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The use of antioxidants in treatment of oxidative stress-related pathologies is a possible therapeutical
strategy for the future. Natural product with antioxidant properties could trigger this goal. The aim of
this in vitro study was to assess the antioxidant activity of the ethanolic extract of “Triphala” (an Indian
Ayurvedic formulation). The present study describes the effects by di(phenyl)-(2,4,6-trinitrophenyl)
iminoazanium (DPPH) scavenging of ferric ion, O,, NO, H,O, models. The ethanolic extracts showed
good free radical scavenging property which was calculated as ICs. IC5, of ethanolic extracts was found
to be 5.94 pg ml™' for DPPH, 32.59 ug ml™' for NO, 16.63 ug ml™' for H,0,, 42.95 pug ml™' for O, ,1030
18.54 uM Fe (ll)/g for ferric reducing antioxidant power (FRAP), which were compared with ascorbic acid
(DPPH, NO, O,, H,O,, FRAP). Total antioxidant capacity and total phenol content of the extract was
found to be 388.9 pg ml™' ascorbic acid and 254 pg ml™' gallic acid for ethanolic extract. Triphala
ethanolic extract exhibited potent free radical scavenging activity. The overall antioxidant activity is
attributed to its polyphenolic and other phytochemical constituents. The findings suggest that
“Triphala” could be a potential source of natural antioxidant in preventing or slowing the progression of
aging and age-associated oxidative stress-related degenerative diseases.

Key words: Triphala, free radicals scavenge, anti-oxidant, di(phenyl)-(2,4,6-trinitrophenyl)iminoazanium
(DPPH), ferric reducing antioxidant power (FRAP).

INTRODUCTION

Oxidative stress is linked to inflammation, playing
together an important role in the pathogenesis of cancer
(Maeda and Omata, 2008), cardiovascular diseases
(Montecucco et al., 2011), type 2 diabetes and obesity
(Sell and Eckel, 2009). Oxidative stress is an imbalance
between production of reactive oxygen species and
antioxidant defences (Betteridge, 2000). The redox stress
triggers the activation of immune cells which release pro-
inflammatory cytokines, reactive oxygen and nitrogen
species causing damage to biological molecules and

inducing imbalances in physiological and pathological
pathways (Lonkar and Dedon, 2011). Epidemiological
and in vivo studies have provided evidence that dietary
intake of antioxidant and anti-inflammatory compounds is
a key strategy for health promotion by lowering oxidative
stress and inflammation (Watz, 2008).

Currently, synthetic antioxidants, such as butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
and tert-butylhydroquinone (TBHQ) are widely used in
the food industry. However, restriction on the synthetic

*Corresponding author. E-mail: prema.fll@gmail.com. Tel: +91 - 9940116682, +91 — 9952967744.




antioxidants is being imposed because of their toxicity to
liver and carcinogenicity (Grice, 1986; Wichi, 1988).
Therefore, the development and utilization of more
effective antioxidants of natural origins are desired. Of
various kinds of natural antioxidants, phenolic com-
pounds have received much attention (Espin et al., 2000;
Luo et al., 2002). Therefore, the phenolic constituents of
plants are of interest as potential chemo preventive
agents, and plants may be an attractive alternative to
currently available commercial antioxidants because they
are biodegradable to non-toxic products (Lim et al., 2002;
Kayano et al., 2002).

Triphala [‘three’ (tri) ‘fruits’ (phala)] is a traditional
Ayurvedic herbal formulation consisting of the dried fruits
of three medicinal plants, Terminalia chebula, Terminalia
bellirica, and Phyllanthus emblica, also known as the
‘three myrobalans’. This formulation, rich in antioxidants,
is a frequently used ayurvedic medicine to treat many
diseases such as anemia, jaundice, constipation, asthma,
fever and chronic ulcers. It is an important medicine of
the ‘rasayana’ group and is believed to promote health,
immunity and longevity. It corrects constipation, cleanses
and tonifies the gastrointestinal tract and also detoxifies
the whole body, and improves digestion and assimilation
(Nadkarni, 1976). It exhibits anti-viral, anti-bacterial, anti-
fungal and anti-allergic properties (Mehta et al., 1999;
Singh, 2003). “Triphala” and its constituents act as
cardio-tonic, control blood pressure, improve blood circu-
lation and reduce cholesterol levels (Thakur et al., 1988;
Tarig et al., 1977). “Triphala” shows immunomodulatory
properties and helps in improving the body’s defence
system (Srikumar et al., 2005).

In recent years, there are also several reports in the
literature which suggest that “Triphala” possesses
antimutagentic and radioprotecting activity (Kaur et al.,
2005, 2002; Vani et al., 1997; Jagetia et al., 2002;
Jagetia et al., 20044, b; Arora et al., 2003; Kumar et al.,
1996; Naik et al., 2005). Triphala has been reported to be
a rich source of Vitamin C, ellagic acid, gallic acid,
chebulinic acid, bellericanin, B-sitosterol and flavanoids
(Jagetia et al., 2002).

The use of antioxidants in treatment of oxidative
stress-related pathologies is a possible therapeutical
strategy for the future. Natural product with antioxidant
properties could trigger this goal. The aim of this in vitro
study was to assess the antioxidant activity of the
ethanolic extract of “Triphala”.

METHODS AND MATERIALS

Chemicals and reagents

The standard L-ascorbic acid was obtained from Hi-Media lab. Ltd.,
Mumbai, India. 1,1-diphenyl-2-picryl hydrazyl (DPPH), nitro blue
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tetrazolium (NADH), phenazine metho sulphate, 2,2’-azobis(2-
methypropionamidine) dihydro chloride (AAPH), 2,4,6-tripyridyl-s-
triazine gallic acid and folin-ciocalteu reagent were purchased from
Sigma Chemical Co, St. Louis, MO, USA. All other chemicals and
reagents, all of analytical grade, were from E. Merck (Darmstadt,
Germany), unless stated otherwise.

Extraction

T. chebula, T. bellirica and P. emblica were bought from the local
market and identified by botanist in Captain Srinivasa Murti Drug
Research Institute of Ayurveda (CSMDRIA), Chennai. The fruits
were dried and pulps were coarsely powdered. 1 kg powder was
soaked in ethanol for 7 days with intermittent shaking and the
solvent was filtered with Whatman filter paper. The filtrate was
evaporated under vacuum drier and the brown mass residue
obtained was stored at -4°C for further use(s).

In vitro antioxidant assays
Antioxidant ability assays

The antioxidant activity of the extracts was evaluated by the
phosphomolybdenum method according to the procedure of Prieto
et al. (1999). Briefly, 0.3 ml of plant extract was combined with 3 ml
of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate
and 4 mM ammonium molybdate). The tubes containing reaction
solution were incubated at 95°C for 90 min. Then the absorbance of
the solution was measured at 695 nm using spectrometer against
blank after cooling to room temperature. Ascorbic acid was used as
reference standard. The antioxidant activity is expressed as the
number of equivalents of ascorbic acid (AscAE).

Total phenol content

The total phenolic content was determined using spectrophoto-
metric method (Singleton et al., 1999). The reaction mixture was
prepared by mixing 0.5 ml of ethanolic solution (1 mg/ml) of extract,
2.5 ml of 10% Folin-Ciocalteu's reagent dissolved in water and 2.5
ml 7.5% NaHCOgs. The samples were incubated at 45°C for 15 min.
The absorbance was determined at Amax = 765 nm. The samples
were prepared in triplicate and the mean value of absorbance was
obtained. Blank was concomitantly prepared with ethanol instead of
extract solution. The same procedure was repeated for the gallic
acid and the calibration line was constructed. The total phenolic
content was expressed in terms of gallic acid equivalent (mg of
GaA/g of extract).

DPPH free radical scavenging assay

The free radical scavenging activity of the extract was measured
using DPPH by the method of Blios (1958). A 0.1 mM solution of
DPPH in methanol was prepared and 1 ml of this solution was
added to 3 ml of various concentrations (0.2 to 1.0 mg/ml) of
sample dissolved in methanol to be tested. After 30 min,
absorbance was measured at 517 nm. Ascorbic acid was used as a
reference material. All tests were performed in triplicate. The
scavenging activity was calculated as follows:

DPPH radical scavenging activity (%) = [(Absorbance of control —
Absorbance of sample)/Absorbance of control] x 100
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Reducing power

The reducing power of the extract was determined according to the
method of Oyaizu (1986). Briefly, 1.0 ml of different concentration
sample (0.2 to 1.0 mg/ml) was mixed with 2.5 ml of a 0.2 M
phosphate buffer (pH 6.6) and 2.5 ml of a 1% (w/v) solution of
potassium ferricyanide. The mixture was incubated in a water bath
at 50°C for 20 min. Afterwards, 2.5 ml of a 10% (w/v) trichloroacetic
acid solution was added and the mixture was then centrifuged at
3000 rpm for 10 min. A 2.5 ml aliquot of the upper layer was
combined with 2.5 ml of distilled water and 0.5 ml of a 0.1% (w/v)
solution of ferric chloride, and absorbance was measured at 700
nm. All tests were performed in triplicate and the graph was plotted
with the average of the three determinations.

Ferric reducing antioxidant power (FRAP) assay

The determination of the total antioxidant activity (FRAP assay) in
the extract is a modified method of Benzie and Strain (1996). The
stock solutions included 300 mM acetate buffer (3.1 g
CQH3N302'3H20 and 16 ml CgH4Og), pH 3.6, 10 mM 2, 4, 6-
tripyridyl-s-triazine (TPTZ) solution in 40 mM HCI, and 20 mM
FeClz*6H-0 solution. The fresh working solution was prepared by
mixing 25 ml acetate buffer, 2.5 ml TPTZ, and 2.5 ml FeClz*6H20.
The temperature of the solution was raised to 37°C before use.
‘Triphala’ extract (200 pl) was allowed to react with 2800 pl of the
FRAP solution for 30 min in the dark condition. Readings of the
colored product (ferrous tripyridyltriazine complex) were taken at
593 nm. The standard curve was linear between 200 and 1000 uM
FeSO.. Results are expressed in uM Fe (ll)/g dry mass and
compared with ascorbic acid.

Superoxide anion radical scavenging activity

Measurement of superoxide anion radicals scavenging activity of
“Triphala” extract was based on the method described by Nishimiki
et al. (1972). To 1 ml of nitroblue tetrazolium (NBT) solution (156
uM NBT in 100 mM phosphate buffer, pH 7.4), 1 ml NADH solution
(468 uM in 100 mM phosphate buffer, pH 7.4) and 1 ml of extract
(10 to 50 pg/ml) in ethanol was mixed. The reaction started by
adding 100 pl of phenazine methosulphate (PMS) solution (60 uM
PMS in 100 mM phosphate buffer, pH 7.4) to the mixture. The
reaction mixture was incubated at 25°C for 5 min and the
absorbance at 560 nm was measured against blank sample.
Decreased absorbance of the reaction mixture indicated increased
superoxide anion scavenging activity.

Hydrogen peroxide scavenging assay

Hydrogen peroxide scavenging potential of the plant extract was
determined using the method described by Jayaprakasha et al.
(2004). A solution of hydrogen peroxide (20 mM) was prepared in
phosphate buffer saline (PBS, pH 7.4). Different concentrations of
the extract (20 to 100 pg/ml) in ethanol (1 ml) were added to 2 ml of
hydrogen peroxide solution in PBS. After 10 min the absorbance
was measured at 230 nm against a blank solution that contained
hydrogen peroxide solution without the extract. The percentage of
H>O, scavenging of the plant extract was calculated as follows:

% Scavenged [H»05] = [(Abs control — Abs sample) / Abs control] x
100

Nitric oxide radical scavenging assay

The method of Garrat (1964) was used to determine the nitric oxide
radical scavenging activity of “Triphala”. A volume of 2 ml of 10 mM
sodium nitroprusside prepared in phosphate buffer saline (pH 7.4)
was mixed with 0.5 ml of “Triphala” at various concentrations
ranging from 10 to 50 pg/ml and ascorbic acid at various
concentrations ranging from 25 to 200 pg/ml. The mixture was
incubated at 25°C. After 150 min, 0.5 ml of incubation solution was
withdrawn and mixed with 0.5 ml of Griess reagent [1.0 ml sulfanilic
acid reagent (0.33% prepared in 20% glacial acetic acid at room
temperature for 5 min with 1 ml of naphthylethylene diamine
dihydrochloride (0.1% w/v)]. The mixture was incubated at room
temperature for 30 min, followed by the measurement of absor-
bance at 540 nm using spectrophotometer (Shimadzu UV-1800).

Statistical analysis

Data were expressed as mean * standard deviation (SD) for three
parallel measurements using Graph Pad Prism version 6.0 for
windows, Graph Pad Software, San Diego, California, USA.
Statistical analysis was done by student’s ftest and p < 0.05
considered as significant. The 50% inhibitory concentration (ICs)
was calculated from the dose response curve (Graph Pad Prism
Version 6.0) obtained by plotting percentage inhibition versus
concentrations.

Percentage (%) inhibition = Absorbance of control — absorbance of
test sample/ absorbance of control x 100.

RESULTS AND DISCUSSION
Total antioxidant capacity

The total antioxidant activity of the “Triphala” extract was
evaluated by the phosphomolybdenum method and
followed by comparing with the standard solution of
ascorbic acid equivalents. The standard curve of ascorbic
acid was done by using ascorbic acid concentration
ranging from 20 to 100 pg/ml. The following equation
expressed the absorbance of ascorbic acid standard
solution as a function of concentration:

y =0.1532x + 0.1296, R2 = 0.9507

Where x is the absorbance and Y is the ascorbic acid
equivalent (mg/g). Ethanolic extract of “Triphala” showed
an increase in antioxidant capacity with an increase in
dose. Total antioxidant capacity of “Triphala” extract was
found to be 388.9 + 2.54 ug ascorbic acid equivalents at
100 pg/ml “Triphala” extract concentration (Table 2). The
phosphormolybdenum method is an important antioxidant
assay based on the reduction of Mo (VI) to Mo (V) by the
antioxidant compound and the formation of green
phosphate/Mo (V) complex with a maximal absorption at
695 nm and antioxidant capacity of triphala due to its
polyphenol content, as polyphenols plays an important
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Figure 1. Total phenolic content of Triphala expressed in gallic acid
equivalents (mg GAE/qQ).

co -
20 A
70

g a0 A

5 30 1 ——VitC

-E a0

% 30 - ~l=Triphalz
20 4
10
O T T T 1

2 4 6 8 10
Concentration {pg/ml)

Figure 2. DPPH radical scavenging activity of Triphala and Vitamin
C. Data are presented as the percentage of DPPH radical
scavenging, Meanx SD

role as antioxidants in living systems due to the presence
of hydroxyl groups in ortho- and para positions.

Total phenolic content

Phenolic antioxidants are potent free radical terminator
(Shahidi and Wanasundara, 1992). The phenolic com-
pounds, biologically active component are the main
agents that can donate hydrogen to free radicals and
thus break the chain reaction of lipid peroxidation at the
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first initiation step. This high potential of phenolic
compounds to scavenge radical may be explained by
their phenolic hydroxyl groups (Sawa et al., 1999). In the
estimation of total phenolic content, absorbance (at 725
nm) of gallic acid and ethanolic extract of “Triphala” in
different concentrations (mg/g) was linear. The phenolic
content was expressed as gallic acid equivalents (GAE)
detected in “Triphala” extract (100 mg) and yield obtained
was 25.45 + 0.004 mg/g gallic acid-equivalent (y = 5.243x -

0.659, r = 0. 9978) (Figure 1 and Table 2).

DPPH radical scavenging activity

DPPH is a stable free radical and accepts an electron or
hydrogen radical to become a stable diamagnetic
molecule which is widely used to investigate radical
scavenging activity. In DPPH radical scavenging assay,
antioxidants react with DPPH (deep violet color) and
convert it to yellow coloured a,a-diphenyl-B-picryl
hydrazine. The degree of discoloration indicates the
radical-scavenging potential of the antioxidant (Blois,
1958; Huang et al., 2005). The extract was capable of
neutralizing the DPPH free radicals via hydrogen
donating activity by 16.46, 29.27, 52.10, 70.24, and
84.35% at concentrations of 2, 4, 6, 8, and 10 mg/ml,
respectively. The 1Cso was found to be 5.94 + 0.06 pg/ml
for “Triphala” and for standard, ascorbic acid it was found
to be 2.24 + 0.02 pg/ml. As shown in Figure 2, DPPH
scavenging was increased in a concentration dependent
manner compared to ascorbic acid and used as the
positive antioxidant control in this investigation.

Reducing power

Iron(lll) to Iron(ll) reducing activity: The reducing ability of
a compound generally depends on the presence of
reductants (Duh et al., 1999) which have been exhibiting
antioxidative potential by breaking the free radical chain
and donating a hydrogen atom (Gordon, 1990). The
presence of deductants in “Triphala” extract causes the
reduction of the Fe**/ferricynide complex to the ferrous
form. Therefore, the Fe** can be monitored by measuring
the formation of Perl’s Purssian blue at 700 nm. Figure 3
shows the reductive capabilities of the “Triphala” extract
compared to ascorbic acid. Reducing power of “Triphala”
extract ranging from 29.06 + 0.4 to 7.125 + 0.7 mg Asc
AE/gm.

FRAP

The reducing ability of the extracts was in the range of
407.60 to 695.98 um Fe (ll)/g (Table 2). The antioxidant
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Figure 3. Reducing power activity of Triphala and Vitamin C. Data are presented as

Mean#+ SD.

potentials of the ethanol extracts of “Triphala” was
estimated from its ability to reduce TPRZ-Fe(lll) complex
to TPTZ-Fe(ll). The FRAP values for the ethanol extract
of “Triphala” was significantly lower than that of ascorbic
acid. The ferric reducing/antioxidant power (FRAP assay)
is widely used in the evaluation of the antioxidant
component in dietary polyphenols (Luximon-Ramma et
al., 2005). Antioxidant activity increased proportionally to
the polyphenol content. According to recent reports, a
highly positive relationship between total phenols and
antioxidant activity appears to be the trend in many plant
species (Oktay et al., 2003).

Superoxide scavening activity

In the phenazine methosulphate/Nicotinamide adenine
dinucleotide-nitroblue  tetrazolium  (PMS/NADH-NBT)
system, superoxide anion is generated using a non-
enzymatic reaction of phenazine methosulphate in the
presence of NADH and molecular oxygen (Robak and
Gryglewski, 1998; Yen and Hsieh, 1998). Superoxide
anion reduces NBT into formazan at pH 7.8 at room
temperature and formazan generation is followed by
spectrophotometry at 560 nm. The decrease of
absorbance at 560 nm with antioxidants thus indicates
the consumption of superoxide anion in the reaction
mixture. In this assay, “Triphala” extract exhibited very
strong superoxide anion scavenging activity and the

result is presented in Figure 4. The superoxide anion
radical-scavenging activity of the extract may be due to
the presence of phenolic compounds. The I1Csy was found
to be 42.95 + 2.07 pg/ml for “Triphala” and for standard
ascorbic acid, it was found to be 34.56 + 2.11 ug/ml. The
increase in activity is due to increase in number of
phenolic hydroxyl groups in the molecule.

H,O, scavenging activity

Hydrogen peroxide is a weak oxidizing agent and can
inactivate a few enzymes directly, usually by oxidation of
essential thiol (-SH) groups. It can cross cell membranes
rapidly and inside the cell. H,O, probably reacts with Fe**
and possibly Cu®* ions to form hydroxyl radical which
may be the origin of many of its toxic effects (Miller et al.,
1993). It is therefore biologically advantageous for cells to
control the amount of hydrogen peroxide that is allowed
to accumulate. The scavenging activity of the “Triphala”
extract is shown in Figure 4. Ascorbic acid was used as
the positive control. The 1Csy was found to be 16.63 +
2.01 pg/ml for “Triphala” and for standard ascorbic acid, it
was found to be 20.77 % 1.64 pg/ml. “Triphala”
scavenged H.O, and this may be attributed to the
presence of phenols and tannins which could donate
electrons, thereby neutralizing it into water. It was
observed that ethanol extracts of “Triphala” inhibition
ranged from 59.924 to 49.85% (Figure 5).
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Nitric oxide radical scavenging assay

Incubation of solutions of sodium nitroprusside in
phosphate buffer saline at 25°C for 150 min resulted in
the generation of NO. “Triphala” effectively reduced the
generation of NO. The ICsy was found to be 32.59 + 1.54
ug/ml for “Triphala” and 190.46 + 3.87 pg/ml for ascorbic
acid (Table 1). NO radical plays multiple roles in a variety
of biological processes which serves as an effector
molecule, neuronal messenger, vasodilator, antimicrobial
agent, etc (Hagerman et al., 1998). It has been reported
to react with -O, radical to form peroxynitrite radicals

(ONOO-) that cause toxicity to bio molecules such as
proteins, lipids and nucleic acids (Yermilov et al., 1995).
During the process of inflammation, cells of the immune
system generate superoxide radicals in which NADPH
oxidase plays an important role in induction of vascular
complications (Droge, 2002). -O, further decomposes into
singlet oxygen and HO- that result in massive mitochon-
drial damage. Triphala significantly inhibits generation of
NO- and HO- radicals in a dose-dependent manner.
These observations further highlight the importance of
“Triphala” in preventing physiological deleterious caused
by NO- and -O2 radicals.
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Table 1. ICso values of in vitro antioxidant activities of Triphala.
DPPH Nitric oxide H20; Superoxide
Sample .
(ng/ml) (ng/ml) (ng/ml) Anion (ug/ml)
Triphala 5.94+0.06 32.59+1.54 16.63+2.01 42.95+2.07
Ascorbic acid 2.24+0.02 190.46+3.87 20.77+1.64 34.56+2.11
Data are presented as mean = SD.
Table 2. Total phenolic content, Total anti oxidant capacity and Ferric reducing activities of
Triphala.
Sample Total phenolic content Total anti oxidant capacity FRAP assay
P (mg GAE/qg) (mg AscAE/g) (uM Fe (1l)/g)
Triphala 25418.3 388.9+2.54 1030+18.54
Ascorbic acid - - 1615+22.64
Data are presented as mean + SD.
Conclusion of protective phytochemicals". Teratog. Carcinog. Mutagen. Supp!.

In the past few years, interest in the search of new
natural antioxidants has grown because reactive oxygen
species (ROS) production and oxidative stress is linked
to many diseases. The use of synthetic antioxidants
generally leads to problems of toxicity. Free radical is a
molecule with an unpaired electron and is involved in
bacterial and parasitic infections, lung damage, inflamma-
tion, reperfusion injury, cardiovascular disorders,
atherosclerosis, aging and neoplastic diseases (Thomas
and Kalyanaraman, 1997). They are also involved in
autoimmune disorders like rheumatoid arthritis etc.
(Halliwell, 1997; Beckman and Ames, 1998). Therefore,
research for the determination of the natural antioxidants
source is important.

In this study, we conclude that ethanolic extract of
“Triphala” has good antioxidant property and could be
attributed to the presence of flavonoids, alkaloids,
tannins, saponin glycosides and phenolic compounds.
The results of this study show that ethanolic extract of
“Triphala” and its constituents can be of use as an easily
accessible source of natural antioxidants and as a
possible food supplement or in pharmaceutical industry.
However, the components responsible for the
antioxidative activity of ethanolic extract of “Triphala” are
currently unclear. Therefore, it is suggested that further
work could be done on the isolation and identification of
the antioxidative components in “Triphala” and its
constituents.
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