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Abstract

Objectives. Triphala is a herbal medicine that has been widely used for treating a variety of ailments. This study aims to
systematically analyze the antitumor effects of Triphala on gynecological cancers. Methods. The antineoplastic activities
of Triphala on gynecological cancers were analyzed using network pharmacology-based strategies. Afterward, the human
ovarian cancer cell line SK-OV-3, cervical cancer cell line Hela, and endometrial cancer cell line HEC-1-B were selected for
experimetal valification. Results. Network pharmacology analysis suggested that Triphala could comprehensively intervene in
proliferation and apoptosis through diverse signaling pathways, mainly including MAPK/ERK, PI3K/Akt/mTOR, and NF-«kB/
p53. The Cell Counting Kit 8 (CCK-8) assay illustrated that Triphala was able to inhibit cell proliferation with half inhibition
concentration (IC_ ) values of 98.28 + 13.71, 95.56 + 8.94, and 101.23 £ 7.76 pg/mL against SK-OV-3, Hela, and HEC-1-B
cells, respectively. The ELISA experiment demonstrated that Triphala was capable of promoting programmed cell death,
with dosage correlations. The antiproliferative and proapoptotic activities were confirmed by flow cytometric analysis
using Ki6é7 antibody and Annexin V/propidium iodide (PI) dual staining. Western blotting revealed a decrease in expression
levels of phospho-Akt, phospho-p44/42, and phospho-NF-kB p56 in cells administered Triphala, which indicated that the
possible mechanism could involve downregulation of MAPK/ERK, PI3K/Akt/mTOR, and NF-kB/p53 signaling pathways,
as was predicted. Conclusion. Triphala holds great promise for treating gynecological cancers. Although the favorable
pharmacological properties have been preliminarily investigated in this study, further studies are still needed to uncover the
sophisticated mechanism of Triphala in cancer therapy.
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principles or humors, and Triphala is able to restore and
maintain the homeostasis of the 3 humors. Therefore,
Triphala is often used to treat benign and malignant
tumors, either as a sole remedy or as a basic recipe in
many antineoplastic formulations.*

Triphala is composed of the fruity parts of 3 chebulic
myrobalans—namely, Terminalia  chebula  Retz,
Terminalia bellerica (Gaertn) Roxb, and Phyllanthus
emblica Linn, in a ratio of 1:1:1 or 2:1:1, each of which
contains various structurally diverse chemicals with ther-
apeutic potentials. It has been demonstrated that the main
bioactive chemical constitutes are polyphenols, such as
tannins, flavonoids, phenolic acids and glycosides, as
well as other aromatic acids and carbohydrates, saponins,
sterols, alkaloids, amino acids, fatty acids, and others.®’
Although there is a lack of specific data to elucidate the
antineoplastic effect of Triphala against gynecological
tumors, emerging studies have reported that a few of its
constituents (gallic acid, ellagic acid, chebulic acid, and
their derivatives, flavonoids, ascorbic acid, and others)
have such properties.*® Because the anticancer mecha-
nism of Triphala is a concerted pharmacological inter-
vention of multiple components and targets,'™'" it is
necessary to apply the network pharmacological-based
strategy in this study as an effective and efficient approach
for understanding the network regulatory effects of herbal
formulae.'*"

Materials and Methods

Data Collection

The chemical candidates were collected from the avail-
able literature related to both Triphala and its ingredi-
ents. The bidimensional chemical structures were either
obtained from NCBI PubChem (http://pubchem.ncbi.
nlm.nih.gov/) and ChEMBL (https://www.ebi.ac.uk/
chembl/) databases or charted with ISIS/Draw 2.5 (MDL
Information Systems Inc, San Leandro, CA). The down-
loaded chemical structures were then converted into ste-
ric structures and exported in mol2 format with hydrogen
atoms. Gasteiger charges were added by using Open
Babel 2.4.1.'*'° Afterward, the mol2 format structural
files were uploaded to PharmMapper server
(http://59.78.96.61/pharmmapper/) using the default
setting for potential targets screening, based on an
inverse docking approach.'” The associations between
the predicted targets and female genital organ cancers
were identified through the DGA database (http://dga.
nubic.northwestern.edu).'® The top 10 gynecological
cancer—related target candidates of each compound of
Triphala were chosen for further studies, based on the fit
score. The official names of the encoding genes of the

predicted targets were obtained from the UniProt data-
base (http://www.uniprot.org/)."

Bioinformatics Analysis

The biological properties and pathway enrichment of
Triphala were analyzed manually. Briefly, the molecular
functions of the potential target candidates were obtained
from GeneCards database (http://www.genecards.org/).”’
The principal regulatory activities against gynecological
malignancies were roughly classified into 3 categories (cell
growth and proliferation, cell death and apoptosis, cell
migration and invasion), whereas the key signaling path-
ways included MAPK/ERK signaling, PI3K/Akt/mTOR
signaling, NF-«B/p53 signaling, TGF-f/Smad signaling,
IL6/Jak/Stat signaling, Wnt/B-Catenin signaling, and
Notch/Jagged signaling. The gene enrichment of each
aforementioned biological activity and signaling pathway
was calculated individually. The interaction between the
compounds, targets, and effects of Triphala against gyneco-
logical cancers were analyzed, and the interaction network
was drawn by Cytoscape 3.5.1.2!

Preparation of Medicine Extract

The finely powdered Triphala containing 3 equal proportions
of myrobalans (Dabur India Ltd, Alwar, India; batch number:
AL1675) was extracted by 70% methanol aqueous solutions
(sample weight to solvent volume ratio of 1/10) with stirring.
The extract solution was centrifuged at 4000 rpm for 15 min-
utes at room temperature, then filtered through a 0.45-um
membrane filter (Merck Millipore Ltd, Cork, Ireland) to
remove particulate matter. The solvent of filtrate was removed
by rotary evaporation followed by freeze drying. The
achieved extract powder was weighed and stored at —20°C
and was dissolved in complete medium at different concen-
trations and filtered with a 0.22-ym membrane filter (Merck
Millipore) before being applied to the cells.

Cell Culture

Human ovarian carcinoma cell line SK-OV-3, cervical car-
cinoma cell line HeLa, and endometrial carcinoma cell line
HEC-1-B were provided by China Infrastructure of Cell
Line Resource. SK-OV-3 cells were cultured in McCoy’s
5A medium (Corning Inc, Corning, USA); HeLa cells were
grown in RPMI 1640 medium (Corning); and HEC-1-B
cells were cultured in DMEM medium (Corning). All medi-
ums were supplemented with 10% fetal bovine serum
(Corning) and 1% penicillin-streptomycin (Beyotime
Biotechnology Inc, Nantong, China). The cells were incu-
bated at 37°C under a humidified atmosphere of 5% carbon
dioxide.
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Cell Counting Kit (CCK-8) Assay for Proliferation
Activity

CCK-8 (Dojindo Inc, Kumamoto, Japan) assay was per-
formed to estimate the proliferation inhibitory activity of
Triphala according to the manufacturer’s specification.
Briefly, the gynecological cells were seeded in 96-well
plates separately at a density of 1 x 10* cells per well and
incubated with complete medium for 24 hours; then, they
were cultured with gradient concentrations (25-150 pg/mL)
of Triphala extract for an additional 48 hours. After the drug
intervention, the tetrazolium salt-based CCK-8 solution
was added and reacted for another 3 hours. The optical den-
sities (ODs) were measured at 450 nm with a microplate
reader (Beijing Pulang New Technology Co, Beijing,
China), and the percentage of antiproliferation was calcu-
lated. The half maximal inhibition concentration (IC5 o val-
ues were calculated using SPSS Statistics 19.0 software
(IBM, Chicago, IL) by probit analysis.

Enzyme-Linked Immunosorbent Assay (ELISA)
Assay for Apoptosis Analysis

The apoptosis induction activity of Triphala was examined
with Cell Death Detection ELISA Plus kit (Roche
Diagnostics, Basel, Switzerland) according to the manufac-
turer’s instruction. Briefly, the cells were seeded and cul-
tured using the same method described above. After the
drug intervention, the cells were collected and resuspended
in lysis buffer, and the lysate was centrifuged to remove the
intact nuclei. The supernatant containing cytoplasmic his-
tone-associated DNA fragments was transferred into a
streptavidin-coated microplate and incubated with immu-
noreagent and substrate for quantitative immunoassay. The
OD value was determined at 405 nm using a microplate
reader, and the fold increase of DNA fragmentation, reflect-
ing the amount of programmed cell deaths, was calculated,
as Absorbance of treated cells/Absorbance of negative con-
trol cells.

Flow Cytometric Analysis

Flow cytometry assays were processed using monoclonal
antibody Ki-67 and Annexin V/propidium iodide (PI) dou-
ble staining, respectively, to evaluate the degree of prolif-
eration and apoptosis. Briefly, the gynecological cancer
cells were seeded into 6-well plates at a density of 5 x 10°
cells per well and incubated with Triphala at respective IC %
concentrations for 48 hours, harvested by trypsinization,
and washed and resuspended in cell staining buffer. For pro-
liferation analysis, the cells were fixed, and the nuclear
membrane was permeabilized using Foxp3/Transcription
Factor Staining Buffer Set (eBioscience Inc, San Diego,
CA) before staining with anti-Ki67 antibody (BioLegend

Inc, San Diego, CA) at 4°C for 1 hour. For apoptosis detec-
tion, the cells were incubated using FITC Annexin V
Apoptosis Detection Kit with PI (BioLegend) at room tem-
perature for 15 minutes. Afterward, the fluorescent staining
was detected and analyzed using a flow cytometer (BD
Biosciences, San Jose, CA), and the mean fluorescent inten-
sity for Ki-67 was calculated using Flowjo VX software
(Tree Star Inc, Ashland, OR).

Western Blotting Assay

The gynecological cancer cells were cultured in 10-cm
petri dishes, grown to approximately half confluence, and
then treated with Triphala at respective IC, | concentra-
tions for 48 hours. The cultured cells were harvested by
centrifugation and fractionated using Nuclear and
Cytoplasmic  Protein  Extraction Kit (Beyotime
Biotechnology Inc, Nantong, China) following the manu-
facturer’s instruction with supplement of protease inhibi-
tor cocktail and phosphatase inhibitor cocktail
(Sigma-Aldrich Corp, St Louis, MO). The protein concen-
trations were determined using Pierce BCA Protein Assay
Kit (Thermo Fisher Scientific, Waltham, MA). The total or
nuclear proteins were separated by SDS-PAGE electro-
phoresis, transferred to a nitrocellulose membrane, and
then incubated with phospho-Akt, phospho-p44/42, and
phospho-NF-«B p56 (Cell Signaling Technology, Danvers,
MA) monoclonal antibodies correspondingly. Afterward,
secondary antibodies (Abcam) were attached, and expres-
sion levels of proteins were detected by chemilumines-
cence using Pierce ECL Plus Western Blotting Substrate
(Thermo Fisher Scientific).

Statistical Analysis

All data were represented as means + SDs of a minimum of
3 independent experiments. Statistical analyses were car-
ried out by 1-way ANOVA, with the least-significant differ-
ence post hoc multiple comparison tests, via SPSS Statistics
19.0 software. A P value of <.05 was considered to be sta-
tistically significant.

Results

Prediction of Potential Targets

A total of 50 major components with anticancer proper-
ties were obtained from the available literature and then
analyzed through a pharmacophore mapping approach
performed by an online PharmMapper tool. Using the
DGA database, the output results were screened based
on their correlation with gynecological cancers and then
sorted by normalized fit scores. The 55 top-ranked gyne-
cological cancer-related proteins were identified as
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Figure |. Prediction of the biological functions and mechanism of Triphala against gynecological cancers based on a network
pharmacological approach. The drug-target-effect interaction network showed that 50 candidate compounds of Triphala (green
triangles) were predicted to have 55 major protein targets (yellow squares), which could participate in 3 primary molecular pathways
(orange circles) and lead to 2 principal cancer activities (red circles). The diameters of circles indicate the number of associated

proteins.

principal potential targets of Triphala (Table S1; supple-
mentary material available at http://journals.sagepub.
com/home/ict/supplemental-data).

Functional and Molecular Analysis

The potential targets were annotated to cellular functions
and molecular signaling pathways, and the gene enrich-
ment was calculated. A total of 41 genes were associated
with cell growth and proliferation, 38 genes with cell
death and apoptosis, and 27 genes with cell migration and
invasion. Among them, the enrichment scores of genes
related with cell proliferation and apoptosis were at above
average levels. Furthermore, 33 genes were involved in
MAPK/ERK signaling pathways, 29 genes in PI3K/Akt/
mTOR signaling pathways, 29 genes in NF-kB/p53 sig-
naling pathways, 21 genes in TGF-f/Smad signaling path-
ways, 15 genes in IL6/Jak/Stat signaling pathways, 11
genes in Wnt/B-Catenin signaling pathways, and 5 genes
in Notch/Jagged signaling pathways (Table S2). Among
these pathways, the gene enrichment scores of MAPK/
ERK, PI3K/Akt/mTOR, and NF-kB/p53 signaling path-
ways were above the mean value. The results suggested

that the predominant pharmacological effects of Triphala
against gynecological cancers may involve proliferation
inhibition and apoptosis induction of tumor cells, through
regulating MAPK/ERK, PI3K/Akt/mTOR, and NF-kB/
p53 signaling pathways. The drug-target-effect interaction
network was visualized by Cytoscape software and is
shown in Figure 1.

Validation of Antiproliferative Activities

The antiproliferation properties of Triphala were examined
by CCK-8 and flow cytometry—based Ki-67 assays. The
CCK-8 assay showed that Triphala significantly inhibited
the growth of all 3 gynecological tumor cell lines in a con-
centration-dependent manner (Figure 2A). The IC " values
against human ovarian cancer SK-OV-3 cells, cervical can-
cer Hela cells, and endometrial cancer HEC-1-B cells were
98.28 + 13.71, 95.56 + 8.94, and 101.23 + 7.76 ug/mL,
respectively. Meanwhile, the antiproliferative effect of
Triphala was also confirmed by flow cytometry assay,
which showed that the expression of proliferation-related
antigen Ki-67 in different cancer cells were decreased
(Figure 2C).


http://journals.sagepub.com/home/ict/supplemental-data
http://journals.sagepub.com/home/ict/supplemental-data

898

Integrative Cancer Therapies 17(3)

B SK-0V-3
/| -

Control

=
o
H
=
=
=

Experimental

Control

Apopiosis Enrichment Factor

Median Fluorescence Intensity

1 HE
Experimental

& Control

F SK-0V-3 Hela HEC-1-B

_ Control

| S A S
IFrEE

Ki6T
Experimental

pd4/4Z MAPK
4

Phaspho-

Le s
Phospho-Akt

Experimental

&
Phospho-
NEF-kB p56

Experimental

BSK-0V-3 BHela EHEC-1-B

sl sl

Control

GAPDH

Experimental

Figure 2. Validation of the biological activities and molecular pathways of Triphala against different gynecological cancer cell lines

in vitro. Dose-dependent cell growth inhibition and apoptosis induction were observed using CCK-8 (A) and ELISA (D) assays. The
antiproliferatory and proapoptotic effects were also detected by flow cytometry assays using proliferation—associated antibody Ki-67
(B and C) and Annexin V/PI (E). Western blotting (F) further demonstrated that the level of phospho-Akt, phospho-p44/42, and
phospho-NF-kB p56 decreased in different gynecological cancer cell lines, which suggested that the antitumor mechanism of Triphala
is related to MAPK/ERK, PI3K/Akt/mTOR, and NF-«kB/p53 signaling pathways, as predicted.

Abbreviations: CCK, Cell Counting Kit; ELISA, enzyme-linked immunosorbent assay; Pl, propidium iodide.

Validation of Proapoptotic Activities

The proapoptotic effects of Triphala were analyzed by
ELISA and Annexin V/PI flow cytometric assays. The ELISA
assay demonstrated that the apoptotic nucleosomal DNA
release was gradually elevated significantly after exposure
to increasing concentrations of Triphala (Figure 2D), which
indicated that Triphala could induce apoptosis of SK-OV-3,
HeLa, and HEC-1-B cells in a dose-dependent manner.
Furthermore, the flow cytometric assay illustrated that the
proportion of Annexin V—positive/Pl-positive cells increased
markedly (Figure 2E), which further confirmed the apopto-
sis promoting activity of Triphala on different gynecologi-
cal cancer cells in vitro.

Investigation of Molecular Pathways

The regulation of cellular signaling pathways predicted in the
functional and molecular analyses was validated by western
blotting assay. Results illustrated that compared with the con-
trol group (no treatment), the expression levels of phospho-
Akt, phospho-p44/42, and phospho-NF-kB p56 in SK-OV-3,
HeLa, and HEC-1-B cells treated with Triphala were
decreased, indicating that the actual antineoplastic mecha-
nism of Triphala could be related to modulation of MAPK/
ERK, PI3K/Akt/mTOR, and NF-kB/p53 signaling pathways.

Discussion

Despite advances in diagnosis and treatment, gynecological
cancers are still one of the most commonly diagnosed can-
cers and leading causes of cancer-related death among
women worldwide. It has been suggested that traditional
medicines, as therapeutic supplements or substitutes for
conventional medications, have been frequently used by
women with gynecological malignancies in order to
improve treatment outcomes and reduce side effects,” even
if the safety and efficacy of these experience-based medicines
are not always evidence based.”?* Because traditional herbal
formulae always contain numerous chemical ingredients
with diverse pharmacological activities, the pharmaceutical
studies on traditional medicines based on conventional “one
drug, one target” concept are extremely resource intensive,
time-consuming, and therefore, inefficient.”” Consequently,
the clinical effectiveness and pharmacological mechanisms
of most traditional herbal medicines remain to be further
elucidated. Contrary to the “one drug, one target” concept,
a “multiple components, network target” concept supports
the application of network pharmacology.'***® Studies
also showed that network pharmacology has already been
successfully used for predicting bioactivities of traditional
medicines and is considered a time-saving and cost-effective
approach.””?
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Triphala, as a nontoxic therapeutic herbal remedy, has
been clinically used for thousands of years in the treatment
of various diseases, such as cancers and immune system
disorders.*® Growing numbers of in vitro and in vivo studies
have confirmed that Triphala possesses potent antineoplas-
tic activities against different cancers, including breast,
colon, melanoma, pancreas, and prostate malignancies, by
inhibition of proliferation and metastasis and promotion of
apoptosis.’'** Increased activation of ERK and p53 have
been observed in pancreatic tumor cells that were adminis-
tered Triphala,®* whereas suppressed expression of c-Myc
and Cyclin D1 were also found in colon cancer and colon
cancer stem cells,””> which demonstrates that Triphala could
exert its anticancer effects through the MAPK/ERK and
Wnt/B-Catenin signaling pathways. In this study, the anti-
cancer functions of Triphala against gynecological cancers
and the possible mechanisms were predicted using network
pharmacology strategies. The results of analyses illustrated
that Triphala possesses comprehensive antitumor activities
through modulation of multiple important cancer-related
signaling pathways. Subsequently, the major hypothesized
cellular functions and molecular pathways were examined
in several common cell lines of gynecological tumors.
Results of in vitro experiments confirmed that Triphala
could inhibit tumor cell proliferation and promote apoptosis
by regulation of MAPK/ERK, PI3K/Akt/mTOR, and
NF-xB/p53 signaling pathways. The consistency between
the prediction and experimental validation further indicated
that network pharmacology is a reliable and practical
method that could be used on multicomponent drugs,
including traditional herbal formulae.

However, some limitations still existed in this study.
First, because of the time and outlay budgetary limits, only
major antitumor activities and key molecules that are
involved in the putative signaling pathways were investi-
gated in this study. For instance, 23 proteins (CDK2, SRC,
MAPK14, PLAU, CTSK, HSPA8, HSP90AAl, ANG,
CHEK1, CTSB, LCK, CCNA2, PRKACA, MMP12, XIAP,
AURKA, BIRC7, EGFR, CASP3, FGFR2, MAPKI,
MMPS, and EPHB4) targeted by Triphala components
were predicted to have hit numbers that were more than
average; nevertheless, the actual interactions between these
proteins remain to be discovered. Second, although several
cancer-related cellular processes and signaling pathways
with higher enrichment scores were investigated, the results
of which were roughly in accordance with other previous
studies,™ some other cellular features (invasion and
metastasis activities, and TGF-B/Smad, IL6/Jak/Stat, Wnt/p-
Catenin, and Notch/Jagged pathways) with lower enrich-
ment scores were not investigated in this study. It has been
widely recognized that the biological effects of herbal medi-
cines can be only interpreted by networked interactions
among components and targets, suggesting that these
unstudied biological features may be as important as the

already investigated biological properties for the pharmaco-
logical effects of Triphala.'****” Third, many researchers
have suggested that the radioprotective, chemoprotective,
immunomodulatory, and antivirus activities also play impor-
tant roles in carcinogenesis®**; however, this topic is
beyond the research scope of this study. Thus, more studies
are still needed for further clarifying the antineoplastic

mechanism of Triphala.

Conclusion

It can be concluded that Triphala possesses significant pro-
liferative inhibitory effects and apoptotic induction effects
against female reproductive cancers. The molecular mecha-
nism can be associated with the downregulation of MAPK/
ERK, PI3K/Akt/mTOR, and NF-kB/p53 signaling path-
ways and also possibly related with TGF-B/Smad, IL6/Jak/
Stat, Wnt/B-Catenin, and Notch/Jagged pathways. However,
the complicated molecular mechanism of its antitumor
effects remains to be further elucidated in future studies.
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