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Wang et al.: Effects of Ginsenosides on Hepatocellular Carcinoma
To investigate the effects of ginsenosides on the microvascular and immune microenvironment of
hepatocellular carcinoma rats and analyzes the relationship on the prognosis of patients with hepatocellular
carcinoma. 60 patients with hepatocellular carcinoma were collected and randomly divided into control and
treatment group in our hospital from January 2018 to January 2020 and clinical symptoms improvement and
adverse reactions were compared and analyzed. 60 rats were randomly divided into ginsenoside, control and
model group. The immune cell infiltration and microvascular density were detected and analyzed. In animal
studies, the infiltration of cluster of differentiation 3+, cluster of differentiation 4+, cluster of differentiation
8+ and forkhead box P3+ T lymphocytes increased significantly while the transforming growth factor beta
1 value decreased significantly after treatment with ginsenoside. Clinically, the patients in the treatment
group showed significant improvement in their conscious symptoms and higher treatment efficiency while the
adverse reactions such as decrease of white blood cell, decrease of hemoglobin, decrease of platelet, nausea
and vomiting and low fever than that of in control group. In hepatocellular carcinoma model, ginsenosides
induced lymphocyte infiltration and inhibited tumor angiogenesis to exert anti-tumor effects. And ginsenoside
has both anti-tumor and quality of life effects and has good efficacy in the treatment of advanced primary
hepatocellular carcinoma.
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Hepatocellular Carcinoma (HCC) is one of the most
common malignant tumors in the world, with high
incidence rate and mortality rate[1]. Previous studies
showed that the incidence rate of HCC in China ranks
fourth of all malignant tumors and the mortality rate
is third, which seriously threatens people's health[2].
Due to the occult onset, HCC is very difficult to be
diagnosed in the early stage. At present, serum Alpha
Fetoprotein (AFP) level and imaging examination are
the most commonly used methods for the diagnosis
of HCC[3,4], but there are limitations, such as the
diagnostic rate of AFP is about 70 %. In recent years,

the progress of liquid biopsy technology makes the
early diagnosis of tumor possible. As a component of
tumor microenvironment, exosomes are ideal materials
for liquid biopsy. Tumor Microenvironment (TME) is
the environment in which tumor cells exist, including
peripheral blood vessels, stromal cells, fibroblasts,
immune cells, adipocytes, extracellular matrix and
signal molecules[5]. These factors interact to form a
complex and suitable microenvironment for tumor
growth.
Ginsenoside Rg3 is one of the most important effective
components in ginseng, which has been widely proved
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to have obvious anti-tumor effect[6-8]. In recent years,
great breakthroughs have been made in the extraction
process of Rg3 monomer in China and Shenyi capsule,
a modern traditional Chinese medicine preparation,
has been developed. After a series of clinical trials,
it has been listed as a national first-class anticancer
drug and can be used in the adjuvant treatment of
lung cancer, HCC and other malignant tumors[9,10]. In
order to further explore the anti-tumor invasion and
metastasis effect of ginsenoside Rg3 and its related
mechanism, we will explore the effect of Ginsenoside
Rg3 on microvessel and immune microenvironment
of hepatoma rats by establishing hepatoma rat model.
In addition, the relationship between ginsenoside and
prognosis of patients with HCC was further analyzed
through clinical research.
MATERIALS AND METHODS
General clinical data:
A total of 60 patients with HCC in our hospital from
January 2018 to January 2020 were selected and
randomly divided into treatment group and control
group. There were 30 patients in the treatment group,
18 males and 12 females, with a median age of 54 y;
17 patients in the clinical stage II and 13 patients in the
stage III; 30 patients in the control group, 19 males and
11 females, with a median age of 56 y. There were 16
cases in stage II and 14 cases in stage III. The treatment
group was treated with Shenyi capsule combined with
Transarterial Chemoembolization (TACE), while the
control group was treated with TACE alone. There was
no significant difference in clinical data between the
two groups (p>0.05). This study has been approved by
the medical ethics committee of our hospital and the
patients signed the informed consent.
Therapeutic methods:

Seldinger intubation was used for transcatheter arterial
chemoembolization. After percutaneous femoral artery
puncture, the guide wire was inserted first, then the
catheter was inserted and the guide wire was withdrawn.
After the location and scope of liver tumor were
identified, chemotherapy drugs were injected through
the catheter. 5-Fu needle 0.75~1.0, HCTP needle 10~15
mg, DDP needle 10~40 mg were injected into the
hepatic artery first and then 40 % iodine 10~15 ml and
MMC needle 10~15 mg were mixed into the hepatic
artery for embolization. Two groups of patients were
treated with the above two times, the interval of 1~2
mo to review and repeat the above chemoembolization.
The treatment group was treated with Shenyi capsule
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(produced by Jilin Yatai Pharmaceutical Co., Ltd.),
twice a day for 60 d, while the control group was treated
with single interventional chemoembolization.
Observation indexes:
According to Response Evaluation Criteria In Solid
Tumors (RECIST) curative effect standard, the curative
effect was evaluated[2]: Complete Remission (CR)
includes complete disappearance of tumor lesions,
maintained for more than 4 w; Partial Remission (PR)
includes reduction of tumor lesions by more than 50
%; stable (SD) includes reduction of tumor lesions by
50 %, no new lesions, maintained for more than 4 w;
progress (PD) includes tumor lesions by more than 25
% or new lesions; The effective rate was calculated
by CR+PR; clinical symptoms includes liver pain,
abdominal distension, loss of appetite, fatigue and other
symptoms were observed; Adverse reactions includes
observe the changes of hemogram and gastrointestinal
reactions.
Animal experiment:
60 healthy male Wistar rats (Nanjing Junke
Bioengineering Co., Ltd.) weighing 174~225 g
(196.6±12.3) g were selected and reared at 20° and
about 58 % humidity for 12 h a d.
Animal model construction:
The mouse hepatoma cell line H22 (Nanjing Junke
Bioengineering Co., Ltd.) from BABL/C was injected
intraperitoneally with 0.2 ml (1×107/ml). After 7 d,
the mice were killed and soaked in 75 % alcohol for
1-2 min. Then the ascites were extracted, diluted with
normal saline (NC) and centrifuged for precipitation.
The tumor cell suspension of 1×107/ml was prepared
with NC. Each mouse was subcutaneously inoculated
with 0.2 ml (2×106) cells in the right armpit. The rats
were randomly divided into normal group, model group
and ginsenoside group.
Medication treatment:

The normal group and model group were only given
normal saline once a day, while the ginsenoside group
was given 105 mg/kg/d, with the volume of 0.5 ml/20
g. The animals were given the medicine from the 2nd d
after modeling for 8 consecutive days.
Immunohistochemical analysis:
On the 14th d after treatment, all experimental animals
were killed and the tumor area and surrounding tissue
samples were collected, fixed with 4 % formaldehyde,
then embedded in paraffin and sectioned, with a
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thickness of 4 mm. The Microvessel Density (MVD)
was measured by using mouse anti-Cluster of
Differentiation 31 (CD31) monoclonal antibody (Dako,
Glostrup, Denmark). The positive expression of CD31
was observed by brown yellow granular staining in
the cytoplasm and membrane of endothelial cells. The
counting method was according to the method reported
by Gasparini et al. and the average value was taken as
the MVD value.
Immunohistochemical detection of CD3, CD4, CD8
and Forkhead box P3 (FOXP3):
The dilution of mouse Foxp3 monoclonal antibody
(ebioscience company) was 1:1000; the dilution of
CD3 monoclonal antibody (ebioscience company)
was 1:1000; the dilution of CD4 and CD8 monoclonal
antibody (ebioscience company) was 1:1000, Foxp3
was judged as positive cells by brown yellow staining
of nucleus. 10 high power fields (×200) were randomly
selected to count positive cells and the average number
of positive cells in each field was calculated. The results
were expressed as "number of positive cells/hpf"
Transforming growth factor beta 1 (TGF-β1) level
determination:
Part of liver tissue was embedded in paraffin and
sectioned. 5 % Bovine Serum Albumin (BSA) solution
was dripped and sealed for 15 min and then 50 μl of
primary antibody was dripped and allowed to stand at
37° for 2 h. After washing with PBS and drying, 50 μl
of secondary antibody was added and it was allowed
to stand at 37° for 20 min. Rinse with distilled water,
dry, add 50 μl HRP-Streptavidin Conjugate (SABC)
solution and let it stand at 37° for 20 min. After washing
with distilled water and drying, 3,3′-Diaminobenzidine
(DAB) solution was dripped to cover the surface of the
slices. After standing for 5 min at room temperature, the
tissue samples were immersed in hematoxylin solution

for 10 min, immersed in 95 % ethanol solution for 5
min, immersed in anhydrous ethanol for 5 min, repeated
twice and then immersed in toluene solution for 5 min
and dripped with a small amount of neutral gum and
sealed to dry. Using MIAS-2000 pathological image
analysis system analysis, under 400 times microscope
observation, the cytoplasm or cell membrane is brown
yellow can be judged as positive cells, using gray
value to measure the staining intensity, the smaller the
gray value represents the deeper the staining intensity,
indicating the stronger the positive expression,
randomly take 10 areas to calculate the positive gray
value and finally take the average value.
Statistical analysis:
Statistical Package For The Social Sciences (SPSS)
20.0 software was used for statistical analysis. The
measurement data were expressed as mean±standard
deviation and Analysis Of Variance (ANOVA) was
used for comparison between groups. p<0.05 was
considered statistically significant.
RESULTS AND DISCUSSION
Microvessels were mainly found around the tumor
necrosis area. The MVD value of model group was
significantly higher than that of control group (p<0.05).
However, the MVD value of ginsenoside group was
significantly lower than that of control group (p<0.05),
as shown in fig. 1.
As shown in fig. 2, the infiltration of CD3+, CD4+ and
CD8+T lymphocytes in the ginsenoside treated group
was significantly higher than that in the control group.
Foxp3+ was detected by immunohistochemistry in
three groups, while the expression of Foxp3+ in the
ginsenoside group is significantly up-regulated, but
there is no significant difference compared with the
negative control group, as shown in fig. 3.

Fig. 1: Comparison of tumor microvessel density among three groups
Note: *compared with control group, p<0.05, ( ) Ginsenoside; ( ) Model; (
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Fig. 2: Infiltration of CD3+, CD4+ and CD8+ effector T lymphocytes
Note: *compared with control group, p<0.05; **compared with control group, p<0.01 , (

) Ginsenoside; (

Fig. 3: Foxp3+ detection results of three study groups
Note: **compared with control group, p<0.01, p<0.01 , (

) Control

) Ginsenoside; (

The expression level of TGF-β1 in the three groups
was significantly different (p<0.05); the gray value of
TGF-β1 in the model group was lower than that in the
control group, but the difference was not statistically
significant (p>0.05); the gray value of TGF-β1 in the
ginsenoside group was significantly lower than that in
the model group (p<0.05), as shown in fig. 4.
In the treatment group, there were 3 patients with CR,
18 patients with PR, 7 patients with stable remission
and 2 patients with progressive remission; in the control
group, there were 10 patients with PR, 16 patients
with stable remission and 4 patients with progressive
remission. There was no CR in the control group and
the effective rates of the two groups (CR+PR) were
70 % (21/30) and 33.3 % (10/30), respectively, with
significant difference (p<0.05), as shown in Table 1.
Two groups of patients before treatment have varying
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) Model; (

) Model; (

) Control

degrees of liver pain, abdominal distension, loss of
appetite, fatigue symptoms; but the treatment group
after treatment of patients with symptoms than before
treatment were significantly improved (p<0.05); the
control group after treatment of patients with symptoms
than before treatment, but the difference was not
significant (p>0.05); the treatment group compared
with the control group was significantly better than the
control group, the difference was significant (p<0.05),
as shown in Table 2.
After treatment, the adverse reactions such as leukopenia,
hemoglobin, platelets, nausea and vomiting, fever and
so on in the treatment group were lower than those in the
control group and the differences of leukopenia, nausea
and vomiting between the two groups were significant
(p<0.05), indicating that Shenyi capsule can reduce the
adverse reactions of chemotherapy, as shown in Table 3.
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Fig. 4: Comparison of TGF-β1 expression in three groups
Note: *compared with control group, p<0.05, ( ) Ginsenoside; (

) Model; (

) Control

TABLE 1: SHORT TERM EFFICACY OF GINSENOSIDE
Complete
remission

Partial remission

Stable

Progress

Effective rate of
treatment

Treatment group

3

18

7

2

21 (70 %)

Control group

0

10

16

4

10 (33.33 %)

Group

TABLE 2: COMPARISON OF SYMPTOM RELIEF BETWEEN TWO GROUPS BEFORE AND AFTER
TREATMENT
Group

n

Time

Pain

Abdominal
distention

Loss of appetite

weakness

Treatment group

30

Before
treatment

2.67±0.18

3.24±0.21

2.84±0.26

2.94±0.25

30

After treatment

0.73±0.06*

1.05±0.06*

0.93±0.11*

1.13±0.14*

30

Before
treatment

2.61±0.14

3.17±0.18

2.91±0.22

3.03±0.37

30

After treatment

1.96±0.11#

2.59±0.23#

2.17±0.18#

2.48±0.26#

Control group

Note: *compared with before treatment, p<0.05; compared with after treatment, p<0.05
#

TABLE 3: COMPARISON OF ADVERSE REACTIONS BETWEEN THE TWO GROUPS
Treatment group
Adverse reactions

Control group

I

II

III

IV

Adverse
reaction rate

I

II

III

IV

Adverse
reaction rate

Leukopenia

5

1

0

0

20.00 %

9

7

3

0

63.33 %

Decrease of
hemoglobin

6

3

0

0

30.00 %

6

5

0

0

36.67 %

Thrombocytopenia

4

3

0

0

23.33 %

5

4

0

0

30.00 %

Nausea and vomiting

7

4

1

0

40.00 %

17

8

3

1

96.67 %

Liver cancer can be divided into secondary HCC
and primary HCC. Secondary HCC, also known as
metastatic HCC, refers to the invasion and metastasis
of malignant tumors originated from multiple organs to
the liver. Primary HCC is more common, refers to the
malignant tumor originated from the liver epithelial or
mesenchymal tissue[11]. At present, the pathogenesis of
primary HCC is not clear and its risk factors mainly
include hepatitis B virus infection, liver cirrhosis, family
Special Issue 5, 2021

history of cancer, alcoholism, bad eating habits and so
on[12]. The immune microenvironment of HCC patients
is mainly composed of lymphocytes, fibroblasts,
immune cells and hepatic stellate cells around HCC
cells. When the immune microenvironment is normal, it
can form a greater lethality to tumor cells and gradually
improve the vital signs of patients. However, there
is a strong inhibition of immune microenvironment
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in patients with HCC, mainly because tumor cells
destroy the immune microenvironment by secreting
immunosuppressive factors in order to comply with
their growth and metastasis and then make the disease
worse[13]. Some studies have pointed out that[14] hepatic
artery embolization chemotherapy combined with
immunotherapy can effectively improve the immune
function of patients, reduce the level of serum tumor
related indicators and improve the survival rate,
indicating that the treatment of HCC from the immune
microenvironment is worth exploring.
Ginsenoside is the main active component of Panax
in Acanthopanax family, which has high activity in
cancer prevention and treatment. Panaxazoxime can
directly inhibit tumor growth by inducing apoptosis
or differentiation, inhibit tumor metastasis, reverse
drug resistance and improve the anti-tumor activity
of chemotherapeutic drugs[15]. Ginseng soap camp is
equivalent to the tonic medicine in traditional Chinese
medicine, which plays the role of strengthening healthy
and eliminating pathogenic factors.
Angiogenesis plays an extremely important role in tumor
growth and distant metastasis. MVD is an indicator of
angiogenesis and has a significant correlation with the
prognosis of many tumors, including HCC[16]. In this
study, compared with the control group and model
group, MVD value in the ginsenoside group decreased
significantly, suggesting that ginsenoside treatment has
anti-tumor angiogenesis effect.
The regulatory effect of ginsenosides on immune
system is mainly to stimulate the normalization of
various changes of low immune function and prevent
the adverse effects caused by the decline of immune
function. Studies have found that[17] ginsenoside
Rh1 can directly promote the proliferation of spleen
lymphocytes, down regulate the proliferation of T
lymphocytes induced by concanavalin A (ConA), Rh1
can also significantly improve the phagocytic capacity
of peritoneal macrophages, thus promoting the release
of no, suggesting that the immunoregulation effect of
Rg1 on the body may be the result of directly acting
on spleen, lymphocytes and macrophages by promoting
the metabolism of intestinal bacteria[18].
The cellular immunity mediated by effector T cells plays
a very important role in the anti-tumor immune effect[19].
The level of CD8+ T cells is positively correlated with
the prognosis of tumor[20] and high levels of CD3+
and CD8+ cells often predict high survival rate[21].
The results showed that the levels of CD3+, CD4+ and
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CD8+ T lymphocytes in tumor tissues after ginsenoside
treatment were significantly higher than those in the
control group and negative control group, indicating
that ginsenoside can promote the infiltration of effector
T lymphocytes, which is consistent with the existing
research results[22].
Regulatory T cells (Treg cells) are a kind of mature
T cell subsets with immunomodulatory function[23,24].
Treg cells characterized by constitutive expression of
CD25, Programmed cell Death 1 (PD-1), cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4), Foxp3
and other marker molecules play an important role in
tumor peripheral immune tolerance[25,26], among which
Foxp3 is the most important and widely studied, which is
the key factor controlling Treg cell development and its
functional effect. The research results of Huang et al.[27]
showed that larger tumors were often accompanied by
regulatory T cell infiltration and the presence of these
cells may reduce the effect of immunotherapy[28]. Our
results showed that Foxp3+ cells could be detected in
the control group, while the Foxp3+ cell count in the
ginsenoside group was significantly increased, but
compared with the negative control group, the Foxp3+
cell change was not obvious. These data indicate
that Foxp3+ regulatory T cells exist in rat HCC and
ginsenoside can increase Foxp3+ cells. Ginsenoside
cannot completely induce apoptosis of these regulatory
T cells.
In this study, Shenyi capsule combined with
chemoembolization was used to treat advanced primary
HCC. Compared with the control group, the treatment
group has obvious advantages in terms of short-term
efficacy, symptom relief and adverse reactions before
and after treatment. In terms of short-term efficacy,
the effective rates of the treatment group and the
control group were 70 % (21/30) and 33.3 % (10/30),
respectively, with significant difference between the
two groups (p<0.05). In terms of symptom relief, the
patients' self-conscious symptoms of the treatment
group were significantly improved after treatment
(p<0.05); the efficacy of the treatment group was
significantly better than that of the control group, with
significant difference (p<0.05). In terms of adverse
reactions, the two groups of patients after treatment,
leucopenia, hemoglobin decline, thrombocytopenia,
nausea and vomiting, fever and other adverse reactions,
the treatment group was lower than the control
group, in which leucopenia; nausea and vomiting
were significantly different between the two groups
(p<0.05). Therefore, Shenyi capsule combined with
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interventional therapy in the treatment of advanced
primary HCC, not only has the effect of anti-tumor,
but also can improve the quality of life of patients and
has a good curative effect on the treatment of advanced
primary HCC. After interventional therapy of HCC,
vital energy is damaged. Traditional Chinese medicine
has the function of mild and lasting effect, increasing
efficiency and reducing toxicity. It cannot only restore
vital energy, but also have synergistic effect after
interventional therapy of HCC. The curative effect is
remarkable, which is worthy of clinical use.
In conclusion, ginsenosides can induce lymphocyte
infiltration and inhibit tumor angiogenesis in rat HCC
model. In addition, ginsenoside not only has the effect
of anti-tumor, but also can improve the quality of life
of patients and has a good effect on the treatment of
advanced primary HCC.
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