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Background and aims: Chronic stress is a major common cause of male infertility. Many species of velvet
beans are shown to be rich in L-DOPA. In Thai folklore medicine, seeds of Mucuna pruriens (L.) DC. var.
pruriens (Thai Mhamui or T-MP) have been used for treating erectile dysfunction. This study aimed to
determine L-DOPA levels in T-MP seed extract and investigate its preventive on sexual behaviors and
reproductive parameter damages including essential proteins in chronic unpredictable mild stress
(CUMS) mice.
Experimental procedure: Mice were divided into 4 groups: (I) control, (II) CUMS, (III) T-MP300 þ CUMS,
and (IV) T-MP600 þ CUMS. Groups I and II received DW while groups III and IV were pretreated with the
seed extracts (300 and 600 mg/kg BW) for 14 consecutive days before co-treatment with a randomly
different CUMS/day (from 12 mild stressors) for 43 days.
Results and conclusion: T-MP seed extract contained L-DOPA approximately 10% of total dried weight. A
dose of 600 mg/kg improved sexual performances and degenerative seminiferous epithelium in CUMS
mice. Sperm qualities and testosterone level were elevated while corticosterone was decreased in co-
treatment groups. T-MP-CUMS cotreated groups also improved expressions of AKAP4, AR, and TyrPho
proteins in testis, epididymis, and sperm. T-MP increased StAR and CYP11A1 expressions in testis. It also
suppressed testicular apoptosis via decreased expressions of Hsp70, caspases 3, and 9. T-MP seeds
containing L-DOPA could improve sexual behaviors and essential reproductive proteins caused by CUMS.
Section: Natural Products;
Taxonomy (classification by evise): Traditional Herbal Medicine; Animal Model; Histopathology.
© 2021 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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1. Introduction

Chronic stress is known to be a psychological factor that can
cause many neuropsychiatric disorders, metabolic syndromes, and
infertility.1e3 In men, clinical studies have reported that chronic
stress significantly increased serum cortisol level and reduced the
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List of abbreviations

AKAP4 A-kinase-anchoring protein 4
AR androgen receptor
Apaf-1 protease activating factor
Bax Bcl-2-associated X
Bcl-2 B-cell lymphoma 2
BSA bovine serum albumin
BW body weight
cGMP cyclic guanosine monophosphate
CUMS chronic unpredictable mild stress
CYP11A1 cytochrome P450 family 11 subfamily A member 1
DA dopamine
DW distilled water
EGF epidermal growth factor
eNOS endothelial nitric oxide synthase
H&E hematoxylin and eosin
H2O2 hydrogen peroxide

HPLC high performance liquid chromatography
HRP horseradish peroxidase
kDa kilo daltons
L-DOPA L-3,4 dihydroxyphenyl alanine
Hsp70 heat shock protein 70
NF-kB nuclear factor-kappa B
NO nitric oxide
Nrf2 nuclear factor erythroid 2-related factor 2
RIPA radioimmunoprecipitation assay
ROS reactive oxygen species
RT room temperature
SDS-PAGE sodium dodecyl sulfate-polyacrylamide gel

electrophoresis
StAR steroidogenic acute regulatory
TBST Tris-buffered saline 0.1% Tween-20
T-MP Thai Mucuna pruriens
TyrPho tyrosine phosphorylated
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sexual performances, androgen levels, and semen quality param-
eters.2,4,5 To explore more mechanism of male infertility caused by
stress, the chronic unpredictable mild stress (CUMS) model has
beenwidely used in experimental animals by randomly exposure to
many unpredictable stressors tomimic the physiological symptoms
of human depression.6,7 Previous studies reported that CUMS could
impair male sexual behaviors and damaged the seminiferous and
epididymal tissues in rodents.8,9 Recently, CUMS is shown to
decrease the sperm qualities and essential testicular protein ex-
pressions including A-kinase-anchoring protein 4 (AKAP4, partic-
ularly involved in spermatogenesis and sperm motility), tyrosine
phosphorylated (TyrPho), and androgen receptor (AR).8 Interest-
ingly, decreased serum testosterone level induced by CUMS was
improved by probiotic prevention via the increase of testicular
cytochrome P450 family 11 subfamily A member 1 (CYP11A1) and
steroidogenic acute regulatory (StAR) protein expressions.10

Indeed, CUMS induces testicular germ cell apoptosis by signaling
changes of Bcl-2, Bax, and caspase 3 expressions.11 Although
anxiolytic and antidepressant drugs have been used as combined
pharmacotherapy in chronic stress patients, many adverse effects
are still reported especially sexual dysfunctions.12,13 Hence, recent
studies are being searched for novel effective herbal medicines to
improve depression and reproductive damages from chronic stress.

Mucuna pruriens or itching bean is an effective medicinal plant
traditionally used in tropical areas especially in India and China for
the alternative treatment of parkinsonism, diabetes mellitus, and
male infertility. For pharmacological properties, M. pruriens seed
extract has been shown to have neuroprotective, anti-oxidative,
anti-inflammatory, anti-hypertensive, anti-diabetic, anti-venom,
and anti-cancer effects.14e16 Based on phytochemical profiles, the
L-3,4 dihydroxyphenyl alanine (L-DOPA) is demonstrated to be a
major active substance found in the seeds of M. pruriens with high
antioxidant capacity.17e19 Moreover, M. pruriens seed has been
proven to improve semen quality and antioxidant enzymes in
seminal plasma of infertile men.5 In rodents, M. pruriens could
reduce the damages of sperm DNA and testicular mitochondria.20,21

Mucuna pruriens (L.) DC. var. pruriens (T-MP) known as is
commonly found in northeast Thailand. In Thai folk medicine, this
plant is called Thai Mhamui (Mucuna pruriens (L.) DC. var. pruriens
or T-MP) and used in treating erectile dysfunction since tradition-
ally documented in 1998.22 Currently, T-MP seed extract was re-
ported for the first time to have no vital toxicity and contain
antioxidant activities with enhancing sperm parameters,
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testosterone level, and expressions of testicular AKAP4 and TyrPho
proteins in rats.23 This study hypothesized that T-MP also contained
L-DOPA like others and could improve male reproductive impair-
ments caused from CUMS. Therefore, we aimed to investigate the
protective effect of T-MP seed extract on sexual behaviors, sperm
characteristics, and expressions of AKAP4 and TyrPho, steroido-
genic, and apoptotic markers in reproductive tissues of CUMSmice.

2. Materials and methods

2.1. Plant extraction

The T-MP seed extract (% yield, 16.29) used in this study has
been prepared and already proven to have antioxidant capacity
from our laboratory as previously described.24 Briefly, themature T-
MP seeds were harvested from the ripe pods of trees (cultured in
Surin province, Thailand) authenticated by Department of Biology,
Faculty of Science, Khon Kaen University (specimen voucher code:
S. Iamsaard 01). After grinding, the crushed seeds were extracted
with distilled water (80 �C, 30 min). Subsequently, aqueous seed
extract was filtered and lyophilized by spray dryer at Faculty of
Pharmaceutical science, Khon Kaen, University.24

2.2. Quantification of L-DOPA by HPLC

Ultimate 3000 HPLC (Thermo Scientific) was used to quantify L-
DOPA in the T-MP seed extract with following specifications: a
reverse phase column C8 and C18 (250 � 4.6 mm, Phenomenex®,
Sigma-Aldrich, Inc., USA) with a mobile phase of 10 mM hex-
anesulfonate (Fluka Chemie Ag, Switzerland) in sodium dihydrogen
phosphate (20 mM, pH 2.5, Merck Millipore Corporation, USA) and
methanol (CARLO ERBA, France). The peak of L-DOPA was detected
by UV detector at wavelength of 280 nmwith, injection rate (10 ml/
min) and flow rate (1 ml/min). The concentration of sample solu-
tion (40 mg) was prepared in 10 mL of 1% formic acid (Merck
Millipore Corporation, USA) or ethanol. This sample was analyzed
with two replicates. The levodopa standard solution (5, 10, 20, and
100 mg/ml, Acros Organics®, UK) used as a specific control was
prepared in 1% formic acid.25 Linear equation was plotted from the
concentrations of levodopa (x-axis) against the area under the
curve of each concentration (y-axis). The concentration of T-MP
seed extract was calculated by using following formula:
y ¼ 0.2119x-0.2268 (R2 ¼ 0.9998); y ¼ area under the curve of each
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standard solution and x ¼ the concentration of T-MP extract.

2.3. Experimental animals and design

Ninety-six adult male (n ¼ 48) and female (n ¼ 48) ICR mice (10
weeks, weighing 35e40 g) were purchased from the Animal unit,
Faculty of Medicine, Khon Kaen University, Thailand. All animals
were accommodated under temperature (25 ± 2 �C), 12-h light/
dark cycles, and humidity (40e60%). Commercial food pellet and
distilled water were provided ad libitum. Forty-eight male mice
were randomly separated into four groups (n¼ 12/group) including
control (group I), CUMS (group II), T-MP300þ CUMS (group III), and
T-MP600 þ CUMS groups (group IV). In groups I-II, mice were
received with DW whereas animals in groups III-IV were pre-
treated with T-MP seed extracts at a dose of 300 and 600 mg/kg
BW, respectively for 14 consecutive days (a preventive period or
pre-CUMS) based on Iamsaard and coworkers (2020). For co-
treatment period (or CUMS induction), mice (group I-II) were still
fed with DW but those of groups III-IV were co-administered with
T-MP extract (days 15e57 [or 43 days], based on a spermatogenesis
cycle (36 days) and the sperm transit period (7 days) from testis
into the cauda epididymis.26,27 After 1 h of treatment, mice in
groups II-IV were induced by CUMS (described in Suppl. Table 1).
Briefly, mice in CUMS and co-treated groupswere induced by single
stressor every day, randomized from different 12 stressors. Such
stressors included (1) cold water forced swimming for 5 min, (2)
45� cage tilting for 12 h, (3) social isolation for 12 h, (4) immobi-
lization stress for 6 h, (5) tail clamping for 1 min, (6) 95 dB noise for
6 h, (7) wet bedding for 12 h, (8) reversed lightedark cycle for 24 h,
(9), food deprivation for 12 h, (10) flashing light for 12 h, (11)
electric foot shock for 3 s, and (l2) water deprivation for 12 h
(performed for 3 rounds). At the end of experiment, all animals
wereweighed to calculate the percentage of bodyweight change by
using the final weightminus the initial weight X 100 and divided by
the initial weight.28 The induction of CUMS has been previously
described.8,29 Briefly, all animals (except the control group) were
randomly induced by a stressor per day from different twelve
stressors (4 rounds) as shown in Suppl. Table 1. On day 0 (baseline),
day 14 (pre-CUMS), and day 50 (CUMS induction), mice were
subjected to sexual behavior test. On day 57, animals were sacri-
ficed to collect blood and reproductive organs for further analyses.
This study was already approved by the Animal Ethics Research
Committee of Khon Kaen University, based on the Ethics of Animal
Experimentation of the National Research Council of Thailand (Rec.
No. AEKKU 49/63).

2.4. Sexual behavior test

The sexual behavior test was performed as described in previous
studies.8,30 To gain estrous animals, all adult female mice were
subcutaneously injected with estradiol benzoate (10 mg/mouse;
Sigma-Aldrich) at 48 h and progesterone (500 mg/mouse; Sigma-
Aldrich) at 4 h before testing. In brief, a male mouse was placed
onto the center of plexiglas box for acclimatization (10 min) and
followed by gentle placing of an artificial estrous female. The sexual
behavior parameters including latency and frequency of mounting,
intromissions, and ejaculations were recorded within 30 min by
using the video camera linked to notebook computer.

2.5. Serum hormone analyses

All mice were anesthetized by thiopental sodium injection
(60 mg/kg BW, i.p.) and euthanized by cervical dislocation. Then,
blood was rapidly collected by cardiac puncture and the serumwas
separated by centrifugation (13,000 g, 4 �C, 10 min). The levels of
404
serum corticosterone and testosterone were evaluated by radio-
immunoassay at the Radiology Unit, Srinagarind Hospital, Faculty
of Medicine, Khon Kaen University, Thailand.
2.6. Sperm preparation for counting

The left cauda epididymis was harvested to squeeze sperm fluid
and dipped into 1 ml of phosphate buffer saline (PBS, pH 7.4, 37 �C).
The sperm suspension was resuspended and fixed with 4% para-
formaldehyde (20 ml). It was further diluted for 1:2 with PBS before
dropping (20 ml) on Neubauer counting chamber (Paul Marienfeld
GmbH & Co. KG, Germany). Total counted sperm on five squares of
each counting chamber were used to calculate as sperm concen-
tration (x106 cells/ml) as previously described.24,31
2.7. Sperm viability

After collection of fresh spermwithin 30 min, sperm suspension
(50 ml, pH 7.4, 37 �C) was pipetted and mixed with 50 ml of
eosinenigrosin (BASO diagnostics, Inc, China) at 37 �C to incubate
for 30 s. Then the stained-sperm mixture (10 ml) was dropped onto
a coated slide to be smeared and dried overnight. To quantify sperm
viability, four hundred sperm in total were counted in each animal
under light microscope. Live (viable) sperm is unstained with eosin
at the head while the dead sperm is clearly stained with dark pink.
Then, the numbers of the live sperm were calculated as the per-
centage of sperm viability.32,33
2.8. Sperm morphology

For the observation of sperm head and tail morphologies, the
sperm samples were prepared as described previously.34,35 In brief,
fixed sperm suspension was smeared on gelatin-coated slides. The
dried sperm was stained with eosin for 30 min. Sperm morphol-
ogies were classified to be normal and abnormal sperm observed
under light microscope.8 Four hundred sperms from each animal
were examined and expressed as the percentage of abnormal
sperm.
2.9. Acrosome reaction status

In brief, the smeared and dried sperm was stained with 0.22%
Coomassie blue G-250 for 5 min and then washed with excessive
DW. From each animal, two hundred sperm in total were investi-
gated for acrosome status under light microscope. The acrosome
intact (AI) shows the acrosome cap stained with Coomassie blue
but acrosome reacted (AR) sperm head had no staining.24 The re-
sults were expressed as the percentage of AR.
2.10. Reproductive organ weights

After mice were sacrificed, the testes, epididymis plus vas def-
erens, and penis were dissected and collected out to remove fat
pads surrounding before weighing of their absolute weights. The
right side of such organs was rapidly fixed with 10% neutral buff-
ered formalin for 48 h to be processed for H&E staining in histo-
pathological observation. Additionally, left side of dissected tissues
was further snap-freezed with liquid nitrogen before investigating
the expression of targeted proteins by using Western blotting. For
the calculation of the relative weight, the absolute weight of each
organ was calculated by using following formula: the relative
weight (g/kg BW) ¼ the absolute organ weight (g) x 100 (g)/body
weight (g) of animal.36
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2.11. Histological observation

Right testis and epididymis fixed were histologically processed
with gradual series of alcohol concentration, cleared by xylene,
infiltrated and embedded with liquid paraffin (56e60 �C) to make
the paraffinized tissue blocks. Then, the blocks were sectioned
using semi-automatic rotary microtome (approximately 5e7 mm
thickness, ERM 3100, Hestion, Australia). All tissue sections were
further deparaffinized with xylene, subsequently rehydrated with
serial alcohols and washed with tab water. Then, all sections were
stained by hematoxylin and eosin (Bio-optica, Italy). After washing,
the stained-tissue sections were dehydrated and mounted with
dibutylphthalate polystyrene xylene (BDH Laboratory, UK). Before
capturing the histological figures with a DXM1200 digital camera
(Nikon), all sectioned tissues were observed under light microscope
(Nikon Light ECLIPSE E200, Japan).33

2.12. Western blotting analysis

Left testis of each animal was cut and weighted to be 50 mg/
sample whereas left epididymis was separated into three parts:
caput, corpus, and cauda (approximately 20 mg/sample). Epidid-
ymal tissues were further minced into small pieces and then
washed with chilled PBS (pH 7.4) to eliminate the stored sperm and
residual contents including fluid within epididymal lumen. In each
group, samples (n ¼ 8/group) of testis or individual epididymis
were pooled and homogenized using glass grinder with the cold
lysis buffer containing 1X radioimmunoprecipitation assay (RIPA)
buffer (Cell signaling Technology Inc., USA) and protease inhibitor
cocktails (Sigma-Aldrich, Inc., USA)while pool sperm pellets (n¼ 8/
group) were extracted in RIPA with cocktails of protease inhibitors
and 4% SDS before incubation for 30 min. Subsequently, all samples
were sonicated by using ultrasonicator (50 W, 20 times, 3 s) and
further centrifuged by using microcentrifuge (12,000 g, 4 �C,
10 min) to collect the total protein lysate in supernatants. All su-
pernatants were collected to measure the total protein concentra-
tion by using NANO drop ND-100 Spectrophotometer (NanoDrop
Technologes Inc., USA). Then, the total proteins of each sample
(300 mg) were separated using 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and transferred
onto the nitrocellulose membrane (0.45 mm, Merck Millipore Cor-
poration, Billerica, USA). To block non-specific binding proteins, all
membranes were incubated with 5% bovine serum albumin (BSA)
in Tris-buffered saline, 0.1% Tween-20 (TBST) buffer at room tem-
perature (RT) for 1 h before probingwith rabbit monoclonal AKAP4,
mouse monoclonal Hsp70 (Abcam, Cambridge, USA), rabbit poly-
clonal AR, rabbit polyclonal StAR (Santa Cruz Biotechnology, Inc.,
USA), mouse monoclonal phosphotyrosine, clone 4G10®, goat
polyclonal CYP11A1, mouse monoclonal caspase 9, and mouse
monoclonal caspase 3 (Merck Millipore corporation, Billerica, USA)
diluted 1:1000 in TBST (overnight, 4 �C). The epidermal growth
factor (EGF) was used as positive control whereas BSA was used as
negative control for TyrPho protein detection. All membranes were
washedwith TBST (5min, 3 times) and then probedwith secondary
antibodies conjugated with horseradish peroxidase (HRP) in TBST
buffer (90 min, RT). After washing unbound antibodies (5 min, 3
times), the immunoreactive bands were detected by using enhance
chemiluminescence (ECL) substrate reagent kit (Amersham™
ECL™ Prime, GE Healthcare Life Science, USA) and recorded under
Gel Documentation 4 (ImageQuant 400, GH HealthCare, USA).

2.13. Immunofluorescence staining

The paraffinized testicular sections were incubated with 10 mM
sodium citrate buffer (pH 6.0) under a microwave (560 W, 10 min)
405
as previously described.8,37 Then the endogenous peroxidases ac-
tivities on tissue section were blocked with 3% hydrogen peroxide
(H2O2) for 30 min. After washed with PBS, tissue sections were
permeabilized with 0.2% Triton X-100 for 10 min. Subsequently, the
nonspecific binding proteins were blocked using 3% BSA (Merck
Millipore) in PBS for 1 h and followed by incubation with mouse
monoclonal antibody against caspase 3 (diluted 1:200 in PBS,
Merck Millipore) for overnight (4 �C). After washed unbound an-
tibodies with PBS, each section was probed with goat anti-mouse
IgG (H þ L) cross-adsorbed secondary antibody, Alexa Fluor® 488
(diluted 1:300 in PBS, Invitrogen) for 1 h. All sections were washed
with PBS and then counterstained with Hoechst 33342 for 10 min
(diluted 1:10,000 in PBS, Abcam). The specific antigen-antibody
complexes were observed and photographed under fluorescence
microscope using a fluorescein isothiocyanate (FITC) filter (Nikon
ECLIPSE 80i, Japan).

2.14. Statistical analysis

In this study, all data are shown as mean ± SEM. The difference
of data was analyzed by one-way analysis of variance (ANOVA)
followed by Tukey's multiple range test to compare the difference
between each pair of means by using the SPSS software (Statistical
package for the social science, version 19.0, Armonk, New York,
USA). The P < 0.05 is considered as significantly statistical
difference.

3. Results

3.1. Determination of L-DOPA in T-MP seed extract

The HPLC result showed a symmetric peak of L-DOPA in the
aqueous seed extract of T-MP with a retention time of 6.357 min
(purified L-DOPA standard, 6.430 min) as shown in Suppl. Fig. 1A
and B. The amounts of L-DOPA (% w/w) detected in T-MP seed
extract were approximately 10.16 ± 0.01% (extracted with formic
acid) and 10.30 ± 0.05% (extracted with ethanol) as shown in
Suppl. Table 2.

3.2. T-MP extract improved sexual behaviors of CUMS mice

Sexual performances including frequencies and latencies of
mounting, intromission, and ejaculation of the control, CUMS, and
T-MP treated animals were shown in Fig. 1. The baseline data (on
day 0) showed that all parameters observed in sexual behaviors
were comparable among the control and treated groups. After
treatment with T-MP extract for 14 consecutive days (pre-CUMS),
significantly increased in latencies and frequencies of all sexual
behaviors were observed. On day 50 (CUMS induction period), all
parameters were significantly decreased in CUMS animals when
compared with control mice. Interestingly, T-MP extract (300 and
600 mg/kg) could significantly improve sexual parameters in a
dose-dependent manner as compared to untreated-CUMS group
(Fig. 1AeF).

3.3. Effect of T-MP extract on body and reproductive organ weights
of CUMS mice

After administrationwith T-MP extracts, the body weight before
CUMS induction tended to be slightly increased but not statistically
different as compared to that of untreated animals (Table 1). For
post-CUMS, the BW of CUMS group was significantly lower than
that of control and was improved after treating with T-MP extracts
(Table 1). Additionally, it was found that T-MP extract could
significantly increase the percentage change of BW in CUMS group
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when compared with control group (Table 1). Corroborated with
the size of their reproductive organs (Suppl. Fig. 2), the weights of
testis, epididymis plus vas deferens, and penis of CUMS group were
significantly lower than those of control and they were improved
after co-treatment with T-MP (Table 1). However, only relative
weight of penis among groups was not significantly different.
3.4. T-MP extract attenuated sperm parameter damages in CUMS
mice

The result showed that T-MP extract significantly increased the
percentage of sperm viability (Suppl. Fig. 3A and B) and sperm
concentration (Table 1) in a dose-dependentmanner in CUMSmice.
Additionally, it was observed that CUMS caused both sperm head
(Suppl. Fig. 4B-F) and tail abnormalities (Suppl. Fig. 4G-K). As
quantified, the result showed that both doses of T-MP extract could
significantly improve the sperm abnormalities as compared to
those of untreated-CUMS animals (Table 1). All doses of T-MP
treatment significantly decreased the percentage of acrosome re-
action in a dose-dependent manner as compared to that of
untreated-CUMS group (Table 1). Moreover, T-MP extract could
significantly improve the decreased testosterone level in a dose-
dependent manner compared to untreated-CUMS mice. Signifi-
cantly, the corticosterone levels were reduced in co-treated group
when compared to CUMS alone (Table 1).
3.5. T-MP extract prevented damages of testis and epididymis in
CUMS mice

In control group, the seminiferous epithelium was properly
organized while some seminiferous atrophies were observed in
CUMS group (Fig. 2). In contrast to control (Suppl. Fig. 5A), the
histopathological features of seminiferous tubules were observed
in CUMS group as demonstrated in Suppl. Fig. 5B-I, including
exfoliated germ cell, vacuolization within Leydig cells, spermato-
gonia, and primary spermatocytes, sloughing of spermatogenic
cells, depletion of elongated spermatids, giant cell, pyknotic nuclei
of spermatogonial cells, and necrotic seminiferous epithelium. It
was found that T-MP extracts could improve such testicular dam-
ages as compared to those of untreated-CUMS group (Fig. 2).
Moreover, the cauda segment of ductus epididymis in CUMS group
were found to have the loss of sperm mass compared to control
(Fig. 2). Obviously, the T-MP extracts could also improve epidid-
ymal damages caused by CUMS (Fig. 2).
3.6. Effect of T-MP extract on AKAP4 expression in testis,
epididymis, and sperm of CUMS mice

The results demonstrated that the pro-form (94 kDa) and
mature form (82 kDa) of AKAP4 were only expressed in the
testicular and sperm lysate (Fig. 3A and B). Such expressions were
obviously decreased in CUMSmice. In contrast, only mature AKAP4
form was expressed in the epididymal tissues (caput, corpus, and
cauda segments) while its expression was decreased in CUMS
groups (Fig. 3CeE). Interestingly, T-MP extract could increase the
expressions of both AKAP4 forms in all tissue lysates when
compared to untreated CUMS mice (Fig. 3).
Fig. 1. Showing frequency and latency of (A, B) mounting, (C, D) intromission, and (E, F) e
compared among control, CUMS, and treated groups within 30 min after couple with estrou
data are represented as mean ± SEM (n ¼ 6, each group). Significant difference (#P < 0.05,
CUMS group.
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3.7. T-MP extract improved TyrPho protein expressions in
reproductive tissue lysates of CUMS mice

The expressions of TyrPho proteins were obviously changed in
testis, cauda epididymis, and sperm of CUMS mice as compared to
the control group (Fig. 4). As compared between control and CUMS
groups (Fig. 4AeC), the decreased expressions of TyrPho proteins
were investigated in testis (150, 111, 55, 47, and 41 kDas), cauda
epididymis (113 kDa except 49 kDa), and sperm (111 kDa except 83,
80, and 75 kDas). It was found that the high dose of T-MP extract
could improve such protein expressions in testis (150, 111, 85, 55,
47, 45, 43 and 41 kDas), cauda epididymis (113, 83, 80, 75, 55, and
49 kDas), and sperm (111, 83, 80, 75, 63, and 45 kDas), respectively,
when compared to untreated CUMS group (Fig. 4AeC).

3.8. T-MP extract improved functional protein expressions in CUMS
testis

It was revealed that the steroidogenic acute regulatory (StAR),
cytochrome P450 family 11 subfamily A member 1 (CYP11A1), and
androgen receptor (AR) proteins were obviously decreased in
CUMS testis (Fig. 5A and B), but the heat shock protein 70 (Hsp70)
expression was increased when compared to control (Fig. 5A).
Moreover, the expression of AR in cauda epididymal lysate of CUMS
mice was decreased as shown in Fig. 5B. The T-MP extract could
improve all testicular StAR, CYP11A1, AR, and Hsp70 in a dose-
dependent manner as compared to untreated-CUMS group
(Fig. 5A and B). Additionally, T-MP extract could also increase AR
expression in cauda epididymis of CUMS mice (Fig. 5B).

3.9. T-MP extract inhibited apoptosis via suppression of testicular
caspase 9 and 3

The expressions of caspase 9 and 3 (both pro and cleaved forms)
were increased in CUMS testis compared to those of control (Fig. 6B
and C). It was found that T-MP could decrease the caspase ex-
pressions in all doses of T-MP extract as compared with untreated-
CUMS group (Fig. 6B and C). In addition, the intensity of caspase-3
immunostaining shows more intense in nuclei and cytoplasm of
both spermatogenic and Leydig cells of CUMS group, indicating
apoptosis of those cells (Fig. 6Ae-f). After treatment with T-MP
extract, such intense positivity in testicular tissue was obviously
decreased, suggesting suppression of apoptosis induced by CUMS
(Fig. 6Ah-i and 6Ak-l).

4. Discussion

The T-MP used in this study has been identified in the Fabaceae
family which is commonly found in Northeast Thailand.23,38 Its
seed has been documented in Thai traditional medicine textbook
named “Paet-Saat-Song-Kroh” (Thai word) to has aphrodisiac
property and be used in treating of erectile dysfunction.22 However,
the specific biostimulant of T-MP seed has not been fully reported.
In general, the Mucuna bean especially Indian species was screened
to contain various amino acids particularly L-DOPA, phenolic
compounds (quercetin and myricetin), alkaloids (mucunine,
mucunadine, prurienidine, and nicotine), fatty acids (palmitic,
stearic, oleic, and linoleic acids), and several microelements (po-
tassium, phosphorus, and magnesium), respectively.19,39 Such In-
dian bean has been demonstrated to improve male infertility in
jaculation behaviors observed both lateral and inferior aspects. Such behaviors were
s female at day 0 (baseline), day 14 (pre-CUMS), day 50 (post-CUMS) of experiment. All
# #P < 0.01) vs. the control group. Significant difference (*P < 0.05, * *P < 0.01) vs. the



Table 1
Comparisons of body and male reproductive organ weights, sperm quality parameter, and hormones among control, CUMS, and treated groups. All data are represented as
mean ± SEM (n ¼ 12, each group). Significant difference (#P < 0.05,##P < 0.01) vs. the control group. Significant difference (*P < 0.05, * *P < 0.01) vs. the CUMS group.

Parameters Groups

Control CUMS T-MP300 þ CUMS T-MP600 þ CUMS

Baseline BW 36.33 ± 0.64 36.50 ± 0.50 36.50 ± 0.50 36.50 ± 0.50

Pre-CUMS BW 37.75 ± 0.71 37.75 ± 0.59 38.33 ± 0.31 38.58 ± 0.65

Post-CUMS BW 39.67 ± 0.40 37.43 ± 0.48## 39.29 ± 0.47* 39.57 ± 0.81**

Percentage change of BW 8.55 ± 1.39 4.09 ± 1.04# 7.15 ± 1.61 8.40 ± 1.52*

Testis
Absolute weights (g) 0.17 ± 0.00 0.15 ± 0.00## 0.16 ± 0.00* 0.17 ± 0.00**
Relative weights (g/kg BW) 0.42 ± 0.01 0.39 ± 0.00## 0.42 ± 0.00* 0.43 ± 0.01**

Epididymis plus vas deferens
Absolute weights (g) 0.08 ± 0.00 0.07 ± 0.00## 0.08 ± 0.00* 0.08 ± 0.00*
Relative weights (g/kg BW) 0.19 ± 0.00 0.18 ± 0.00# 0.20 ± 0.00** 0.21 ± 0.00**

Penis
Absolute weights (g) 0.04 ± 0.00 0.03 ± 0.00# 0.04 ± 0.00* 0.04 ± 0.00**
Relative weights (g/kg BW) 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00

Sperm quality
Sperm concentration (106 cells/ml) 5.25 ± 0.67 2.54 ± 0.70## 4.37 ± 0.58* 5.92 ± 0.62**
Sperm head abnormality (%) 4.15 ± 0.46 10.35 ± 1.03## 5.20 ± 0.51* 4.40 ± 0.33**
Sperm tail abnormality (%) 3.05 ± 0.24 25.07 ± 1.13## 6.20 ± 0.43* 3.48 ± 0.51**
Acrosome reaction (%) 2.25 ± 0.15 11.33 ± 0.33## 4.56 ± 0.29* 1.63 ± 0.30**

Hormones
Serum corticosterone (mg/ml) 0.28 ± 0.04 0.75 ± 0.09## 0.36 ± 0.01** 0.33 ± 0.03*
Serum testosterone (ng/ml) 0.66 ± 0.07 0.42 ± 0.07# 0.62 ± 0.12* 2.32 ± 0.14**

Fig. 2. Representative photomicrographs showing histopathology of testis and epididymis strained by H&E, compared among control, CUMS, and treated groups. Asterisks;
reduction of sperm mass within the caudal epididymal lumen.
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both men and animal models.40,41 By weight of total dried extract,
this study showed approximately 10% of L-DOPA levels in T-MP
seeds which was previously reported to contain phenolic com-
pounds and antioxidant capacity.23 It has been reported that pu-
rified levodopa has adverse effects on gastrointestinal systemwith
nausea/vomiting, anorexia, and weight loss. Usually, the typical
treatment regimen is ranged from 150 to 1000 mg of levodopa
total/day (divided 3e4 times). In our study, the highest dose (T-MP,
600 mg/KgBW) relatively contained L-DOPA approximately 60 mg
because the quantified HPLC result shows 10.3% of L-DOPA in total
dried weight (as shown in supplement data Table 2). Therefore,
such amount of L-DOPA may have no side effects to our experi-
mental animals.
408
Recent study demonstrated for the first time that T-MP seed
extract could enhance and improve sexual behaviors in CUMSmice.
It is possible that the antioxidant and aphrodisiac potentials like L-
DOPA in T-MP seeds facilitate the stimulation of nitric oxide (NO) to
maintain the level of cyclic guanosine monophosphate (cGMP),
resulting penile erection via Ca2þ and Kþ channel regulations.42,43

Additionally, L-DOPA may activate the dopaminergic neurons
responsible for male sexual behaviors to increase dopamine (DA)
productions as previously described.44 Lampariello and coworkers
(2012) reported that L-DOPA in seed extract may play an essential
role in the aphrodisiac activity in CUMS mice. Moreover, of the
increased testosterone level in CUMS mice treated with T-MP may
promote the copulation by improvement of eNOS level and DA



Fig. 3. Expression of AKAP4 compared among control, CUMS, and treated groups by Western blotting in (A) testicular, (B) sperm, (C) caput, (D) corpus, and (E) cauda epididymal
lysates. GAPDH: glyceraldehyde-3-phosphate dehydrogenase used as an internal control. CUMS: chronic unpredictable mild stress. PMs: pre-stained markers. Pro-AKAP4: proform
of A-kinase anchor protein 4. T-MP: Thai mucuna pruriens. n ¼ 8 per group.

Fig. 4. Expression of tyrosine phosphorylated (TyrPho) proteins observed in (A) testicular, (B) cauda epididymal, and (C) sperm lysates compared among groups of control, CUMS,
and treated groups. EGF, epidermal growth factor used as positive control; BSA, bovine serum albumin used as negative control. n ¼ 8 per group.
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Fig. 5. Expressions of heat shock protein 70 (Hsp70), cytochrome P450 family 11 subfamily A member 1 (CYP11A1), steroidogenic acute regulatory (StAR) in (A) testis as well as
androgen receptor (AR) in (B) testicular and cauda epididymal lysates compared among control, CUMS, and treated groups. n ¼ 8 per group.
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releasing.45

In this study, the improvements of epididymal sperm qualities
in all T-MP extract treated CUMS mice may be resulted from high
antioxidant activities.23 Indeed, it was revealed that L-DOPA has
strong antioxidant capacity, free radical scavenging activity, and
chelating capabilities.46 Previously, M. pruriens seed has been
shown to improve sperm qualities by increasing of nuclear factor
erythroid 2-related factor 2 (Nrf2) and inhibiting of the nuclear
factor-kappa B (NF-kB) protein expressions in testis and epidid-
ymis.47 It might ameliorate damages of spermatogenic cells from
CUMS by increasing antioxidant enzymes and decreasing ROS.20,48

Such bean could also protect the lipid peroxidation on sperm
membrane, DNA damage, and mitochondrial membrane perme-
ability.20,49 In this study, T-MP seed suppressed the expressions of
Hsp70, caspase 9 and 3 in CUMS testis, suggesting its preventive
effects on germ cell apoptosis. In addition, Hsp70 was shown to
suppress apoptosis by preventing recruitment of procaspase 9 to
produce apoptotic protease activating factor 1 (Apaf-1) oligomers
called apoptosome.50 It could inhibit Bcl-2-associated X (Bax)
activation leading to preventing the release of cytochrome C from
mitochondria.51 We assumed that T-MP extract could protect
mitochondrial membrane injury in CUMS via-apoptotic pathway of
procaspases 9 and 3.

Consequence of increased testosterone levels and antioxidant
capacity of T-MP extract may be involved in improvement of
seminiferous and epididymal epithelium damages as shown in
Fig. 3. It was demonstrated that the loss of spermatogenic cells in
CUMS mice was related to the decrease of androgen receptor (AR)
expression.8,52 Possibly, the T-MP extract may facilitate the tran-
scription and translation of AR in the spermatogenic and Sertoli
cells.23 A study reported that quercetin is found in M. pruriens seed
and could improve junctional proteins and the integrity of the
blood-testis barrier in mouse testis.53 Such study even revealed the
significant decrease of StAR and CYP11A1 expressions in mouse
CUMS testis. It was in agreement with previous reports demon-
strating that CUMS decreased the StAR and CYP11A1 expressions
with increased corticosterone level.54,55 Indeed, our study signifi-
cantly showed the improvement of those protein expressions in
CUMS testis administered with T-MP extracts. It was suggested that
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flavonoids in T-MP extract could increase the StAR expression in
Leydig cells.56 The increase of body and reproductive weights in T-
MP treated CUMS mice in our recent study may result from stim-
ulation of L-DOPA and dopaminergic neurons in the dorsal striatum,
responsible for eating behaviors.57 Additionally, the increased
testosterone could stimulate AR receptors in muscle mass to induce
myoblast proliferation and suppress the ubiquitin ligase-mediated
atrophy pathways.58 Moreover, L-DOPA was shown to increase the
testicular and epididymal masses that are associated with the un-
regulated AR protein expressions.59

Previously, Choowong-In and coworkers (2021) demonstrated
that CUMS not only decreased sexual behaviors but also affected
the expressions of AKAP4 and TyrPho proteins testis, epididymis,
and sperm in mouse model. Herein, such impairments were
improved in CUMS mice treated with T-MP. It indicated that the
extract could somehow facilitate the expressions of essential pro-
teins involved in sexual behaviors and spermatogenesis. It has been
shown that increase of testicular AKAP4 expression could complete
spermiogenesis including organization and integrity of the sperm
fibrous sheath and flagellum as previously described.60,61 Addi-
tionally, the improved expression of epididymal AKAP4 in T-MP
treated CUMS may be associated with secreting of the functional
epididymosomes onto the sperm surface membrane. Indeed, such
process is a major process of sperm maturation particularly facili-
tating motility within ductus epididymis.62 Moreover, increased
AKAP4 in spermmay enhance the progressivemotility called sperm
capacitation during transport with in the female reproductive tract.
Similarly, T-MP seed could increase the AKAP4 expression in the
caudally epididymal sperm of normal adult rats.23 It is known that
AKAP4 playing roles in both testicular sperm production and
ejaculated sperm motility is activated by tyrosine phosphorylation.
The TyrPho proteins have been localized and identified in male
reproductive tissues, assumed to play roles in spermatogenesis and
sperm physiology. The T-MP administration could increase the
expressions of testicular TyrPho proteins in CUMSmice, similar to a
previous study showing such improvement effects of Phyllanthus
emblica L. (PE) extract in chronic stress rats.63 Possibly, the
increased TyrPho protein expressions (150, 111, 85, 55, 47, 45, 43,
and 41 kDa) in CUMS animals treated T-MP are involved in AKAP4



Fig. 6. Immunofluorescence staining against caspase 3 antibody of testicular A(bec) control, A(eef) CUMS, A(hei) T-MP300 þ CUMS, A(kel) T-MP600 þ CUMS groups. Nuclei
stained by Hoechst 33342 (blue fluorescence). The intensity of caspase 3 immunostaining (green fluorescence) is a prominent on spermatogenic and Leydig cells of CUMS group.
Expressions of (B) caspase 9 and (C) caspase 3 including pre and cleaved forms compared among control, CUMS, and treated groups in testicular lysates. n ¼ 8 per group.
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expression, testosterone synthesis, and spermatogenesis. In cauda
epididymis, T-MP extract increased the expressions of many TyrPho
proteins in CUMS animals, facilitating epididymosome biogenesis
and physiological sperm maturation.64 Moreover, T-MP increased
such protein expressions (111, 83, 80, 75, 63, and 45 kDas) in sperm
lysate of CUMS mice, indicating motility initiation prompted for
capacitation and acrosome reaction in early process of
fertilization.65

The limitations of this study were not able to perform the
functional tests of sperm including sperm motility, capacitation,
and acrosome reaction in vitro to confirm the associations and
mechanism between AKAP4 and TyrPho proteins. However, some
TyrPho proteins have been characterized for their functions
particularly involved in progressive motility.66,67 The possible un-
derlying mechanisms of sexual enhancing effect of T-MP extract
need to be further improved via dopaminergic signaling system.
This study showed that T-MP seed extract containing L-DOPA with
high levels and could improve the sexual performances and
reproductive parameters especially functional proteins in testis,
epididymis, and sperm of CUMS mice.

5. Conclusion

This study showed that T-MP seed extract containing L-DOPA
with high levels and could improve the sexual performances and
reproductive parameters especially functional proteins in testis,
epididymis, and sperm of CUMS mice.
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