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Pectinase-treated Panax ginseng ameliorates hydrogen
peroxide-induced oxidative stress in GC-2 sperm cells
and modulates testicular gene expression in aged rats
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a b s t r a c t

Background: To investigate the effect of pectinase-treated Panax ginseng (GINST) in cellular and male
subfertility animal models.
Methods: Hydrogen peroxide (H2O2)-induced mouse spermatocyte GC-2spd cells were used as an in vitro
model. Cell viability was measured using MTT assay. For the in vivo study, GINST (200 mg/kg) mixed with
a regular pellet diet was administered orally for 4 mo, and the changes in the mRNA and protein
expression level of antioxidative and spermatogenic genes in young and aged control rats were
compared using real-time reverse transcription polymerase chain reaction and western blotting.
Results: GINST treatment (50 mg/mL, 100 mg/mL, and 200 mg/mL) significantly (p < 0.05) inhibited the
H2O2-induced (200 mM) cytotoxicity in GC-2spd cells. Furthermore, GINST (50 mg/mL and 100 mg/mL)
significantly (p < 0.05) ameliorated the H2O2-induced decrease in the expression level of antioxidant
enzymes (peroxiredoxin 3 and 4, glutathione S-transferase m5, and glutathione peroxidase 4),
spermatogenesis-related protein such as inhibin-a, and specific sex hormone receptors (androgen re-
ceptor, luteinizing hormone receptor, and follicle-stimulating hormone receptor) in GC-2spd cells.
Similarly, the altered expression level of the above mentioned genes and of spermatogenesis-related
nectin-2 and cAMP response element-binding protein in aged rat testes was ameliorated with GINST
(200 mg/kg) treatment. Taken together, GINST attenuated H2O2-induced oxidative stress in GC-2 cells
and modulated the expression of antioxidant-related genes and of spermatogenic-related proteins and
sex hormone receptors in aged rats.
Conclusion: GINST may be a potential natural agent for the protection against or treatment of oxidative
stress-induced male subfertility and aging-induced male subfertility.
Copyright 2015, The Korean Society of Ginseng, Published by Elsevier. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Ginseng (Panax ginseng Meyer, Araliaceous) is an important
medicinal herb that has long been used to treat various diseases in
Asian countries [1,2]. In particular, the major active constituents,
ginsenosides, are known to have various physiological activities,
such as anti-aging and anti-inflammatory effects, and antioxidant
effects in the central nervous system, cardiovascular system,

reproductive system, and immune system [1,3,4]. It was suggested
that P. ginseng has potent effects on sexual function, and could
relieve erectile dysfunction [5], senile testicular dysfunction [2,6],
and dioxin-induced testicular damage [7].

It is well known that orally administered ginsenosides are bio-
transformed by bacteria in the human intestinal lumen, and that
the resultant metabolites or enzymatically transformed products
have various interesting and strong physiological activities [8e13].
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For example, Rb1, Rb2, and Rc, which are protopanaxadiol-type
ginsenosides, are metabolized by human intestinal bacteria to 20-
O-b-D-glucopyranosyl-20(S)-protopandaxadiol (compound K),
while Re and Rg1, protopanaxatriol-type ginsenosides are metab-
olized into ginsenoside Rh1 or ginsenoside F1 [14e17]. The me-
tabolites compound K (CK), Rh1, and F1 exhibit various
physiological activities, including immune enhancing effects [18],
antimetastatic effects, and anticancer effects [19]

Furthermore, the biotransformation of ginsenosides by treat-
ment with enzymes, such as pectinase and rapidase, also proved to
be useful for ginsenoside conversion and increased the bio-
efficiency of ginseng extracts and products [3,20]. Previous reports
revealed that P. ginseng fermentation by lactic acid bacteria
generated CK, which is a biotransformation product of Rb1, Rb2,
and Rc. Interestingly, CK’s cytotoxic effect against tumor cells is
much more potent than that of naturally occurring ginsenosides.
Pectinase is commonly produced by lactic acid bacteria in the in-
testines [21], and recent reports have shown that pectinase-treated
extracts of P. ginseng (GINST) contain large amounts of CK as well as
several other ginsenosides, including Rg3, Rg5, Rk1, Rh1, F2, and
Rg2 [22]. Reports also suggested that GINST exhibited various
pharmacological effects including antioxidant and antidiabetic ac-
tivity, the latter exerted by ameliorating hyperglycemia and
hyperlipidemia in high-fat diet-fed rats [23,24].

Previously, our group reported that GINST could improve anti-
oxidant status during aging, thereby minimizing oxidative stress
and the occurrence of age-related disorders associated with free
radicals [3]. Furthermore, we also observed that GINST rescued
testicular dysfunction in aged rats [4]. GINST treatment attenuated
the morphological changes, number of sperm cells, Sertoli cells,
germ cells, and the Sertoli cell index in the testes of aged rats. We
also reported that GINST treatment enhanced testicular function by
elevating redox-modulating protein activity, thereby increasing
glutathione, which prevents lipid peroxidation in the testes of aged
rats [4]. However, the intrinsic molecular aspects related to these
changes have not yet been studied. In the present study, we eval-
uated the effect of GINST against hydrogen peroxide (H2O2)-
induced cytotoxicity in mouse spermatocyte GC-2spd sperm cells,
and assessed the oxidative stress-induced changes in the gene
expression level of key antioxidant enzymes, spermatogenesis-
related proteins, and sex hormone receptors. Furthermore, we
evaluated these changes in the gene and protein expression level in
aged rats in vivo and compared them with those in young control
rats.

2. Materials and methods

2.1. GINST preparation and high-performance liquid
chromatography analysis

GINST used in this study was produced from an extract of
P. ginseng treated with pectinase as described previously [25].
Briefly, dried ginseng (1 kg) was extracted with 5 L of 50% aqueous
liquor at 85�C and was concentrated in vacuo to obtain a dark-
brown, viscous solution. The extract was subsequently dissolved
in water containing 2.4% pectinase (Sigma-Aldrich, Inc., St. Louis,
MO, USA) and was incubated at 55�C for 24 h. The GINST extract
was subsequently concentrated in vacuo and the ginsenosides in
the extract were analyzed using high-performance liquid chroma-
tography as described previously [4].

2.2. Cell culture

Mouse spermatocyte GC-2spd cells were obtained from the
American Type Culture Collection (Manassas, VA, USA). GC-2spd

cells, hereinafter referred to as GC-2 cells, were maintained in
Dulbecco’s modified Eagle’s medium (Invitrogen Co., Carlsbad, CA,
USA) supplemented with 10% fetal bovine serum (Thermo-Fisher
Inc., Rockford, IL, USA). All media contained 1.2 g/L sodium bicar-
bonate, 15 mM HEPES, 100 IU/mL penicillin, and 100 mg/mL
streptomycin.

2.3. MTT assay

Cell viability was determined using the MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay.
GC-2 cells were seeded at a density of 1.0 � 104 cells/well in a 96-
well plate containing appropriate media for 24 h. The cells were
exposed to GINST (50 mg/mL, 100 mg/mL, or 200 mg/mL) for an
additional 24 h. The medium was then replaced by MTT (0.4 mg/
mL) and the cells were incubated for a further 4 h at 37�C. The
purple formazan crystals formed during the reaction were dis-
solved in dimethyl sulfoxide. The relative number of viable cells
was assessed bymeasuring the absorbance of the formazan product
at 570 nm with a microplate reader (Perkin Elmer, Waltham, MA,
USA). H2O2 (Fisher Scientific, Leicestershire, UK) was used as a
positive control. To determine the effect of GINSTon cell viability in
H2O2-exposed cells, the cells were pretreated with GINST at the
indicated concentrations (50 mg/mL, 100 mg/mL, and 200 mg/mL) for

Fig. 1. The effect of pectinase-treated Panax ginseng (GINST) on the viability of GC-2
sperm cells. The protocol described in the Materials and methods section 2.2 was
followed. Cell viability was evaluated using the MTT assay. (A) The effect of GINST
(50 mg/mL, 100 mg/mL, and 200 mg/mL) on the viability of GC-2 cells is shown. (B) The
effect of GINST (50 mg/mL, 100 mg/mL, and 200 mg/mL) in GC-2 cells exposed to 200 mM
hydrogen peroxide. The results are shown as percentage of the control samples. The
data are expressed as the mean � standard deviation (n ¼ 6). * p < 0.01 compared with
the control cells. ** p < 0.05 compared with the hydrogen peroxide-exposed cells as
determined with Student t-test and one way analysis of variance using GraphPad Prism
version 4.0 for Windows. GINST, pectinase-treated Panax ginseng extract; NS, not
significant.
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24 h prior to exposure to H2O2 (200 mM) for 30 min. Thereafter, cell
viability was measured using the MTT assay.

2.4. Experimental animals

Male Sprague-Dawley rats were purchased from Samtako Bio
Korea, Inc. (Osan, Korea) and were acclimated to the facility for 1
wk prior to the experiment. They were provided with a standard
pellet diet and were kept at a constant temperature (23�C � 2�C)
and relative humidity (55 � 5%) on a 12-/12-h light/dark cycle with
access towater ad libitum. The rats weremaintained in the Regional
Innovation Center Experimental Animal Facility, Konkuk University,
Korea, in accordance with the Institutional Animal Care and Use
Committee Guidelines. The study was approved by the Animal
Ethics Committee (Permission No: KU12052) in accordance with
article 14 of the Korean Experimental Animal Protection Law.

2.5. Experimental design

The rats were divided into three groups: a young control group
[YC: 2-mo-old (280 � 10 g)], an aged control group [AC; 12-mo-old
(750 � 20 g)], and GINST-treated aged groups [200 mg/kg body
weight (b.w.), GINST-AC; 12-mo-old (750 � 20 g)]. YC (n ¼ 6) and
AC (n ¼ 6) received the vehicle (0.9 % saline) only. GINST-AC (n ¼ 6)
was administered GINST at a daily dose of 200 mg/kg b.w. for 4 mo.

The GINST dose (200 mg/kg b.w.) was based on our previous re-
ported study [4]. GINST was mixed homogeneously with a steril-
ized standard powder-type diet, which was administered orally
after pelletization. The GINST dose was adjusted every 2 wk by
taking the b.w. increment and the daily dietary intake into account.
At the end of the experimental period, all animals were fasted for
24 h with access to water ad libitum, and were euthanized under
general anesthesia with carbon dioxide. The testes were excised,
washed in ice cold saline, and cleaned of the adhering fat and
connective tissues. A 10% testicular tissue homogenate was pre-
pared in Tris-hydrochloride buffer (0.1M, pH 7.4) and was centri-
fuged (2,500 rpm for 10 min at 4�C) to pellet the cell debris. The
clear supernatant was used for the subsequent assays.

2.6. Western blot analysis

Equal amounts of testis protein from each sample were sepa-
rated with 10% sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis and were transferred to a polyvinylidene fluoride
membrane (Millipore, Billerica, MA, USA). Each membrane was
incubated for 1 h in Tris-buffered saline containing 0.1% Tween-20
and 5% skimmed milk to block nonspecific antibody binding. The
membranes were subsequently incubated with specific primary
antibodies (1:2,000 dilution; Santa Cruz Biotech, Santa Cruz, CA,
USA). Beta-actin was used as an internal control. Each protein was

Fig. 2. The effect of pectinase-treated Panax ginseng extract on the antioxidant enzyme mRNA expression level in hydrogen peroxide-exposed GC-2 cells. The protocol described in
the Materials and methods section 2.6 was followed. (A) The mRNA expression level of PRx3 and 4, GPx4, and GSTm5 are shown. Glyceraldehyde 3-phosphate dehydrogenase was
used as an internal control. The polymerase chain reaction band intensity of PRx3 (B), PRx4 (C), GPx4 (D), and GSTm5 (E) was analyzed using the ImageJ 1.41o software package and
was normalized to that of glyceraldehyde 3-phosphate dehydrogenase. The data are expressed as the mean � standard deviation (n ¼ 6). * p < 0.01 compared with the control cells.
** p < 0.05 compared with the hydrogen peroxide-exposed cells as determined with Student t-test and one way analysis of variance using GraphPad Prism version 4.0 for Windows.
GAPDH, glyceraldehyde 3-phosphate dehydrogenase; GINST, pectinase-treated Panax ginseng extract; GPx4, glutathione peroxidase; GSTm5, glutathione S-transferase m5; PRx3 and
4: peroxiredoxin 3 and 4.
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detected using horseradish peroxidase-conjugated secondary an-
tibodies and a chemiluminescence detection system (GE Healthcare
Life Sciences, Little Chalfont, UK).

2.7. RNA isolation and real time reverse transcription polymerase
chain reaction

For the in vitro analysis, GC-2 cells were plated at a density of
2 � 105 cells/well in 12-well plates. After incubation for 1 d, the
cells were cultured in the presence of GINST (50 mg/mL and 100 mg/
mL) for 2 h, and were stimulated with 200 mMH2O2 (Sigma-Aldrich
Inc., St. Louis, MO, USA) for 6 h. Total RNA was extracted from the
cells using the RNA-Bee reagent (AMS Bio, Abingdon, UK) according
to the manufacturer’s instructions. RNA (1 mg) was reverse-
transcribed for 50 min at 37�C in a mixture containing 1 mL oligo
(dT), 10 mM deoxynucleotide, 0.1 M dithiothreitol, 5 � polymerase
chain reaction (PCR) buffer, and 1 mL Moloney Murine Leukemia
Virus Reverse Transcriptase (RT) (Invitrogen Co., Carlsbad, CA, USA).
An aliquot (200 ng) of the RT products was amplified in a 25 mL
reaction volume using a GoTaq Green Master Mix (Promega Co.,
Madison,WI, USA) in the presence of 10 pM oligonucleotide primer.
For the in vivo analysis, total RNA was extracted from the testicular
tissue using the RNA-Bee reagent according to the manufacturer’s
instructions, and the RNA (1 mg) was reverse-transcribed following
the procedures as described previously [4]. The following primers
were used for the RT products: peroxiredoxin (PRx) 3 (forward
sequence, 50-ACT TTA AGG GAA AAT ACT TGG TGC T-30; reverse
sequence, 50-TCT CAA AGT ACT CTT TGG AAG CTG T-30), PRx4 (for-
ward sequence, 50-CTG ACT GAC TAT CGT GGG AAA TAC T-30;
reverse sequence, 50-GAT CTG GGA TTA TTG TTT CAC TAC C-30),
glutathione S-transferase (GST) m5 (forward sequence, 50-TAT GCT
CCT GGA GTT TAC TGA TAC C-30; reverse sequence, 50-AGA CGT CAT
AAG TGA GAA AAT CCA C-30), glutathione peroxidase (GPx) 4 (for-
ward sequence, 50-GCA AAA CCG ACG TAA ACT ACA CT-30; reverse
sequence, 50-CGT TCT TAT CAA TGA GAA ACT TGG T-30), inhibin-a
(forward sequence, 50-AGG AAG GCC TCT TCA CTT ATG TAT T-30;
reverse sequence, 50-CTC TTG GAA GGA GAT ATT GAG AGC-30),
androgen receptor (AR) (forward sequence, 50-CTG GAC TAC CTG
GAT CTC TA-30; reverse sequence, 50-CCT GGG CTG TAG TTT TAT TG-
30), follicle-stimulating hormone receptor (FSHR) (forward
sequence, 50-GGA CTG AGT TTT GAA AGT GT-30; reverse sequence,
50-TTC CAT AAC TGG GTT CAT CA-30), luteinizing hormone receptor
(LHR) (forward sequence, 50-CTA TCT CCC TGT CAA AGT AA-30;
reverse sequence, 50-TTT GTA CTT CTT CAA ATC CA-30), nectin-2
(forward sequence, 50-AGT GAC CTG GCT CAG AGT CA-30; reverse
sequence, 50-TAG GTA CCAGTT GTC ATC AT-30), and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (forward sequence, 50-AAC
TTT GGC ATT GTG GAA GGG C-30; reverse sequence, 50-ACA CAT
TGG GGG TAG GAA CAC G-30). The PCR was performed for 30 cycles
at 95�C for 40 s, 56�C for 40 s, and 72�C for 40 s. After amplification,
the PCR products were separated using electrophoresis on a 2.0%
agarose gel containing ethidium bromide, and the bands were
visualized with ultraviolet fluorescence. The intensity of the bands
was analyzed using the ImageJ software package (version 1.41o;
National Institutes of Health, Bethesda, MA, USA).

2.8. Statistical analysis

The data were expressed as the mean � standard deviation
(n ¼ 6). Statistical evaluation of the data was performed using one
way analysis of variance (ANOVA) and a post hoc test for intergroup
comparisons using Tukey’s multiple comparison using the Graph-
Pad prism software package (version 4.0; GraphPad, Inc., La Jolla,
CA, USA) for Windows. A value of p < 0.05 was considered statis-
tically significant.

3. Results

3.1. The effect of GINST on H2O2-induced cytotoxicity in GC-2 cells

As shown in Fig. 1A, treatment with GINSTalone at the indicated
concentrations (50 mg/mL,100 mg/mL, and 200 mg/mL) did not show
any significant effect on overall cell viability in GC-2 cells. This
indicated that the concentrations used in the study were non-
cytotoxic. In contrast, H2O2-exposed (200 mM) GC-2 cells showed a
significant (p < 0.01) decrease in overall cell viability
(64.05 � 0.99%). However, treatment with GINST at the indicated
concentrations significantly (p < 0.05) inhibited the H2O2-induced
cytotoxicity (Fig. 1B). Although 200 mg/mL GINST showed a signif-
icant effect on cell viability, its maximum effect was observed at
100 mg/mL (83.15� 0.12%). Therefore, we selected the 50 mg/mL and
100-mg/mL GINST concentrations for the gene expression level
experiment.

3.2. The effect of GINST on the mRNA expression level of antioxidant
enzymes in H2O2-exposed GC-2 cells

The effect of GINST on the mRNA expression level of the anti-
oxidant enzymes PRx3 and 4, GPx4, and GSTm5 are shown in Fig. 2.
H2O2-exposed GC-2 cells showed a decreased PRx3 and 4, GPx4,
and GSTm5 expression level compared with that of the control

Fig. 3. The effect of pectinase-treated Panax ginseng extract on the inhibin-a mRNA
expression level in hydrogen peroxide-exposed GC-2 cells. The protocol described in
the Materials and methods section 2.6 was followed. (A) The mRNA expression level of
inhibin-a is shown. glyceraldehyde 3-phosphate dehydrogenase was used as an in-
ternal control. (B) The polymerase chain reaction band intensity of inhibin-a was
analyzed using the ImageJ 1.41o software package and was normalized to that of
glyceraldehyde 3-phosphate dehydrogenase. The data are expressed as the
mean � standard deviation (n ¼ 6). * p < 0.01 compared with the control cells.
** p < 0.05 compared with the hydrogen peroxide-exposed cells. *** p < 0.01 compared
with the hydrogen peroxide-exposed cells as determined with Student t-test and one
way analysis of variance using GraphPad Prism version 4.0 for Windows. GAPDH,
glyceraldehyde 3-phosphate dehydrogenase; GINST, pectinase-treated Panax ginseng
extract.
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group (Fig. 2A). However, treatment with GINST significantly
attenuated this decrease at both concentrations tested (50 mg/mL
and 100 mg/mL) as revealed by the PCR product band intensities
(Figs. 2Be2E). However, H2O2-exposed GC-2 cells treated with
50 mg/mL GINST showed a slightlymore potent decrease in the Prx4
and GPx4 mRNA expression level (Figs. 2C, 2D).

3.3. The effect of GINST on the mRNA expression level of
spermatogenesis-related proteins in H2O2-exposed GC-2 cells

ThemRNA expression level of inhibin-a, a key spermatogenesis-
related protein, was decreased more than twofold in H2O2-exposed
GC-2 cells compared with that in the control cells (p < 0.01)
(Fig. 3A). Treatment with GINST at the indicated concentrations
(50 mg/mL and 100 mg/mL) significantly (p < 0.05 and p < 0.01 at
50 mg/mL and 100 mg/mL, respectively) inhibited this H2O2-induced
decrease in inhibin-a expression (Fig. 3B).

3.4. The effect of GINST on the mRNA expression level of sex
hormone receptors in H2O2-exposed GC-2 cells

The mRNA expression level of the sex hormone receptors AR,
LHR, and FSHR was significantly (p < 0.01) decreased in H2O2-
exposed GC-2 cells (Fig. 4A). GINST treatment at the indicated

concentrations (50 mg/mL and 100 mg/mL) significantly (p < 0.05
and p < 0.01, respectively) ameliorated this decrease (Figs. 4Be4D).

3.5. The effect of GINST on the protein and mRNA expression level of
antioxidant enzymes in the testes of aged rats

The testicular protein expression level of PRx3 and 4, GPx4, and
GSTm5 significantly (p< 0.01) decreased in the AC group compared
with that in the YC group (Fig. 5A). However, this decrease was
significantly (p < 0.05) inhibited in the GINST-AC group (Figs. 5Be
5D). Similarly, the mRNA expression level of PRx3 and 4, GPx4 and
GSTm5 significantly (p < 0.05) decreased in the AC group (Fig. 6A).
This decrease was significantly (p< 0.01) ameliorated in the GINST-
AC group (Figs. 6Be6E).

3.6. The effect of GINST on the protein and mRNA expression level of
spermatogenesis-related proteins in the testes of aged rats

The testicular protein expression level of nectin-2 and cAMP
responsive element binding protein 1 (CREB-1), key proteins
related to spermatogenesis, was decreased in the AC group
compared with that in the YC group (Fig. 7A), and was ameliorated
in the GINST-AC group. In the AC group, the decrease in the
testicular protein expression level of CREB-1 was more pronounced

Fig. 4. The effect of pectinase-treated Panax ginseng extract on the sex hormone receptor mRNA expression level in hydrogen peroxide-exposed GC-2 cells. The protocol described in
the Materials and methods section 2.6 was followed. The mRNA expression level of the androgen receptor, follicle-stimulating hormone receptor, and luteinizing hormone receptor
is shown. (A) glyceraldehyde 3-phosphate dehydrogenase was used as an internal control. (B) The polymerase chain reaction band intensity of androgen receptor, (C) follicle-
stimulating hormone receptor, and (D) luteinizing hormone receptor was analyzed using the ImageJ 1.410 software package and was normalized to that of glyceraldehyde 3-
phosphate dehydrogenase. The data are expressed as the mean � standard deviation (n ¼ 6). * p < 0.01 compared with the control cells. ** p < 0.05. *** p < 0.01 compared
with the H2O2-exposed cells as determined the by Student’s t-test and one-way ANOVA using GraphPad Prism version 4.0 for Windows. AR, androgen receptor; FSHR, follicle-
stimulating hormone receptor; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; GINST, pectinase-treated Panax ginseng extract; LHR, luteinizing hormone receptor.
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than that of nectin-2 (Figs. 7B, 7C). Similarly, the testicular mRNA
level of nectin-2 was significantly decreased in the AC group
compared with that in the YC group, and was significantly
(p < 0.05) ameliorated in the GINST-AC group (Fig. 8).

3.7. The effect of GINST on the protein and mRNA expression level of
sex hormone receptors in the testes of aged rats

The testicular protein expression level of the AR, LHR, and FSHR
was significantly (p < 0.01) decreased in the AC group compared
with that in the YC group (Fig. 9A). AR and FSHR was more
decreased than that of LHR (Figs. 9BeD). This decrease was signif-
icantly (p < 0.05) inhibited in the GINST-AC group. Similarly, the
mRNA expression level of AR, LHR, and FSHR was decreased in the
AC group compared with that in the YC group (Fig. 10A). LHR and
FSHR being more decreased than that of AR (Figs. 10C, 10D). The
mRNA expression decrease of all three receptors was significantly
(p < 0.05) reversed in the GINST-AC group (Figs. 10Be10D).

4. Discussion

It is well known that oxidative stress resulting from excessive
reactive oxygen species production has a negative impact on
functional spermatogenic parameters and male fertility [26e28].
Several studies have shown that chemicals such as H2O2 (exog-
enously added or produced by sperm) are toxic to mammalian
spermatozoon causing damage to the spermatic cell, including

inhibition of motility and decline in energy metabolism
[27,29,30].

However, it is also known that steroidogenesis decreases with
aging and may be caused by an increase in testicular oxidative
stress [31,32]. Furthermore, experiments on Leydig cells from aged
rats showed a reduced expression of key enzymatic and nonenzy-
matic antioxidants, which led to enhanced oxidative damage
[33,34]. Elements of the glutathione-dependent antioxidant system
also decrease in aged rat testes [34,35], which is consistent with
what is known about increased oxidative stress and aging [36].
However, the intricate relationships between aging, oxidative
stress, and testis function remain to be clarified. Therefore, in the
present study, we examined the effect of H2O2-induced oxidative
stress in mouse spermatocyte GC-2 cells. We also studied the effect
of oxidative stress in aging by evaluating the changes in the mo-
lecular aspects due to aging-induced testicular inefficiency.

Our present study revealed that exposure to exogenous H2O2
adversely affected the viability of GC-2 cells. Our findings are in
agreement with those reported in previously published studies
showing that H2O2 exerts a direct cytotoxic effect against mouse
spermatocyte GC-1 and GC-2 cells in vitro [37,38] and sperm
function in various species in vivo [29,39,40]. This study also
confirmed the beneficial effects of GINST treatment (50 mg/mL and
100 mg/mL) on H2O2-induced oxidative stress. Previously, we re-
ported that GINST had potent antioxidant effects and increased the
protein expression level of enzymatic and nonenzymatic antioxi-
dants in aged rats [3]. Therefore, GINST might improve the anti-
oxidant status during H2O2-induced oxidative stress in GC-2 cells.

Fig. 5. The effect of pectinase-treated Panax ginseng extract on the testicular antioxidant enzyme protein expression level in young and aged rats. The protocol described in the
Materials and methods section 2.4 and 2.5 was followed. The protein expression of PRx3 and 4, GPx4, and GSTm5 in testicular tissue was analyzed using western blotting. Tissue
lysates from the indicated groups were immunoblotted with specific antibodies. (A) Beta-actin was used as internal control. The protein band intensity of PRx3 (B), GPx4 (C), and
GSTm5 (D), respectively, normalized to that of b-actin is shown. The data represent the mean � standard deviation (n ¼ 6). * p < 0.01 compared with the young control rat group.
** p < 0.05 compared with the aged rat control group as determined with Student t-test and one way analysis of variance using GraphPad Prism version 4.0 for Windows. AC, aged
rat control group; GINST, pectinase-treated Panax ginseng extract; GINST-AC, GINST-treated (200 mg/kg body weight.) aged rat group; GSTm5, glutathione S-transferase m5; PRx3
and 4, peroxiredoxin 3 and 4; YC, young control rat group.
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Fig. 6. The effect of pectinase-treated Panax ginseng extract on the testicular antioxidant enzyme mRNA expression level in young and aged rats. The protocol described in the
Materials and methods section 2.4 and 2.6 was followed. Total RNA was extracted from 50 mg testes tissue of young and aged rats and was reverse-transcribed for 50 min at 37�C.
(A) An aliquot (200 ng) of the reverse-transcribed products was amplified and was separated with electrophoresis on a 2.0% agarose gel containing ethidium bromide. Glycer-
aldehyde 3-phosphate dehydrogenase was used as the internal control. (BeE) The polymerase chain reaction band intensity of PRx3, PRx4, GPx4, and GSTm5, respectively,
normalized to that of glyceraldehyde 3-phosphate dehydrogenase is shown. The data are expressed as the mean � standard deviation (n ¼ 6). * p < 0.01 compared with the young
control rat group. ** p < 0.05 compared with the aged rat control group as determined with Student t-test and one way analysis of variance using GraphPad Prism version 4.0 for
Windows. AC, aged rat control group; GINST, pectinase-treated Panax ginseng extract; GINST-AC, GINST-treated (200 mg/kg body weight.) aged rat group; GSTm5, glutathione S-
transferase m5; PRx3 and 4, peroxiredoxin 3 and 4; YC, young control rat group.

Fig. 7. The effect of pectinase-treated Panax ginseng extract on the testicular protein expression level of key proteins involved in the sex hormone-related spermatogenesis pathway
in young and aged rats. The protocol described in the Materials and methods section 2.4 and 2.5 was followed. The protein expression level of nectin-2 and cAMP responsive
element binding protein in testicular tissue was analyzed using western blotting. (A) Tissue lysates from the indicated groups were immunoblotted with specific antibodies. Beta-
actin was used as the internal control. (B, C) The protein band intensity of nectin-2 and cAMP responsive element binding protein, respectively, normalized to b-actin is shown. The
data are expressed as the mean � standard deviation (n ¼ 6). * p < 0.01 compared with the young control rat group. ** p < 0.05 compared with the aged rat control group.
*** p < 0.01 compared with the aged rat control group as determined with Student t-test and one way analysis of variance using GraphPad Prism version 4.0 for Windows. AC, aged
rat control group; CREB-1, cAMP responsive element binding protein 1; GINST, pectinase-treated Panax ginseng extract; GINST-AC, GINST-treated (200 mg/kg body weight) aged rat
group; YC, young control rat group.
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PRx proteins constitute a novel antioxidant protein family that
plays a significant role in a number of vital biological processes in a
variety of species [41e43]. Biochemical studies using cultured an-
imal cells indicated that PRx proteins were among the main mol-
ecules that maintained the cellular redox potential [44]. The
expression of PRxwas significantly altered in response to treatment
with ROS [45]. These results may imply that PRx is also involved in
the H2O2-induced cytotoxicity in GC-2 cells and aging-induced
testicular inefficiency caused by oxidative stress.

GST and GPx are expressed mainly in the cytoplasm and protect
against lipid and nucleic acid peroxidation. GSTm5 was found to be
enriched in the testes and in isolated spermatogenic cells
[34,46,47]. GPx4 reduces complex lipid hydroperoxides, even if
they are incorporated in bio-membranes or lipoproteins [48]. In
addition to its anti-oxidative activity, GPx4 has been implicated as a
structural protein in sperm maturation [49]. Therefore, we evalu-
ated the effects of GINST on the expression of these genes in H2O2-
induced GC-2 cells and also in vivo in aged and young rat testes.
H2O2-treated GC-2 cells showed signs of oxidative damage as evi-
denced by a significant decrease in the mRNA expression level of
PRx3 and 4, GSTm5, and GPx4, indicating that H2O2 indeed exerted
oxidative stress in GC-2 cells. In agreement with these in vitro re-
sults, the protein andmRNA expression level of PRx3 and 4, GSTm5,
and GPx4 also significantly (p < 0.01) decreased in aged rats
compared with that in young rats. This decrease was ameliorated
by GINST treatment, indicating that GINST might regulate the
decreased antioxidant enzyme status in H2O2-induced GC-2 cells

and aged rats, thereby exerting protective effects against aging-
induced testicular inefficiency.

The spermatogenesis-related proteins nectin-2, CREB-1, and
inhibin-a are major transcriptional factors involved in testicular
function. Nectin-2 is an important adhesion molecule in the Sertoli
germ cell junction, and aids in the development of the matured
spermatozoa in the seminiferous epithelium [50]. The expression of
the nectin-2 gene in the testes is crucial to the maintenance of
normal spermatogenesis [51,52]. Inhibin-a is responsible for the
negative feedback mechanisms that suppress FSH production from
the pituitary gland [53] and is important for the development of the
round spermatid during the first wave of spermatogenesis [54].
CREB-1 is known to play several roles in the development and
normal function of the testes. Previous studies have established the
cAMP-dependent signal transduction pathway as a major regula-
tory mechanism during different stages of spermatogenesis [55].
CREB-1 is expressed during the mitotic phase of spermatocyto-
genesis and the differentiation phase of spermiogenesis, suggesting
that it plays an important role in these processes [56]. Therefore,
CREB-1may be a keymolecular regulator of testicular development
and adult spermatogenesis in mice [55,56]. In view of the published
reports, in our study, H2O2 treatment decreased the mRNA
expression level of inhibin-a in GC-2 cells. In aged rat testes, the
protein and mRNA expression level of nectin-2 and the protein
expression level of CREB-1 also decreased. These findings indicated
that H2O2- and aging-induced oxidative stress might affect the
functional and signal transduction pathway involved in sper-
matogenesis. GINST significantly reversed the oxidative stress- and
aging-induced mRNA and protein expression alterations, suggest-
ing that GINST might regulate certain key transcription factors and
restore signal transduction.

Under normal physiological conditions, the sex hormone level in
male testes is well-balanced [57,58]. H2O2 is known to induce DNA
damage and negatively affect the function and secretion of sex
hormones in mouse testicular cells [34]. Previous reports have also
indicated that the development and differentiation of sperm cells
are maintained through the function of Sertoli cells and that they
are mediated by the action of certain key hormones such as FSH
[59]. Previously, we reported that GINST significantly restored the
decreased serum sex hormone level, including that of testosterone,
FSH, and LH [4]. In agreement with these previous findings, our
present study showed a significant reduction in the sex hormone
receptor level following treatment with H2O2. In addition, the
expression level of the sex hormone receptors reduced in the aged
rats compared with that in the young rats, and was attenuated by
the GINST treatment. These results provide clear evidence that
GINST may play a crucial role in regulating the serum sex hormone
level and biomarker molecules responsible for sperm production
and function.

In our previous report, we performed a 2-dimensional electro-
phoresis and matrix-assisted laser desorption/ionization-time-of-
flight/time-of-flight mass spectrometry analysis and identified
marked changes in the protein expression level in aged rat testes in
response to GINST [4]. Proteomic analysis identified 14 proteins
that were differentially expressed between the aged control and
GINST-treated aged rat groups. The decreased expression level of
GST and GPx was significantly up regulated in GINST-treated aged
rats compared with that in the vehicle-treated aged rats. Further-
more, the lipid peroxidation level was higher in aged rats compared
with that in young rats, but this change was reversed by the GINST
treatment in the aged rat groups [4]. Further, high-performance
liquid chromatography analysis of P. ginseng and GINST showed
differences in their respective saponin contents. The detection
peaks of the ginsenosides Rg1, Rg2 R, Rb1, Rb2, and Rd in the
P. ginseng extract decreased after the enzyme treatment. However,

Fig. 8. The effect of pectinase-treated Panax ginseng extract on the testicular mRNA
expression level of nectin-2 involved in the sex hormone-related spermatogenesis
pathway in young and aged rats. The protocol described in the Materials and methods
section 2.4 and 2.6 was followed. Total RNA was extracted from 50 mg testes tissue of
young and aged rats and was reverse-transcribed for 50 min at 37�C. (A) An aliquot
(200 ng) of the reverse-transcribed products was amplified and was separated with
electrophoresis on a 2.0% agarose gel containing ethidium bromide. Glyceraldehyde 3-
phosphate dehydrogenase was used as an internal control. (B) The polymerase chain
reaction band intensity of nectin-2 was analyzed using the ImageJ 1.41o software
package and was normalized to that of glyceraldehyde 3-phosphate dehydrogenase.
The data are expressed at the mean � standard deviation (n ¼ 6). * p < 0.01 compared
with the young control rat group. ** p < 0.05 compared with the aged rat control group
as determined with Student t-test and one way analysis of variance using GraphPad
Prism version 4.0 for Windows. AC, aged rat control group; GAPDH, glyceraldehyde 3-
phosphate dehydrogenase; GINST, pectinase-treated Panax ginseng extract; GINST-AC,
GINST-treated (200 mg/kg body weight) aged rat group; YC, young control rat group.
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Fig. 9. The effect of pectinase-treated Panax ginseng extract on the testicular sex hormone receptor protein expression level in young and aged rats. The protocol described in the
Materials and methods section 2.4 and 2.5 was followed. The protein expression level of the androgen receptor (AR), follicle-stimulating hormone receptor (FSHR), and luteinizing
hormone receptor (LHR) in rat testicular tissue was analyzed using western blotting. (A) Tissue lysates from the indicated groups were immunoblotted with specific antibodies
against AR, FSHR, and LHR. Beta-actin was used as the internal control. (BeD) The protein band intensity of AR, LHR, and FSHR, respectively, normalized to that of b-actin is shown.
The data are expressed as the mean � standard deviation (n ¼ 6). * p < 0.01 compared with the young control rat group. ** p < 0.05 compared with the aged rat control group.
*** p < 0.01 compared with the aged rat control group as determined with Student t-test and one way analysis of variance using GraphPad Prism version 4.0 for Windows. AC, aged
rat control group; AR, androgen receptor; FSHR, follicle-stimulating hormone receptor; GINST, pectinase-treated Panax ginseng extract; GINST-AC, GINST-treated (200 mg/kg body
weight) aged rat group; LHR, luteinizing hormone receptor; YC, young control rat group.

Fig. 10. The effect of pectinase-treated Panax ginseng extract on the testicular sex hormone receptor mRNA expression level in young and aged rats. The protocol described in the
Materials and methods section 2.4 and 2.6 was followed. Total RNA was extracted from 50 mg testes tissue of young and aged rats and was reverse-transcribed for 50 min at 37�C.
(A) An aliquot (200 ng) of the reverse-transcribed products was amplified and was separated with electrophoresis on a 2.0% agarose gel containing ethidium bromide. Glycer-
aldehyde 3-phosphate dehydrogenase was used as the internal control. (BeD) The polymerase chain reaction band intensity of androgen receptor, luteinizing hormone receptor,
and follicle-stimulating hormone receptor, respectively, was analyzed using the ImageJ 1.41o software package and was normalized to that of glyceraldehyde 3-phosphate de-
hydrogenase. The data are expressed as the mean � standard deviation (n ¼ 6). * p < 0.01 compared with the young control rat group. ** p < 0.05 compared with the aged rat
control group as determined with Student t-test and one way analysis of variance using GraphPad Prism version 4.0 for Windows. AC, aged rat control group; AR, androgen receptor;
FSHR, follicle-stimulating hormone receptor; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; GINST, pectinase-treated Panax ginseng extract; GINST-AC, GINST-treated
(200 mg/kg body weight) aged rat group; LHR, luteinizing hormone receptor; YC, young control rat group.
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the detection peak of CK in GINST was higher than that in the
P. ginseng extract [4]. The results of our previous and the present
study indicate that the enzymatic biotransformation of P. ginseng by
pectinase enhanced testicular function via the alleviation of
oxidative stress both in vitro and in vivo.

5. Conclusion

The present data suggests that GINST attenuates H2O2-induced
oxidative stress in GC-2 cells and modulates the gene expression
level of antioxidant enzymes and spermatogenic and sex hormone
receptor-related proteins in aged rats. Therefore, GINST may be a
potential natural agent that can protect against or treat oxidative
stress-induced male subfertility and aging-induced male sub-
fertility due to the lack of sperm number or activity.
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