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Ayurveda is a holistic medical system of traditional medicine, and Triphala is one of the most popular formulations in
Ayurveda. Triphala is composed of three kinds of herb, Terminalia chebula, Terminalia bellirica, and Emblica
officinalis. Since Triphala is shown to exhibit a protective activity against ionizing radiation in mice, we investigated
its activity in HeLa cells. We found that Triphala showed the protective effects against X-radiation and bleomycin,
both of which generate DNA strand breaks, in HeLa cells. Further, Triphala efficiently eliminated reactive oxygen
species (ROS) in HeLa cells. Thus, the antioxidant activity of Triphala would likely play a role in its protective actions
against X-radiation and bleomycin because both agents damage DNA through the generation of ROS. These
observations suggested that the radioprotective activity of Triphala can be, at least partly, studied with the cells
cultured in vitro. The simple bioassay system with human cultured cells would facilitate the understanding of the
molecular basis for the beneficial effects of Triphala.
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1.

Introduction

Human beings have successfully used natural herbs as a source
for treatment of diseases and injuries from ancient times, and
accumulation of empirical clinical data has led to the establishment of various regional medical systems. Among them,
Ayurveda, which means the science of longevity in Sanskrit,
was established approximately 5,000 years ago in the Indian
subcontinent. Ayurveda is a holistic medical system and also is
an effective healthcare system; thus, it is recommended as a
reliable and economical medical system by WHO (World
Health Organization). A great variety of herbs are used for
various purposes in Ayurvedic systems, but the effective ingredients of these herbs are largely left unexplored.
Keywords.

Rasayana, which constitutes one of the major categories of
Ayurveda, aims to maintain youth, vigor, and vitality of the
body, and Triphala is placed under the category of Rasayana.
Triphala has been one of the most popular Ayurvedic formulations and is composed of the fruits of the three kinds of herb:
Terminalia chebula, Terminalia bellirica, and Emblica officinalis (Baliga et al. 2012). Triphala is shown to possess various
beneficial effects on human health: Triphala shows hepatoprotective (Rasool et al. 2007), gastroprotective (Nariya et al.
2011), antioxidant (Vani et al. 1997), antimicrobial (Srikumar
et al. 2007), antifungal (Gautam et al. 2012), anti-obesity
(Gurjar et al. 2012), anti-inflammatory (Rasool and Sabina
2007), immuno-modulatory (Srikumar et al. 2005), chemoprotective (Deep et al. 2005), radioprotective (Jagetia et al. 2002),
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hypolipidemic (Saravanan et al. 2007), hypoglycaemic (Sabu
and Kuttan 2002), anti-diarrhea (Biradar et al. 2007), antimutagenic (Kaur et al. 2002), anti-cancer (Sandhya et al.
2006b), wound healing properties (Kumar et al. 2008), etc.
Animals are chronically exposed to various environmental stresses such as ionizing radiation, UV radiation, oxidative stress, thermal stress, toxins, etc. These environmental
stresses can cause molecular damages in cells, and then cells
have developed defense systems against the stresses. However, the environmental stresses that are beyond the ability of
the cells to manage damage cellular macromolecules and
then cause a decline in cellular function that leads to acceleration of diseases or aging. Thereby, protection of cells
from the environmental stresses is important for organismal
health.
Organisms are chronically exposed to naturally occurring
ionizing radiation, and they cannot escape from it. Then, the
chemicals that decrease the harmful effects of ionizing radiation can be beneficial to organismal health, and interestingly, Triphala is shown to exhibit a protective activity against
ionizing radiation in mice (Jagetia et al. 2002, 2004;
Sandhya et al. 2006a). We then examined the effect of
Triphala on X-radiation in cervical tumour-derived HeLa
cells, and found that Triphala showed a protective activity
against X-radiation in HeLa cells as well as in mice. This
observation suggested that the protective activity of Triphala
against X-radiation can be, at least partly, studied with the
cells cultured in vitro.
2.

Materials and methods
2.1

Triphala

The dried fruits of T. chebula, T. bellirica, and E. officinalis,
which were purchased from Ichiban Lifetech Solutions Ltd.
(Bangladesh), were powdered in a blender, and 1 g of each
of them (dried weight) was together or individually extracted
with 10 ml of 50% ethanol to prepare Triphala or individual
herbal extracts. Extracts were used after filter sterilization.
The concentrations of the above prepared Triphala and its
constituent herbal extracts were set to 1. The effective concentration of the extract was determined by treating cells
with serial dilutions of the extract in medium in each experiment. The concentration of the extract is expressed as a
dilution ratio of the extract in medium.
2.2

Cell culture

Cervical tumour-derived HeLa cells were obtained from the
Japanese Collection of Research Bioresources (JCRB). HeLa
cells were cultured in Eagle's medium (MEM; Nissui, Japan)
supplemented with 5% calf serum (Hyclone, USA) at 37°C
J. Biosci. 41(4), December 2016

in plastic dishes (Thermo Scientific, USA) under 5% CO2
and 95% humidity. To determine the sensitivity to X-radiation, HeLa cells (5×102 cells) were plated in plastic flasks
(12.5 cm2; Thermo Scientific, USA) and cultured with Triphala (diluted at 3×10−5) or its constituent herbal extracts
(diluted at 3×10−5) for 3 days. The cells were exposed to
5.5 Gy of X-radiation (MBR-1520R-4, Hitachi, Japan) and
subsequently grown for 2 weeks. Formed colonies were
fixed with methanol and stained with Coomassie brilliant
blue (CBB) (Mochizuki and Furukawa 1987). Similarly, to
determine the sensitivity to bleomycin (Suzuki et al. 1969)
or paraquat (Bus et al. 1974), HeLa cells (3×103 cells) were
plated on 35 mm dishes and cultured overnight. These cells
were cultured with Triphala (diluted at 3×10−5) or its constituent herbal extracts (diluted at 3×10−5) in the presence of
1 μg/mL of bleomycin (LKT Laboratories, USA) or 50 μM
of paraquat (Sigma-Aldrich, USA) for 2 weeks (Joguchi
et al. 2002, Takauji et al. 2016b). Formed colonies were
fixed with methanol and stained with CBB. The number of
the colonies was counted, and statistical significance was
calculated with the Dunnett’s multiple comparison test.
2.3

Assay of ROS

HeLa cells were treated with Triphala (diluted at 3×10−5) or
its constituent herbal extracts (diluted at 3×10−5) in the
presence of 1 μg/mL of bleomycin or 50 μM of paraquat
for 3 days and incubated in serum free medium supplemented with 10 μM of 2′7′-dichloro-fluorescein diacetate
(H2DCF-DA, Molecular probe, USA) (LeBel et al. 1992) for
30 min at 37°C in dark. Cells were then washed twice with
phosphate buffered saline, and the fluorescence signals were
photographed with a fluorescence microscope (IX-70,
Olympus, Japan) equipped with a standard filter set for
fluorescein (Takauji et al. 2016a). The level of ROS was
quantified (c.a., 50 cells) with software, Image J, and is
expressed as a value relative to that of the untreated cells.
Statistical significance was calculated with the Dunnett’s
multiple comparison test.
3.
3.1

Results

Protective effect of Triphala on X-radiation in mice

To confirm the protective effect of Triphala against ionizing
radiation in mice (Jagetia et al. 2002, 2004; Sandhya et al.
2006a), we administered Triphala orally to the mice (ddY)
for 3 weeks and exposed them to X-radiation (6.4 Gy). More
than 80% of the mice that were not treated with Triphala died
within 3 weeks after X-irradiation; however, approximately
50% of the mice that were treated with Triphala survived
under the same conditions (data not shown). This result is
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similar to that reported by Jagetia et al. (2004), and then we
confirmed the protective effect of Triphala against ionizing
radiation in mice.

3.2

Protective effect of Triphala on X-radiation
in HeLa cells

We next examined whether Triphala shows the protective
effect against X-radiation in cells cultured in vitro. For this,
we employed HeLa cells and exposed them to X-radiation
after treatment with Triphala. We subsequently cultured
these cells to determine their survival, and found that the
cells treated with Triphala formed more colonies than those
without Triphala (figure 1A–B, P<0.05). This result indicated that Triphala showed the protective effect against Xradiation in HeLa cells as well as in mice, and thus suggested
that the protective effect of Triphala against X-radiation in
mice was, at least partly, reflected in HeLa cells. Thereby,

we used HeLa cells to analyse the function of Triphala in the
subsequent analyses.
Triphala is a mixture of an equal amount of three kinds of
herb, T. chebula, T. bellirica, and E. officinalis. We then
aimed to determine the herb responsible for the protective
action of Triphala against X-radiation by treating HeLa cells
individually with the constituent herbal extracts. The amount
of the individual herbal extract was set to be equal to that
included in Triphala. We found that these constituent herbal
extracts seemed to increase the colony formation of the cells
exposed to X-radiation, but did not seem to function as
effectively as Triphala (figure 1A–B).
3.3

Protective effect of Triphala on bleomycin
in HeLa cells

We examined whether Triphala or its constituent herbal
extracts show a protective effect against bleomycin in HeLa
cells. Bleomycin is a well-known agent that causes DNA

Figure 1. The effects of Triphala or its constituent herbal extracts on X-radiation in HeLa cells. (A) HeLa cells were treated with Triphala
(diluted at 3×10−5) or its constituent herbal extracts (diluted at 3×10−5) and exposed to X-radiation (5.5 Gy). To examine the viability of
these cells, cells were subsequently grown to form colonies. Formed colonies were visualized by staining with CBB. (B) Numbers of the
colonies formed after exposure to X-radiation (A) were counted (n=3). Error bars indicate S.D. An asterisk indicates P<0.05 in comparison
with the cells treated with vehicle (solvent).
J. Biosci. 41(4), December 2016
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strand breaks in cells (Suzuki et al. 1969), and thus is
thought to at least partly mimic the effect of ionizing radiation (Harris and Lowenthal 1982). We then cultured HeLa
cells with various doses of bleomycin, and determined its
concentrations that decrease the viability of HeLa cells.
Addition of bleomycin (1 μg/mL) diminished the colony
formation of HeLa cells; however, simultaneous addition of
Triphala or its constituent herbal extracts improved the colony formation (figure 2A–B, P<0.05). This result indicated
that Triphala or its constituent herbal extracts showed a
protective effect against bleomycin. We then examined
whether these extracts show an ability to eliminate ROS in
living cells because bleomycin causes DNA strand breaks
through the generation of ROS as does X-radiation (Sugiura
and Kikuchi 1978; Oberley and Buettner 1979). For this, we
treated HeLa cells with the extracts in the presence of bleomycin, and examined the level of ROS with an ROSsensitive fluorescent probe, H2DCF-DA. Fluorescence microscopy revealed that addition of bleomycin increased the
level of ROS, but the simultaneous addition of extracts
decreased it (figure 2C–D, P<0.05). This observation suggested the possibility that Triphala or its constituent herbal

extracts protected the cells from the harmful effects of bleomycin through eliminating ROS.

3.4

Antioxidant activity of Triphala in HeLa cells

To directly assess the antioxidant activity of Triphala, we
treated HeLa cells with paraquat. Paraquat is a well-known
agent that generates superoxide anions in cells, and used to
confer oxidative stress in various types of cell. We cultured
HeLa cells with various doses of paraquat, and examined its
effects in HeLa cells. Addition of paraquat (50 μM) increased
the level of ROS in HeLa cells, but simultaneous addition of
Triphala or its constituent herbal extracts decreased it
(figure 3C–D, P<0.05). Moreover, addition of paraquat (50
μM) diminished the colony formation of HeLa cells, but
simultaneous addition of these extracts effectively restored it
(figure 3A–B, P<0.05). These findings indicated that Triphala
or its constituent herbal extracts possessed an antioxidant
activity, and thus suggested the possibility that the antioxidant
activity of Triphala would likely play a role in its protective
actions against both X-radiation and bleomycin because ROS

Figure 2. The effects of Triphala or its constituent herbal extracts on bleomycin in HeLa cells. (A) HeLa cells were cultured with Triphala
(diluted at 3×10−5) or its constituent herbal extracts (diluted at 3×10−5) in the presence of bleomycin for 2 weeks. Formed colonies were
visualized by staining with CBB. (B) Numbers of the colonies formed in the presence of bleomycin (A) were counted (n=3). Error bars
indicate S.D. Asterisks indicate P<0.05 in comparison with the cells treated with vehicle (solvent). (C) HeLa cells were cultured with
Triphala (diluted at 3×10−5) or its constituent herbal extracts (diluted at 3×10−5) in the presence of bleomycin. ROS were detected with a
fluorescent probe, H2DCF-DA. Scale bar: 50 μm. (D) The level of ROS (C) is expressed as a value relative to that of the cells untreated with
bleomycin (untreated cells = 1) (n=3). Error bars indicate S.D. Asterisks indicate P<0.05 in comparison with the cells treated with vehicle
(solvent).
J. Biosci. 41(4), December 2016
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Figure 3. The effects of Triphala or its constituent herbal extracts on paraquat in HeLa cells. (A) HeLa cells were cultured with Triphala
(diluted at 3×10−5) or its constituent herbal extracts (diluted at 3×10−5) in the presence of paraquat for 2 weeks. Formed colonies were
visualized by staining with CBB. (B) Numbers of the colonies formed in the presence of paraquat (A) were counted (n=3). Error bars
indicate S.D. Asterisks indicate P<0.05 in comparison with the cells treated with vehicle (solvent). (C) HeLa cells were cultured with
Triphala (diluted at 3×10−5) or its constituent herbal extracts (diluted at 3×10−5) in the presence of paraquat. ROS were detected with a
fluorescence probe, H2DCF-DA. Scale bar: 50 μm. (D) The level of ROS (C) is expressed as a value relative to that of the cells untreated
with paraquat (untreated cells =1) (n=3). Error bars indicate S.D. Asterisks indicate P<0.05 in comparison with the cells treated with vehicle
(solvent).

are causally involved in the generation of DNA strand breaks
by them.

4.

Discussion

Organisms are chronically exposed to low levels of naturally
occurring ionizing radiation. Cells have defense mechanisms
against ionizing radiation, but cannot survive when exposed to
a high dose of radiation that is beyond the ability of the cells to
handle. Since Triphala shows a protective effect against Xradiation in mice (Jagetia et al. 2002, 2004; Sandhya et al.
2006a), we herein examined whether it shows a similar effect
in HeLa cells. We then found that Triphala showed a protective
effect against X-radiation in HeLa cells. This is an important
finding because it indicates that the radioprotective activity of
Triphala in mice can be, at least partly, studied with the cells
cultured in vitro. Many studies show the various beneficial
effects of Triphala; however, they mainly employed animals or
in vitro biochemical assays, and rarely employed human cells
cultured in vitro, to examine its effects. Verification of the
effects of Triphala with animals or biochemical assays is of

great importance; however, simple bioassay systems with cultured cells would also be useful for the understanding of the
molecular basis for the beneficial effects of Triphala. Although
Triphala is one of the most popular Ayurvedic formulations,
the chemicals responsible for its beneficial effects are largely
unidentified. This may be, at least partly, due to a lack of
suitable assay systems to detect the effects of Triphala. Our
findings suggested that the radioprotective activity of Triphala
can be, at least partly, studied with a simple assay system that
utilizes human cultured cells.
Ionizing radiation causes molecular lesions through the
both direct and indirect ways: i.e., i) ionizing radiation directly
damages macromolecules (direct attack), and ii) ROS that are
generated by collision of ionizing radiation with water damage
macromolecules (indirect attack) (Derlinger and Jung 1970;
Alper 1979). Since ROS generated by X-irradiation have
larger impacts on molecular damages than direct attack of Xradiation (Word et al. 1997), antioxidant chemicals can show a
radioprotective activity. Interestingly, it is well-established that
bleomycin also causes DNA strand breaks through the generation of ROS (Sugiura and Kikuchi 1978; Oberley and
Buettner 1979). In this study, we have shown that Triphala
J. Biosci. 41(4), December 2016
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efficiently eliminated ROS induced by bleomycin in living
cells, and protected the cells against the harmful effects of
bleomycin. Triphala also efficiently eliminated ROS induced
by paraquat in living cells. Based on these findings, it seems
likely that the antioxidant activity of Triphala played a role in
its protective actions against bleomycin and X-radiation. In
agreement with this, decreased oxidative damage is observed
in the mice treated with Triphala upon exposure to ionizing
radiation, compared with the mice untreated with Triphala
(Sandhya et al. 2006a).
As described above, antioxidant chemicals can show a
radioprotective activity. Cysteine and cysteamine, which
contain an SH group, are the first chemicals shown to possess a radioprotective ability (Patt et al. 1949; Bacq et al.
1951), and subsequently, amifostine (WR-2721) was identified from the screening of a large number of chemicals
(Sweeney 1979). However, synthetic chemicals frequently
show serious side effects, and thus much attention has focused on natural compounds, particularly antioxidant chemicals in natural herbs. Indeed, antioxidants such as vitamin
A, C and E, melatonin, selenium compounds, and many
phytochemicals such as flavonoids and polyphenols derived
from natural herbs are shown to possess a radioprotective
ability (Seifter et al. 1984; Srinivasan and Weiss 1992;
Weiss et al. 1994; Vijayalaxmi et al. 1999; Weiss and
Landauer 2003). Triphala has also been shown to possess a
high amount of antioxidants, which are postulated to be
vitamins, flavonoids, alkaloids, tannins, phenolic compounds, etc (Vani et al. 1997). However, the antioxidant
activity in Triphala has been demonstrated mostly by the
in vitro biochemical assays (Vani et al. 1997; Sabu and
Kuttan 2002; Naik et al. 2005, 2006; Mahesh et al. 2009).
Then, it remains to be determined whether these chemicals
are central to the antioxidant activity of Triphala in living
cells because bioassays with living cells are required to
determine the responsible chemicals that function in vivo.
In this respect, it is of notice that our report, to the best of our
knowledge, is the first that have shown that Triphala showed
the protective effects against X-radiation, bleomycin, and
paraquat in human cultured cells, and also Triphala efficiently eliminated ROS in them.
Finally, we have shown that the radioprotective activity of
Triphala can be, at least partly, studied in human cells
cultured in vitro. The assay systems with human cultured
cells would facilitate the identification of the chemicals
useful for human health from the herbs used in traditional
medicine.
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