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Background: Ginsenoside Rg3 has been reported to exert protection function on germ cells.

However, the mechanisms by which Rg3 regulates apoptosis in mouse Leydig cells remain

unclear. In addition, triptolide (TP) has been reported to induce infertility in male rats. Thus,

this study aimed to investigate the protective effect of Rg3 against TP-induced toxicity in

MLTC-1 cells.

Methods: CCK-8, immunofluorescence assay, Western blotting and flow cytometry were

used to detect cell proliferation and cell apoptosis, respectively. In addition, the dual

luciferase reporter system assay was used to detect the interaction between miR-26a and

GSK3β in MLTC-1 cells.

Results: TP significantly inhibited the proliferation of MLTC-1 cells, while the inhibitory

effect of TP was reversed by Rg3. In addition, TP markedly induced apoptosis in MLTC-1

cells via increasing the expressions of Bax, active caspase 3, Cyto c and active caspase 9, and

decreasing the level of Bcl-2. However, Rg3 alleviated TP-induced apoptosis of MLTC-1

cells. Moreover, the level of miR-26a was obviously downregulated by Rg3 treatment. The

protective effect of Rg3 against TP-induced toxicity in MLTC-1 cells was abolished by miR-

26a upregulation. Meanwhile, dual-luciferase assay showed GSK3β was the direct target of

miR-26a in MLTC-1 cells. Overexpression of miR-26a markedly decreased the level of

GSK3β. As expected, upregulation of miR-26a could abrogate the protective effects of Rg3

against TP-induced cytotoxicity via inhibiting the expression of GSK3β.

Conclusion: These results indicated that Rg3 could protect MLTC-1 against TP by down-

regulation of miR-26a. Therefore, Rg3 might serve as a potential agent for the treatment of

male hypogonadism.
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Introduction
Male hypogonadism is usually related to impotence, infertility or a reduction in

spermatogenesis.1 Testosterone, a vital hormone, is necessary for spermiogenesis

and maintenance of secondary sexual functions in men.2 In the recent years, about

6% of males were attacked by male hypogonadism.3 The deficiency of serum

testosterone in males not only leads to male sexual dysfunction, but also induces

other diseases, such as obesity, skeletal muscle wasting and diabetes.4–7

Testosterone is generated in Leydig cells, while with the age increase, the number

of Leydig cells will reduce.8 The number of Leydig cells are closely associated with

male reproductive system and sexual function.9 Therefore, improving the male

sperm motility and hypogonadism is beneficial to improving sexual function,

fertility and quality of life of males.
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Panax ginseng is a common Chinese herbal medicine in

the Orient.10 Ginsenosides is one of the pharmacologically

active compounds in the Ginseng, which could regulate mul-

tiple metabolic pathways.10,11 Ginsenoside Rg3 is the most

active compound of ginsenosides.12 Rg3 exerts a variety

of pharmacological properties including anti-tumor,

anti-inflammation, treatment of diabetes, anti-pruritic

effects.13–16 In addition, Rg3 could enhance erectile function

in diabetic rats against streptozotocin.17 Meanwhile, Rg3

could improve endometrial lesions by promoting apoptosis

in ectopic endometrial cells.18 However, the effect of Rg3 in

leydig cells remains unclear.

Triptolide (TP), a diterpene triepoxide extracted from

a Chinese medicinal herb Tripterygium wilfordii, is a post-

testicular male contraceptive agent.19 Huang et al demon-

strated that TP could produce cell toxicity on the male

reproductive system in rats by increasing the deformity

rate of sperm.20 TP has been reported to induce infertility

in male rats.21 In addition, the longer duration of TP

treatment could influence the spermatogenesis.19

Glycogen synthase kinase-3β (GSK3β) is a serine-

threonine kinase, which involves in some cellular signal-

ing pathways.22 GSK3β signaling has been implicated in

cardiac disease and human cancers.23 However, little is

known about the role of GSK3β in spermiogenesis. In

addition, it has been reported that male hypogonadism

was associated with microRNAs (miRNAs).24 Evidences

indicated that microRNA-26a (miR-26a) plays important

roles in tumor cells and neural stem cells; however, the

function of miR-26a during male hypogonadism remains

unclear.23,25 Although previous studies have reported that

Rg3 had multiple pharmacological functions, the mechan-

isms by which Rg3 regulates the proliferation and apopto-

sis in MLTC-1 cells against TP remain unclear. Therefore,

this study aimed to investigate the protective effect of Rg3

against TP-induced toxicity in MLTC-1 cells.

Materials and methods
Cell culture and cell transfection
The mouse Leydig MLTC-1 cell line was obtained from

American Type Culture Collection (ATCC, Rockville,

MD, USA). The cells were cultured in RPMI-1640 med-

ium with 10% fetal bovine serum (Thermo Fisher

Scientific, Waltham, MA, USA), penicillin (100 U/mL,

Sigma Aldrich, St. Louis, MO, USA) and streptomycin

(100 μg/mL, Sigma Aldrich) at 37°C with 5% CO2. Rg3

was purchased from Sigma Aldrich.

MLTC-1 cells (4x105 cells per well) were plated into

6-well plates overnight at 37°C. Then, miR-26a mimics

were transfected into cells for 24 hrs at 37°C using

Lipofectamine 2000 reagent according to the manufac-

turer’s instructions. MiR-26a mimics were purchased

from GenePharma (Shanghai, China). GSK3β inhibitor 1

was provided by MedChemExpress (Monmouth Junction,

NJ, USA).

CCK-8 assay of cell viability
Cell Counting Kit-8 (CCK-8, Sigma Aldrich) was used to

assess the cell viability according to the specification.

MLTC-1 cells (5x103 cells per well) were plated into 96-

well plates overnight at 37°C. After that, cells were treated

with TP (0, 40, 80, 120, 160 or 200 nM), or Rg3 (0, 5, 10,

20, 40 or 80 μM) for 24 hrs at 37°C. In addition, cells were

treated with TP (120 nM) and Rg3 (0, 5, 10, 20 or 40 μM)

for 24 hrs at 37°C. After 2 hrs of incubation with CCK-8

solution (10 μL), microplate reader (BioRad, Hercules,

CA, USA) was applied to detect the absorbance of cells

at a wavelength of 450 nm.

Immunofluorescence
MLTC-1 cells (5x104 cells per well) were plated into 24-

well plates overnight at 37°C. The cells were fixed in

methanol at room temperature for 10 mins. Then, cells

were permeabilized in Triton X-100 and washed 3 times

with PBS. The samples were then incubated with anti-Ki

67 (Abcam Cambridge, MA, USA), anti-DAPI (Abcam)

for 1 hr. After that, cells were subsequently treated with

goat anti-ribbit IgG H&L (Abcam) for 1 hr at 37°C. Later

on, the stained cells were observed by confocal micro-

scopy (Olympus CX23, Tokyo, Japan).

Western blot analysis
Equal amounts of protein (40 μg per lane) were separated

by SDS-PAGE gels. Then, proteins were transferred onto

PVDF membranes (Thermo Fisher Scientific). The PVDF

membranes were blocked with 5% skim milk and incu-

bated with the corresponding primary antibodies overnight

at 4°C. Anti-Bax (Abcam, 1:1000, ab32503), anti-Bcl-2

(Abcam, 1:1000, ab32124), anti-active caspase 3 (Abcam,

1:1000, ab2302), anti-Cyto c (Abcam, 1:1000, ab133504),

anti-GSK3β (Abcam, 1:1000, ab32391), anti-active cas-

pase 9 (Abcam, 1:1000, ab32539), anti-β-actin (Abcam,

1:1000, ab8227). After that, the membranes were washed

four times with TBST (5 mins each) and incubated with

secondary antibodies for 50 mins. Later on, the ECL
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reagent (GE Healthcare, Buckinghamshire, UK) was

applied for visualization. ChemiDoc™XRS+ imaging sys-

tem (Bio-Rad, Hercules, CA, USA) was used to capture

the blots.

Flow cytometric analysis of cell apoptosis
MLTC-1 cells were centrifuged and trypsinized at 4°C.

Then, cells were washed twice with pre-cold PBS and

resuspended in binding buffer (500 μL). 5 μL of Annexin

V-FITC and 5 μL of PI reagents were added into each

sample for 10 mins in the dark. Gallios Flow Cytometer

(Beckman Coulter, Brea, CA, USA) was applied to ana-

lyze the apoptotic cells using the FlowJo software

(Ashland, OR, USA).

Real-time qPCR
Total RNA was extracted from MLTC-1 cells according

to the manufacturer’s specification using a Trizol kit

(Thermo Fisher Scientific). Then, cDNA Reverse

Transcription Kit (Thermo Fisher Scientific) was used

to synthesize cDNA. After that, PCR was performed by

using SYBR Green master mix kit (Thermo Fisher

Scientific). The qPCR conditions were as follows: 94°C

for 5 mins; and 35 cycles of 95°C for 30 s, 60°C for 30

s and 75°C for 45 mins. The sequences of primers are as

follows: miR-34a: Forward: 5’-ACAGTCTCATGCCAG

GAAAGC-3’, Reverse: 5’-GCACATTGATGATGCACA

GGC-3’; miR-15a: Forward: 5’-GCTAGCAGCACATAA

TGGTTTGTG-3’, Reverse: 5’-GTGCAGGGTCCGAGG

TATTC-3’; miR-184: Forward: 5’-TACGACTATGTGAC

CTGCCTG-3’, Reverse: 5’- TGGTTCAACTCTCCTTT

CCA-3’; miR-130a Forward: 5’-GGGGTACCGCTTACC

CACATCATA-3’, Reverse: 5’-GAAGATCTTACCACC

ATGGATCGTC-3’; miR-26a: Forward: 5’- ACACTCC

AGCTGGGTTCAAGTAATCCAGGA-3’, Reverse: 5’-

TGGTGTCGTGGAGTCG-3’; GSK3β: Forward: 5′-CAA
AGCAGCTGGTCCGAGG-3′, Reverse:5′-TCCACCAA

CTGATCCACACCAC-3’, U6: Forward: 5’- CGCTT

CGGCAGCACATATAC-3’, Reverse: 5’-AAATATGGAA

CGCTTCACGA-3’. The relative levels of miR-34a, miR-

15a, miR-184, miR-130a, miR-26a and GSK3B were

normalized to the level of U6. The 2−ΔΔCt method was

used to analyze the data.26

Luciferase reporter assay
MLTC-1 cells were plated onto the 96-well plates at 37°C

and cultured to reach 70% confluence. The wild-type and

mutant-type human GSK3β-3’ UTR were constructed, and

cloned into the pMIR-REPORT Luciferase vector

(Promega, Madison, Wisconsin, USA). The designed

miR-26a mimics control was then used to co-transfect

MLTC-1 cells together with the corresponding plasmids

(Wide type GSK3β or mutant GSK3β) using

Lipofectamine 2000 for 48 hrs. The luciferase report activ-

ity was measured with the Dual Luciferase reporter 1000

Assay System (Promega). The data were normalized to the

rellina luciferase activity of control group.

Statistical analysis
All experiments were performed at least three independent

experiments and all data were expressed as the mean ± SD.

The data were conducted with GraphPad Prism version 7

(GraphPad Software, CA, USA.). One-way ANOVA fol-

lowed by Dunnett’s test was used to analyze the difference

between groups with P<0.05 being regarded as indicating

a statistically significant difference (*P<0.05, **P<0.01).

Results
Rg3 attenuated TP-induced cytotoxicity

in MLTC-1 cells
The chemical structure of Rg3 was indicated in Figure 1A.

CCK-8 assay was used to determine the effects of Rg3 or

TP on the viability of MLTC-1 cells. As shown in Figure

1B, TP dose-dependently inhibited the proliferation of

MLTC-1 cells. 120 nM TP induced about 60% cell growth

inhibition, which was utilized in the following experi-

ments. In addition, 80 μM Rg3 significantly inhibited the

proliferation of MLTC-1 cells, whereas 5, 10, 20 or 40 μM
Rg3 had no obvious inhibitory effects on MLTC-1 cells

(Figure 1C). Furthermore, TP inhibited the proliferation of

MLTC-1 cells, which were reversed the most by 20 μM
Rg3 treatment (Figure 1D). Therefore, 20 μM Rg3 were

utilized in the following experiments. Similarly, the immu-

nofluorescence assay data indicated that Rg3 exhibited

notably protective effects against TP-induced cytotoxicity

(Figure 1E and F). These results indicated that Rg3 could

attenuate TP-induced cytotoxicity in MLTC-1 cells.

Rg3 reversed TP-induced apoptosis of

MLTC-1 cells
To further investigate the effects of Rg3 in TP-treated

MLTC-1 cells, flow cytometry was used. As illustrated in

Figure 2A and B, TP markedly induced apoptosis of MLTC-

1 cells, which was reversed by Rg3 treatment. In addition,

Western blotting was used to measure the expressions of
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Figure 1 Rg3 attenuated TP-induced cytotoxicity in MLTC-1 cells. (A) The chemical structure of Rg3. (B) CCK-8 assay was used to detect the viability of MLTC-1 cells.

MLTC-1 cells were treated with TP (0, 40, 80, 120, 160, 200 nM) for 24 hrs. (C) MLTC-1 cells were treated with Rg3 (0, 5, 10, 20, 40, 80 μM) for 24 hrs. (D) MLTC-1 cells

were treated with TP (120 nM) and Rg3 (0, 5, 10, 20, 40 μM) for 24 hrs. (E and F) MLTC-1 cells were treated with 120 nM TP or/and 20 μM Rg3 for 24 hrs. Relative

fluorescence expression levels were quantified by Ki67 and DAPI staining. **P<0.01 compared with control group; #P<0.05, ##P<0.01 compared with TP_120 nM group;
^^P<0.01 compared with TP_160 nM group.
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Figure 2 Rg3 reversed TP-induced apoptosis in MLTC-1 cells. MLTC-1 cells were treated with 120 nM TP or/and 20 μM Rg3 for 24 hrs. (A and B) Apoptotic cells were

measured with Annexin V and PI double staining. (C) Expression levels of Bax, Bcl-2 and active caspase 3 in MLTC-1 cells were detected with Western blotting. β-actin was

used as an internal control. (D–F) The relative expressions of Bax, Bcl-2 and active caspase 3 were quantified via normalization to β-actin. **P<0.01 compared with control

group; ##P<0.01 compared with TP_120 nM group.
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apoptosis-related proteins Bcl-2, Bax and active caspase 3.

As indicated Figure 2C, D, E and F, TP increased the levels

of Bax and active caspase 3 and increased the expression of

Bcl-2 in cells, while these effects were significantly reversed

by Rg3 treatment. These data suggested that Rg3 could

reverse TP-induced apoptosis of MLTC-1 cells.

Overexpression of miR-26a reversed the

protective effects of Rg3 against

TP-induced cytotoxicity in MLTC-1 cells
The proliferation of Leydig cells could maintain sperma-

togenesis in adult male mice.27 In addition, the spermato-

genesis occurs mainly in Leydig cells.27 Previous studies

demonstrated that miR-34a, miR-15a, miR-184, miR-130a

and miR-26a have been shown to be associated with

spermatogenesis.24,28–33 Thus, qRT-PCR was used to

detect the levels of these miRNAs in MLTC-1 cells. As

demonstrated in Figure 3A, the level of miR-26a was

significantly downregulated by Rg3 in MLTC-1 cells.

However, the expression of miR-26a was slightly upregu-

lated in TP-induced MLTC-1 cells (Figure 3B).

As shown in Figure 3C, the level of miR-26a was mark-

edly increased in miR-26a mimics group, compared with

control group. In addition, the protective effects of Rg3 against

TP-induced cytotoxicity in MLTC-1 cells were reversed fol-

lowing transfection with miR-26a mimics (Figure 3D).

Moreover, the protective effects of Rg3 against TP-induced

apoptosis in MLTC-1 cells were reversed by miR-26a mimics

as well (Figure 3E and F). All these results indicated that

overexpression of miR-26a reversed the protective effects of

Rg3 against TP-induced cytotoxicity in MLTC-1 cells.

GSK3β was a direct target of miR-26a
The mechanism by which miRNAs exhibit corresponding

effects by binding to the 3′ UTR of target gene has been

shown.34 Three online bioinformatics tools, TargetScan,

Con
tro

l

Con
tro

l

Con
tro

l

Con
tro

l

Rg3
 + 

TP

Rg3
 + 

TP

miR
-26

a m
im

ics

miR
-26

a m
im

ics

Rg3
 + 

TP + 
miR

-26
a m

im
ics

Rg3
 + 

TP + 
miR

-26
a m

im
ics

TP_1
20

 nM

miR
-26

a m
im

ics

Rg3
_2

0 μ
M

Rg3
 + 

TP
0.0

0.2

0.4

0.6

0.8

1.0

1.2Control
Rg3_20 μM

1.5

1.0

0.5

0.0

120

100

80

60

40

20

0

8 **

**

##

##

20

15

10

5

0

6

4

2

0

** **

miR
-34

a

miR
-15

a 

miR
-18

4

miR
-13

0a

miR
-26

a

R
el

at
iv

e 
m

iR
N

A 
le

ve
l

(fo
ld

 c
ha

ng
e)

Ap
op

to
si

s 
ra

te
 (%

)

R
el

at
iv

e 
m

iR
-2

6a
 le

ve
l

(fo
ld

 c
ha

ng
e)

R
el

at
iv

e 
ce

ll v
ia

bi
lity

 (%
)

R
el

at
iv

e 
m

iR
-2

6a
 le

ve
l

(fo
ld

 c
ha

ng
e)

A C

D E Control Rg3 + TP

miR-26a mimics
Rg3 + TP + 
miR-26a mimicsP

I

Annexin V

F

B

102 103 104 105 106

FITC-A

102 103 104 105 106

FITC-A
102 103 104 105 106

FITC-A

102 103 104 105 106

FITC-A

10
2

10
3

10
4

10
5

10
6

P
I-A

10
2

10
3

10
4

10
5

10
6

P
I-A

10
2

10
3

10
4

10
5

10
6

P
I-A

Q1-UL(0.31%)

Q1-LL(96.58%) Q1-LR(2.40%)

Q1-UR(0.72%) Q1-UL(0.29%)

Q1-LL(96.31%) Q1-LR(2.61%)

Q1-UR(0.79%)

Q1-UL(0.34%)

Q1-LL(96.39%) Q1-LR(2.48%)

Q1-UR(0.80%) Q1-UL(0.95%)

Q1-LL(82.18%) Q1-LR(14.65%)

Q1-UR(2.21%)

Figure 3 Overexpression of miR-26a reversed the protective effects of Rg3 against TP-induced cytotoxicity in MLTC-1 cells. (A) MLTC-1 cells were treated with 20 μM Rg3

for 24 hrs. Relative expressions of miR-34a, miR-15a, miR-184, miR-130a and miR-26a in MLTC-1 cells were detected by qRT-PCR. (B) MLTC-1 cells were treated with 120

nM TP or/and 20 μM for 24 hrs. Relative expression of miR-26a in MLTC-1 cells was detected by qRT-PCR. (C) MLTC-1 cells were transfected with 10 nM miR-26a mimics
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miRDB, or microRNAwere used to predict the downstream

targets of miR-26a. The results showed that GSK3β was

a potential target of miR-26a (Figure 4A and B). In addition,

the luciferase assay data indicated that reduced luciferase

activity was observed in MLTC-1 cells following transfec-

tion with psiCHECK-2-GSK3β-WT and miR-26a mimics

(Figure 4C). Moreover, qRT-PCR analysis confirmed that

the level of GSK3β was markedly decreased following

transfection with miR-26a mimics (Figure 4D). These data

revealed that GSK3β is a downstream target of miR-26a.

Overexpression of miR-26a reversed the

protective effects of Rg3 against TP-

induced cytotoxicity via targeting GSK3β
In order to detect the mechanism by which miR-26a regulated

GSK3β in MLTC-1 cells, Western blot was applied. As indi-

cated in Figure 5A and B, the level of GSK3β was

significantly increased by Rg3 treatment, whereas Rg3-

induced GSK3β upregulation was completely inhibited by

GSK3β selective inhibitor. In addition, Western blotting data

indicated that TP markedly induced the upregulation of Cyto

c and active caspase 9 and notably downregulation of GSK3β,
which were significantly reversed by Rg3 (Figure 5C, D,

E and F). However, the protective effect of Rg3 was signifi-

cantly reversed following transfection with miR-26a mimics

(Figure 5C, D, E and F). These results suggested that over-

expression of miR-26a could attenuate the protective effects

of Rg3 against TP-induced cytotoxicity via targeting GSK3β.

Discussion
Leydig cells play important roles in spermatogenesis,

because the synthesis of testosterone and spermatogenesis

mainly occurs in Leydig cells.35 Previous study found that

TP could lead to male infertility.36 In addition, TP could

induce reproduction toxicity via influencing spermatogenesis
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and spermiogenesis.37 In this study, we found that TP sig-

nificantly inhibited proliferation of MLTC-1 cells. However,

the toxicity effect of TP on MLTC-1 cells was reversed by

Rg3. Moreover, Rg3 could reverse TP-induced apoptosis in

MLTC-1 cells via downregulating the levels of Bax, active

caspase 3, Cyto c and active caspase 9, and upregulating the

level of Bcl-2. Kopalli et al indicated that Rg3 could alleviate

hyperthermia-mediatedmale infertility.38 Ginseng could pro-

tect fertility factors and testicular damage in immobilization

stress-induced rats.39 Furthermore, ginseng could improve

the quality of spermatozoa via inhibiting apoptosis in rats.40

Consistent with these studies, our results illustrated that Rg3

could attenuate TP-induced cytotoxicity in MLTC-1 cells.

It has been shown that a number of miRNAs have been

considered as biomarkers for the diagnosis of male

hypogonadism.41 MiRNAs are endogenous small RNAs,

which play important roles in male hypogonadism and

infertility.42 Ma et al found that miR-26a-5p could regulate

sperm apoptosis.33 In the present study, the level of miR-26a

significantly downregulated in Rg3-treated MLTC-1 cells,

while TP slightly upregulated miR-26a expression in

MLTC-1 cells. These results indicated that the level of miR-

26a was regulated by Rg3 in MLTC-1 cells. However, the

protective effects of Rg3 against TP-induced cytotoxicity in

MLTC-1 cells were reversed following transfection with

miR-26a mimics. Therefore, it can be suggested that miR-

26a could reverse the anti-apoptotic effects of Rg3 onMLTC-

1 cells. Taken together, our data indicated that Rg3 protects

MLTC-1 cells against TP by downregulation of miR-26a.

However, there are no reports pointing out the cell targets

of miR-26a on MLTC-1 cells. The luciferase reporter assay

was used to confirm the downstream targets of miR-26a. In

this study, the data demonstrated that GSK3β was the direct

target of miR-26a. GSK3β, a serine/threonine kinase, is

involved in diverse cellular processes including protein

synthesis, cell cycle, proliferation and cell apoptosis.42 Fei

et al indicated that silencing of GSK3β could induce apop-

tosis in prostate cancer cells.43 Hongjin et al found that

adrenomedullin inhibited apoptosis in mesenchymal stem

cells via increasing of GSK3β.44 In addition, phosphorylated
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GSK3β could inhibit mitochondria-dependent apoptosis

via decreasing the release of cytoplasmic Cyto-C and

caspase 9.45 These reports demonstrated that GSK3β could

inhibit cell apoptosis.46 As expected, in this study, 20 μM
Rg3 significantly increased the level of GSK3β in MLTC-1

cells. Therefore, we indicated that Rg3 attenuated TP-

induced cytotoxicity in MLTC-1 cells via upregulation of

GSK3β, which was consistent with previous studies.

In addition, overexpression of miR-26a downregulated

the level of GSK3β in MLTC-1 cells. Meanwhile, miR-26a

mimics reversed the protective effects of Rg3 against TP-

induced cytotoxicity via inhibiting the level of GSK3β,
and increasing the level of Cyto c and active caspase 9.

These results illustrated that overexpression of miR-26a

reversed the protective effects of Rg3 against TP-induced

cytotoxicity via targeting GSK3β (Figure 6). Indeed, it is

possible that Rg3 exerted protective effect against TP by

regulating other pathways and more investigations are

needed in the future.

Conclusion
In this study, we found that Rg3 exhibited markedly

protective effects against TP-induced apoptosis in

MLTC-1 cells. In addition, overexpression of miR-26a

reversed the protective effects of Rg3 against TP-induced

cytotoxicity via targeting GSK3β. These findings

indicated that Rg3 alleviated TP-induced apoptosis in

MLTC-1 cells via regulating GSK3β. Therefore, Rg3

may serve as a potential agent for the treatment of male

hypogonadism.
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