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Abstract: Chaihu-shugan-san, as a traditional Chinese herbal formula, is composed of seven different herbs. This medicine can treat cancer due to its antioxidant

compounds. In this study, the effect of Chaihu-shugan-san was considered on cytotoxicity induction and PDGF gene expression in cervical cancer cell line HeLa
at different concentrations and at different times, by the MTT method. Paclitaxel + cisplatin were used as a control in this study. The expression of the PDGF gene
was quantitatively evaluated in treated cells by real-time PCR, and a generalized linear model was used to evaluate the effect of the medicine, and Duncan's mul-
tiple range tests were used to evaluate the data. The results of the MTT test showed that Chaihu-shugan-san had antitumor properties in different concentrations,
but there was a significant difference between this medicine and paclitaxel +cisplatin. Also, examination of gene expression showed that this medicine reduced
the expression of the PDGF gene in the HeLa cancer cell line (P < 0.04). Therefore, Chaihu-shugan-san could be suggested as an effective factor in preventing the

growth of cervical cancer cells and controlling angiogenic factors that play an important role in the metastasis of cancerous tumors.
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Introduction properties in order to increase the life quality of cancer
patients by reducing the side effects of cancer treatment
Tumor cells are part of the body cells that lose their methods (10). Chinese medicinal herbs with anti-tumor
ability to regulate proliferation and therefore increase compounds can be a good substitute for therapeutic che-
indefinitely (1, 2). Therefore, these cells induce the for- motherapeutic compounds to fight cancer cells (11, 12).
mation of new veins from the existing capillary network In a study by Xiao et al., the effect of Chaihu-shugan-
through a process that is very similar to natural angioge- san on metastasis-inducing genes such as Fibronectin,
nesis to supply the oxygen and nutrients they need. In MMP9, and VEGF in the breast cancer cell line indi-
fact, as the size of the tumor increases, the environment cated a reduction in the expression of these genes and
of the tumor cells becomes hypoxic and acidic, and they a reduction in tumor cell metastasis (13). Therefore, it
begin to increase the production of growth factors that seems that Chaihu-shugan-san can be considered as a
result in the formation of localized blood vessels (3, 4). suitable inhibitory agent to prevent the spread of tumor
The PDGF gene is an important factor that plays a key cells.
role in angiogenesis and cancer progression, and the- Chaihu-shugan-san is a traditional Chinese herbal
refore, study on the expression of this gene in cancer formula with the composition of seven different herbs
research can help treat cancer (5, 6). such as 1.5g of gancao (Glycyrrhiza radix), 4.5g of
Cervical cancer results from the increased and irre- shaoyao (Paeonia radix), 4.5g of zhiqiao(Citrus auran-
gular growth of the epithelial cells of the cervix and the tium fructus), 4.5g of xiangfu (Cyperus rhizome), 4.5g
constant shedding of these cells. It is the fourth most of chuanxiong (Ligusticum chuanxiong rhizome), 6g
common cancer and the fourth leading cause of cancer of Chaihu (Bupleuri radix), and 6g of chenpi (Citrus
death in women (7). In 2020, out of 528,000 cases of reticulata pericarp) (14). Chemical constituents of this
this cancer, 226,000 cases resulted in death. Typically, Chinese medicine are ferulic acid, tangeretin, nobiletin,
70% of cervical cancers occur in developed countries, glycyrrhizic acid, saikosaponin A, Synephrine, neohes-
and about 8% of all cancer deaths belong to it (8). peridin, hesperidin, paeoniflorin, naringin, benzoic acid,
The use of conventional methods for the treatment of narirutin, meranzin hydrate, oxypaeoniflorin, liquiritin,
cancer, including chemotherapy, although has been able quercetin, benzoylpaeoniflorin, formononetin, isoliqui-
to reduce the progress of the disease to some extent, the ritigenin, liquiritigenin, albiflorin, and gallic acid (14-
many side effects of these methods is a major challenge 16).
in the treatment of cancer (9). Therefore, researchers In this study, the effect of Chaihu-shugan-san was
are looking for natural compounds with anti-cancer evaluated on cytotoxicity induction and PDGF gene ex-
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pression in cervical cancer cell line HeLa. Cisplatin and
Paclitaxel are chemotherapy regimens for cervical can-
cer. Therefore, in this study, we use these two chemical
medicines as a control, during the experiment.

Materials and Methods

Cell line and culture medium

This study was performed in vitro using a cervical
cancer cell line (HeLa). HelLa cell line was obtained
from the cell bank Australia. Cells of this cell line were
cultured in RPMI-1640 culture medium, 10% FBS, at
37°C with 5% of CO, pressure and 95% humidity.

Determination of cytotoxicity and cell viability

In the present study, an MTT assay was used to eva-
luate the cytotoxicity. In order to measure the toxicity of
Chaihu-shugan-san and paclitaxel +cisplatin, cervical
cancer cells (Hela) were individually poured into 10*
cells per well from a 96-well plate and cultured for 24
hours. Then, concentrations of 2.5, 5, 10, 25, 50, 75, 100,
250, 500, and 1000pg/ml were prepared from Chaihu-
shugan-san and the cells in 96-well plates were treated
with these concentrations for 24, 48, and 72 hours. Then
20ul of MTT solution with a concentration of Smg/ml
was added to each well and incubated for 3 hours. The
supernatant was then removed and 200ul of DMSO was
added to dissolve the formazone crystals. Absorption
was recorded at 570 nm by ELISA reader and finally cal-
culated according to the following ratio of cell viability.

Mean light absorption of the sxperimental group—Planck average light absorption

: , ) — x 100
Mean light absorption of the control group—Planck average light absorption

IC50 Calculation

Origin software was used to calculate the concen-
tration at which Chaihu-shugan-san and paclitaxel
+cisplatin reduced cell viability by 50% (IC50). For
this purpose, the values of concentrations and sur-
vival percentage were given to Origin software and
after drawing a graph for each hour and according to
the considered concentrations, the desired calculations
were performed and IC50 was calculated.

Extraction and quality control of RNA

In the present study, in order to extract RNA, RNA
purification column kit (Jena Bioscience) was used and
according to the kit protocol, the steps of RNA extrac-
tion were performed by column method. For quan-
titative analysis, Nanodrop was used to measure the
concentration and purity of extracted RNA, and the
ratios obtained from the nanodrop indicated the purity
of the RNA. In order to prevent genomic DNA contami-
nation and false-positive response, RNase-free DNasel
(Fermentas, USA) was performed.

Tablel. Information of PDGF and GAPDH primers.

The cDNA synthesis

This step was performed by a cDNA synthesis kit
(Sigma-Aldrich, USA) and PCR device. The cDNA
synthesis was performed according to the protocol pro-
vided by the company.

Real-time PCR process and evaluation of gene ex-
pression

A real-time PCR test was used for quantitative ana-
lysis of PDFG gene expression. Materials required for
this test are cDNA samples; SYBR Green Master Mix
distilled water and sterile primer with a final volume of
20ul of solution. In this process, GAPDH was used as
an internal control gene and the qRT-PCR reaction tem-
perature cycle was performed at 94 °C for 2 minutes and
during 40 cycles including 94 °C for 5 seconds and 60
°C for 10 seconds and 72 °C for 5 seconds, and finally,
it was placed at 72 °C for 1 minute. After examining
the melting curve and quality control of temperature and
gene expression in QRT-PCR, due to the high efficiency
0f 95%, CT of the gene and internal control entered the
Pfaffl formula and the expression of the desired gene
was reported as relative (17). The characteristics of the
primers used in this research are given in Table 1.

In order to ensure the absence of genomic DNA
contamination in the RNA sample, negative RT minus
control was used and to ensure the absence of exoge-
nous contamination, non-template control NTC was
used in real-time PCR. The processed product was then
loaded on an agarose gel. No banding was observed
on gel electrophoresis at this stage for genomic DNA
contamination or exogenous contamination.

Statistical analysis of data

In this study, statistical analysis of data was perfor-
med by SPSS software version 17 and Duncan's mul-
tiple range tests at 5% level and the generalized GLM
statistical model was used considering a dependent va-
riable and independent variables. The significance level
was considered 0.05.

Results

Cytotoxicity study of Chaihu-shugan-san on Hel.a
cells in compared to paclitaxel +cisplatin

MTT results of Chaihu-shugan-san treatments with
different concentrations on HeLa cells in 24 hours of
drug treatment showed that cell survival decreased from
1000 to 250pg/ml and again reduction was observed in
survival cells from 250 to 2.5pg/ml (Figure 1, Table2).
For the first 24 hours, the lowest survival rate was ob-
served in 2.5pg/ml Chaihu-shugan-san concentration, in
addition to the control sample. According to the statis-

Gene Sequence Length Cycle number
PDGF Forward 3’-GCCAGGTTGTCTCCTGGTTA-5" 86bps 40
Reverse 3"-TGCTTGGGACACATTGACAT-5"
GAPDH  Forward 3’-TGCACCACCAACTGCTTAGC-5’ 87bps 40
Reverse 3’-GGCATGGACTGTGGTCATGAG-5"
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Figure 1. Graph of Chaihu-shugan-san and paclitaxel + cisplatin
(as control) toxicity on HeLa cervical cancer cell line during 24,
48 and 72 hours; survival differences were significant in all groups
with the control group (P <0.05).

Table2. Chaihu-shugan-san and paclitaxel + cisplatin (as control)
toxicity on HeLa cervical cancer cell line during 24, 48 and 72 hours.

Concentration 24 hour 48 hour 72 hour
(ng/ml) (%) (%) (%)
Control 30 19 10
1000 90 79 69
500 86 65 61
250 80 59 53
100 97 51 35
75 95 90 79
50 93 81 64
25 90 72 55
10 77 57 38
5 74 47 32
2.5 57 45 27

tical analysis, the survival chances due to all concentra-
tions had significant differences with the control group
(P<0.001). The MTT results of Chaihu-shugan-san treat-
ments on Hela cells in the 48-hour treatment showed
that cell survival was reduced from 1000 to 100pug/ml
and then it was reduced again from 75 to 2.5pg/ml.
Based on a statistical analysis of 48-hour data, the sur-
vival chances due to all concentrations had significant
differences with the control group (P<0.001). The MTT
results of Chaihu-shugan-san treatments during 72
hours also showed that the cell survival decreased from
1000 to 100pg/ml and then decreased again from 75 to
2.5pg/ml. Statistical analysis of the treatments applied
in 72 hours showed that the reduction of cell survival in
all concentrations was significant in comparison to the
control group (P<0.001).

According to the statistical analysis of Duncan's
multiple range tests, there was a significant relationship
between all concentrations and the control group during
24, 48 and 72 hours.

IC,, rate of Chaihu-shugan-san

Using graphs obtained from different concentrations
of Chaihu-shugan-san in 48 and 72 hours using origin
2018 software, the IC50 of Chaihu-shugan-san concen-
trations at 200, 100 and 10ug/ml was calculated.

RNA quality control
Examination of negative RT-PCR control and NTC
results showed that there was no contamination from

genomic and exogenous DNA in the extracted RNA.

Evaluation of PDGF gene expression

According to the amplification curve of PCR cycles,
for the GAPDH gene, it can be seen that in the first 23
cycles, there is no noticeable change in the amount of
reproduced products, but then, from cycle 24 onwards,
the reaction enters an exponential phase (Fig 2). About
the PDGF gene, the exponential phase for amplification
happened from cycle 30.

The melting curves of the samples for the studied
genes show that the melting curves all match and the
temperature peaks of all the graphs are at the same tem-
perature (Figure 3).

The results of PDGF target gene expression by
Real-Time PCR in Hel a cervical cancer cells exposed
to concentrations of 10, 100, and 200ug /1 Chaihu-shu-
gan-san showed that at a concentration of 200ug/ml, the
relative expression of the gene was 0.26, at a concen-
tration of 100pg/ml, the relative expression of the gene
was 0.36, and at a concentration of 10pg/ml, the relative
expression of the gene was 0.90. In the statistical ana-
lysis performed in the MTT section, there was a signi-
ficant relationship between these concentrations of 200,
100, and 10pg/ml (P<0.001). Also, In terms of gene
expression, this relationship was statistically significant
(P<0.004). Therefore, the reduction of gene expression
in these concentrations can be justified.

Since PDGF is an angiogenic gene that is involved
in cancer metastasis, changes in gene expression were
not directly related to cell survival. Therefore, changes
in gene expression are independent of changes in cell
survival and can be fully justified.

Statistical analysis of the data showed that the results
of PDGF gene expression under the influence of Chai-
hu-shugan-san were significant in comparison to the ne-
gative control sample (P<0.004)(Figure4), and exposure
to different concentrations of Chaihu-shugan-san could
reduce angiogenic factor expression (PDGF). In addi-
tion, the increase in concentration caused a decrease in
the rate of gene expression.

GAPDH Amplification Curve PDGF Amplification Curve

8Rn

BRn

Cycles

Figure 2. Amplification curves of GAPDH and PDGF genes in the
studied group.
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Figure 3. Melting curves of GAPDH and PDGF genes in the stu-
died group.
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Figure 4. Changes in PDGF gene expression after 24 hours of
treatment with different concentrations of Chaihu-shugan-san (ng/
ml).

Discussion

In the current study, it was found that Chaihu-shu-
gan-san, with its anti-tumor properties, in different
concentrations inhibited the growth and proliferation of
cancer cells at different times. In addition, the present
study showed that Chaihu-shugan-san at concentrations
of 10, 100, and 200pug/ml reduced the expression of the
PDGF gene. Numerous studies have been conducted
on the effect of traditional Chinese medicine, including
Chaihu-shugan-san, on the induction of cytotoxicity on
cancer cells (13, 18-24). According to the results of pre-
vious studies and the present study, Chaihu-shugan-san
has the ability to control cancer cells due to its antioxi-
dant properties.

The results of this study showed that after 72 hours
of treatment of cells with different concentrations of
Chaihu-shugan-san, with a decrease in concentration
from 1000 to 2.5pg/ml, a significant reduction (P <0.05)
was observed in HeLa cells survival. According to the
results, it seems that higher concentrations of Chaihu-
shugan-san as a treatment, due to the presence of va-
rious compounds, may play the role of a nutrient for
cells and thus increase cell survival. While decreasing
the concentration of Chaihu-shugan-san in cellular
treatments may have increased its cytotoxic role, so that
a concentration of 5.5 pg/ml showed the greatest reduc-
tion in cell survival in cervical cancer cells. Statistical
analysis of MTT test results related to treatments of 10,
100, and 200 pg/ml showed that the observed changes
in the survival rate of these concentrations were signi-
ficant (P<0.001). In gene expression, the difference in
the amount of gene expression is significant (P<0.004).
In MTT results, the reduction of cell survival at 10 pg/
ml was greater than the concentration of 100 pg/ml, and
at the concentration of 100 pg/ml was more than the
concentration of 200 pg/ml, so the reduction of gene ex-
pression at these concentrations is justifiable. As stated
in the results section, at a concentration of 200pg/ml of
the drug compared to a concentration of 100 pg/ml and
a concentration of 100 pg/ml compared to a concentra-
tion of 10pg/ml, there was a further decrease in gene
expression. This means that the highest reduction in
expression was obtained at a concentration of 200 pg/
ml and these differences were statistically significant
(P <0.05). Considering that these concentrations were

selected from IC, results to evaluate the expression
of the gene and the resulting changes are statistically
significant at the 5% level, so the decrease in PDGF
gene expression at these concentrations can be justified.
Therefore, based on the results, Chaihu-shugan-san can
be suggested as a traditional medicine with anti-tumor
properties and with the ability to suppress angiogenic
factors in tumor cells.

In the present study, it was found that Chaihu-shu-
gan-san had acceptable toxicity on the cervical cancer
cell line. Although there was a significant difference
between Chaihu-shugan-san and paclitaxel+cisplatin,
Chaihu-shugan-san can help these chemotherapeutic
drugs to reduce their severe side effects, due to their
natural nature and compatibility with the human body.
Chaihu-shugan-san also decreased PDGF gene expres-
sion in the cervical cancer cell line. Therefore, Chai-
hu-shugan-san could be suggested as an effective factor
in preventing the growth of cervical cancer cells and
controlling angiogenic factors that play an important
role in the metastasis of cancerous tumors.
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