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Effects of compound Kushen injection on pathology
and angiogenesis of tumor tissues
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Abstract. Effects of compound Kushen injection on patho-
logy and angiogenesis of tumor tissues were investigated.
Forty nude mice were used to establish the liver cancer
model of nude mice, and were divided into model group
(n=10), low-dose compound Kushen injection group (n=10),
medium-dose compound Kushen injection group (n=10) and
high-dose compound Kushen injection group (n=10). When
the tumor volume reached 0.5 cm?, 200, 400 and 600 ul of
compound Kushen were injected into the mice of the low-,
medium- and high-dose compound Kushen injection groups,
respectively, for 3 consecutive days; while 400 xl normal
saline were injected into the mice of the model group. At
9 days after treatment, the mice were sacrificed, and the
tumor was taken and weighed. The tumor inhibition rate
was calculated, a-smooth muscle actin (a-SMA) and cluster
of differentiation 31 (CD31) were detected via immunohis-
tochemistry, and the vascular maturity index (VMI) and
microvessel density (MVD) were also detected. With the
increase of compound Kushen injection dose, the tumor
mass was decreased significantly (P<0.05), and the tumor
inhibition rate was obviously increased (P<0.05). In the
model group, the nuclei were large and deeply stained, and
there were many mitotic figures, and more small blood
vessels could be seen. In the three Kushen injection groups,
the number of mitotic figures was slightly decreased, and
the vascular distribution was reduced. With the increase
of compound Kushen injection dose, MVD of transplanted
tumor was decreased significantly, but VMI was increased
significantly (P<0.05). Compound Kushen injection can
reduce the angiogenesis in tumor tissues and play a role in
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inhibiting tumor growth. Therefore, anti-angiogenesis may
be one of the important mechanisms of compound Kushen
injection in inhibiting tumor growth.

Introduction

Compound Kushen injection, made from Sophora flaves-
cens and Rhizoma Heterosmilacis Japonicae, is a kind of
commonly-used compound in traditional Chinese medicine
prescriptions, and its active ingredients mainly include matrine,
oxymatrine, saponin and oxysophocarpine, with effects of
removing pathogenic heat from the blood and toxic material
from the body, clearing heat and promoting diuresis, removing
stasis and relieving pain (1). Current studies have shown that
compound Kushen injection can affect the normal cycle of
tumor cells or vascular endothelial growth factors (VEGFs),
thus inducing cell apoptosis, inhibiting tumor cell proliferation
and tumor metastasis, improving immune level in the body
of cancer patients, and increasing physical condition and life
quality (2). Therefore, compound Kushen injection has been
widely used in the clinical treatment of tumors in China, such
as ovarian, gastric, liver, breast and esophageal cancers (3.4).
However, the exact antitumor mechanism of compound Kushen
injection remains unclear at present. This experiment aimed to
further verify the antitumor effect of compound Kushen injec-
tion and reveal its mechanism in inhibiting tumor growth, so
as to provide a scientific basis for its clinical application.

Materials and methods

Experimental animals and grouping. A total of 40 specific
pathogen-free (SPF) BALB/cA-nu nude mice (20 male,
20 female), 4 weeks old, weighing 18-22 g, were purchased from
the Laboratory Animal Center of Chinese Academy of Medical
Sciences. The mice were kept in cages with controlled tempera-
ture, light cycles and humidity (24°C and 12/12 light cycles,
60+10%) and had free access to food and water. Mice were
divided into model group (n=10), low-dose compound Kushen
injection group (n=10), medium-dose compound Kushen injec-
tion group (n=10) and high-dose compound Kushen injection
group (n=10) by using a random number table. The study
was approved by the Ethics Committee of the First Affiliated
Hospital of Qigihar Medical University (Qigihar, China).
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Main reagents. The following reagents were used: human
hepatoma HepG2 cells (cat. no. CL-0103; Procell Life
Science & Technology Co., Ltd., Wuhan, China) (5), total
ribonucleic acid (RNA) extraction kits (Shanghai Chaoyan
Biotechnology Co., Ltd., Shanghai, China), rabbit anti-mouse
a-smooth muscle actin (a-SMA) and cluster of differentia-
tion 31 (CD31) monoclonal antibodies (at dilution of 1:600 and
1:100, respectively; cat. nos. 19245 and 77699, respectively;
both from Cell Signaling Technology, Inc., Danvers, MA,
USA), Dulbecco's modified Eagle's medium (DMEM) and
fetal bovine serum (FBS; both from Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA). The rest of the reagents
were analytically pure reagents made in China.

Main instruments. The following instruments were used:
ultra-clean bench (Air Tech, Suzhou Purification Equip-
ment Co., Ltd., Suzhou, China), precision electronic balance
(Adventurer Precision; OHAUS Corp., Parsippany, NJ,
USA), upright fluorescence microscope (Olympus Corp.,
Tokyo, Japan), reverse transcription-polymerase chain reac-
tion (RT-PCR) instrument (Biometra, Gottingen, Germany),
dual-vertical protein electrophoresis apparatus (Beijing
Liuyi Instrument Factory, Beijing, China), ultraviolet spec-
trophotometer (NanoDrop; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA), and microplate reader (Thermo Fisher
Scientific, Inc.).

Establishment of liver cancer model of nude mice and treat-
ment. HepG2 cells in the logarithmic growth phase were
collected, washed twice with phosphate-buffered saline (PBS),
stained with trypan blue and counted. After the cell concen-
tration was adjusted to 1x107/ml, 0.2 ml (2x10° cells) of cell
suspension were taken by using a syringe, and inoculated
into subcutaneous tissues on the back of nude mice. The life
changes and tumor growth were observed every day; the long
diameter (L) and short diameter (W) of tumor were measured
every 3 days, and the tumor volume was calculated according
to the formula V = L x W? x 0.52. When the tumor volume
reached 0.5 cm? (the baseline level before treatment), 200,
400 and 600 ul of compound Kushen were injected into the
mice of the low-dose, medium-dose and high-dose compound
Kushen injection groups, respectively, for 3 consecutive
days; while 400 ul normal saline was injected into the mice
of the model group. There were no significant differences in
body weight, tumor volume and time of subcutaneous cell
inoculation among groups of mice. At 9 days after treatment,
the mice of each group were executed, and the tumors were
taken and weighed. The tumor inhibition rate was calculated,;
o-SMA and CD31 were detected via immunohistochem-
istry, and microvessel density (MVD) and vascular maturity
index (VMI) were also detected.

Tumor inhibition rate. The tumor inhibition rate was calculated
using the formula: Tumor inhibition rate (%) = (tumor weight,, ..,
group tumor Weightdrug administration group)/tumor Weightmodel group*

Immunohistochemical detection. After computed tomog-
raphy (CT) scan, 5 mice of each group were sacrificed, and
tumors were removed and embedded in paraffin. MVD and
a-SMA expression were detected via immunohistochemical
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Table I. Comparison of tumor inhibition rate among groups.

Tumor

Tumor inhibition
Group n mass (g) rate (%)
Model group 10 1.65+0.44
Low-dose compound 10 1.41+0.21* 14.55
Kushen injection group
Medium-dose compound 10 1.25+0.15%° 24.24°
Kushen injection group
High-dose compound 10 1.06£0.11*¢ 35.76°¢

Kushen injection group

1P<0.05 vs. model group, "P<0.05 vs. low-dose compound Kushen
injection group, ‘P<0.05 vs. medium-dose compound Kushen injec-
tion group.

staining, and they were labeled with CD31 and a-SMA
antibodies, respectively. Specific operations are as follows:
a-SMA was incubated with primary and secondary antibodies,
dropwise added with QDs-IgG complex (labeling CD31) and
QDs-a-SMA complex (labeling a-SMA), and were observed
under an upright fluorescence microscope (Nikon Instruments,
Inc., Melville, NY, USA).

MVD detection of transplanted tumor. After 3 fields of view
were randomly selected under high-power lens (x200), the red
CD31 fluorescence signal (CD31-positive marker showing red
fluorescence) was used to label mature and immature vessels.
MVD criteria: CD31-positive endothelial cells showing red
fluorescence were clearly separated from tumor cells, adja-
cent blood vessels and other connective tissues. The average
microvessel count was taken, and microvessels in tumor-adja-
cent normal structure were not counted.

VMI detection of transplanted tumor. In the same field of view
in MVD detection, ImageJ professional image analysis soft-
ware (National Institutes of Health, Bethesda, MD, USA) was
used to quantify the expression levels of CD31 and VEGF, and
VMI was calculated (VMI = a-SMA expression level/CD31
expression level).

Statistical analysis. Statistical Product and Service Solutions
(SPSS) 18.0 software (SPSS, Inc., Chicago, IL, USA) was
used for the statistical analysis of all data. t-test was used
for measurement data and the results were presented as
mean + standard deviation (SD). ANOVA and LSD test were
used for the comparison of multiple groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

Tumor inhibition rate. Compared with that in the model group,
the tumor weight in low-dose, medium-dose and high-dose
compound Kushen injection groups was significantly
decreased (P<0.05). With the increase of compound Kushen
injection dose, the tumor mass was decreased significantly
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Figure 1. Hematoxylin and eosin (H&E) staining results. (A) Model group, (B) low-dose compound Kushen injection group, (C) medium-dose compound

Kushen injection group, (D) high-dose compound Kushen injection group.
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Figure 2. Effect of different doses of compound Kushen injection on MVD of
transplanted tumor in mice. "P<0.05 vs. model group, *P<0.05 vs. low-dose
compound Kushen injection group, *P<0.05 vs. medium-dose compound
Kushen injection group. MVD, microvessel density.

(P<0.05), and the tumor inhibition rate was obviously increased
(P<0.05) (Table I).

Morphological changes. In model group, the nuclei were
large and deeply stained, there were many mitotic figures,
and more small blood vessels could be seen. In low-dose
compound Kushen injection group, the number of mitotic
figures was slightly decreased, and the vascular distribution
was also reduced. In medium-dose compound Kushen injec-
tion group, the number of mitotic figures was decreased, and
the vascular distribution was also significantly reduced. In
high-dose compound Kushen injection group, the number of
mitotic figures was decreased, and the vascular distribution
was further reduced (Fig. 1).
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Figure 3. Effect of different doses of compound Kushen injection on VMI of
transplanted tumor in mice. "P<0.05 vs. model group, “P<0.05 vs. low-dose
compound Kushen injection group, “P<0.05 vs. medium-dose compound
Kushen injection group. VMI, vascular maturity index.

MVD of transplanted tumor. Compared with that in the model
group, MVD of transplanted tumor in low-, medium- and
high-dose compound Kushen injection groups was obviously
decreased (P<0.05). With the increase of compound Kushen
injection dose, MVD of transplanted tumor was decreased
significantly (P<0.05) (Fig. 2).

VMI of transplanted tumor. Compared with that in the model
group, VMI of transplanted tumor in low-dose, medium-dose
and high-dose compound Kushen injection groups was obvi-
ously increased (P<0.05). With the increase of compound
Kushen injection dose, VMI of transplanted tumor was
increased significantly (P<0.05) (Fig. 3).
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Discussion

Compound Kushen injection has been widely used in the
treatment of cardiovascular and rheumatic diseases as well as
viral hepatitis (2). In addition, compound Kushen injection
has a broad-spectrum of antitumor effects, which can not
only enhance antitumor and chemoradiotherapy sensitization,
and reduce relevant side-effects of chemoradiotherapy, but
also exert effects of hemostasis, analgesia and regulation of
the body immunity (6). In this study, the effects of compound
Kushen injection on pathology and angiogenesis of tumor
tissues in mice with liver cancer were analyzed, so as to clarify
the antitumor mechanism of compound Kushen injection.

Results of this study showed that with the increase of
compound Kushen injection dose, the tumor mass was
significantly decreased (P<0.05), and the tumor inhibition
rate was significantly increased (P<0.05), indicating that
compound Kushen injection can significantly inhibit the
growth of transplanted tumor in nude mice in a dose-depen-
dent manner. Compound Kushen injection is extracted and
prepared by two medicinal materials: Sophora flavescens and
Rhizoma Heterosmilacis Japonicae. Oxymatrine (molecular
formula: C,sH,,N,0,) is one of the main active ingredients of
Sophora flavescens, and it belongs to quinolizidine alkaloid,
which is colorless crystal and easily soluble in water with
relative molecular mass of 264.4 (7). Modern pharmaco-
logical studies have shown that oxymatrine has a wide range
of pharmacological effects, such as antivirus, antitumor,
anti-hypertension, heart strengthening, antipyresis and anal-
gesia, inhibition of myocardial ischemia and infarction, asthma
relieving, anti-arrhythmia, sterilization, anti-inflammation,
sedation and hypnosis, and anti-allergy (8,9). In Rhizoma
Heterosmilacis Japonicae, flavonoids and triterpenes have
extensive anti-inflammatory, detoxification and antitumor
effects (10).

Anti-angiogenic therapy is a therapeutic method to prevent
and/or reduce angiogenesis in diseased tissues. Currently,
commonly-used anti-angiogenic drugs in clinic, such as bevaci-
zumab, recombinant human endostatin injection and imatinib,
have achieved varying degrees of effects, bringing new hope
for the clinical treatment of tumors (11). Studies have shown
that anti-angiogenic therapy combined with surgery, thermal
therapy and chemoradiotherapy is more conducive to improving
the curative effect (12). The results of this study showed that
with the increase of compound Kushen injection dose, the
mitotic figure of tumor cells and vascular distribution in tumor
tissues is reduced, thereby inhibiting tumor cell division and
proliferation, suggesting that compound Kushen injection may
play an antitumor effect through anti-angiogenesis.

Further analysis showed that with the increase of compound
Kushen injection dose, MVD of transplanted tumor is signifi-
cantly decreased (P<0.05), but VMI was significantly increased
(P<0.05). MVD can reflect the rates of changes in tumor cell
components and tumor vascular components, while VMI can
quantitatively analyze the changes in vascular maturity and
is more representative in the microvascular functional status
than MVD (13,14). Therefore, compound Kushen injection
may inhibit tumor angiogenesis to reduce tumor blood supply,
thereby inhibiting tumor growth. Some studies have shown
that compound Kushen injection can reduce the expression of
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VEGE. VEGF, as an important regulator of angiogenesis, plays
an important role in regulating neovascularization in endothe-
lial cells in tumor blood vessels, so when its level is reduced,
angiogenesis is limited, and tumor blood supply is reduced,
thus inhibiting tumor growth (15).

In conclusion, compound Kushen injection can reduce
angiogenesis in tumor tissues and plays a key role in inhibiting
tumor growth. Therefore, anti-angiogenesis may be one of
the important mechanisms of compound Kushen injection in
inhibiting tumor growth.
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