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Phyllanthus emblica L. Branch Extract Ameliorates
Testicular Damage in Valproic Acid-Induced Rats
El Extracto de la Rama de Phyllanthus emblica L. disminuye
el Daño Testicular Inducido por Ácido Valproico en Ratas
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SUMMARY: Valproic acid (VPA), widely used in treating epileptic patients, can damage reproductive parameters causing male
infertility. This study aimed to investigate protective effect of Phyllanthus emblica L. branch (PE) extract on rat testicular damage
induced with VPA. Male rats were divided into 6 groups (control, VPA, 250 mg/kgBW PE only, and 50, 100, 250 mg/kgBW PE+VPA,
respectively). Animals were pretreated with PE for 23 days and co-administered with VPA for 10 days before all reproductive parameters
were determined. The results showed all doses of PE significantly protected the decrease testicular weight and testosterone level in VPA
rats. PE significantly improved the decrease sperm concentration in VPA treated rats. Moreover, testicular histology of PE+VPA groups
showed declining of testicular histopathologies as compared to VPA group. Therefore, it seems that PE branch extract can prevent
testicular damages including male reproductive parameters in rats induced with VPA.
KEY WORDS: Valproic acid; Phyllanthus emblica L.; Testicular damage; Rats.

INTRODUCTION

Valproic acid (VPA) is an antiepileptic drug
commonly used in the treatments of epileptic seizures
including panic attack, anorexia nervosa, anxiety disorder,
posttraumatic stress disorder, migraine, psychiatric
conditions, and bipolar disorders (Löscher, 2002). As known
mechanisms, VPA has the properties of sodium channel
blockers, glutamate blocker, calcium current inhibitors,
carbonic anhydrase inhibitors, and gamma-aminobutyric acid
enhancers (Gelder et al., 2006). However, various side effects
in the use of VPA have been also reported. VPA can cause
many congenital malformations (Jentink et al., 2010;
Witczak et al., 2010). It was also reported to significantly
increase fibrosarcomas and adenocarcinomas of the uterus
and cervix (Watkins et al., 1992). Moreover, VPA affects
male reproductive system in both men and experimental
animals. In the epileptic men treated with VPA, their
testosterone levels and semen qualities have been
*

significantly decreased (Herzog, 2008; Bauer et al., 2004;
Isojärvi et al., 2004; Sveberg Roste et al., 2002) involving
infertility (Bauer et al.). In animals, VPA significantly
decreases FSH, LH, and testosterone hormones with
testicular damages (Khan et al., 2011; Krogenase et al., 2008;
Hamza & Amin, 2007; Svenberg Roste et al.; Nishimura et
al., 2000).
To prevent such side effects, many herbal medicines
studies have been searching for alternative VPA treatments
(Sakr et al., 2014; Hamza & Amin). Phyllanthus emblica L.
(PE) or Thai-Makham Pom is a famous plant recently used
as traditional medicine for many properties. All part extracts
of PE have been reported to have high phenolic contents
and antioxidant capacities (Iamsaard et al., 2014a, 2014b;
Liu et al., 2008; el-Mekkawy et al., 1995; Khanna & Bansal,
1975; Srivastava & Ranjan, 1967; Theresa et al., 1965; Basa
& Srinivasuku, 1987). PE extract has been reported to have
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capacity in lipid peroxidation inhibition and anti-cancers
(Krishnami & Mirunalini, 20012; Lou et al., 2011; Zhong et
al., 2011). Previously, PE extract has been demonstrated to
prevent various tissues damages except the testis induced
by chemicals or drugs (Pramayothin et al., 2006; Tasduq et
al., 2005; Khandelwal et al., 2002; Dhuley & Naik, 1997;
Asmawi et al., 1993; Ahmed et al., 1998). This study
attempted to demonstrate the protective effect of PE branch
extract on reproductive organs damages in male rats induced
with VPA.

MATERIAL AND METHOD

Plant collection and extraction. The branch extract of
Phyllanthus emblica L. (PE), authenticated for its actual
species by Prof. Dr. Pranom Chantaranothai and sample kept
in the KKU Herbarium (# Supatcharee Arun 01 [KKU]) ,
was prepared in Dr. Sitthichai Iamsaard’s laboratory and
proven to have high phenolic contents and antioxidant
capacities (Iamsaard et al., 2014b).
Animals and treatment regime. Three-months old, male
Wistar rats (180-200 g), were purchased from the National
Laboratory Animal Center, Salaya, Nakhon Pathom,
Thailand. They were maintained on standard pellet diet and
tap water ad libitum and were kept in polycarbonate cages
with wood chip bedding under a 12 h light/dark cycle. Fortyeight rats were divided into six groups and each group (n=
8) was treated as shown in Table I. The study was approved
by the Animal Ethics Committee of KKU, based on the Ethics
of Animal Experimentation of the National Research Council
of Thailand (ref. No. 0514.1.12.2/60).
Plasma testosterone assay. At the end of the experiment,
all rats were euthanatized to expose the left ventricle of the
heart. Blood was carefully punctured at the left ventricular
chamber using 0.01 ml of heparin to prevent blood clotting.
Then, the blood was centrifuged (5,000 r/min, 4 °C, 10 min)
to collect the plasma serum from blood cells. The plasma

testosterone concentration was analyzed by the enzymatic
immunoassay kits at the Radiology Unit, Srinagarind Hospital, Faculty of Medicine, KKU, Thailand.
Epididymal sperm concentration. The epididymal sperm
concentration was performed as described by Iamsaard et
al. (2014a). After animal sacrifice, sperm fluid was collected
from both left epididymis and vas deferens. Sperm fluid was
dipped and re-suspended in 1 ml of phosphate buffer saline
(37 °C, pH 7.4). Then, sperm suspension was centrifuged
(3000 r/min, 37 °C, 2 min) to wash and separate the mature
sperm pellet from its fluid. To analyze the epididymal sperm
concentration, the sperm pellets were re-suspended with 1
ml PBS (37 °C, pH 7.4) before dilution. The sperm dilusions
(1:20 dilution) were counted for three times of each animal
by using a Neubauer's counting chamber and calculated for
its concentration.
Histopathological examinations of the testes and
epididymes. At the end of the experimental periods, all rats
of control and PE-VPA co-administration groups were
weighed and sacrificed by cervical dislocation to carefully
collect testis, and epididymis plus vas deferens. Immediately
after sacrifice, these organs were cleaned of fats and weighed.
Then, right side of the organs were fixed in 10% (v/v)
formalin in phosphate buffered saline (PBS) (pH 7.4),
dehydrated, embedded in paraffin, sectioned at 5 µm
thickness, and stained with hematoxylin-eosin to make the
permanent glass slides (Iamsaard et al., 2014a). All sections
of testes and cauda epididymis were examined under a Nikon
light ECLIPSE E200 microscope equipped with a DXM1200
digital camera. Approximate average diameters of
seminiferous tubules in four different axes (50 tubules per
animal) (10x) were calculated by using ImageJ programe
(Iamsaard et al., 2014a).
Statistical analysis. One-way analysis of variance (ANOVA)
and t-test were performed to determine the significance of
differences among data sets using Sigma Stat program
(Version 3.1.1). All the quantitative data were expressed as
Mean ± Standard Deviation (SD).

Table I. Treatment on each group of rats.
Group
Positive control
VPA (Negative control)
PE250
PE50+VPA
PE100+VPA
PE250+VPA

Treatment
Days 1–23 (via a gastric tube)
Days 24–33 (i. p. injection)
Distilled wa ter, 1 ml
Saline, 0.5 ml
Distilled wa ter, 1 ml
VPA (500 mg/kg BW), 0.5 ml
PE branch extracts (250 mg/kg BW), 1 ml
Saline, 0.5 ml
PE branch extracts (50 mg/kg BW), 1 ml
VPA (500 mg/kg BW), 0.5 ml
PE branch extracts (100 mg/kg BW), 1 ml
VPA (500 mg/kg BW), 0.5 ml
PE branch extracts (250 mg/kg BW), 1 ml
VPA (500 mg/kg BW), 0.5 ml

BW= body weight; VPA= valproic acid (saline-dissolved). The VPA group (Negative control) is designed based on Hamza & Amin
(2007). Days 1–23 are the preventive period and Days 24–33 are the VPA-induction period.
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RESULTS

After treatment for 33 consecutive days, the results
showed that the testicular relative weights of rats treated
with VPA were significantly decreased as compared to those
of other groups (P<0.05; Table II). In addition, the weights
of epididymis plus vas deferens of VPA and among experimental groups were not significantly different from the control group (P<0.05; Table II). VPA induced rats had

significant reduction of serum testosterone levels as
compared with the control. In contrast, PE branch extract
(250 mg/kgBW) did not affect such levels, whereas 50, 100,
and 250 mg/kgBW of PE branch extracts could prevent the
decreased serum testosterone levels in VPA treated rats
(Table II).
Sperm concentration of VPA induced group was
significantly reduced while all PE-VPA groups including PE
administration only were not significantly different as

Fig. 1. Photographs showing testicular histology (H&E) of rats from a representative sections (a) Control;
(b) VPA-treated; (c) PE250; (d) PE50+VPA treated; (e) PE100+VPA treated; (d) PE250+VPA treated,
respectively.
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compared with control group (P<0.05; Table II). In addition,
all doses of PE branch extracts could protect the reduced
seminiferous tubular diameters in VPA treated rats (P<0.05;
Table II).
The preventive effects of PE branch extracts on
testicular damage were evaluated by observing
histopathological structures (Fig. 1). The result showed that

rats pretreated with PE extract 50 mg/kgBW (Fig. 1d) showed
improved histology as compared to the control and VPA
groups. While, increase of interstitial space, atrophy of
seminiferous tubules, and reduction of germinal epithelium
could still be observed in the low dose of PE pretreatment.
Interestingly, no histopathology in seminiferous tubule was
observed only in rats of PE100+VPA, PE250+VPA, and
PE250 only groups (Figs. 1c, 1e, and 1f).

Fig. 2. Photographs showing histopathology (H&E) of seminiferous tubules observed in VPA treated rats from
representative sections (a) Sloughing germ cells (arrows); (b) Multinucleated giant cells (arrowhead); (c) Germ cell
degeneration.

In observation of histopathology
of seminiferous tubules structures, rats
in VPA group only were found
sloughing germ cells (Fig. 2a),
multinucleated giant cells (Fig. 2b), and
degenerated germ cells (Fig. 2c) in
seminiferous tubules. However, these
severities were not found in PE only
group (PE 250 only) (Fig. 1c) and
decreased in PE- treated groups
(PE50+VPA group, PE100+VPA
group, and PE250+VPA group,
respectively) in dose dependents (Figs.
1d, 1e, and 1f).

Fig. 3. Photographs showing rat epididymal histology (H&E) from a representative sections
(a) Control; (b) VPA; (c) PE250; (d) PE50+VPA; (e) PE100+VPA; (f) PE250+VPA, arrows
represent round cells. Note: the round cells are abundant in the epididymal lumen of VPA
group.

Effects of PE branch extracts on
epididymis histology. In all experimental groups, the epididymis
histology observed in all groups was
not different in epithelial lining
arrangement (Fig. 3). In contrast, the
epididymal lumen of VPA treated group
was obviously found more round cells
(Fig. 3b) as compared to those of control or PE group (Figs. 3a and 3c). In
contrast, the round cells were much
more less in 50, 100, and 250 mg/
kgBW PE+VPA groups, respectively
(Figs. 3c and 3f). Moreover, the less
sperm density was observed in VPA
treated group as compared to other
groups (Fig. 3).
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Table II Values of analyzed parameters on the reproductive system of control and experimental rats.
Relative weight (g)
Testicular
Serum
Sperm
diameter
testosterone
concentration
Group
Epididymis plus
Testis
(µm)
level (ng/ml)
(x106 cells/ml)
vas deferens
Control
0.50±0.03
0.15±0.01
202.42±7.36
2.68±1.38
34.50±3.96
VPA
0.31±0.08*
0.14±0.01
179.76±9.20*
0.07±0.05*
19.81±4.83*
PE250
0.55±0.04
0.16±0.01
200.55±7.78
2.24±0.94
36.81±1.62
PE50+VPA
0.43±0.02
0.15±0.02
191.95±5.20
1.31±0.88*
30.96±1.93
PE100+VPA
0.39±0.04
0.14±0.03
195.61±7.88
1.23±0.74*
26.83±1.93
PE250+VPA
0.39±0.05
0.14±0.02
190.11±6.27
1.25±0.37*
27.30±2.12
* Significant differences (P<0.05) as compared with the control group. Data are expressed as mean±SD (n= 6).

DISCUSSION

This result revealed that PE branch extract
significantly prevented testicular damage including
decreased plasma testosterone levels, and sperm
concentration. Previously, parts of PE extracts were reported
to prevent the damages of liver (Pramyothin et al.; Tasduq
et al.; Khandelwal et al.; Dhuley & Naik; Ahmed et al.;
Asmawi et al.), kidney (Khandelwal et al.) stomach
(Bandyopadhyay et al., 2000; Ahmad et al.) and foot
inflammation (Asmawi et al.). Moreover, it has been
demonstrated that PE extract has anti-inflammatory and anticancer effects (Krishnaveni et al.; Lou et al.; Zhong et al.;
Asmawi et al.). Besides protecting other tissues induced by
drugs or chemicals, PE extract was shown for the first time
in this study in prevention of testicular damage induced with
VPA. This recent study also showed abnormality of VPAtreated epididymal histology with abundant round cells as
compared to the control and PE-treated rats (Fig. 3). This
evidence can explain the reason sperm concentration of VPA
group are always significantly reduced (Table II). These
sperm parameters including seminiferous tubule diameters
and testicular histopathology were improved by PE extract
treatments.
Some medicinal plants have been demonstrated to
have preventive effects for testicular damages in VPA animal models (Sakr et al.; Hamza & Amin). Similar to those
results, PE extracts in this study might have abilities in
decreasing of malondialdehyde (MDA) and increasing of
catalase (CAT) and glutathione peroxidase (GSH-Px). These
effects may include an improvement in sperm chromosomal
aberrations, mitotic index, and DNA damages induced by
VPA. Unfortunately, this study did not show those results;
however, such biochemical analyses must be further
investigated to elucidate the real mechanism underlying of
PE protective effects. It can be clearly explained that PE
extract used in this study is rich in phenolic contents and
antioxidant capacities (Iamsaard et al., 2014b), which is si-
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milar to those of the fruit parts (She et al., 2013; Chalise et
al.; Sawant et al., 2010). Indeed, PE extract did not affect
any male reproductive organs including sperm parameters
as compared to the control. This is because of its 50% lethal
dose (LD50) is greater than 5,000 mg/kgBW (WHO, 2000)
which it was used in this study at maximum dose of only
250 mg/kg BW. This recent study indicates that not only
was the PE branch extract not harmful, but it could also
prevent the weight loss of male reproductive organs in VPAinduced rats. In the same veins, previous studies have shown
that plants containing antioxidant activity could prevent
testicular damage induced by stress or chemicals (Iamsaard
et al., 2014a; Hamsa & Amin). Therefore, this study has
provided the information of the safety use of PE extract with
protective effect on testicular damage induced by VPA.
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RESUMEN: El ácido valproico (AVP) es utilizado frecuentemente en el tratamiento de pacientes epilépticos y puede
dañar los parámetros reproductivos que causan la infertilidad mas-
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culina. Este estudio tuvo como objetivo investigar el efecto protector de la rama Phyllanthus emblica L. (PE) sobre el daño
testicular de ratas inducidas con AVP. Ratas machos fueron divididas en 6 grupos (control, AVP, PE 250 mg/kg peso corporal, APV+
PE 50, 100, 250 mg/kg peso corporal, respectivamente). Los animales fueron pretratados con PE durante 23 días y se administró
AVP durante 10 días antes de medir todos los parámetros
reproductivos. Los resultados mostraron que todas las dosis de PE
protegen significativamente el peso y los niveles reducidos de
testosterona testicular en ratas con AVP. El extracto de PE mejoró
significativamente la concentración de espermatozoides en ratas
tratadas con AVP. Por otra parte, la histología testicular de los grupos PE+AVP mostró disminución de la histopatología testicular en
comparación con el grupo tratado sólo con AVP. Por lo tanto, parece que el extracto de la rama PE puede prevenir daños testiculares
incluyendo los parámetros reproductores masculinos en ratas inducidas con AVP.
PALABRAS CLAVE: Ácido valpróico; Phyllanthus
emblica L.; Daño testicular; Ratas.
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