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Ginsenoside Rg3 induces ginsenoside Rb1-comparable
cardioprotective effects independent of reducing blood
pressure in spontaneously hypertensive rats
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Abstract. Ginsenoside Rg3 (Rg3) is a rare type of ginsenoside
used as an anti-tumor medicine in China. Ginsenoside Rbl
(Rbl), which exhibits protective effects on the cardiovascular
system, is similar to Rg3 in chemical structure. In the present
study, Rbl and Rg3 were administered for 6 weeks to spon-
taneously hypertensive rats (SHR) and their cardioprotective
effects were assessed. According to echocardiography and
histopathological examinations, the decrease in cardiac func-
tion and ventricular remodeling that occurred in SHR rats
were attenuated by Rbl and Rg3. However, tail-cuff blood
pressure measurements indicated that Rbl and Rg3 did not
reduce blood pressure in SHR rats. The cardioprotective
effects of Rbl and Rg3 occurred independently of blood pres-
sure reduction. Furthermore, immunohistochemistry (IHC)
revealed that renin angiotensin system (RAS) activity in the
myocardium of SHR was significantly attenuated by Rbl and
Rg3, whereas ELISA identified no significant changes of RAS
activity in the serum. The results of IHC and reverse tran-
scription-quantitative polymerase chain reaction demonstrated
that levels of transforming growth factor 1, tumor necrosis
factor-a, interleukin-6, interleukin-1 and endothelian-1 in the
myocardium of SHR rats were reduced following Rbl and Rg3
treatment. This may be due to the attenuation of RAS activity
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in the myocardium and the mechanisms of the cardioprotec-
tive effects of Rbl and Rg3.

Introduction

Ginsenosides, which are extracted from ginseng
(Panax ginseng), American ginseng (Panax quinquefolium)
and notoginseng (Panax notoginseng), exhibit a variety of
pharmacological activities, including cardiovascular protec-
tive (1-7), neuroprotective (8-10) and anti-tumor effects (11-16).
Ginsenoside Rbl (Rbl) is one of the monomers contained in
total ginsenosides (extracted from sun-cured ginseng) whereas
ginsenoside Rg3 (Rg3), a particularly rare ginsenoside, is
obtained from other ginsenosides by heat treatment during
ginseng processing (17). Chemical (17) or biological (18,19)
methods have also been used to transform other ginsenosides,
including Rbl, into Rg3.

Previous studies have demonstrated that Rbl exhibits
beneficial effects on the cardiovascular system. It is able to
attenuate myocardial ischemia, reperfusion injury (2) and
ventricular remodeling (1,5). The chemical structure of Rg3
is similar to that of Rbl (Fig. 1); however Rg3 exhibits strong
anti-tumor activity (12,13,15,16), which Rb1 does not, meaning
that it may be used to treat patients with tumors. The Shenyi
Capsule, which is produced by Jilin Yatai Pharmaceutical Co.,
Ltd., is a widely used anti-tumor medication in China and its
principal component is Rg3. Although the anti-tumor activity
of Rg3 has been well documented, to the best of our knowl-
edge, it remains unknown whether Rg3 induces the same
beneficial effects on the cardiovascular system that Rbl does.
Our group is currently undertaking a long-term study in which
the effects of various ginsenosides, including Rbl and Rg3, are
assessed in various animal models of chronic disease, such as
hypertension, hyperlipemia and diabetes.

The spontaneously hypertensive rat (SHR) is a widely used
animal model of hypertension. Angiotensin II (Ang II) levels
in the blood and myocardial tissue are abnormally higher in
SHR than in healthy Wistar-Kyoto (WKY) rats. Increased
Ang II levels cause progressive hypertension, myocardial
fibrosis and may even induce ventricular remodeling, resulting
in heart failure (20,21). The aim of the present study was to
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assess and compare the effects of Rbl and Rg3 and determine
whether Rg3 exhibits protective effects on the cardiovascular
system in SHR rats.

Materials and methods

Reagents. Rbl (95% purity) was obtained from Dr. Yanping
Chen at the Department of Natural Medicinal Chemistry,
School of Chemistry, Jilin University (Jilin, China) and
dissolved in double-distilled water (ddH,O) prior to use. Rg3
(95% purity) was obtained from Jilin Yatai Pharmaceutical
Co., Ltd. (Changchun, China) and suspended in 0.5% sodium
carboxymethyl cellulose solution for use. All other chemicals
were analytical reagents.

Animals and treatments. A total of 24 SHR and 8 WKY rats
(male, 16-17-week-old, 250-300 g) were purchased from Vital
River Laboratories Co., Ltd. (Beijing, China). All rats were
kept in a specific pathogen-free experimental animal work-
shop (25°C, 10/14-h light/dark cycle), and had free access to
food and water. Experiments were performed in accordance
with the Guide for the Care and Use of Laboratory Animals
of Jilin University and approved by the Ethics Committee of
Jilin University.

The rats were randomly divided into 4 groups (each, n=8):
i) A WKY group, consisting of WKY rats orally adminis-
tered ddH,0; ii) a SHR group, consisting of SHR rats orally
administered ddH,O; iii) a Rbl group consisting of SHR rats
orally administered 20 mg/kg Rbl; and iv) a Rg3 group Rg3
consisting of SHR rats orally administered 20 mg/kg Rg3. All
treatments were administered once a day over 42 consecutive
days.

After treatment for 6 weeks with ddH,O or ginsenosides,
all rats were anesthetized with chloral hydrate (300 mg/kg,
intraperitoneally), and blood samples were obtained from
the abdominal aorta before the rats were sacrificed. Hearts
were obtained and weighed after the rats were sacrificed, and
myocardium tissue samples were then fixed in 4% buffered
paraformaldehyde solution (25°C, 24 h) for histopathological
examination or frozen in liquid nitrogen and stored at -80°C
prior to reverse transcription-quantitative polymerase chain
reaction (RT-qPCR).

Blood pressure measurement. The systolic blood pressure
(SBP), diastolic blood pressure (DBP) and pulse pressure
(PP) of rats were measured using the tail-cuff method and
a small animal sphygmomanometer (BP-2010A; Softron
Biotechnology Ltd., Beijing, China) following a previously
described protocol (22) on the first and the last days of the
6-week treatment.

Echocardiography. On the first and last days of the 6-week
treatment, transthoracic echocardiography was performed
as previously described (23), using a standard setting with a
10S transducer (Vivid-i; GE Healthcare, Chicago, IL, USA).
Animals were anesthetized with chloral hydrate (300 mg/kg,
intraperitoneally) and two-dimensional and M-mode echo-
cardiographic measurements were conducted. A short-axis
two-dimensional image of the left ventricle was obtained at
the position of the papillary muscles. Subsequently, M-mode
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Table I. Primer sequences of TNF-a, IL-6, IL-1f3, ET-1 and
[-actin.

Primer
name Sequences
B-actin  Forward:5'-GATCAAGATCATTGCTCCTCCTG-3'

Reverse: 5'-AGGGTGTAAAACGCAGCTCA-3'
Forward: 5-GTCGTAGCAAACCACCAAGC-3'
Reverse: 5-TGTGGGTGAGGAGCACGTAG-3'

TNF-a

IL-6 Forward: 5'-TGTATGAACAGCGATGATG-3'
Reverse: 5'-AGAAGACCAGAGCAGATT-3'

IL-18  Forward: 5'-GCAATGGTCGGGACATAGTT-3'
Reverse: 5'-AGACCTGACTTGGCAGAGG-3'

ET-1 Forward: 5'-GCTCCTCCTTGATGGACAA-3'
Reverse: 5-TTTGGTGAGCACACTGGC-3'

TNF-0, tumor necrosis factor-a; IL, interleukin-6; IL-1§,

interleukin-1f3; ET-1, endothelin-1.

images were acquired at a sweep speed of 100 mm/s and
digitally stored. The left ventricular internal dimension at
diastole (LVIDd) and left ventricular internal dimension at
systole (LVIDs) were acquired from M-mode images; subse-
quently, left ventricular fractional shortening (FS) and left
ventricular ejection fraction (EF) were calculated automati-
cally by the equipment. The parameters were measured by
an experienced echocardiographer blinded to the treatment
groups.

Assay of the angiotensin converting enzyme (ACE) and Ang
Il levels in the serum. Blood samples were collected and left
at room temperature for 2 h to allow complete clotting and
then centrifuged at 1,500 x g, 4°C for 15 min. The serum
was removed and stored at -80°C prior to ELISA. ACE
(CSB-E04490r) and Ang II (CSB-E04494r) ELISA kits were
purchased from Cusabio Biotech Co., Ltd. (Wuhan, China)
and the assays were completed by this company.

Histopathological examination. Myocardial tissue samples
were fixed in 4% buffered paraformaldehyde solution and then
embedded in paraffin. Paraffin-embedded sections 4-pm thick
were stained with hematoxylin and eosin (H&E) and Masson
trichrome stain. Sections were examined using a Nikon E100
light microscope (Nikon Corporation, Tokyo, Japan) and
photomicrograph images were captured.

Immunohistochemistry (IHC). Primary antibodies against
ACE (bs-0439R), Ang II (bs-0587R), Ang II receptor type
1 (ATI1, bs-0438R) and transforming growth factor 1
(TGF-p1, bs-0103R) were purchased from Bioss Antibodies
(Beijing, China). Peroxidase-conjugated goat anti-rabbit IgG
(ZB-2301), DAB kit (ZLI-9018) and two step rabbit IHC kit
(PV-6001) were purchased from ZSGB-BIO (Beijing, China).
ITHC was performed following the manufacturer's protocols
of the IHC kit and DAB kit. Photomicrograph images were
then captured, and Image Pro Plus 6.0 (Media Cybernetics,
Inc., Rockville, MD, USA) was used for image analysis.
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Figure 1. Chemical structures of (A) ginsenoside Rbl and (B) ginsenoside Rg3. Images were downloaded from https:/www.ncbi.nlm.nih.gov/pccompound.

Rbl, ginsenoside Rbl; Rg3, ginsenoside Rg3.

RNA preparation and RT-gPCR. Total RNA was isolated
from frozen myocardium tissue samples using TRIzol
reagent (Thermo Fisher Scientific, Inc., Waltham, MA,
USA) following the manufacturer's protocol. Total RNA
was reverse-transcribed and qPCR was conducted using the
TransScript Green Two-Step qRT-PCR SuperMix (TransGen
Biotech Co., Ltd., Beijing, China) on the Stratagene Mx3000P
(Agilent Technologies, Inc., Santa Clara, CA, USA) and
following the manufacturer's protocol (94°C for 5 sec, 60°C
for 15 sec and 72°C for 10 sec, 40 cycles). The relative fold
changes in the mRNA levels of the target genes were deter-
mined using the 2424 method (24) and f-actin was used
as a housekeeping gene. Primer sequences are provided in
Table I.

Statistical analysis. SPSS 15.0 statistical software (SPSS,
Inc., Chicago, IL, USA) was used for statistical analysis. All
data are expressed as the mean + standard deviation. One-way
analysis of variance with Tukey's post hoc test was used to

analyze differences among groups and P<0.05 was considered
to indicate a statistically significant difference.

Results

Effects of Rbl and Rg3 on cardiac structure and function.
The effects of Rbl and Rg3 on cardiac structure and function
were evaluated using echocardiography. As depicted in Fig. 2,
compared with the WKY group prior to the 6-week treatment,
the three groups of SHR rats exhibited slight cardiac function
injury; they had a significantly lower FS and EF compared
with the WKY group (P<0.05; Fig. 2D and E). However,
LVIDd and LVIDs were similar among all groups, indicating
that the cardiac structure of SHR rats was unaffected prior to
the 6-week treatment.

Following the 6-week treatment, the FS and EF of the
three SHR groups were all significantly reduced compared
with the WKY group (P<0.05). However, the FS and EF of
the Rbl and Rg3 groups were significantly higher than those
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Figure 2. Effects of Rbl and Rg3 on cardiac structure and function. (A) Representative echocardiographic M-mode records. (B) LVIDd, (C) LVIDs, (D) EF
and (E) FS of rats prior to and following 6 weeks treatment. Data are presented as the mean + standard deviation, where n=38 for each group. "P<0.05 vs. WKY
group prior the treatment; “P<0.05 vs. WKY group following treatment; *P<0.05 vs. SHR group following treatment. Rbl, ginsenoside Rbl; Rg3, ginsenoside
Rg3; LVIDd, left ventricular internal dimension at diastole; LVIDs, left ventricular internal dimension at systole; EF, left ventricular ejection fraction; FS, left
ventricular fractional shortening; WKY, Wistar-Kyoto rats; SHR, spontaneously hypertensive rats.

of the SHR group (P<0.05; Fig. 2D and E). Rbl and Rg3 also
exhibited protective effects on cardiac structure. Following
treatment, the LVIDd and LVIDs of the SHR group were
significantly higher than those of the WKY group (P<0.05);
however, those of the Rbl and Rg3 groups were significantly
lower than the SHR group and did not differ significantly
between those of the WKY group (Fig. 2B and C). Notably,
the cardiac protective effects of Rbl and Rg3 were compa-
rable.

Effects of Rbl and Rg3 on blood pressure.Rbl and Rg3 did not
significantly affect the blood pressure of SHR rats. The SBP
and DBP of the three groups of SHR rats were all significantly
higher than the WKY group prior to and following 6-week
treatment (P<0.05) and there was no significant difference in
blood pressure between the SHR group and the Rbl or Rg3
groups (Fig. 3A and B). Regarding PP, there were no significant

differences between any groups prior to or following treatment
(Fig. 3C).

Effects of Rbl and Rg3 on the cardiac weight index (CWI).
The body weights and heart weights of all four groups are
presented in Fig. 3D and E. CWI was subsequently calculated
using the following formula: Heart weight/body weight. The
CWTI of the SHR group was significantly higher than that of
the WKY group (P<0.05), while those of groups Rbl and
Rg3 were significantly lower than the SHR group (P<0.05;
Fig. 3F). This result demonstrated that hypertension induces
cardiac structural changes and that Rbl and Rg3 significantly
attenuate these changes.

Effects of Rbl and Rg3 on renin angiotensin system (RAS)
activity. Rbl and Rg3 had no significant effects on RAS
activity in the serum. ACE and Ang II levels of the three SHR
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Figure 3. Effects of Rbl and Rg3 on blood pressure, CWI and RAS activity in the serum. (A) SBP, (B) DBP and (C) PP of rats prior to and following 6 weeks
treatment. (D) Body and (E) heart weights and (F) CWI. Serum (G) ACE and (H) Ang Il levels. Data are presented as the mean + standard deviation, n=8 (A-F)
or n=6 (G-H) for each group. ‘P<0.05 vs. WKY group prior to treatment; “P<0.05 vs. WK group following treatment; *P<0.05 vs. SHR group following treat-
ment. Rbl, ginsenoside Rbl; Rg3, ginsenoside Rg3; CWI, cardiac weight index; RAS, renin angiotensin system; SBP, systolic blood pressure; DBP, diastolic
blood pressure; PP, pulse pressure; ACE, angiotensin converting enzyme; Ang II, angiotensin II; WKY, Wistar-Kyoto; SHR, spontaneously hypertensive rats.

groups were all significantly higher than those of the WKY
group (P<0.05) and there were no significant differences
between ACE and Ang II levels between the three SHR groups
(Fig. 3G and H). This may explain why Rbl and Rg3 did not
significantly reduce blood pressure in SHR rats.

Effects of Rbl and Rg3 on myocardium histology.
Representative H&E and Masson staining histology photo-
micrographs are presented in Fig. 4. According to the H&E
photomicrographs, myocardium tissues from the SHR
group exhibited increased myocardial cell size, myocardial

structural disorder and intercellular space dilatation, which
are the typical pathological changes of ventricular remodeling
induced by hypertension. Inflammatory cell infiltration was
also observed. The Masson photomicrographs indicated
increased collagen deposition (blue area) in the SHR group
compared with the WKY group. However, treatment with
Rbl and Rg3 markedly improved all these histopathological
changes.

Effects of Rbl and Rg3 on RAS activity and TGF-f1 levels
in the myocardium. The expression of ACE, Ang II, ATI
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Figure 4. Effects of Rbl and Rg3 on histology. Representative H&E and Masson staining histology photomicrographs of the myocardium tissue.
Magnification, x200. Rbl, ginsenoside Rbl; Rg3, ginsenoside Rg3; H&E, hematoxylin and eosin; WKY, Wistar-Kyoto; SHR, spontaneously hypertensive

rats.

and TGF-B1 in the myocardium was evaluated using IHC.
Representative photomicrographs are presented in Fig. 5A
and quantitative results are presented in Fig. 5B-E. Compared
with the WKY group, levels of ACE, Ang II, ATl and
TGF-B1 were significantly increased in myocardium samples
from the SHR group (all P<0.05). However, these increases
were significantly attenuated following treatment with Rbl
and Rg3 (all P<0.05). Indeed, the expression of Ang II and
TGF-p1 in the Rbl and Rg3 groups did not differ signifi-
cantly between that of the WKY group (Fig. 5D and E). The
downregulation of local RAS activity in the myocardium
reduced the expression of TGF-f1, which is also a key factor
to myocardial fibrosis.

Effects of Rbl and Rg3 on levels of inflammatory factors and
ET-1 in the myocardium. Levels of tumor necrosis factor-a
(TNF-a), interleukin-6 (IL-6), interleukin-1f (IL-1p) and
ET-1 mRNA were measured (Fig. 6). In the SHR group, the
expression of TNF-a, IL-6, IL-1f and ET-1 mRNA were all
significantly higher than in the WKY group (all P<0.05).
However, in the Rbl and Rg3 groups, the levels of all four
mRNAs were all significantly lower than the SHR group
(P<0.05). These results suggest that Rbl and Rg3 may attenuate
inflammation and endothelial injury in the myocardium.

Discussion

One of the main mechanisms by which hypertension arises
in SHR is congenital abnormal RAS activation, which is
similar to what occurs in human essential hypertension (25).
Therefore, ACE inhibitors and AT1 receptor blockers are
currently the most popular antihypertensive medicines. Ang
II, the key factor of the RAS, increases blood pressure and
induces inflammation, endothelial injury and fibrosis in
various organs (26).

Ang II is an independent factor that causes myocardial
fibrosis and ventricular remodeling, regardless whether it
has induced hypertension or not (27). A high amount of RAS

activity causes hypertension, whereas high Ang II levels in
the myocardium increase TGF-f1 expression, which may
promote fibroblast proliferation and collagen deposition (28).
High levels of Ang II may also increase levels of TNF-a, IL-6,
IL-1p and ET-1, which are all closely associated with cardio-
vascular injury (26) and may contribute to myocardial fibrosis
and ventricular remodeling.

The results of the present study indicated that Rbl and Rg3
attenuated cardiac function and structural changes in SHR but
did not reduce blood pressure (Fig. 7). RAS activity was atten-
uated in the myocardium of the Rbl and Rg3 groups, whereas
RAS activity in the serum remained high. The mechanism of
this action remains unknown; something in the myocardium,
for example, angiotensin-converting enzyme 2, an enzyme
that degrades Ang II into Ang 1-7 (27), may be activated by
Rb1 or Rg3 to degrade Ang II. However, further studies are
required to determine the exact mechanism of action by which
this occurs.

As RAS activity was attenuated in the myocardium, levels
of TGF-p1, TNF-a, IL-6, IL-1p and ET-1 were all reduced
following treatment with Rg3 and Rbl, although blood pres-
sure remained high. Furthermore, Rbl and Rg3 were able to
protect against myocardial fibrosis and ventricular remodeling
in the heart. According to the results of histopathology and
echocardiography, the cardiovascular protective effect of Rg3
is similar to that of Rbl in SHR. However, further studies are
required to determine the cardioprotective effects of Rg3 in
other models of cardiovascular injury, particularly in adria-
mycin induced heart failure (29).

Rg3 is a widely used anti-tumor medicine in China and
it is important to determine whether it also exhibits protec-
tive effects on the cardiovascular system. A number of
first-line chemotherapy agents, including adriamycin, are
cardiotoxic (30). As Rg3 exhibits cardioprotective effects, it is
worth determining whether Rg3 attenuates the cardiotoxicity
of chemotherapeutic agents when they are used together. This
may facilitate the development of safer and more efficient
treatment protocols for chemotherapy.
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Figure 5. Effects of Rbl and Rg3 on RAS and TGF-f1 levels in the myocardium. (A) Representative IHC staining photomicrographs of myocardium tissue.
(Magnification, x400). Antibodies against ACE, Ang II, AT1 and TGF-1 were used as the primary antibodies. (B-E) Quantitative results of IHC staining, which
were presented as IOD/Area and were proportional to the levels of ACE, Ang II, AT1 and TGF-f1. Data are presented as the mean + standard deviation, n=4.
"P<0.05 vs. the WKY group following treatment; P<0.05 vs. the SHR group following treatment. Rbl, ginsenoside Rbl; Rg3, ginsenoside Rg3; RAS, renin
angiotensin system; TGF-f1, transforming growth factor $1; IHC, immunohistochemistry; ACE, angiotensin converting enzyme; Ang II, angiotensin II; AT1,
Ang II receptor type 1; IOD, integrated optical density; WKY, Wistar-Kyoto; SHR, spontaneously hypertensive rats.

In conclusion, the present study indicated that hyperten- by Rg3 as well as Rbl, independent of reducing blood pres-
sion and high RAS activity in the myocardium induce cardiac  sure. Furthermore, the mechanism of these protective effects
structural and functional changes, which may be attenuated  of Rg3 on the cardiovascular system may be associated with
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Figure 6. Effects of Rbl and Rg3 on the mRNA levels of inflammatory factors and ET-1 in the myocardium. (A) TNF-a, (B) IL-6, (C) IL-1p and (D) ET-1
mRNA expression. -actin was used as a housekeeping gene. Data are presented as the mean + standard deviation, n=4. "P<0.05 vs. the WKY group following
treatment; *P<0.05 vs. the SHR group following treatment. Rbl, ginsenoside Rbl; Rg3, ginsenoside Rg3; TNF-a, tumor necrosis factor-a; IL-6, interleukin-6;
IL-1B, interleukin-1f; ET-1, endothelin-1; WKY, Wistar-Kyoto; SHR, spontaneously hypertensive rats.
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Figure 7. Summary of the conclusions. RAS, renin angiotensin system; Rbl, ginsenoside Rbl; Rg3, ginsenoside Rg3.

the attenuation of RAS activity in the myocardium. Therefore,
Rg3 may also attenuate inflammation, endothelial injury and
fibrosis. Therefore, the results of the present study demon-
strated that Rg3 exhibits similar cardiovascular protective
effects to Rbl independent of reducing blood pressure in SHR
rats.
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