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Abstract: Stress affects the male reproductive system and can cause sub-fertility or infertility. Although Phyllanthus
emblica L. (PE) extract has been shown to have high antioxidant capacity and protective properties in damaged tissue,
the preventive effects of PE extract on testicular function from stress-related impairment have never been demon-
strated. This study aimed to investigate the effects of PE aqueous leaf extract on testicular impairment and protein
marker changes in rats suffering from chronic stress. Adult male rats were divided into four groups: a control group, a
chronic stress (CS) group, and two groups with CS that received different doses of PE extract (50 or 100 mg/kg body
weight (BW)). In the treatment groups, the animals were given PE extract daily before stress induction for 42 con-
secutive days. Stress was induced through immobilization (4 h/d) followed by forced cold swimming (15 min/d). Sperm
quality and the histology of the testes and caudal epididymis were examined, as were levels of serum corticosterone,
testosterone, and malondialdehyde (MDA). The expressions of testicular steroidogenic acute regulatory (StAR) and
tyrosine-phosphorylated proteins were investigated using immuno-Western blot analysis, as these proteins are as-
sumed to play important roles in spermatogenesis and androgen synthesis. The results showed that PE (50 mg/kg BW)
significantly increased sperm concentration and testosterone levels, while decreasing corticosterone levels, MDA
levels, sperm head abnormalities, and acrosome-reacted sperm in CS rats. In addition, PE at both doses was found to
diminish testicular histopathology in the CS rats. We also found that 50 mg/kg BW of PE significantly improved StAR
protein expression and altered the intensities of some tyrosine-phosphorylated proteins in testis. We conclude that PE
leaf extract at 50 mg/kg BW can prevent testicular damage in rats with CS.
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1 Introduction reproductive organs, which can lead to sub-fertility or

infertility (Popovi¢ and Pajovi¢, 2010; Reis et al.,

Stress is a major cause of functional and struc-
tural disorders in various organs, including the male
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2011; Bitgul et al., 2013; Everds et al., 2013; Naninck
et al., 2015). Numerous studies in animals and hu-
mans have shown that stress, in addition to signifi-
cantly increasing corticosterone levels, has adverse
effects on the cardiovascular, digestive, immune, and
reproductive systems (izgiit-Uysal et al., 2014;
Matsuura et al., 2015; Pertsov et al., 2015; Prabsattroo
et al., 2015). In males, stress decreases the levels of
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gonadotropin-releasing hormone (GnRH), follicle-
stimulating hormone (FSH), and luteinizing hormone
(LH), which leads to reductions in testosterone levels
(Retana-Marquez et al., 2003; Rai et al., 2004; Lin
et al., 2014; Prabsattroo et al., 2015). In conjunction
with this decrease in testosterone, the expression of
testicular steroidogenic acute regulatory (StAR) and
cytochrome P450 family 11 subfamily A member 1
(CYP11A1) proteins has been shown to decrease in
animals in which stress is induced via immobilization
(IMO) (Dhanabalan et al., 2010; Lin et al., 2014,
Arun et al., 2016a, 2016b). Such reductions can di-
minish sperm quality in terms of epididymal sperm
count, motility, viability, morphological abnormality,
and acrosome reacted status (Rai et al., 2003; Priya
and Reddy, 2012; Rao et al., 2015; Zhang et al., 2015;
Arun et al., 2016a, 2016b). In addition, an increase of
oxidative stress, especially malondialdehyde (MDA),
can damage testicular tissue in rats subjected to
restraint-induced stress (Richburg, 2000; Aziz et al.,
2013; Bitgul et al., 2013; Prabsattroo et al., 2015; Rao
et al., 2015). Our previous research has demonstrated
that both acute and chronic stress (CS) alter the ex-
pression patterns of testicular tyrosine-phosphorylated
proteins, which are assumed to be associated with the
impairment of testicular function and reductions in
sperm quality (Arun et al., 2016a, 2016b). In addition,
a recent study has revealed that tyrosine-phosphorylated
proteins are expressed and localized in Leydig cells,
Sertoli cells, spermatogonia, spermatocytes, and
spermatids (Chaichun et al., 2017). This indicates that
those proteins are involved in normal testicular func-
tion such as sperm and testosterone production.
Morecover, various studies have demonstrated that
changes in testicular tyrosine phosphorylation can
occur with exposure to drugs, toxic substances, or
herbal preventive treatments, especially those that use
plant extracts in traditional medicine (Arun et al.,
2016a, 2016b; Sampannang et al., 2017; Sukhorum
and Iamsaard, 2017; Iamsaard et al., 2018; Maneenin
etal., 2018).

Phyllanthus emblica L. (PE) is a plant that is
widely used as traditional medicine in many countries,
including Thailand, and is known to have various
pharmacological properties. Previous studies reported
that many parts of PE extracts (fruit, leaf, branch, and
bark) contain large amounts of phenolic compounds
and have excellent reactive oxygen species (ROS)

scavenging capacities (Liu et al., 2008; Sawant
et al., 2010; She et al., 2013; Iamsaard et al., 2014;
Sripanidkulchai and Junlatat, 2014; Kumnerdkhon-
kaen et al., 2018). Also, PE extract has been shown to
have anti-cancer, anti-inflammatory, anti-microbial,
anti-virus, hypolipidemic, and hypoglycemic activity
(Luo et al., 2011; Zhong et al., 2011; Krishnaveni and
Mirunalini, 2012; Sripanidkulchai and Junlatat, 2014;
Zhao et al., 2015; Srinivasan et al., 2018). Moreover,
PE extract can prevent chemically or drug-induced
damage to various types of tissue including testicular
tissue (Pramyothin et al., 2006; Tasanarong et al.,
2014; Iamsaard et al., 2015). However, the preventive
effects of PE leaf extract against adverse male re-
productive parameters in rats exposed to CS have
never been documented. Thus, the aim of this study
was to investigate the protective reproductive effects
of aqueous PE leaf extract in rats suffering from CS.

2 Materials and methods
2.1 Chemicals and antibodies

Hematoxylin and eosin (H&E) were purchased
from Bio-Optica Milano SpA (San Faustino, Italy),
Coomassie Brilliant Blue R-250 from Bio-Rad
Laboratories, Inc. (Hercules, CA, USA), and sodium
dodecyl sulfate (SDS) from Loba Chemie Pvt.
Ltd. (Mumbai, India). Trichloroacetic acid (TCA),
butylated hydroxytoluene (BHT), and 1,1,3,3-
tetracthoxypropane (TEP) were purchased from
Sigma-Aldrich, Inc. (St. Louis, MO, USA). The fol-
lowing antibodies were used in this study: anti-StAR,
StAR lysate, anti-B-actin, rabbit polyclonal antibody,
and mouse polyclonal antibody. These were pur-
chased from Santa Cruz Biotechnology, Inc. (CA,
USA). Anti-phosphotyrosine, epidermal growth fac-
tor (EGF) stimulated A413 cell lysate, and bovine
serum albumin (BSA) were purchased from Merck
Millipore Co. (Billerica, MA, USA).

2.2 PE leaf extract collection and preparation

PE plants were purchased from the Khundong 58
Punmai Farm in the Daeng Yai district of Khon Kaen
Province in Thailand. The samples were authenti-
cated by Prof. Pranom CHANTARANOTHAI (Fac-
ulty of Science, Khon Kaen University (KKU),
Thailand). Voucher specimens of PE were deposited
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in the KKU herbarium (#Supatcharee Arun01 [KKU]).
Fresh leaves (10-15 cm) were collected from the
plants and dried in a hot air oven (60 °C) for seven
days. The dried sample (2 kg) was crushed using a
hammer-mill crusher. For the extraction, the crushed
sample was added to 10 L of boiling distilled water
for 30 min and then filtered using nylon (Toyang et al.,
2012). Subsequently, the PE filtrate was powdered
using a spray dryer. The extraction yield of the re-
sulting PE leaf extract was 9.94%. The PE aqueous
extract used in this experiment was proven to have
high total phenolic content and exhibit antioxidant
activity (Iamsaard et al., 2014).

2.3 Animals and experimental design

Male Sprague-Dawley (SD) rats weighing 150—
180 g were purchased from the Mahidol University
National Laboratory Animal Center (Salaya, Nakhon
Pathom, Thailand). The animals were housed in
plastic cages under controlled environmental condi-
tions (temperature (22+2) °C, 12-h light/dark cycles,
humidity 30%—-60%, sound <85 decibels, light inten-
sity 350-400 Lux). The experiments were approved
by the Animal Ethics Committee of the Faculty of
Medicine, Khon Kaen University, based on the Ethics
of Animal Experimentation of the National Research
Council of Thailand (No. 0514.7.1.2.2/112 with rec-
ord No. AEMDKKU 005/2018). Twenty-eight rats
were divided into four groups (n=7). The rats in each
treatment group were given different doses of PE leaf
extract by oral gavage before exposure to CS by IMO
inside a restraint cage (4 h/d) and forced swimming in
cold water (15 min/d) for 42 consecutive days (Table 1).
Each rat’s body weight (BW) was recorded daily.

2.4 Plasma hormone analyses

At the end of experiment, animals were eu-
thanized by cervical dislocation. Blood was then
collected and centrifuged at 13000 r/min at 4 °C for

7 min. The plasma was sent to the immunology unit,
Srinagarind Hospital, Faculty of Medicine, KKU,
Thailand for corticosterone and testosterone assays.
The hormone levels were determined using a cobas e
immunoanalyzer (Roche Diagnostics, Mannheim,
Germany) and an electrochemiluminescence immu-
noassay (Roche Diagnostics).

2.5 Morphology and histology of the male re-
productive organs

The male reproductive organs (testes, epididy-
mis plus vas deferens, seminal vesicle plus prostate
gland, and penis) were collected and the relative
weight (g/100 g) of each was calculated. The gross
structures of all organs were then captured using a
digital camera (Nikon Coolpix S2600, Japan) and
examined. Histological examination was conducted
by fixing the testes and caudal epididymis (right side)
in 10% phosphate buffered formalin (pH 7.4) for 48 h.
The tissues were processed in a routine manner for
light microscope technique. Paraffinized-tissue blocks
were subsequently sectioned (7-um thickness) and
stained using H&E (Bio-Optical Milano SpA, San
Faustino, Italy). After washing, the tissue-stained
slides were dehydrated, cleared, and mounted. Finally,
histological images were captured using a Nikon light
ECLIPSE E200 microscope equipped with a DXM1200
digital camera.

2.6 Sperm concentration and head morphological
examination

The left caudal epididymis plus vas deferens was
harvested and squeezed to obtain the sperm fluid.
Epididymal sperm fluid was dipped and suspended
in phosphate buffer saline (PBS; 37 °C, pH 7.4).
Subsequently, the diluted sperm was centrifuged at
3000 r/min at 25 °C for 2 min to wash the mature
sperm and separate them from the fluid. The sperm
pellets were re-suspended with PBS. The sperm

Table 1 Stress induction and treatment in each group

Co-administration (42 consecutive days)

Group - - — - -
Treatment (via orogastric administration) Stress induction
Control None None
CS DW IMO (4 h/d)+SM, 15 °C (15 min/d)
PE50+CS PE extract (50 mg/kg BW) IMO (4 h/d)+SM, 15 °C (15 min/d)
PE100+CS PE extract (100 mg/kg BW) IMO (4 h/d)+SM, 15 °C (15 min/d)

CS: chronic stress; PE: Phyllanthus emblica L.; DW: distilled water; BW: body weight; IMO: immobilization; SM: swimming
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suspension was dropped on a Neubauer counting
chamber and covered by a glass slip. The number of
sperm cells was counted under a light microscope (Ni-
kon ECLIPSE E200, Japan) and examined in triplicate
(Iamsaard et al., 2013). The sum number of sperm
cells was calculated as a concentration (10° cells/ml).

To examine sperm head abnormalities, the di-
luted sperm suspension was smeared on a slide and
dried in a hot air oven at 50 °C. The dried sperm were
then fixed with methyl alcohol for 20 min and stained
using H&E (Sakr et al., 2014; Arun et al., 2016a,
2016b). After washing, the stained sperm were de-
hydrated using graded alcohol for 5 min. Abnormal

sperm heads were classified as described by Sakr et al.

(2014). Images of all sperm heads were subsequently
captured using a Nikon light ECLIPSE E200 micro-
scope equipped with a DXM1200 digital camera.
Two hundred sperm heads from each animal were
counted and the percentage of cells with abnormal
heads was calculated.

2.7 Sperm acrosome reaction assay

The sperm suspensions were smeared on slides
and dried at room temperature (RT). The dried sperm
were then stained with 0.22% Coomassie Brilliant
Blue G 250 (Bio-Rad Laboratories, Inc.) for 5 min.
After being washed with distilled water (DW), the
stained-tissue slides were mounted using mounting
media. Acrosome reacted sperm were observed and
classified based on the method of lamsaard et al.
(2013). Sperm with Coomassie Blue staining on the
acrosome cap were classified as acrosome intact
sperm (IR), whereas sperm without Coomassie Blue
staining on acrosome cap were classified as acrosome
reacted sperm (AR). Representative acrosome status
was captured using a Nikon light ECLIPSE E200
microscope equipped with a DXM1200 digital cam-
era. Two hundred sperm cells were counted. The
number of AR sperm was calculated as a percentage.

2.8 Immuno-Western blot assay

Protein extraction was conducted by homoge-
nizing each testis and centrifuging the homogenate at
12000 r/min at 4 °C for 10 min to separate the tes-
ticular lysate from the pellet. The total protein con-
centration of the testicular lysate was measured using
a NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, Inc., USA) at an absorbance of 280 nm.

To examine the testicular expression of StAR and
phosphotyrosine proteins, the testicular proteins
(80 pg for StAR; 90 pg for anti-phosphotyrosine)
were loaded and separated on a 10% (0.1 g/ml) SDS
polyacrylamide gel. Separated proteins were trans-
ferred to nitrocellulose membranes (for measurement
of anti-phosphotyrosine protein) or polyvinylidene
difluoride membranes (for measurement of anti-StAR
protein). Following this, all membranes were incu-
bated with 5% skim milk in 0.1% PBST (0.1%
Tween-20, PBS, pH 7.4) for 1 h to block non-specific
binding proteins, and individually incubated with
StAR (1:1000 dilution), anti-phosphotyrosine (1:2000
dilution), or f-actin antibody (1:2000 dilution) at 4 °C
overnight. After washing, the membranes were in-
cubated with specific secondary antibody conjugated
with horseradish peroxidase (HRP) for 1-2 h at RT.
The membranes were subsequently washed and ex-
amined using an enhanced chemiluminescence (ECL)
substrate under a gel doct 4 imaging system (Im-
ageQuant 400, GH Healthcare, USA). To confirm the
actual reactivity of the primary antibody, StAR lysate,
EGF stimulated A413 cell lysate, or purified B-actin
was used as specific a positive control. BSA was used
as a negative control. For quantitative analysis, the
intensities of protein patterns were measured and
analyzed using ImageJ Program (Version 1.49p).

2.9 Malondialdehyde assay

After homogenization, testicular lysate (0.6 ml)
was mixed with 0.5 ml of 10% TCA, 0.5 ml of
5 mmol/L ethylenediaminetetraacetic acid (EDTA),
0.2 ml of 8% SDS, and 40 ul of 0.01% BHT. The
mixture was incubated for 10 min at RT. After this,
0.5 ml of 0.6% thiobarbituric acid (TBA) was added
and mixed. The mixture was then boiled (at 95—
100 °C) in a water bath for 30 min. After cooling, the
mixture was centrifuged at 1600g for 10 min at RT.
The absorbance of the supernatant was measured at
534 nm using a spectrophotometer (Evolution 600,
Thermo Scientific, USA). A standard curve was
plotted from the appropriate concentrations (10—
70 nmol/L) of TEP. The MDA concentration is ex-
pressed as nmol/L per mg protein.

2.10 Statistical analysis

The experimental data are expressed as the mean
and standard deviation (SD). Statistical comparison



952 Arun et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2018 19(12):948-959

between groups was conducted using a one-way
analysis of variance (ANOVA) in SPSS Statistics
19.0 (SPSS Inc., Armonk, New York, USA). Differ-
ences with P<0.05 were considered significant.

3 Results and discussion

3.1 Effects of PE leaf extract on serum cortices-
terone levels

The corticosterone levels of all groups as meas-
ured on the final day of the experiment are shown in
Fig. 1. The results showed that the corticosterone
levels of rats exposed to CS were significantly higher
(P<0.05) than those of the control rats. After PE ad-
ministration, the corticosterone levels in rats in the
PE-treated groups (50 and 100 mg/kg BW) were sig-
nificantly lower (P<0.05) than those of the rats in the
CS group (Fig. 1).

12.00
_10.00
8.00

6.00

4.00

2.00

Corticosterone level (ng/ml

0.00

Control Cs PES0+CS PE100+CS

Fig. 1 Effect of oral administration of Phyllanthus em-
blica (PE) leaf extract on the corticosterone levels in rats
suffering from chronic stress

CS: chronic stress; PE50 and PE100: PE leaf extract at the
doses of 50 and 100 mg/kg BW, respectively. Each bar
represents the mean+SD (n=7). * P<0.05 vs. the control
group; ® P<0.05 vs. the CS group

3.2 Effects of PE leaf extract on BW and the
morphology of male reproductive organs

During the experimental period, the control, CS,
and PE-treated rats did not differ in terms of BW,
except at Day 35 (Fig. 2a). Both doses of PE leaf
extract slightly increased the testicular size ((2.01+
0.15) cmx(3.17+0.12) cm and (1.97+0.06) cmx(3.20+
0.10) cm, respectively) compared to that of rats in the
CS group ((1.57+£0.06) cm*(2.50+0.17) cm) (Fig. 2b).
Such morphometric results were correlated with ab-
solute weight (Table 1). However, there were no sig-
nificant differences in the size or weight of the penis,

epididymis plus vas deferens, or seminal vesicle plus
prostate glands among the control and treated groups
(Fig. 2b and Table 2).

—
QO
-

450 —*—Control M

400 .u-CS

350 -4-PE50+CS

300 ——PE100+CS

250 AT

200 s

150

100
50

0

Body weight (g)

0 7 14 21 28
Time (d)

35 42

Control CS

PE50+CS PE100+CS

—
(=]
~

Penis Testis

Epididymis plus
vas deferens
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Fig. 2 Changes in body weight at each week of the
experiment (a) and photographs comparing the mor-
phological characteristics of the male reproductive
organs (b) in the control, CS, PE50+CS, and PE100+
CS groups

CS: chronic stress; PE50 and PE100: PE leaf extract at the
doses of 50 and 100 mg/kg BW, respectively. Each data
point represents the meanSD (n=7). ~ P<0.05, CS vs. the
control group; ¥ P<0.05, PE+CS vs. the CS group

3.3 Effects of PE leaf extract on reproductive organ
weight, testosterone level, and sperm parameters

The weights of the male reproductive organs in
each group are shown in Table 2. Only the CS group
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Table 2 Effects of PE leaf extract on male reproductive organ weight, testosterone level, sperm concentration,
head abnormality, and acrosome reaction in rats with chronic stress

Testis Epididymis plus vas deferens Seminal vesicle plus prostate gland

Group  Absolute weight Relative weight Absolute weight Relative weight Absolute weights Relative weight
(2 (/100 g) (2 (/100 g) (2 (g/100 g)
Control 1.9340.16 0.52+0.01 0.67+0.06 0.16+0.00 1.90+0.14 0.51£0.01
CsS 1.50+0.26% 0.48+0.09 0.54+0.05 0.17+0.01 1.86+0.15 0.56+0.03
PE50+CS 1.71£0.11 0.51+0.03 0.56+0.04 0.17+0.01 1.94£0.18 0.57+0.04
PE100+CS 1.64+0.06 0.52+0.06 0.57+0.03 0.18+0.02 1.90+0.24 0.63+0.01
Group Testosterone level Sperm céoncentration Sperm head abnormality Sperm reacted sperm
(ng/ml) (x10° cells/ml) (%) (%)
Control 4.97+1.77 74.50+3.01 2.50+0.97 6.25+2.55
CsS 1.02+0.01% 56.28+6.36" 27.44+2.07" 22.1442.54*
PES0+CS 1.39+0.21° 69.22+7.85 10.56+2.19° 15.00+2.54°
PE100+CS 1.00+0.04 58.67+1.53 29.67+2.95 20.50+2.08

CS: chronic stress; PES0 and PE100: PE leaf extract at doses of 50 and 100 mg/kg BW, respectively. Data are represented as mean+SD

(n=T7). * P<0.05 vs. the control group; ® P<0.05 vs. the CS group

showed a significant decrease in absolute testicular
weight (P<0.05) compared to the control. By contrast,
absolute testicular weight in the PE-treated rats was
not significantly different from that of rats in the
control group (Table 2). Also, there were no differ-
ences in the relative weight of the reproductive organs
among the four groups (Table 2).

After hormonal analyses (Table 2), the CS group
showed a significant decrease in testosterone levels
(P<0.05) compared to the control group. Interestingly,
PE at a dose of 50 mg/kg BW significantly improved
testosterone levels (P<0.05) in CS rats (Table 2). In
addition, the sperm concentration of rats in the PES0
group was significantly higher, and the percentages of
cells with abnormal heads and AR sperm were sig-
nificantly lower (P<0.05) than those of rats in the CS
group (Table 2).

3.4 Effects of PE leaf extract on the histology of
the testes and epididymis

Examination of testicular histopathology re-
vealed that the CS rats had a higher prevalence of
atrophic seminiferous tubules (with or without de-
generative germ cells), greater vascular dilation, and
wider interstitial spaces compared to rats in the con-
trol group (Figs. 3a and 3b). Interestingly, we observed
rats given a low dose of PE extract (50 mg/kg BW)
had less testicular damage than the CS rats (Figs. 3b
and 3c). However, some atrophic tubules and wide
interstitial spaces were observed in the rats given the
higher dose of PE (100 mg/kg BW) (Fig. 3d). Moreover
the results showed that the numbers of round cells

within the epididymal lumens of CS rats were higher
than those of the control (Figs. 3e and 3f), but were
lower in the rats in both PE groups (Figs. 3g and 3h).

Fig. 3 Representative photomicrographs showing his-
tologies of testes (a—d) and caudal epididymis (e-h)
stained with H&E in the control (a, e), CS (b, f), and
PE+CS (50 (c, g) and 100 mg/kg BW (d, h)) groups
Asterisks: atrophic seminiferous tubules; arrows: seminif-
erous tubular atrophy with degenerative germ cells; ar-
rowheads: round cells. Wide interstitial spaces are abundant
in the CS group
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3.5 Effects of PE leaf extract on malondialdehyde
levels

The results demonstrated that both doses of PE
(50 and 100 mg/kg BW) significantly reduced (P<
0.05) testicular MDA levels in rats subjected to IMO
plus swimming stress. By contrast, CS significantly
increased (P<0.05) the MDA levels of rat testes
(Fig. 4).

4.00
< 350 b

3.00
2.50
2.00
1.50
1.00
0.50
0.00

MDA (nmol/mg prote

Control Cs PE50+CS PE100+CS

Fig. 4 Effect of PE leaf extract on testicular MDA levels
in chronic stress rats

CS: chronic stress; PE50 and PE100: PE leaf extract at
doses of 50 and 100 mg/kg BW, respectively. Each bar
represents the mean+SD (n=7). * P<0.05 vs. the control
group; ® P<0.05 vs. the CS group

3.6 Effects of PE leaf extract on expression levels
of testicular StAR proteins

The expression and intensities of StAR proteins
in the testicular lysate of each group are shown in
Fig. 5. According to immuno-Western blot analysis,
only the rats in the PE50 group exhibited higher StAR
expression than those in the CS group (Fig. 5a). This
was confirmed by intensity quantification using
B-actin as an internal control, which demonstrated
that StAR protein expression in the PES0 group (but
not in the PE100 group) was significantly higher than
that in the CS group (P<0.05; Fig. 5b).

3.7 Effects of PE leaf extract on expression pat-
terns of tyrosine-phosphorylated proteins

The profile of equal testicular proteins ascer-
tained using SDS-polyacrylamide gel electrophoresis
(PAGE) was used to confirm the presence of equal
amounts of total proteins (Fig. 6a). In all groups, the
results of immuno-Western blot analysis showed five
major bands of tyrosine-phosphorylated proteins (60,
51, 34, 23, and 14 kDa, respectively; Fig. 6b). Com-
pared to the control, the rats in the CS group had

(a) Testicular lysates (80 ug/lane)
StAR lysate Cont_rol CS PE50+CS PE100+CS

© R . e e AnfSEAR
A TR G essme  Anti-g-actin

-
N
o
——
O

Ratio of StAR/B-actin
o
[e:]
o

Control CS  PE50+CS PE100+CS

Fig. 5 Representative immuno-Western blot analysis
showing the expression of testicular steroidogenic acute
regulatory (StAR) protein (a) and the ratio of StAR/
p-actin (b) in chronic stress rats treated with PE leaf
extract

StAR lysate and B-actin were used as positive and internal
controls, respectively. Each bar represents the mean+SD
(n=T). * P<0.05 vs. the control group; ® P<0.05 vs. the CS

group

markedly higher expression of tyrosine-phosphorylated
proteins of 60, 51, and 23 kDa, but lower expression
of those of 34 and 14 kDa in the (Fig. 6b). Pretreat-
ment with PE (50 mg/kg BW) resulted in decreases in
the expression of 60, 51, and 23 kDa proteins and
increased expression of 34 and 14 kDa proteins in CS
testes (Fig. 6b). Also, all testicular phosphorylated
protein expression in PE100 rats was lower than that
in the CS rats (Figs. 6b and 6c).

4 Discussion

The present study has demonstrated that the leaf
extract of PE could ameliorate testicular impairments
in rats with CS. The administration of PE extract
prevented increases in testicular MDA levels, semi-
niferous tubular damage, decreases in testosterone
levels, and a reduction of sperm quality that can result
from stress. This study was consistent with previous
reports which have shown that many parts of PE ex-
tracts may also prevent many types of drug/chemical-
induced tissue injuries, including those in the stomach
(Bandyopadhyay et al., 2000), liver (Pramyothin et al.,
2006; Lu et al., 2016; Huang et al., 2017), kidneys
(Khandelwal et al., 2002), and testes (Verma and
Chakraborty, 2008; lamsaard et al., 2015) in animals.
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Fig. 6 Representative Coomassie Blue-stained protein profiles (a), patterns of testicular tyrosine-phosphorylated
proteins according to immuno-Western blot analysis (b), and intensities of 60, 51, 34, 23, and 14 kDa phosphorylated
proteins (c) in the control, CS, and PE+CS (50 and 100 mg/kg BW) groups

Epidermal growth factor (EGF) and bovine serum albumin (BSA) were used as positive and negative controls, respectively.
B-Actin was used as an internal control. Each bar represents the mean+SD (n=7). * P<0.05 vs. the control group; ° P<0.05 vs.

the CS group

For the first time, this study showed that PE exhibits
protective effects against testicular damage in rats
exposed to long-term stress. It is known that corti-
costerone levels are elevated under stress induced by
excess ROS, leading to increased MDA levels and
tissue injury (Bhatia et al., 2011; Prabsattroo et al.,
2015; Arun et al., 2016a, 2016b). Some natural
products and plants have been developed and used as
alternative medicines to diminish stress by reducing
the levels of cortisol and oxidants (Bitgul et al., 2013;
Xu et al., 2014; Prabsattroo et al., 2015; Lee et al.,
2017). Consistent with previous reports, we found that
PE leaf extract significantly reduced corticosterone
and testicular MDA levels in rats subjected to

restraint (Figs. 1 and 4). This may be explained by the
fact that, as we have previously reported (lamsaard
etal., 2014, 2015), PE at this concentration has a high
phenolic content and antioxidant capacity. In addition,
PE has been shown to increase superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase
(GHH-Px) in damaged tissue (Bandyopadhyay et al.,
2000; Saha and Verma, 2015; Tahir et al., 2016). It is
possible that PE extract exhibits antioxidant activity
that can prevent or reduce stress, resulting in the
protection of testicular histopathology (Figs. 3a—3d
and 4). Correlated with improvement in testicular
histopathology, rats suffering from CS that were
given PE extracts (especially at 50 mg/kg BW)
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exhibited decreases in round cells within the epi-
didymal lumens (Figs. 3e-3h), a finding similar to
that described by Iamsaard et al. (2015).

Reductions in the testosterone levels of rats un-
der stress have been shown to be caused by low ex-
pression levels of crucial steroidogenic machinery in
Leydig cells, such as StAR, CYP11Al, and hy-
droxysteroid dehydrogenase (Lin et al., 2014; Arun
et al., 2016a, 2016b). In this study, a low dose of PE
extract was able to prevent low expression of StAR
protein in CS testes, indicating that StAR expression
is correlated with improvement in testosterone levels.
Consequently, such prevention and treatments main-
tained normal spermatogenesis via normal testos-
terone production. In addition, normal testis function
may be associated with tyrosine phosphorylation.
This intracellular process is a kind of post-translational
modification that has been shown to be involved in
many biological and physiological processes espe-
cially spermatogenesis, sperm capacitation, and
acrosome reaction (Hunter and Cooper, 1985; Hanks
et al., 1988; Ullrich and Schlessinger, 1990; Yanag-
imachi, 1994; Visconti and Kopf, 1998). Specifically,
many tyrosine-phosphorylated proteins have been
identified and localized in the Leydig cells, Sertoli
cells, spermatogonia, spermatocytes, and spermatids
(round and elongated) of rat testes (Chaichun et al.,
2017). Previous reports have demonstrated that
the patterns of expression of testicular tyrosine-
phosphorylated proteins can change with the induc-
tion of drugs or other chemicals (lamsaard et al., 2014,
2015; Sampannang et al., 2017; Sukhorum and lamsaard,
2017; Maneenin et al., 2018). In addition, in a pre-
vious study, we demonstrated the alteration of phos-
phorylated protein bands in the testes of rats with
restraint-induced stress (Arun et al., 2016a, 2016b). A
recent study showed that PE leaf extracts could
change such expression patterns in rats suffering from
CS compared to healthy control rats. Although tes-
ticular tyrosine-phosphorylated proteins specific to
the actual function of 4G10-antibodies have not been
discovered, we assume that they may play an im-
portant role in androgen production, spermatogenesis,
and sperm differentiation within germinal epithelium
and interstitial tissue cells (Arad-Dann et al., 1993;
Chaichun et al., 2017). Therefore, the decreases
in tyrosine-phosphorylated proteins of 60, 51, and
23 kDa and increases of 34 and 14 kDa proteins in rat

testes treated with PE may be involved in sperm
production, including acrosome biogenesis, as part of
the spermiogenesis process of spermatids. This could
explain why the PE extract was able to prevent sperm
head abnormalities and precocious acrosome reaction,
as well as increase sperm concentration in the CS rats
(Table 2). In the same vein, previous studies have
reported that plant extracts can change the expression
of the testicular phosphorylated proteins in animals
administered with drugs such as valproic acid (VPA)
(Iamsaard et al., 2014, 2015; Sampannang et al., 2017;
Maneenin et al., 2018). However, systematic identi-
fication and characterization of such phosphorylated
proteins are necessary to understand the actual func-
tion or mechanism involved in this process. Our re-
sults indicate that PE at a dose of 50 mg/kg BW is
effective in mitigating the effects of CS on sperm
quality parameters through the restoration of StAR
protein, MDA levels, and testicular phosphorylated
proteins. However, PE100 did not protect such pa-
rameters in CS rats. The high dose of PE (100 mg/kg
BW) may contain some toxic substances, since it was
extracted in the form of a crude extract. It was pre-
viously reported that PE crude extracts contain toxic
cellular components like tannins and saponins (Ca-
lixto et al., 1998; Al-Shafi, 2002; Podolak et al., 2010;
Akinpelu et al., 2012; Chaphalkar et al., 2017).
Therefore, the high amount of such toxins included
within the PE100 extract may affect the structure and
function of reproductive cells resulting in changes in
the expression of testicular proteins including in-
creases in MDA levels and testicular damage.

Thus, we conclude that PE leaf extract attenuates
testicular damage by preventing low sperm quality
and changes to functional proteins, especially testic-
ular tyrosine-phosphorylated proteins, in rats with
CS.
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