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Ginsenoside-Rd attenuates TRPM7 and ASIC1a but promotes
ASIC2a expression in rats after focal cerebral ischemia
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Abstract Our previous studies have showed that ginse-

noside (GS)-Rd, a mono-compound isolated from tradi-

tional Chinese herb panax ginseng, has the neuroprotective

effects following ischemic stroke. However, the underlying

mechanisms are still largely unknown. Our latest study

showed that GS-Rd could block calcium influx in cultured

cortical neurons after excitotoxic injury, indicating that

GS-Rd may act on cation channels. To explore this possi-

bility, in this study, we used a rat middle cerebral artery

occlusion (MCAO) model to examine the effects of GS-Rd

on the expression of non-selective cation channels,

including transient receptor potential melastatin (TRPM)

and acid sensing ion channels (ASIC), and cation channels,

including N-methyl-D-aspartate (NMDA) receptors, which

all play essential roles in ischemic stroke. Our results

showed that both TRPM and ASIC channels were expres-

sed in the brain. At 24 h following MCAO insult, mRNA

and protein expression levels of TRPM7, ASIC1a and

ASIC2a were significantly increased. Pretreatment of

10 mg/kg GS-Rd attenuated MCAO-induced expression of

TRPM7 and ASIC1a but promoted that of ASIC2a. In

contrast, GS-Rd had no significant effects on the expres-

sion of NMDA receptors. Thus, our results suggest that

GS-Rd neuroprotection following cerebral ischemia may

be at least due to its effects on the expression of TRPM7,

ASIC1a and ASIC2a.
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Introduction

Panax ginseng is a famous traditional Chinese herb,

which has been used to treat a wide variety of diseases in

Asian for thousands of years. The main molecular com-

ponents contributive to the pharmacologic effects of

panax ginseng are ginsenosides. At present, more than

50 ginsenosides have been identified, among which gin-

senoside (GS)-Rd is one of the most active and efficient

ingredients. Lines of evidence have implicated that

GS-Rd presents antioxidant effects to ameliorate renal

injury [1, 2] and aging process in senescence-accelerated

mice [3]. Our previous studies also demonstrated that

GS-Rd had significant neuroprotective effects. For example,

GS-Rd can attenuate hydrogen peroxide-induced oxidative

injury in PC12 cells [4], protect oxygen-glucose depriva-

tion-injured cultured hippocampal neurons [5] and reduce
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the infarct size in rats after middle cerebral artery

occlusion (MCAO) [6–9]. Moreover, our randomized,

double-blind, placebo-controlled, phase II multicenter trial

showed that GS-Rd was efficient and safe for the treat-

ment of acute ischemic stroke [10]. However, the mech-

anisms underlying GS-Rd neuroprotection are still largely

unknown. Our latest in vitro results showed that GS-Rd

can block Ca2? influx in cortical neurons after excitotoxic

injury [11], indicating GS-Rd may have an effect on the

expression or functions of cation channels on the neuronal

membrane during cerebral ischemia.

Among the cation channels, glutamate receptors [e.g.,

N-methyl-D-aspartate (NMDA) receptor] are most well-

studied following cerebral ischemia. Glutamate receptor-

mediated Ca2? overload which induces excitotoxicity is

considered one of the most important causes of stroke-

triggered cell death. However, clinical trials with agents

blocking these receptors have shown little benefit [12–14].

Unfavorable experiences with mechanisms involving

NMDA receptor resulted in redirection of attention to

other receptor channels. Recently, growing evidence has

implicated that a number of glutamate receptor-indepen-

dent non-selective cation channels, such as transient

receptor potential melastatin (TRPM) and acid sensing ion

channels (ASIC) also play important roles in ischemic

stroke. For example, among the TRPM channels, TRPM7

and TRPM2 have been found to be involved in delayed

neuronal death after ischemia. TRPM7 channel activity

was enhanced in oxygen/glucose deprivation-treated cor-

tical neurons and TRPM7 knockdown by RNA interfer-

ence in cultured neurons and hippocampi delayed anoxic

cell death [15, 16]. Suppression of TRPM2 activity by

poly(ADP-ribose) polymerase-1 inhibitors [17] or anti-

sense oligonucleotide [18] protected the cells against

oxidative stress-induced death. In addition, ASIC1a acti-

vation resulted in an increase in intercellular Ca2?, which

was responsible for neuronal injury after ischemic stroke

[19, 20]. By contrast, upregulation of ASIC2a expression

after transient global ischemia implicated an endogenous

neuroprotection against neuronal injury [21]. Therefore,

targeting glutamate receptor-independent channels is

likely to be a promising therapeutic strategy for cerebral

ischemia.

In the present study, we focused on the effects of GS-Rd

on the expression of non-selective cation channels

(including various TRPM and ASIC channels) as well as

cation channels (including NMDA receptors, NR1, NR2A,

and NR2B) in a rat middle cerebral artery occlusion

(MCAO) model by RT-PCR and western blot. Our results

showed that GS-Rd pretreatment significantly attenuated

MCAO-triggered expression of ASIC1a and TRPM7 but

promoted that of ASIC2a.

Materials and methods

Focal cerebral ischemia and drug administration

Forty-eight male Sprague-Dawley rats weighing 250–300 g

were used in the study. Transient MCAO was performed to

induce focal cerebral ischemia as described previously [22,

23]. In brief, a 4-0 nylon suture coated with poly-L-lysine was

used to achieve occlusion. After 2 h of occlusion, the suture

was carefully removed to restore blood flow. During surgery

and postoperative period, regional cerebral blood flow was

monitored by laser Doppler flowmetry (PeriFlux 5000,

Perimed AB, Sweden) and rectal temperature was main-

tained at 37.5�C by means of a feedback-controlled heating

pad. The rats were suspended by the tail and those with left

forelimb flexion were defined as a completed stroke model.

According to our previous study [24], a 10 mg/kg dose

of GS-Rd (Tai-He Biopharmaceutical Co. Ltd., Guangz-

hou, China) was chosen and injected intraperitoneally

15 min before MCAO. The rats were randomly divided

into the four groups: (1) Sham group (n = 12), with sur-

gery but no occlusion; (2) Sham ? GS-Rd group (n = 12),

with GS-Rd administration to sham rats; (3) MCAO group

(n = 12), with vehicle application before surgical occlu-

sion; (4) MCAO ? GS-Rd group (n = 12), with GS-Rd

treatment before surgical occlusion. Animal protocols were

approved by the Ethics Committee for Animal Experi-

mentation of the Fourth Military Medical University.

Semi-quantitative and real-time RT-PCR

The rat brain tissues were collected at 24 h following

MCAO, a time point at which the changes of ion channel

expression were obvious [25–27]. Total RNA of brain

tissues was extracted using Trizol reagent (Invitrogen Life

Technologies, GA, USA) according to the manufacturer’s

instructions. Reverse transcription was performed using

3 lg of total RNA. First strand cDNA was synthesized

using RevertAidTM First Strand cDNA Synthesis Kit

(Fermentas, Burlington, Canada). For PCR amplification,

gene-specific primer sequences used were listed in Table 1.

The amplified products were electrophoretically separated

by 2.0 % agarose gels containing ethidium bromide. For

real-time RT-PCR, the amplified reactions were conducted

on an ABI 7901HT series PCR machine (Applied Biosys-

tems, Foster City, CA, USA) using Power SYBR� Green

PCR Master Mix (Takara, Shuzo, Japan) with a 95�C

denaturation for 3 min followed by 45 cycles of 95�C for

5 s and 60�C for 45 s. In addition, data were normalized to

b-actin expression and further normalized to the negative

control. The following primer sequences for real-time

RT-PCR were used: TRPM-7, F: 50-AGGTGAGCCT GTC
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ACAGTATA-30, R: 50-GTGCTCTGACCAGGTACA-30;
ASIC1a, F: 50-GCCTCCGCCAAGTACCTG-30, R: 50-CA

CCCAACAGCCCTGCG ATCT-30; ASIC2a, F: 50-AAGT

TGCTGCCTTACTTGGTG-30, R: 50-TCTTTGCC AAGC

AGGTCTAAT-30; GAPDH, F: 50-ACCCATCACCATCTT

CCAGGAG-30, R: 50-GAAGGGGCG GAGATGATGAC-30.

Western analysis

The rat brains were collected at 24 h after the onset of MCAO.

Total protein was extracted using RIPA lysis buffer (Beyo-

time, Beijing, China) according to the manufacturer’s

instructions. In brief, the brain tissues were minced and lysed

on ice in 100 ll lysis buffer for 30 min and then centrifuged at

12,000 rpm, 4�C for 30 min. Supernatants were collected

from the lysates and protein concentrations were determined

using the BCA protein assay kit (Beyotime, Beijing, China).

Aliquots of the lysates (30 lg of protein) were boiled for

5 min and electrophoresed on 10% SDS-polyacrylamide gels.

Proteins in the gels were transferred onto nitrocellulose

membranes, which were incubated with anti-TRPM7 anti-

body (Alomone, Jerusalem, Israel), anti-ASIC1a (Alomone,

Jerusalem, Israel) antibody, anti-ASIC2a (Alomone, Jerusa-

lem, Israel) antibody or anti b-actin antibody (CoWin, Bei-

jing, china). The membranes were then incubated with

horseradish peroxidase-conjugated secondary antibody.

Finally, protein bands were detected using an enhanced

chemiluminescence western blotting detection kit (Pierce

Biotechnology, Rockford, IL, USA).

Statistical analysis

All assays were repeated at least three times. The data were

presented as mean ± SD. Differences between groups were

evaluated using one-way ANOVA followed by Dunnett’s

test. P \ 0.05 was considered statistically significant.

Results

The effects of GS-Rd on the expression of TRPM

after MCAO

RT-PCR results showed that TRPM1-7 mRNAs were

all expressed in brain tissue. GS-Rd pretreatment had no

effect on the expression of TRPM channels in the sham

rats (Fig. 1). At 24 h after MCAO, among seven TRPM

channels, only TRPM7 expression was significantly

upregulated in comparison with sham group (Fig. 1g),

consistent with a previous report [28]. Pretreatment of

GS-Rd attenuated TRPM7 expression induced by MCAO

but did not affect the expression of other TRPM channels

(Fig. 1g). Semi-quantitative analysis of TRPM1-7 mRNAs

also showed the similar results (Fig. 1). Real-time RT-PCR

assay further confirmed the effect of GS-Rd on TRPM7

expression after MCAO (Fig. 3a). Moreover, Western blot

assay showed that the protein level of TRPM7 was also

upregulated at 24 h after MCAO in comparison with sham

group, and GS-Rd pretreatment attenuated MCAO-induced

upregulation of TRPM7 expression (Fig. 3d).

The effects of GS-Rd on the expression of ASIC

after MCAO

In sham rats, ASIC1a and ASIC2a mRNAs were expressed

in brain tissue while GS-Rd did not affect their expression

levels (Fig. 2). MCAO insult significantly increased the

expression levels of both ASIC1a and ASIC2a (Fig. 2), in

Table 1 Primers designed for use in standardized semi-quantitative RT-PCR

Gene Forward primer (50 to 30) Reverse primer (50 to 30) Cycles Size

(bp)

GenBank accession

number

TRPM-1 CTCACTTCATCTTGGCTGACA CCTCTTTCACTTTGCCTTTCT 30 702 NM_001037733

TRPM-2 CTTCTCCCTGGTGTGCGAGGA CTGCCCGAAGATGGTAAGGTA 30 436 AY_749166

TRPM-3 GACAGAACCCTATCCAACAAC CAAAGCTATGAAAAGCCGATG 30 250 XM_219902

TRPM-4 GACCTTGCTGCCAAGTTTGAA CTCCTCCTCTGACTTCCTGAA 30 309 NM_001136229

TRPM-5 CAGGAGCCAGACAGTTTGGAT GTGTGAACACCATGAAGTCAA 30 499 XM_001065110

TRPM-6 TCGCTACATCATGACCTACCA TCTCCATGTCAGTCAGAACCT 28 533 XM_001078158

TRPM-7 TGAGGCTGTCGCAGAGTATTC GGCTGAAGGCTAGCATGATCT 28 567 XM_001056331

ASIC1a TTCGACTCCTACAGCATCACT GTCTGCACAGCCTGTGCTTAA 26 499 NM_024154

ASIC2a ACTGTCTCTGCAGGACACCCT CACAGGTGCTCATGTTCTCAT 26 378 NM_001034014

NR1 TGGGACATGCAAAGAGTTC ATGGTCAGTGGTGCCACAATCA 30 306 NM_017010

NR2A AGATCATGGTGTCAG TGTGGGC GTAGTTCAAGACGGCTGCGTCA 30 334 NM_012573

NR2B CCTTCCTGCCAGAGTGAGAGAT ATCTGCAGGGACTTGTCCT TCC 30 294 NM_012574

b-actin TGTGGCATCCATGAAACTACA CCACCAATCCACACAGAGTAC 26-30 215 NM_031144
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consistence with a previous study [21]. GS-Rd pretreat-

ment markedly decreased MCAO-induced ASIC1a

expression (Fig. 2a) but further increased that of ASIC2a

(Fig. 2b). Semi-quantitative (Fig. 2) and quantitative real-

time RT-PCR results (Fig. 3b, c) further confirmed the

changes in the expression of ASIC1a and ASIC2a observed

above. Moreover, protein expression levels of ASIC1a and

ASIC2a revealed by Western blot also showed that GS-Rd

significantly attenuated the expression of ASIC1a induced

by MCAO (Fig. 3e) but increased that of ASIC2a (Fig. 3f).

The effects of GS-Rd on the expression of NMDA

receptors after MCAO

Finally, the expression of NMDA receptors, the key cation

channels involving in cerebral ischemia, was examined by

semi-quantitative RT-PCR analysis. Compared with

MCAO group, GS-Rd pretreatment had no significant

effects on the mRNA expression of NR1, NR2A and NR2B

at 24 h after MCAO (Fig. 4).

Discussion

In this study, we examined the effects of GS-Rd on the

expression of various TRPM and ASIC channels and

NMDA receptors after focal cerebral ischemia in rats. Our

results showed that GS-Rd pretreatment attenuated

MCAO-induced TRPM7 and ASIC1a but promoted

ASIC2a expression. These findings suggest that neuropro-

tective effects of GS-Rd as revealed by our previous

studies [4, 5, 10], may be at least mediated via affecting the

expression of TRPM7, ASIC1a or ASIC2a.

In consistence with a previous study [29], the present

study also showed that TRPM channels were expressed in

the central nervous system. At 24 h after focal cerebral

Fig. 1 The effects of GS-Rd on mRNA expression of TRPM after

MCAO. Semi-quantitative RT-PCR analysis showed that TRPM1,

TRPM2, TRPM3, TRPM4, TRPM5, TRPM6, and TRPM7 were

expressed in rat brain and GS-Rd pretreatment did not affect the

expression levels of TRPM channels (a–g). At 24 h following

MCAO, mRNA levels of TRPM1-6 in MCAO groups were

comparable to that of sham groups (a–f) while that of TRPM7 was

significantly increased (g). GS-Rd pretreatment had no significant

effects on the expression of TRPM1-6 (a–f) but downregulated

MCAO-induced expression of TRPM7 (g). b-actin was an internal

control. **P \ 0.01, compared with sham group; *P \ 0.05, com-

pared with MCAO group
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ischemia, only TRPM7 expression was upregulated, and

however, TRPM2 expression was unchanged, inconsistent

with a previous study showing that TRPM2 mRNA

expression was increased at 1 and 4 weeks following

MCAO in rats [30]. This discrepancy may be explained by

the dynamic expression pattern of TRPM2 following

cerebral ischemia. That is, increased TRPM2 expression

may be a relatively late event (1–4 week) while our

observation was at an early time point (24 h). Among four

genes ASIC1-4 encoding 7 subunits (ASIC1a, ASIC1b,

ASIC1b2, ASIC2a, ASIC2b, ASIC3, ASIC4) in mammals,

ASIC1a and ASIC2a are present in the brain [31]. Thus,

our study focused on the expression of ASIC1a and

ASIC2a in rats following MCAO. We found that both

ASIC1a and ASIC2a expression was upregulated at 24 h

after cerebral ischemia. Taken together, our results indicate

that TRPM7, ASIC1a and ASIC2a channels may play

essential roles in the ischemic process and should be tar-

geted when treatment of cerebral stroke.

In our previous studies, we showed that GS-Rd, a mono-

compound isolated from traditional Chinese herb panax

ginseng, had significant neuroprotective effects. These

studies revealed that GS-Rd can reduce the intracellular

reactive oxygen species and malondialdehyde production,

increase glutathione content, and enhance the antioxidant

enzymatic activities of catalase, superoxide dismutase and

glutathione peroxidase [4, 5, 8, 9]. We further found that

GS-Rd can block Ca2? influx in cultured cortical neurons

after excitotoxic injury [11], suggesting GS-Rd may affect

the expression and/or functions of neuronal cation chan-

nels. Our present in vivo study showed that 15 min of GS-

Rd pretreatment significantly attenuated the expression of

TRPM7 and ASIC1a while promoted ASIC2a expression

following focal ischemia, but did not affect the expression

of other non-selective cation channels and NMDA recep-

tors. Therefore, we propose that GS-Rd may exert its

neuroprotective effects at least by downregulating TRPM7

and ASIC1a expression and upregulating ASIC2a expres-

sion. On the other hand, GS-Rd might also function in

Fig. 2 The effects of GS-Rd on mRNA expression of ASIC after

MCAO. Semi-quantitative RT-PCR analysis showed that ASIC1a and

ASIC2a were expressed in rat brain and GS-Rd pretreatment did not

affect the expression levels of ASIC channels (a, b). At 24 h

following MCAO, mRNA levels of both ASIC1a (a) and ASIC2a

(b) in MCAO groups were significantly increased compared with the

sham groups. GS-Rd pretreatment decreased the expression level of

ASIC1a (a) while increased that of ASIC2a (b) compared with

MCAO group. b-actin was an internal control. **P \ 0.01, compared

with sham group; *P \ 0.05, compared with MCAO group

Fig. 3 The changes in mRNA and protein levels of TRPM7, ASIC1a,

and ASIC2a after MCAO. a–c Real-time quantitative RT-PCR

analysis showed that mRNA levels of TRPM7, ASIC1a and ASIC2a

in MCAO group were 3.3-, 2.8-, and 2.4-fold higher than that of sham

group and GS-Rd markedly decreased the expression levels

of TRPM7 and ASIC1a but further increased that of ASIC2a.

d–f Western blot analysis showed that the protein levels of TRPM7,

ASIC1a and ASIC2 underwent similar changes to those seen in

mRNA levels. b-actin was an internal control. **P \ 0.01, compared

with sham group; *P \ 0.05, compared with MCAO group
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inhibiting the activity of TRPM7 and ASIC1a channels.

GS-Rd was reported to suppress the levels of reactive

oxygen species [4, 5] and reduce the production of per-

oxynitrite, an activator for TRPM7 channel [16]. In addi-

tion, the antioxidative effects of GS-Rd can accelerate the

decomposition of acid accumulation [4, 5] and conse-

quently reduce the activity of ASIC1a channel. In contrast

to TRPM7 and ASIC1a, we found that GS-Rd can upreg-

ulate the expression of ASIC2a, which was found to have a

similar expression pattern to that of antiapoptotic proteins

Bcl-2 and Bcl-w [21], implicating a protective role for this

channel. Taken together, our results suggest that neuro-

protective effects of GS-Rd following focal cerebral

ischemia may be at least mediated by inhibiting the

expression of TRPM7 and ASIC1a but promoting the

expression of ASIC2a, a neuroprotective acid channel.

In addition to GS-Rd, other components of ginsenosides,

such as GS-Rb and GS-Rg, were reported to have cell

protective effects. For example, GS-Rg1 and GS-Rg2 can

protect against glutamate-induced injury in lung [32] and

PC12 cells [6], respectively; GS-Rb1, GS-Rc, and GS-Rg5

effectively protected striatal neurons from glutamate-

induced apoptosis [7]; GS-Rg3 and GS-Rh2 were found to

antagonize NMDA receptors in cultured rat hippocampal

neurons [33–35]. All these evidence suggested that ginse-

nosides might act on glutamate receptors, such as NMDA

receptors. However, our present results revealed that GS-

Rd at least had no effects on the expression of NR1, NR2A,

and NR2A following focal cerebral ischemia. Given our

latest study demonstrating that GS-Rd can attenuate glu-

tamate-/NMDA-induced Ca2? influx [11], we propose that

GS-Rd may affect the function but not expression of

NMDA receptors to exert its protective effects.

In summary, the present study showed that GS-Rd could

affect the expression of non-selective cation channels

TRPM7, ASIC1a, and ASIC 2a, but not that of glutamate

receptor ion channels. We still lack the knowledge about the

mechanisms underlying the effects of GS-Rd on the

expression of these non-selective cation channels. However,

our present results provide new insights into the mechanisms

of GS-Rd neuroprotection, which will benefit us to search for

new treatment strategies for ischemic cerebrovascular disease.
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