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Tormentic acid induces anticancer effects in cisplatin-resistant
human cervical cancer cells mediated via cell cycle arrest,
ROS production, and targeting mTOR/PI3K/AKT signalling
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Summary

Purpose: Tormentic acid has been shown to exert remarkable
anti-cancer potential against different cancer cell types. In
this study, the anti-cancer potential of tormentic acid was
examined in cisplatin-resistant cervical cancer cells (HeLa
cells). Further, the effects of tormentic acid on cell cycle, reac-
tive oxygen species (ROS) production, and mTOR/PI3K/AKT
signalling pathway were evaluated as well.

Methods: Cell viability was evaluated by MTT assay and
its impact on mTOR/PI3K/AKT signalling pathway was
estimated via western blot assay. Colony formation was
analysed through clonogenic assay and phase-contrast mi-
croscopy was used for the determination of apoptotic cell
morphology along with DAPI staining. Fluorescence-acti-
vated cell sorting was performed for cell cycle analysis and
ROS production was monitored by fluorescence microscopy.

Results: The results indicated that tormentic acid signifi-
cantly suppresses the proliferation of HeLa cells. These an-
tiproliferative effects of tormentic acid were dose-dependent.
Clonogenic assay revealed anti-colony formation potential
of tormentic acid. Tormentic acid also induced remarkable

Introduction

Tormentic acid (TA) is a triterpene extracted
from the plant Vochysia divergens (stem bark). TA
is a potent pharmacological agent demonstrating
different actions including anti-inflammatory, anti-
oxidant, hypoglycemic and anticancer [1-4]. This

morphological changes in HeLa cells, indicative of apoptosis.
Further, DAPI staining assay showed formation of apoptotic
bodies along with dead cells bearing apoptotic nuclei. West-
ern blotting showed impressive increase in the expressions of
pro-apoptotic proteins and decreased expression of anti-ap-
optotic proteins. Fluorescence-activated cell sorting (FACS)
analysis revealed that tormentic acid induced G2/M phase
cell cycle arrest and its effectiveness increased with increased
doses. Fluorescence intensity indicated amplified ROS pro-
duction after tormentic acid exposure. The expression of tor-
mentic acid on mTOR/PI3K/AKT pathway revealed blocking
of this pathway with a concentration-dependent manner.

Conclusions: The outcomes of the present investigation
suggest that tormentic acid-induced apoptotic effects in
cisplatin-resistant HeLa cells were mediated via cell cycle
arrest, ROS production and targeting of mTOR/PI3K/AKT
signalling pathway. Thus, tormentic acid may be considered
as a lead molecule in cancer therapeutics.

Key words: cervical cancer, apoptosis, cell cycle arrest, reac-
tive oxygen species

molecule has been shown to suppress hyperlipi-
demia and diabetes (high-fat diet) through adeno-
sine monophosphate (AMP) and glucose transport-
er 4- activated protein kinase phosphorylation [5].
TA was previously reported to show remarkable
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tendency of suppressing vascular smooth muscle
cells (A715 cell line) (VSMC) survival rate and pro-
liferation rate [0]. In addition, in RAW264.7 cell line
TA has shown significant inhibition of lipopolysac-
charide-iduced cyclooxygenase-2, nitric oxide syn-
thase (NOS), and tumor necrosis factor-a (TNF-a)
[7]. Therefore, the current study was designed to
investigate the anticancer potential of TA against
cisplatin-resistant cervical cancer (CC) cells along
with its effects on cell cycle, ROS production, and
mTOR/PI3K/AKT signalling pathway.

Cervical cancer is a deadly gynecological ma-
lignancy and has been ranked as the fourth most
frequent cause of cancer-related deaths in wom-
en. With over 528,000 new cases and more than
266,000 deaths in 2012 alone, CC is the fourth most
common cancer in women worldwide and second
in ages 15 to 44 years [8]. Persistent human pap-
illoma virus (HPV) infections are among the risk
factors of developing CC. Among different HPVs,
HPV-18 and -16 are the major risk factors for CC[9].
There is strong evidence of the vital role of PI3K/
AKT signalling pathway in cervical carcinogenesis
[10-12]. A recent investigation in CC has shown ac-
tivation of PI3K/AKT and downregulation of PTEN
play a pivotal role in cervical carcinogenesis [13].
It has also been reported that PI3K/AKT signalling
pathway regulated by STAT?3 is involved in CC poor
prognosis [14,15]. Moreover, various factors play a
pivotal role in CC development like miRNAs (micro
RNAs), oncogenic signalling molecules, tumor sup-
pressive genes and oncogenic expression modu-
lators like small noncoding RNAs [16]. Currently,
chemotherapy is the most frequently used treat-
ment for advanced CC. However, chemotherapy
involves serious challenges like toxic side effects
and development of chemoresistance. Thus, there
is an urgent need for the development of novel
therapeutic agents with lower toxicity and better
results against CC.

Thus, the main aim of this study was to exam-
ine the anticancer effects of tormentic acid against
cisplatin-resistant CC cells (HeLa cells) and also
to evaluate the impact of this molecule on cell cy-
cle, reactive oxygen species (ROS) production and
mTOR/PI3K/AKT signalling pathway.

Methods

Estimation of cell viability

The estimation of cytotoxic effects of TA on HeLa CC
cells were performed via 3-(4, 5-dimethylthiazolyl-2)-2,5-
diphenyltetrazolium bromide (MTT) assay. HeLa cells
were cultured at a concentration of 7x10° cells in each
well of 96-well plate. Culturing was performed a day be-
fore TA treatment at varying doses (0, 5, 20, 50, 100 pM).
TA-treated cells were then incubated in a CO, incubator

for 24-72 h. Afterwards, a working concentration of MTT
solution, with concentration of 5mg/ml, was added and
again left for 3 h for incubation. Thereafter, the purple
formazan crystals evolved were dissolved with DMSO.
Finally, the absorbance was recorded at 650 nm and 570
nm with a microplate reader (Thermo Fisher Scientific
Inc., Waltham, United States).

Clonogenic survival determination

HeLa cells were treated with TA at varying doses (O,
20, 50 and 100 pM) for 3 h. Cell colonies were thereaf-
ter diluted to 0.3% of agar solution and redisposed into
Dulbecco’s Modified Eagle’s medium (DMEM) in 6-well
culture plates. in 35-mm culture plates. Each plate con-
tained 3000 cells that were cultured for 2 weeks. Finally,
using 2-mm grid culture dish (Corning) cell colonies
were calculated.

Phase contrast microscopy for cell morphology determination

Identification of significant morphological changes
was performed via phase contrast microscopy. In brief,
4x10" HeLa cells were first incubated for 48 h in 6-well
plates. Afterwards, cells were exposed at varying doses
of TA (0, 20, 50 and 100 pM). Then, the cells were washed
with phosphate buffered saline (PBS) after discarding
DMEM. Apoptotic cells were finally observed under
phase contrast inverted microscope (Leica DMI 30008,
Germany) for cell morphology determination.

Figure 1. Chemical structure of tormentic acid
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Figure 2. MTT assay representing cell viability of HeLa
cervical cancer cells. Data are shown as mean+SD of experi-
ments performed in triplicate. *p<0.05
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DAPI staining assay for apoptosis determination

HeLa cells were seeded in 96-well plates for apo-
ptosis estimation at 2x10° cells per well. Seeded HeLa
cells were exposed to TA (0, 20, 50 and 100 pM) for
24-h incubation. Further, DAPI solution was added to
the treated cells following washing with PBS. Thereafter,
DAPI-stained cells were fixed with 10% formaldehyde.
Apoptosis analysis was finally carried out under fluores-
cence microscope.

Cell cycle analysis

For the determination of distribution of cell cycle
phases, HeLa cells were evaluated through fluorescence-
activated cell sorting (FACS). Briefly, HeLa cells were
treated with different TA doses (0, 20, 50 and 100 pM),
followed by trypsinization. Treated cells were then
washed with PBS and were re-suspended in 95% etha-
nol (900ml). Fixation of cells was performed overnight
at 4°C, followed by re-suspension in staining solution
bearing RNase, acridine orange/propidium iodide (PI)
and PBS. Finally, cells were observed with FACsort (fluo-
rescence-activated sorter) recording up to 40,000 events.
Each experiment was performed at least three times.

Measurement of ROS production via fluorescence microscopy

Prewarmed HeLa cells were suspended in PBS bear-
ing 5-(and-6)-carboxy-2’,7’-dichlorodihydrofluoresceindi-
acetate (H2DCFDA) (5 pmol/L) for about 20 min. After-
wards, cells were washed with DMEM for removal of the
dye, then returned to growth DMEM medium. Thereafter,
cells were further incubated for 30 min and were sup-
plemented with 10 mmol/L of N-acetyl-L cysteine. Cells
were then treated with different TA concentrations (0, 20,
50 and 100 pM). Finally, using Wallace VICTOR2 1420
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Figure 3. Clonogenic assay presenting HeLa cell colonies
after tormentic acid treatment. The experiments were re-
peated thrice.
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multilabel counter (EG&G Wallace) the fluorescence in-
tensity was analyzed at 485 nm and 535 nm wavelengths.

Western blotting assay

Cells were treated with varying doses of TA (0, 20,
50 and 100 pM) in 6-well plates. After TA treatment, cells
were placed on ice followed by lysis buffer (100 pL) (1
mmol/L EDTA, 1 mmol/L Na3VO04, 120 mmol/L NaCL,
50 mmol/L Tris-HCL (pH 7.6), 0.5% NP40, 1 mmol/L phe-
nylmethylsulfonyl fluoride, and 1 ng/mL leupeptin and
aprotinin). A total of 10 pg of protein was loaded onto 8%

Figure 4. Phase contrast microscopy revealing morphological
modifications (arrows) in tormentic acid treated HeLa cells at
indicated doses. The experiments were repeated three times.
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Figure 5. DAPI staining assay showing apoptotic cells after
tormentic acid treatment (arrows). The experiments were
repeated thrice.
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SDS-PAGE gel. Electrophoresis was performed for pro-
tein estimation and thereafter protein sample was trans-
ferred to polyvinylidene difluoride membranes (PVDF).
Next, membranes were blocked at room temperature
with fat-free milk for 1 h. Afterwards, PVDF membranes
were exposed to primary antibodies followed by second-
ary antibodies overnight at 4°C. Finally, using Actin as
loading control, signal was recorded with Odyssey In-
frared Imaging System (LI-COR, USA).

Statistics

The results are presented as mean+standard devia-
tion from 3 independent experiments. Student’s t-test was
used for comparison of differences of controls and treated
groups. SPSS 17.0 was used for statistical analyses and
p<0.05 was considered to indicate statistical significance.

Results

Cytotoxicity induced by tormentic acid

To check the impact of TA on the viability of
HeLa CC cells, MTT cytotoxicity assay was per-
formed (Figure 1). The viability of HeLa cells was
significantly inhibited with increasing doses of TA.
The cell viability was nearly 85%, 65%, 40% and
20%, and nearly 80%, 60 %, 30% and 5% at 5, 20,
50 and 100 pM concentrations after 24-72 h of drug
exposure, respectively (Figure 2), showing dose and
time-dependent growth inhibition of HelLa cells.

Effects of tormentic acid on colony formation of HeLa
cells

Colony formation was performed to evaluate
the impact of TA on colony potential of HeLa cells.
The results indicated that TA reduced the trend
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Figure 6. Western blotting analysis showing the ex-
pressions of BAX, BCL-2 and BCL-XL. Data are shown as
mean+SD of experiments performed three times. *p<0.05.

of HeLa cells of colony formation. The effect was
dose-dependent (Figure 3).

Morphology determination of apoptotic HeLa cells af-
ter tormentic acid treatment

Cellular morphology was observed through
phase contrast microscopy. The results demon-
strated that after treatment with TA significant
morphological changes occurred in HeLa cells.
Morphological changes included cell shrinkage,
membrane blebbing, condensation of nuclei and
bubbling (Figure 4). The effects were increased af-
ter increasing the drug doses.

Induction of apoptosis in HeLa cervical cancer cells by
tormentic acid

Further, investigation was carried out for
checking whether the cytotoxicity of TA was apo-
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Figure 7. FACS analysis representing different cell cycle
phases. Data are shown as mean+SD of experiments per-
formed three times. *p<0.05.
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Figure 8. Presentation of ROS production after tormentic
acid treatment. The experiments were performed in triplicate.
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ptosis-related. Apoptosis estimation was performed
through DAPI staining assay. The results revealed
remarkable dose-dependent induction of apoptosis
by drug exposure (Figure 5). In control untreated
cells there were no signs of apoptosis, but at in-
creasing doses of TA the cells emitted yellow and
orange fluorescence indicating onset of apoptosis.
The percentage of these cells was concentration-
dependent. Further, the effect of TA on pro- and
anti-apoptotic proteins was assessed via western
blotting which showed downregulation of BCL-2
and BCL-XL and upregulation of BAX with increas-
ing TA concentration (Figure 06).

Impact of tormentic acid on different cell cycle phases

To assess different cell cycle phases FACS was
performed. The results indicated significant in-
crease in G2/M phase cells, evidencing cell cycle ar-
rest. The percentage of G2/M phase cells increased
from about 20% in controls to 40% at 20 uM of drug
concentration and up to 70% at 100 pM (Figure 7).

Effect on reactive oxygen species (ROS) of HeLa cells
after tormentic acid treatment

Further, the effect on ROS production of HeLa
cells was assessed through fluorescence micros-
copy. The results revealed that the ROS production
increased significantly with increasing doses of TA
(Figure 8).

Tormentic acid targeting mTOR/PI3K/AKT signalling
pathway in HeLa cells

The effect on mTOR/PI3K/AKT signalling path-
way by TA was analyzed through western blotting
analysis. The results showed remarkable inhibitory
effects on mTOR/PI3K/AKT signalling pathway. It
was observed dose-dependent decrease in p-PI3K,
p-mTOR and p-AKT and dose-dependent increase
in mTOR and AKT protein expressions after drug
exposure. PI3K expression remained unchanged at
lower as well as higher drug doses.

Discussion

As a result of aerobic metabolism in human
body, there is the production of different free radi-
cals including O, nitric oxide, H,0,, hypochloric
acid, and peroxynitrile and many more ROS [17,18].
Universally, all the mammalian cells produce ROS
for signal generation and the production of oxida-
tive species are also associated to long-term expo-
sure to physiological stress which induces protein,
RNA and DNA damage. Regulation of ROS is es-
sential for normal functioning of the cell, regu-
lating differentiation, proliferation and apoptosis.
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Figure 9. Western blotting analysis presenting the expres-
sions of PI3K/AKT signalling pathway related proteins.
Data are shown as mean+SD of experiments performed
three times. *P<0.05.

Apoptosis is the main form of programmed cell
death (PCD) and is categorized as type I PCD. It
is one of the essential mechanisms that operate
homeostasis and development of multicellular
organisms. Apoptosis is characterized by identi-
fication of certain specific morphological and bio-
chemical modifications including fragmentation,
nuclear condensation, cell shrinkage, and apoptotic
bodies. The current investigation was designed to
determine the anticancer potential of TA against
cisplatin-resistant HeLa cells mediated via apop-
tosis, cell cycle arrest, ROS production, and tar-
geting mTOR/PI3K/AKT signalling pathway. The
effect of TA on cell viability of HeLa cells was as-
sessed by MTT assay. The results revealed dose as
well as time-dependent inhibition in cell viability.
Colony formation assay indicated significant dose-
dependent suppression in colony formation abil-
ity of HeLa cells. Next, phase contrast microscopy
was performed to assess the TA impact on cellular
morphology of HeLa cells which revealed differ-
ent morphological changes such as cell shrinkage,
membrane blebbing, condensation of nuclei and
bubbling, which were dose-dependent and indica-
tive of apoptosis. This was further supported by
western blotting assay, which revealed enhance-
ment in the expressions of pro-apoptotic proteins
rather than in anti-apoptotic proteins. Cell cycle
analysis was performed via FACS technique, and
the results showed remarkable increase in the num-
ber of G2/M phase cells, indicating cell cycle arrest.
Thereafter, TA was evaluated for ROS production
via fluorescence microscopy which showed ROS
production increased strongly with increased TA
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doses. Finally, the effect of this molecule on PI3K/
AKT signalling pathway was shown as a poten-
tial downregulator of p-PI3K, p-mTOR and p-AKT
and potential upregulator of mTOR and AKT, with
increasing drug doses, indicating dose-dependent
blockade of PI3K/AKT signalling pathway.

Conclusion

In conclusion, the current investigation of TA
treatment in HeLa cells revealed its potential as
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