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ABSTRACT

Rotundic acid (RA) is a kind of pentacyclic triterpene saponins, which widely exists in holly and other plants.
It has anti-tumor and lipid-lowering effects, and has been widely used in the prevention and treatment of vascular
diseases. Succinyl RA (SRA) is a kind of circular acid derivative with strong water solubility. However, SRA’s
effect and mechanism about the therapy of cervical cancer is still not clarified. The inhibitory effect of SRA on
Hela cells and its molecular mechanism were investigated in this study. Hela cell line was used to establish
an in vitro model to study the effect of SRA. The effects of SRA on cell proliferation, cell cycle and apoptosis
were analyzed by flow cytometry and detected by 3-(4,5-dimethyl thiazole-2-yl)-2, 5-diphenyltetrazole bromide.
The experimental results show that SRA can inhibit the growth of Hela and diffusion, inducing cell apoptosis.
SRA can also reduce the expression of CyclinD 1 and p21. It was also decreased the expression of apoptosis
inhibitor B cell lymphoma (Bcl-2), and increased the expression of Bcl-2-related X-protein and Caspase-3. This
study provides evidence for the progress of SRA in inhibiting Hela cells and presents potential applications of
SRA as an alternative therapy for cervical cancer.
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1. INTRODUCTION
Cancer is a serious life-threatening disease, the second
leading cause of human death, just after cardiovascular dis-
ease [1–3]. Therefore, it is urgent to develop high efficient
and low toxicitic anticancer drugs. Cervical cancer is the
most common female cancer [4]. At present, the treatment
of cervical cancer is hysterectomy and postoperative radio-
therapy and chemotherapy. However, this treatment is not
always effective [5]. Traditional Chinese medicine can reg-
ulate the function of normal organs, enhance the function
of immune system and control tumor cells. The new direc-
tion of diagnosis and treatment of cervical cancer is the

∗Authors to whom correspondence should be addressed.

combination of traditional medicine and modern scientific
methods.
Rotonic acid (RA), a pentacyclic triterpenoid acid [6–8],

which possesses pharmacological activities such as anti-
tumor and lipid-lowering effects, has been used to
prevent and treat cardiovascular and cerebrovascular dis-
eases [9–10]. However, the low polarity of RA [0.5%
dimethyl sulfoxide (DMSO)], high fat solubility and low
bioavailability limit the clinical application of RA. Many
RA derivatives [11–13] have been synthesized by chemi-
cal methods, presenting higher polarity (0.1% DMSO) of
succinyl (SRA) than RA and higher oral bioavailability
in rats [14–16]. However, the effect of SRA on cervical
cancer cells has not yet been evaluated. This study based
on the research of the proliferation and apoptosis in vitro
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Hela, studies the influence of SRA on cervical cancer cell
behavior and its molecular mechanism.

2. MATERIALS AND METHODS
2.1. Drugs
RA was isolated and purified from the dried bark of
Ilex rotunda. SRA was obtained by chemical modification
of RA. RA was heated in the presence of pyridine and
reacted with succinic anhydride. Cooling to room temper-
ature, after the completion of an action in ice water, dilute
hydrochloric acid was applied to adjust the pH to 4∼5.
After filtration, the filter residue was washed with water
until it was colorless. The final SRA product was obtained
by recrystallizing. The purity of SRA was 95.70% by high
performance liquid chromatography (HPLC).

2.2. Cell Line
The cell lines, HeLa, C33A and SiHa were obtained
from BeNa Culture Collection. RPMI 1640 Media (Gibco;
Thermo Fisher Science, Inc.) FBS containing 10% FBS
were cultured in a humid atmosphere with 5% CO2 at
37 �C. HUVECs comes from Changchun Obstetrics and
Gynecology Hospital, Media 199 (Gibco; Thermo Fisher
Science, Inc.) Culture of 10% fetal bovine serum (GE
health life sciences; HyClone). Exponential cells were

Fig. 1. Cell line selection, following treatment with succinyl rotundic acid, using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay
in (A) HeLa, (B) C33A and (C) SiHa cells, and (D) HUVECs. Data are presented as the mean ± standard deviation; ∗P < 0.05, ∗∗P < 0.01 and
∗∗∗P < 0.001 compared with the DMSO group. DMSO, dimethylsulfoxide.

used in subsequent experiments with humidifying in con-
taining 5% CO2 atmosphere, temperature of 37 �C.

2.3. Experimental Groups
Tetermination of the suitable concentration of SRA
has been carried in the preliminary experiment. The
patients were divided into 4 groups: DMSO (0.1%), low
dose SRA (10 �mol/L, 0.1% DMSO), Medium dose
group (20 �mol/L, 0.1% DMSO) and high dose group
(40 �mol/L, 0.1% DMSO).

2.4. Cell Screening
HeLa, c33a, siha cells and huvecs were inoculated in
96-well plates with a density of 2× 104 per well. After
24 hours of culturation, the cell culturation medium was
discarded. The above treatment (200 �L) is in triplicate.
After 48 hours of culturation, 20 �L ammonium bromide
(�L) was used instead of culturation medium (5 mg/mL),
Sigma-Aldrich (Sigma-Aldrich; Merck KGaA) was incu-
bated with plate for 4 hours, the culturation medium
was discarded, 150 �L of DMSO solution was added,
stirred gently for 10 minutes, the absorbance intensity was
decreased. The microplate reader was used to determi-
nate the absorbance intensity at 490 nm (ELX-800; BioTek
Instrument Co.). The cell viability was calculated with
these absorbance values.
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Fig. 2. Following treatment with succinyl rotundic acid, (A) HeLa
cell proliferation was determined by MTT assay. (B) The tran-
swell assay was used to determine cell invasiveness. Data are
presented as the mean ± standard deviation; ∗∗∗P < 0.001 com-
pared with the DMSO group. Con, control; DMSO, dimethyl
sulfoxide.
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Fig. 3. Inhibition of the HeLa cell cycle following treatment with succinyl rotundic acid. (A) Flow cytometric analysis of the cell cycle. (B–D) Sta-
tistical analyses of the numbers of cells in (B) G1, (C) S and (D) G2 phases. Data are presented as the mean± standard deviation; ∗P < 0.05 and
∗∗∗P < 0.001 compared with the DMSO group. Con, control; DMSO, dimethylsulfoxide.

2.5. The Assay of Cell Proliferation
The density of the HeLa cells is 2× 104 cells/well and it
has been seeded in 96-well plates. According to the cell
screening method, the cells were cultured for 24 h, 48 h
and 72 h, and the cell proliferation was calculated by these
absorbance values.

2.6. Invasion Assay
Logarithmic HeLa cells were harvested with 0.25% trypsin
[without ethylenediamine tetraacetic acid (EDTA)] and
diluted to 2×105 cells/mL in RPMI1640 medium contain-
ing 20% FET, bovine serum and above concentration of
SRA. Each prepared HeLa cell (150 �L) was inoculated
in the coated chamber of Matrigel (BD Bioscience) (Corn-
ing Life Science). The inferior cavity contained 600 �L of
RPMI 1640 medium containing 20% fetal bovine serum
and suitable SRA concentration. After 48 hours, the pure
cells were treated with the permeable membrane, followed
by washing with phosphate buffer solution (PBS) twice,
being fixed for 20 minutes with paraformaldehyde, dye-
ing with 0.1% Cr, and crystallization for 30 minutes. Then
each film was gently wiped with cotton swabs and rinsed
with PBS 3 times. Membranes were randomly divided into
5 horizons, followed by microscope count each vision on
the number of cells. Cell invasiveness was calculated by
the number of cells passing through the membrane.

2.7. Westernblot Analysis
The total protein extraction kit (Beyotime) was used to
extract the protein by lysing, collecting, and cracking
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the cells. The sample was then polymerized with sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (separation of 10% gel and 4% concentrate D
glue). The protein samples were SDS-PAGE isolate and
transferred to polyvinylidene fluoride membrane (EMD
Millipore) and sealed with 5% bovine serum albumin
at room temperature. The membrane was incubated with
cyclin-D1, P21, B-cell-lymphadenoma-2(Bcl-2), Bcl-2-
associated X protein (BAK), cleaved with caspase-3 and
�-actin (1:500; BIOSS) overnight at 4 �C with primary
antibodies, and subsequently washed with PBS containing
Tween-20 for 3 times, 7 minutes each time. The membrane
was then incubative. Secondary antibody was marked
by horseradish peroxidase (1:5, 000; cat. no. A0208;
Beyotime Biotechnology Institution) for 1 hour at room

Fig. 4. Succinyl rotundic acid inhibits the expression of Bcl-2 and cyclin D1, and stimulates the expression of Bax, caspase-3 and p21 in HeLa
cells. (A) Western blot analysis and quantitative assessment of the expression of (B) Bcl-2, (C) Bax, (D) caspase-3, (E) cyclin D1 and (F) p21. �-actin
was used as the internal control for grayscale analysis. Data are presented as the mean± standard deviation; ∗P < 0.05, ∗∗P < 0.01 and ∗∗∗P < 0.001
compared with the DMSO group. Con, control; DMSO, dimethylsulfoxide; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein.

temperature. After this, PBST was used to clean membrane
for 3 times, 7 minutes each time. Enhanced chemilumines-
cent substrate solutions (Solarbio Life Science) were then
added to produce detectable signals. For image analysis,
�-actin was applied as an interior control by the gel-pro-
analyzer software (Media Cybernetics Inc.).

2.8. Flow Cytometric Analysis of Apoptosis
Cell suspension was added into the 6-well cell cultura-
tioon plate, incubated for 24 hours, the supernatant was
discarded, cell particles were collected, and washed twice
with cold PBS 400 �L of 1× Annexin V and 5 �L
of Annexin V-FITC, and incubated at the temperature
between 2 �C−8 �C for 15 minutes in the darkness. Then,
after staining with a liquid mixture, 10 �L of PI was
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added. Cell apoptosis was detected by flow cytometry after
ED treatment for 15 min at 2 �C−8 �C.

2.9. Flow Cytometry Analysis of Cell Cycle
After incubation with 90% of the density of collected cells,
the cells were treated with 70% of cold ethanol, saved for
3 h at 4 �C, washed with PBS, and kept in the solution con-
taining 25 �L of iodide organism and 10 �L of RNaseA
dyeing buffer in suspended situation. The cell suspension
of 37 �C in the dark was incubated 45 minutes using
FACSC Alibur flow cytometry instrument (BD, Franklin
Lake, NJ, USA) for the analysis of the cell cycle distri-
bution. According to the different stages of DNA replica-
tion, the cell cycle was divided into four stages, G1, S,
G2 and M. After PI staining, flow cytometry can detect
changes in DNA content, so it can report the effects of
treatment on the cell cycle.

2.10. Statistical Analysis
The data were expressed as mean± standard deviation.
Bonferroni post-hoc test was used for multiple comparison
and One-way anova was used for inter-group comparison.
Graphpad Prism 5.0 Software (Graphpad Software, Inc.,
La Jolla, CA, USA) was used to process data and num-
bers. When results P < 0.05, the difference was significant
(P < 0.05).

3. RESULTS AND DISCUSSION
3.1. Cell Screening
MTT test showed different concentrations of SRA, 10×
10−6 mol/L (P < 0.01), 20×10−6 mol/L (P < 0.001) and
40×10−6 mol/L (P < 0.001). SRA only had an inhibitory

Fig. 5. Induction of HeLa cell apoptosis following treatment with succinyl rotundic acid. (A) Flow cytometric analysis of apoptosis. (B and C) The
statistical analyses of cell apoptotic ratios in early (LR) and late apoptosis (UR). Data are presented as the mean± standard deviation; ∗∗P < 0.01 and
∗∗∗P < 0.001 compared with the DMSO group. FITC, fluorescein isothiocyanate, PI, propidium iodide; Con, control; DMSO, dimethylsulfoxide.

effect on C33A cells at 20 �mol/L (P < 0.05) and
40 �mol/L (P < 0.01) concentrations of SRA (Fig. 1(B)),
while it had an inhibitory effect on SiHa cells at
40 �mol/L (P < 0.01; Fig. 1(C)). There was no inhibitory
effect on HUVECs from SRA at any of the concen-
trations (Fig. 1(D)). The inhibitory effects for all cell
lines were compared with the control (DMSO) for each
concentration.

3.2. Inhibition of HeLa Cell Proliferation and
Cell Cycle

Effects of diosgenin on proliferation, migration and inva-
sion of glioma cells were studied by MTT, Transwell and
cell cycle methods. The time points of inhibiting prolif-
eration (10, 20 and 40 �mol/L SRA) were significantly
different from DMSO group (P < 0.001; Fig. 2(A)). SRA-
induced invasiveness data (19.0± 2.74) and (52.0± 4.23)
of the control group (142.0±4.15) were markedly differ-
ent (Fig. 2(B), both P < 0.001). Cell cycle (FACS) analysis
was performed (Fig. 3(A)). The results showed that the
cell number of G1 phase and S phase increased in SRA
(40 �mol/L) group (P < 0.001 and P < 0.05, respectively).
The number of G2 cells was lower than the control group
(Figs. 3(B–D)) (P < 0.001).
The levels of Bcl-2, Bax and cleaved caspase-3 in

the different treatment groups were determined, and the
results showed that the expression of Bcl-2 of 40 �mol/L
SRA decreased by 44% compared with the control group
(P < 0.01; Figs. 4(A and B)), the expression of Bax
and cleaved-caspase-3 in the SRA group was 1.95 times
(P < 0.01. Figs. 4(A and C)) and 3 times (P < 0.01;
Figs. 4(A and D)) higher than that in the control group.
The expression of cyclin D1 and p21 in SRA group was

Mater. Express, Vol. 10, 2020 575



IP: 84.54.56.67 On: Thu, 21 May 2020 01:34:07
Copyright: American Scientific Publishers

Delivered by Ingenta

Materials Express
Succinyl RA inhibits growth and promotes apoptosis in the HeLa cervical cancer cell line

He et al.

A
rt
ic
le

0.39 times (P < 0.01. Figs. 4(A and C)) and 5.8 times
(P < 0.01; Figs. 4(A and D)), respectively.

3.3. Induction of HeLa Cell Apoptosis by SRA
The results of flow cytometry in SRA group in comparison
with the control group showed that the cellular apoptosis
(Fig. 5(A)) in the SRA group (40 �mol/L) was 2.39- and
2.87-fold higher, respectively (P < 0.001 and P < 0.01;
Figs. 5(B–C)).
Prior to a previous study by our group [17–19], there

were no reports on the structure, synthesis methods and
activity of SRA [20–23]. SRA is a novel compound [24].
The antitumor activity of RA derivatives has been demon-
strated. In 5 cell lines (A-375, SPC-A1, HeLa, HepG2
and NCI-H446) [25–27], the effects of SRA on HeLa
cells has not been studied, nor has its potential therapeu-
tic approach. As a result, the benefits of cervical cancer
are unclear [28–30]. Flow cytometry can determine the
changes of DNA content in different stages of the cell
cycle [31–32]. SRA prolonged G1 and S phases, reduced
G2 phase, and reduced cell proliferation.
Apoptosis is cell death caused by both internal and

external factors. Caspase 3 [33–35] is a kind of effec-
tive Caspase apoptosis in the last stage of the degradation
of the cell. Pro-apoptotic protein Bax and cell survival
promoter Bcl-2 [36] play key roles in the regulation of
endogenous apoptosis signals. Meanwhile, p21 can regu-
late cell cycle and induce apoptosis.

4. CONCLUSION
In conclusion, this study on cervical cancer cell lines pro-
vided preliminary characteristics of SRA’s influence, and
these results demonstrated the potential application value
of SRA in the treatment of cervical cancer.
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