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Abstract
Context: Ginsenoside Rg1 (Rg1), as the active ingredient of Panax notoginseng, has protective effect on
the cardiovascular system. While, the efficiency of Rg1 against acute myocardial infarction (MI) is not fully
elucidated. The aim of this study was to investigate the cardio-protection and the underlying mechanism for Rg1.

Objective: Myocardial infarction was induced by ligation of the left anterior descending coronary artery of wistar
rats. 2,3,5-triphenyltetrazolium chloride (TTC) stain assay was used to detect infarct size; hematoxylin and eosin
(HE) and phosphotungstic acid-hematoxilin (PTAH) stain assay were used to evaluate the cardiac structure; terminal
deoxytransferase-mediated dUTP-biotin nick end labeling (TUNEL) assay was used to detect apoptosis;
immunohistochemical stain was used to evaluate neutrophils and macrophages infiltration.
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Key Findings: Firstly, Extract Rg1 (P < 0.01) and Ferment Rg1 (P < 0.01) down-regulated myocardial infarct size
and up-regulated superoxide dismutase (SOD) activity significantly. Then, HE and PTAH stain indicated the
protection of Extract Rg1 and Ferment Rg1 on heart structure, especially on the integrity of sarcomere. Finally, both
Extract Rg1 (P < 0.001) and Ferment Rg1 (P < 0.001) reduced the number of apoptosis cells, and further inhibited
the infiltration of neutrophils into the infarct site of heart.

Summary: For the first time, our present study verified the efficiency of Rg1 against acute MI, and provided
experimental evidence that Ferment Rg1 holds similar cardio-protection with Extract Rg1. Rg1 holds potential
therapeutic value for further drug development on heart disease.

Keywords: Myocardial Infarction; Extract; Ferment; Ginsenoside Rg1
Introduction
Myocardial infarction (MI) is that the sudden decrease or even interruption of blood flow in the coronary artery
caused by coronary occlusion results in severe and persistent acute ischemia and hypoxia in the corresponding
myocardium, eventually leading to ischemic myocardial necrosis. Ischemic heart disease is one of the leading causes
of death at the national level in China in 2017. Around the world, there are more 20 million people dying from MI
each year [1]. Currently, cardioprotective medicines against MI are deficient in clinic. We urgently need to find
more candidate drugs to develop for MI patients.

Panax notoginseng, one of the most frequently used traditional Chinese medicine, is well known for its efficacy in
promoting blood circulation and ameliorating pathological hemostasis [2-4]. Ginsenoside Rg1 (Rg1) is a main
bioactive component of Panax notoginseng. A number of clinical and physiological effects of Rg1 have been
described recently, such as preservation of myocardial structure and cardiac function by enhancing angiogenesis,
and attenuating left ventricle myocardial fibrosis in the rats model of myocardial ischemia-reperfusion or MI [5-7].
Our previous animal experiment study also reported that Rg1 performed cardioprotection with inhibition of vascular
remodeling, not only on large conductance artery but also on small resistance artery [8]. Previous study reported that
Rg1 promoted angiogenesis and reduced the level of myocardial fibrosis in chronic cardiac injury model, but there is
no report on acute protection of Rg1 against MI. Therefore, we used the rats model of acute MI to evaluate the
efficacy of Rg1.

At present, there are two technical bottlenecks in obtaining Rg1 with high purity. Firstly, the repeated cultivation of
Panax plants makes soil unsustainable, and can result in decreasing productivity [9]. Obstacles to replanting are
prevalent among the Panax species, and replanting could fail because of high seedling death rates [10]. Soil
conditions must be improved by many years of crop rotations before Panax notoginseng can be replanted, and arable
soils for Panax notoginseng cultivation are becoming scarce [11]. Secondly, the similar structure of ginsenosides
increases difficulty on the purification of individual component, even though Panax notoginseng is in abundant
supply. In the purification process, it is difficult to obtain high purity Rg1 monomer, because of the similar structure,
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strong hydrophobicity of ginsenoside lead to the mutual interference in the separation and purification process [1213]. Fermentation is a new technology which reduces the dependence on cultivation and produces high purity of
Rg1, compared with the traditional extraction method. Consequently, fermentation is the most desirable method for
industrial application in the condition that plant resources are scarce, and active ingredients are difficult to extract
and purify. We have also been committed to using fermentation to solve the above problems on ginsenosides [9, 14].
In the present study, efficiency of Rg1 from extraction and Rg1 from fermentation were evaluated using MI rat
model. It has laid a solid research foundation for Rg1 to enter the clinical and market in the future.

Methods
Materials
Healthy wistar male rats were purchased from Shanghai Center of Experimental Animals, Chinese Academy of
Sciences. Pentobarbital sodium intraperitoneally was purchased from Alfasan International B.V. Extract Rg1 was
purchased from Shanghai Yousi Bio-Tech Co.,Ltd. Ferment Rg1 was approved by Institute of Plant Physiology and
Ecology, Chinese Academy of Sciences. TTC was purchased from Sigma Aldrich Co., Ltd. ELISA kits for SOD
was purchased from Nanjing Jiancheng Bioengineering Research Institute Co., Ltd. Haematoxylin and eosin were
purchased from Shanghai YiFan Blological Technology Co., Ltd. PTAH staining Kit was purchased from Beijing
Solebo Technology Co., Ltd. TUNEL Apoptosis Detection Kit was purchased from Shanghai Yeasen Biotechnology
Co., Ltd. CD44 antibody, CD68 antibody, Goat anti-rabbit antibody, DAB kit and DAPI were purchased from
Boster Biological Technology Co., Ltd. Unless otherwise noted, solvents and reagents were purchased from
Sinopharm Chemical Reagent Co., Ltd.

MI model and Rg1 treatment
32 healthy adult male wistar rats (200-230 g) were acclimatized in temperature and humidity-controlled rooms with
a 12-hours dark/light cycle. Water and diet were provided adlibitum. All protocol was approved by Institutional
Animal Care and Use Committee at Shanghai Institute of Materia Medica (IACUC number: 2019-03-GDA-62).
After anesthetized by 40 mg/kg pentobarbital sodium intraperitoneally, rats were connected to an ALC-V9 ventilator
(Alcott, Shanghai, China). The tidal volume was set as 18 mL, the respiratory rate was set as 80 breaths per minute,
and the inspiration/expiration ratio was set as 1:1. MI was introduced by ligation of the left anterior descending
coronary artery near the main pulmonary artery. After surgery, all MI rats were randomly divided into 3 groups: rats
in MI group (MI, n=8) were given normal saline; rats in fermentation group (Ferment, n=8) were given 15 mg/kg
Rg1 prepared by fermentation; rats in extraction group (Extract, n=8) were given 15 mg/kg Rg1 by extraction. Sham
group (Sham, n=8) was performed using an identical procedure, except that the suture was passed under the
coronary artery without ligation. Rats were injected with 15 mg/kg Rg1 intravenously once immediately after
surgery, 23 hours after surgery (Supplementary Figure 1). Rats in the Sham and MI groups were given the same
volume of normal saline at the same time. After intravenous administration, the rats were put on an ALC-HTP
animal thermostatic system (Alcott, Shanghai, China) to maintain body temperature until they woke up.

SOD measurement
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24 hours later after surgery, all rats were sacrificed by 120 mg/kg pentobarbital sodium intraperitoneally. Blood
collected from the abdominal aorta was centrifuged at 8000 rpm for 10 minutes at 4℃. The separated serum was
used for SOD analysis using an assay kit as the recommendation of manufacture. Briefly, 20 μL serum was added to
96-well plate and the diluted xanthine oxidase was separately added to each well following. After the 96-well plate
was incubated for 20 minutes at 37℃ on a shaker, the absorbance of each well was read at 450 nm by the
multimode plate reader (Perkin Elmer, Boston, USA) and expressed as International Units U/mL protein.

Left ventricle infarct size evaluation
After euthanasia, every heart was frozen at -20℃ for 20 minutes, then cut into 6 sections using a cold razor blade.
Each section was stained with 0.5% TTC solution at 37℃ for 20 minutes. Morphometric measurement of infarct
area was performed by image analysis system (Image-Pro Plus version 6.0.). TTC infarct size was calculated as the
percentage of infarct area to the whole area heart. After TTC stain, the heart samples were fixed by 4% neutralbuffered paraformaldehyde, and then were paraffin-embedded, cut at 5 mm slices for histopathological examination.

HE staining
The tissues were dewaxed with xylene, hydrated with gradient alcohol, stained with hematoxylin for 15 minutes,
differentiated with 1% alcohol hydrochloric acid for 2-3 seconds. The running water was returned to the blue for 5
minutes, and the eosin solution was immersed for 10 minutes. Afterwards, the tissues were hydrated with gradient
alcohol, cleared in xylene, sealed by neutral balsam. Photomicrographs were taken using an Olympus BX51
microscope plus Olympus DP71 CCD camera (Olympus, Tokyo, Japan).

Immunohistochemical staining
Slides were deparaffinized and rehydrated, antigen retrieval was then achieved in sodium citrate buffer (pH 6.0) for
20 minutes using a microwave oven. Sections were incubated with CD44 or CD68 antibody diluted 1:100 in 1%
PBS at 4℃ overnight following blocking of endogenous peroxidase with 3% hydrogen peroxide and preincubation
with 10% normal goat serum. After removal of the primary antibodies with three 5-minutes washes in PBS, sections
were incubated for 1 hour with goat anti-rabbit antibody diluted 1:200 in 1% PBS at 37 ℃. After three 5-minutes
washes in PBS, the sections were developed with DAB kit, stopped with rinses of double-distilled water. Sections
were restained with hematoxylin. Photomicrographs were taken using an Olympus BX51 microscope plus Olympus
DP71 CCD camera (Olympus, Tokyo, Japan).

TUNEL apoptosis analysis
To evaluate apoptosis in infarct area of rat heart, TUNEL Apoptosis Detection Kit was used according to the
manufacturer’s instructions. The sections were deparaffinized, rehydrated, and permeabilized by incubation in
solutions containing proteinase K. After equilibration and labeling reaction, the ventricular specimens were
immerged into the DAPI solution to stain the nuclei of cells. Laser scanning confocal microscope (Olympus,
Fluoview1000, Tokyo, Japan) was used to view the fluorescence staining. Total cells were visualized at 330-380 nm
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for DAPI staining, and apoptotic cells were visualized at 465-495 nm for FITC staining. The ratio of positive
apoptotic cells and total cells was used to express the apoptosis index.

PTAH assay
The slides were dewaxed with xylene, hydrated with gradient alcohol, oxidized with PTAH oxidizer for 5 minutes,
bleached with oxalic acid solution for 90 s, and stained with Mallory PTAH staining solution for 24 hours. After 24
hours, the excess dyes were washed out with 95% ethanol, the slides were dehydrated with xylene, and sealed by
neutral balsam. Photomicrographs were taken using an Olympus BX51 microscope plus Olympus DP71 CCD
camera (Olympus, Tokyo, Japan).

Statistical analysis
Data analysis was performed using GraphPad Prism 5.0 (GraphPad software, LA Jolla, CA, USA). All data were
expressed as mean ± standard error of mean, and one-way ANOVA was used to confirm whether the variance was
homogeneous. If n were equal, the Tukey method was used for data comparison; if n were not equal, the Bonferroni
method was used for data comparison, P<0.05 was statistically significant.

Results
Infarct size is an important index to evaluate myocardial damage and TTC stain is one of the standard methods to
evaluate infarct size in animal models. The representative images of TTC stain were shown in Figure 1A, red
regions represented non-infarct tissue, and pale white regions indicated infarct tissue. The quantification of TTC
stain was shown in Figure 1B. Compared with Sham group, myocardial infarct size was increased in MI group
(39.1% ± 8.0% vs. 0.0 ± 0.0%, P< 0.001) significantly. Both Extract Rg1 (25.6 ± 3.4% vs. 39.1% ± 8.0%, P < 0.01)
and Ferment Rg1 (24.9 ± 9.0 % vs. 39.1% ± 8.0%, P < 0.01) were reduced myocardial infarct size significantly. Heart
index is one of the methods to evaluated myocardial edema. As shown in Figure 1C, compared with Sham group,
the heart index showed an increasing trend in MI group, while Extract Rg1 and Ferment Rg1 did not show effects on
heart index. SOD activity is another bio-marker that reflects the degree of ischemic injury. Figure 1D showed that
SOD activity was reduced in MI group (119.9±11.7 U/mL vs. 164.5±14.9 U/mL, P < 0.001) compared with Sham
group significantly. Both Extract Rg1 (166.4 ± 16.2 U/mL vs. 119.9±11.7 U/mL, P < 0.001) and Ferment Rg1
(151.9±12.6 U/mL vs. 119.9±11.7 U/mL, P < 0.01) up-regulated SOD activity significantly, compared with MI
group.
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Figure 1: Ferment Rg1 decreased infarct size and up-regulated SOD activity. A. The representative images of TTC
stain. B. The quantification of TTC stain. C. Heart index of each group. D. The activity of SOD from serum was
determined by ELISA. Data are presented as mean ± SE. ***p<0.001 compared with Sham group;
###

##

p<0.01,

p<0.001 compared with MI group. n =5-8.

After we confirmed the protective effect of both Ferment Rg1 and Extract Rg1 against myocardial infarction based
on TTC stain, we further evaluated the effects of Rg1 on myocardial structure in infarct, border and remote area,
respectively. Representative photomicrographs of HE stain were shown in Figure 2. In MI group, the myocardial
structure was destroyed seriously at the infarct area, with the characteristics of inflammatory cells infiltration,
cellular degeneration, coagulation necrosis, interstitial edema, nuclei loss. Compared with MI group, Extract Rg1
and Ferment Rg1 improved the above-mentioned damages. In the border area of MI group, inflammatory cells
infiltration was also obvious, and this phenomenon had been improved by Extract Rg1 and Ferment Rg1.
Cardiomyocytes aligned in an orderly arrangement without obvious difference in remote area for each group.
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Figure 2: Ferment Rg1 protected the structure detected by HE stain. Representative photomicrographs of HE stain.
n = 7-8 for each group. Scale bar: 100 µm.

Each sarcomere is formed from a miniature, precised ordered array of parallel and partly overlapping thin and thick
filaments. After we confirmed the protective effect of both Extract Rg1 and Ferment Rg1 on myocardial structure
through HE stain, we further evaluated the effects of Rg1 on sarcomere with PTAH stain in infarct, border and
remote area (Figure 3). In MI group, cardiac muscle cells in shortened and widened shape not only lost codirectional arrangement, but also the light bands and dark bands of sarcomere were ruptured seriously at the infarct
area. In the border area of MI group, the sarcomere also showed a certain extent rupture. Both Extract Rg1 and
Ferment Rg1 protected the structure of sarcomere; maintain the cardiac muscle cells in striated arrangement at the
infarct and border area. There was no difference on sarcomere structure in remote area for each group.

Figure 3: Ferment Rg1 protected the sarcomere detected by PTAH stain. Representative photomicrographs of
PTAH stain. n = 6-8. Scale bar: 100 µm.

HE stain and PTAH stain indicated the cardio-protection of Extract Rg1 and Ferment Rg1, and then TUNEL
analysis was conducted to elucidate the underlying mechanism. Representative photomicrographs of TUNEL stain
were shown in Figure 4A, and TUNEL-positive cells stain green. In Figure 4B, the percentages of TUNEL-positive
cells in MI group was higher than Sham group (43.9±10.5% vs. 0.0%±0.0, P<0.001). Both Extract Rg1 (16.0±2.7%
vs. 43.9±10.5%, P < 0.001) and Ferment Rg1 (15.7±4.7% vs. 43.9±10.5%, P < 0.001) down-regulated the
percentages of TUNEL-positive cells compared with MI group significantly.
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Figure 4: Ferment Rg1 inhibited cardiomyocyte apoptosis. A. Representative photomicrographs of TUNEL stain. B.
The quantification of TUNEL stain. Data are presented as mean ± SE. **p<0.01, ***p<0.001 compared with Sham
group; ##p<0.01, ###p<0.001 compared with MI group. n = 7-8. Scale bar: 50 μm.

Because inflammatory infiltration was observed by HE stain, we want to further detect which type of inflammatory
cells involved. Representative photomicrographs of immune histochemical stain of CD44 positive cells (neutrophils,
Figure 5A) and CD68 positive cells (macrophages, Figure 5B) were shown. In MI group, abundant CD44 positive
cells infiltrated into infarct area, while the infiltration of CD68 positive cells was not so obvious. At the border area
of MI group, sporadic distribution of CD44 positive cells was observed. Both Extract Rg1 and Ferment Rg1
inhibited neutrophils infiltration in the infarct and border area.
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Figure 5: Ferment Rg1 inhibited the neutrophils infiltration. A. Representative photomicrographs of neutrophils
immunohistochemistry stain. B. Representative photomicrographs of macrophage immunohistochemistry stain.
n = 6-8. Scale bar: 50 µm.

Discussion
In the present study, we found that both Extract Rg1 and Ferment Rg1 reduced myocardial infarct size, up-regulated
SOD activity, protected the integrity of sarcomere, inhibited cardiomyocyte apoptosis, and attenuated neutrophils
infiltration, indicating Rg1 has cardio-protection effect.

MI is a leading cause of morbidity and mortality throughout the world. At present stage, safe and effective drugs for
MI are scarce in clinical. Even previous study reported that Rg1 promoted angiogenesis and reduced the level of
myocardial fibrosis in chronic cardiac injury model [6-7], but there is no report on acute protection of Rg1 against
MI. For the first time, we reported the efficiency of Rg1 in reducing infarct size, neutrophils infiltration on acute MI
rats, which is consist with the chronic protection on myocardial fibrosis.

Neutrophils always are the first kind of leukocytes to be recruited into sites of MI injury [15]. These neutrophils,
whilst vital for host defense against pathogens, are implicated in the pathogenesis of many disorders due to their
capacity to release a wide range of proinflammatory mediators and reactive oxygen species [16-18]. After MI, the
body usually initiates the inflammatory immune response and subsequent injury repair process, and eventually
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replacing the necrotic myocardium by cicatrices [19]. Our results showed the evidence that both Ferment Rg1 and
Extract Rg1 inhibited the infiltration of neutrophils, indicating the further protection against cardiac remodeling.
Oxygen free radical explosion is one of the main mechanisms of MI [20]. SOD is a specific enzyme for scavenging
oxygen free radicals in vivo, and SOD activity indirectly reflect the ability of the body to scavenge oxygen free
radicals. A decrease in SOD activity results in the decreased removal of superoxide anions, which is harmful to the
myocardium [21].

Previous report showed that the myocardial protection of Rg1 during cardiomyocytes hypoxia/reoxygenation was
partially due to its anti-oxidative effect [22]. Our results further confirmed that Ferment Rg1 and Extract Rg1 upregulated SOD activity and protected myocardial cells from oxygen free radical damage. In addition, SOD also
mediates cardiomyocyte apoptosis. Myocardial cell apoptosis is the main form of cell loss in the early stage [23].
Because of the persistent apoptosis, a large number of cardiac myocytes are lost and the cardiac function will be
destroyed [24-25]. Rupture of the sarcomere is another indicator of dysfunction of heart. Ferment Rg1 and Extract
Rg1 not only inhibited apoptosis of myocytes, but also kept the integrity of sarcomere, implying the protection of
Rg1 on heart contractility. In the future study, we will evaluate the efficiency of Rg1 on heart function.

Conclusions
In summary, both Extract Rg1 and Ferment Rg1 improved cardiac structure and inhibited neutrophils infiltration
significantly in rats with MI injury. Ferment Rg1 holds similar efficiency with Extract Rg1 on cardio-protection,
indicating the unequivocal biological activity and clear mechanism support Rg1 for future clinical development.
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Description of Data

Figure 1S: After the rats adapted to environment for 7 days, we carried out the experimental operation according to
the above experimental protocol. Sham group was performed using an identical procedure, except that the suture
was passed under the coronary artery without ligation.

Figure 2S: The HPLC analysis was performed on a Shimadzu LC20A system (Shimadzu, Kyoto, Japan) equipped
with a LC20ADXR pumper, an auto-sampler and a diode array detector. Chromatographic separation of Rg1 was
carried out at 35℃ on a Shim-pack XR-ODS column (100 mm×2.0 mm, 2.2 μm, Shimadzu, Kyoto, Japan). The
gradient elution system consisted of water (A) and acetonitrile (B). Separation was achieved using the following
gradient: 0-2 min (15% B), 2-16 min (15%-70% B), 16-20 min (95% B), 20-22 min (15% B) and the flow rate were
kept at 0.45 mL/min. The purity of Rg1 prepared by both methods was more than 98%.
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Figure 3S: In brief, 1H NMR was recorded on Bruker Avance III 500 MHz in CD3OD, and the chemical shift (δ) of
1

H NMR was given in ppm relative to CD3OD (δ = 3.31 ppm). 1H NMR (500 MHz, CD3OD) δ ppm: 5.11 (t, J = 6.9

Hz, 1H), 4.61(d, J = 7.8 Hz, 1H), 4.35 (d, J = 7.8 Hz, 1H), 4.10 (td, J1 = 10.5 Hz, J2 = 3.0 Hz, 1H), 3.83 -3.76 (m,
2H), 3.70-3.62 (m, 3H), 3.38-3.24 (m, 6H), 3.22-3.18 (m, 2H), 3.12-3.06 (m, 2H), 1.96-1.57 (m, 15H), 1.51-1.48 (m,
1H), 1.42-1.38 (m, 1H), 1.35 (s, 3H), 1.33 (s, 3H), 1.22-1.04 (m, 7H), 1.01 (s, 3H), 1.00 (s, 3H), 0.96 (s, 3H).
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