" day, the animals were sacrificed
using an intravenous injection of an anesthetic agent, and
one of the testes and its associated epididymis were dissected
and removed for further analysis.
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Eurycoma longifolia Jack extract preparation

The aqueous dried extract of EL, in the form of powder,
was obtained from the Department of Biochemistry,
Universiti Malaya, Malaysia. The extract was dissolved
in normal saline to a final concentration such that each rat
received EL at a dose of 8 mg/kg body weight in a volume
of 0.5 ml. Estradiol (Sigma Chemical Co, USA) was first
diluted using ethanol and olive oil (1:9 volume) to obtain the
desired concentration. The dispensing volume was 0.1 ml.

Histological analysis

A routine paraffin fixation for the testicular tissues was
performed to determine histological changes in the testis
following treatment with either EL, estradiol or a combination
of both after fourteen days of treatment. The tissues were
first fixed in 10% formalin for one week, followed by a
dehydration procedure using a series of graded alcohol
mixtures. The dehydrated tissue was then immersed in xylene
for two hours. Tissues were then embedded in paraffin and
were cut at a thickness of 6 um. The tissues were mounted on
slides and stained by immersing them in hematoxylin solution.
The slides were then immersed in acid alcohol solution and
rinsed under running tap water to remove excess hematoxylin.
The slides were dipped in eosin solution and then dehydrated
through a series of graded alcohols. Finally, the tissues were
mounted with dibutyl phthalate xylene (DPX).

Epididymal sperm motility and counts

Epididymal sperm counts were performed to assess the
rats’ reproductive status. The epididymal tissue was cut into
small pieces and diluted with normal saline. A small aliquot
of the diluted tissue was placed on a slide and examined
using a light microscope and photographed. We used a
hemocytometer to calculate the number of sperm in ten
randomly selected quadrants.

Statistical analysis

The data were expressed as mean + standard deviation
(SD). Differences between the mean values were determined
using the Student’s t test. P values of less than 0.05 were
considered statistically significant.
RESULTS

Histological analysis

The histological observations of the seminiferous
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tubules of group B (EL-treated rats) were similar to
those of group A (control); the tubules were condensed
with spermatogenic cells, and the lumen was filled with
spermatozoa. Spermatogonia were present along the
basement membranes, and the nuclei were round and
compact (Fig. 1 A & B). Under higher magnification
(200x magnification), the primary spermatocytes and
spermatogonia were predominantly normal. The interstitial
tissues were also normal (Fig. 1 A & B).

Figure 1 - The testicular histology of the control (A), Eurycoma longifolia
Jack-treated (B), estradiol-treated (C) and combined EL and estradiol-treated
(D) rats. Letters in the micrographs indicate the lumen of the seminiferous
tubule (L), spermatogenic cells (S) and interstitial tissue (I) (200x magni-
fication)

Seminiferous tubules from group C (estradiol-treated
rats) showed a marked decrease in spermatogenic cells,
and the lumens of some tubules were empty (Fig. 1 C).
In contrast, rats that received a combination treatment of
EL and estradiol (Fig. 1 D) showed a marked increase in
spermatogenic cells as compared to group C (Fig. 1 C).

Fig. 2 shows the spermatogenic cell counts for each of
the treated groups and the control group. The results showed
that spermatogenic cell counts were markedly increased in
the seminiferous tubules of group B as compared to group A
(p <0.05), and group D (p < 0.05). Of note, in group C, this
parameter was significantly reduced as compared to group
A (p <0.05) and group D (p < 0.05).

Sperm motility

Fig. 3 shows the percentages of motile sperms from all
groups, which were obtained by microscopic examination
at room temperature (37°C). Group B (EL-treated) rats had
a higher percentage of motile sperms as compared to the
control group (group A) (p < 0.05). No significant changes
were observed in other groups.
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*p < 0.05 as compared to group A (control)
*p < 0.05 as compared to group D (EL + estradiol)

Figure 2 - Spermatogenic sperm counts. The values are shown as the mean
+ standard deviation. Group B (EL treated) shows a marked increase in the
spermatogenic cell count, compared to group A (control) and group D (EL
+ estradiol). The sperm count is significantly reduced in group C (estradiol-
treated rats) compared to group A and group D

*p < 0.05 as compared to group A (control)

Figure 3 - The percentage of motile sperms in rats treated with EL (B),
estradiol (C) and a combination of EL and estradiol (D) compared to the
control (A). The values are shown as the mean + standard deviation. Group
B shows a marked increase in the percentage of motile sperms compared to
group A.

Epididymal sperm count

Epididymal sperm counts were markedly decreased
in group C (estradiol-treated rats) as compared to group
A (control) (p < 0.05) and group D (p < 0.05) (Fig. 4). In
contrast, rats that were treated with EL (group B) showed a
significant increase in sperm counts as compared to group A
(p<0.05) and D (p < 0.05).

DISCUSSION
The use of traditional medicines for treating various

conditions or diseases is a common practice in the Asian
continent, especially in Malaysia. This is due to the belief
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*p < 0.05 as compared to group A (control)
*p < 0.05 as compared to group D (EL + estradiol)

Figure 4 - Epididymal sperm counts in rats treated with EL (B), estradiol
(C) and a combination of EL and estradiol (D), compared to the control (A).
The values are shown as the mean + standard deviation. Group B shows a
marked increase in the spermatogenic cell count compared to the control
(group A) and group D (EL + estradiol). The cell count is significantly re-
duced in group D (estradiol-treated rats) compared to group A and group D

among Asian populations in having a holistic approach
towards the treatment of diseases, such as infertility.* A
study in China reported that the use of traditional herbal
preparations accounted for nearly 30-50% of the total
medicines consumed (WHO media center). Many traditional
herbal preparations are used to increase libido, sexual
performance and muscle strength in males.** Interestingly,
the British Journal of Sports Medicine published a research
article in which EL was reported to increase muscle size and
strength as compared to the placebo.? This finding perhaps,
has led to the belief that males can increase their muscle
strength and size by consuming EL.

In the present study, we looked into the protective action
of EL in the setting of estrogen exposure. To the best of our
knowledge, there are no studies that have focused on the
action of EL in estrogen-exposed subjects. For decades,
estrogens have been considered to be female hormones.
However, various research studies have proposed an
essential role for estrogens in the male reproductive tract.
Both in males and females, androgens are converted into
estrogens by aromatization in androgen target tissues
and in circulation. Estrogen can act by binding with its
receptor, which is located in Leydig cells, germ cells and
spermatozoa. This data points to the physiological role
of estrogen in steroidogenesis and spermatogenesis.?®?’
However, there are few studies that have explored the
exposure of male rats to estrogenic compounds or to high
doses of phytoestrogens, which can result in germ cell
apoptosis, thereby reducing epididymal sperm counts.?®
Of note, this effect was reported to be independent of the
influence of the hypothalamo-gonadal axis.'>*
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The action of estrogen on male reproductive organs
has been studied extensively. A study by Kolasa described
the presence of estrogen receptors on the epithelium of the
epididymis.* In this same study, the author reported that
epithelial cells of the epididymis contain 5o-reductase,
an enzyme that can catalyze the irreversible conversion
of testosterone into the most active and chief androgen
of the epididymis, dihydrotestosterone.* Incidentally,
dihydrotestosterone plays an important role in preserving and
regulating the function of the epididymis. The present study
did not look into the levels of this enzyme, but the increase in
sperm count and spermatozoa due to EL treatment are surely
underlined by the activity of this enzyme.

Research studies have shown that apoptosis is involved in
testicular germ cell loss in animals and humans, which could
play a vital role in male fertility.?' In the present study, EL
may have inhibited the apoptosis that would have resulted
from the estrogen exposure. The increase in spermatogenic
cells and the percentage of motile sperms in the EL-treated
group, as well as the EL combined with estradiol-treated
group, demonstrated the protective actions of EL. If this
is the case, then in situations where there is an excess of
estrogen or deficiency in testosterone, EL may be able to
act as a remedy for the condition. This may open new doors
for the treatment of testosterone-deficient or hyperestrogen
states in those who search for infertility treatments.

According to the literature, there has been much
interest in the general population concerning the use of
natural herbal treatments, as well as other products, such
as tiger penis, monkey brains and rhinoceros horns? for
the treatment of infertility in males. The use of natural
products derived either from plant or animal sources may be
important for the treatment of male infertility.

Of concern, an earlier study conducted on males between
40 and 70 years of age in Brazil, Italy, Japan and Malaysia
showed the prevalence of erectile dysfunction to be 22% and
34% in Malaysia and Japan, respectively.*?

The aphrodisiac properties of EL are well documented
and have been proven through previous studies. ** Some
research studies have reported that EL is able to increase
the frequency of sexual intercourse, the duration of sexual
intercourse and the number of ejaculations in animals.?**
However, the dosages used in various studies were much
higher than that used in the present study. The present study
shows that even low doses of EL are sufficient to increase
sperm counts in normal rats and in estrogen-treated rats.

Prior studies have reported on the direct involvement
of estrogens in the regulation of spermatogenesis.®
Investigations of the expression level of the P450
aromatase enzyme have demonstrated that the process of
spermatogenesis is controlled by estrogen.* Research studies
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have even highlighted the influence of environmental agents
(xenobiotics) on the male and female reproductive systems
in animals.”” These xenobiotic agents are recognized to
have a significant impact on steroidal hormones and can
even influence multiple signaling pathways and estrogen
responsive genes.’” Admittedly, the present study did not
look into P450 aromatase enzyme levels, signaling pathways
or the estrogen gene expression, which could have been
influenced by the steroidal hormones and EL, thereby
explaining the results of the present study.
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CONCLUSION

Testosterone is important for normal male fertility, and
a hyperestrogenic state may not be conducive for ideal
testicular function. EL heightens testicular functioning and
inhibits the effects of an excessive estrogen state. Therefore,
EL can be used as a supplement for treating fertility
conditions where there is testosterone deficiency or estrogen
excess.
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