Ind J Clin Biochem (July-Sept 2011) 26(3):290-295
DOI 10.1007/s12291-011-0138-y

ORIGINAL ARTICLE

Chemoprotective Role of Triphala Against 1,2-Dimethylhydrazine
Dihydrochloride Induced Carcinogenic Damage to Mouse Liver

Aditi Sharma - Krishan Kumar Sharma

Received: 10 March 2011/ Accepted: 24 April 2011/Published online: 15 May 2011

© Association of Clinical Biochemists of India 2011

Abstract The present study was carried out to investigate
the protective role of Triphala (a combination in equal
proportions by weight of fruit powder of Terminalia bel-
erica, Terminalia chebula and Emblica officinalis) against
1,2-dimethylhydrazinedihydrochloride (DMH) induced
Endoplasmic reticulum stress (ER stress) in mouse liver.
An oral dose of 3 mg/kg body wt in drinking water for
5 weeks significantly (P < 0.001) increased the levels of
serum glutamate oxaloacetate transaminase (SGOT), serum
glutamate pyruvate transaminase (SGPT), serum Alkaline
phosphatase (ALP) and total bilirubin thus suggesting
damage to mouse liver and biliary dysfunction. The DMH
administration invariably led to increase in the liver
microsomal proteins of molecular weight of about 29
(ERp29) and 53 kDa (ERp53) and decrease in the protein
of molecular weight of 36 kDa (ERp36) thereby suggesting
the interference of DMH and its metabolites with normal
protein biosynthesis and folding, in the reticular mem-
branes of the liver cells thus developing ER stress. Histo-
logical studies show necrosis, large sized hepatocytes with
increased N:C ratio, aberrant mitotic figures and prominent
nucleoli in the liver of DMH treated mice. In animals fed
5% Triphala in diet (w/w) during DMH administration,
there was significant decrease in the above changes in the
liver suggesting the suppression of DMH induced ER stress
in liver. Triphala significantly (P < 0.05) decreased lipid
peroxidation and also the activity of lactate dehydrogenase
(LDH) in mouse liver. It simultaneously increased the
level of reduced glutathione (GSH) and the activity of
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glutathione-S-transferase (GST) thereby suggesting that it
prevents peroxidative damage and also diverts the active
metabolites (electrophiles) of DMH from their interactions
with critical cellular bio-molecules which could be
responsible for its protective action against DMH.
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Introduction

1,2-Dimethylhydrazinedihydrochloride is a highly toxic and
carcinogenic and affects number of body organs including
liver [1, 2]. It is metabolized in the liver [3, 4] and produces
highly reactive electrophiles i.e., carbonium ions and alkyl
free radicals which severely damage the liver causing
necrosis and fatty infiltration [5], methylate nucleobases and
disrupt the polysomal assembly [6, 7]. When administered
orally, it alters the composition of intestinal brush border
membranes and intestinal absorptive functions [8, 9].

Although such changes have not been studied in
humans, the adverse effects of alkyl hydrazine derivatives
cannot be overlooked owing to the direct exposure to them
through chemical and pharmaceutical regimens [10, 11].
Dimethylhydrazine has been shown to be present in
tobacco [12], commercial and wild mushrooms [13] and
other food items also [14].

Conventional and synthetic drugs in use in the treatment
of liver diseases can have many severe side effects and there
is growing interest worldwide to shift to the traditional
medicinal plant products. Drug induced hepato-toxicity is a
potentially serious adverse effect of the anti-tubercular drug
isoniazid (an alkylated hydrazine) and it has been shown in
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experimental animals that its administration in toxic doses
affects liver, cell membranes and other organelles which is
supported by the release of aspartate and alanine amino
transferases and alkaline phosphatase [15, 16].

Triphala is a combination of fruit powder of three plants
namely Terminalia chebula, Terminalia belerica and Emblica
officinalis mixed in equal proportions by weight. Terminalia
chebula and Terminalia belerica are important constituents of
Haritaki and Vibhitaka, respectively, which are important
Ayurvedic drugs. Emblica officinalis is used in a number of
Ayurvedic formulations used for rejuvenation and has antiox-
idant activity. Triphala improves digestion and assimilation,
reduces serum cholesterol, exerts potent cardio protective
effect, improves liver functions, has anti inflammatory and
antiviral properties. It also reduces blood sugar, has anti-
mutagenic properties and possesses radio protective activities.
It inhibits lipid peroxidation and also acts as scavenger of free
radicals. It is rich in active ingredients like tannins, carbohy-
drates, saponins, ellagic acid, sorbitol and ascorbic acid [17—
25]. In the present study, an attempt has been made to evaluate
the protective role of Triphala on the toxic and carcinogenic
damage due to DMH induced ER stress in mouse liver.

Materials and Methods
Chemicals

1,2-Dimethylhydrazinedihydrochloride was purchased from
Sigma chemical company, St. Louis, USA. All other chem-
icals were purchased from local firms and were of high grade
purity. Triphala was purchased locally and was mixed in diet
as per pre determined concentration of 5% w/w [26] and
pellets were prepared and stored in neat and clean bags.

Animals

Adult male mice of Laca strain (24-26 gm each) were used
in the study. The animals were assorted in four groups.

Group I (n = 8): These animals were maintained on
normal diet and served as controls.

Group Il (n = 8): These animals were given DMH
(3 mg/kg body wt/day in drinking water) for 35 days [8,
27] and served as DMH treated group.

Group III (n = 8): These animals were given DMH as in
group II and were provided 5% Triphala diet from the day
of DMH administration and served as DMH+Triphala
treated group.

Group IV (n = 8): These animals were maintained on
5% Triphala treated diet only for 2 weeks and served as
Triphala treated group. These animals were used for
studying the lipid peroxidation, antioxidant status and LDH
activity in liver.

Preparation of Serum, Liver Homogenate, Liver
Microsomes and the Cytoslic Fraction

The animals were sacrificed after 2 weeks (Group I & IV)
and 5 weeks (Group I, II & III) by decapitation. 2 ml of
blood was collected. The serum was separated by spinning
the clotted blood at 2500 rpm for 15 min and was used for
estimation of biochemical parameters like SGPT, SGOT
[28], alkalinephosphatase [29] and total bilirubin [30]. The
livers of the animals were thoroughly perfused immedi-
ately with cold normal saline and were then removed. They
were blotted dry, weighed quickly and homogenized in ice
cold 0.15 M Tris—KCl buffer (0.15 M KCl + 10 m M
Tris—HCI, pH 7.4) to yield 10% (w/v) homogenate. An
aliquot of the homogenate (0.5 ml) each was used for the
assay of reduced glutathione [31] and the levels of lipid
peroxidation [32]. For measuring lipid peroxidation, to
0.5 ml of the homogenate, 3.0 ml of 1% H3PO,4 and 1.0 ml
of 0.6% thiobarbituric acid were added. The contents were
stirred thoroughly and were then heated on boiling water
bath for 45 min. The contents were then cooled. 4.0 ml of
N butanol was then added and the contents were shaken
thoroughly and then centrifuged to separate the butanol
layer whose OD was taken at 535 and 520 nm. Tetra-
methoxy propane standard was also run simultaneously.
The difference of the value at the two wave lengths cor-
responded to the value for MDA concentration. The rest of
the homogenate was centrifuged at 10,000 rpm for 60 min
in Beckman cold centrifuge. An aliquot of the supernatant,
after appropriate dilution, was used for the estimation of
GST [33] and LDH [34] whereas the microsomal pellet
was obtained by spinning the remaining supernatant at
1,05000x g for 30 min in an ultracentrifuge. The micro-
somal pellet was re-suspended in appropriate amount of
homogenizing buffer and was subjected to SDS-PAGE by
applying 75 pg microsomal proteins in each well of 10%
slab gels for separating microsomal proteins [35]. Standard
proteins of known molecular weights were also simulta-
neously subjected to electrophoresis. The electrophoreto-
grams obtained were then scanned with the help of LKB
2202 Laser Beam Densitometer at 550 nm. Proteins were
estimated by the method of Lowry et al. [36] using Bovine
Serum Albumin as standard at 660 nm.

Statistical analyses of the data were done using student’s
t-test.

Results
The mice treated with DMH showed significant liver

damage as observed from elevated levels of hepato-specific
parameters. Activities of SGPT, SGOT, ALP and total
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Table 1 Effect of triphala on DMH induced hepato specific parameters in mice

Group SGPT (1U/) SGOT (1U/1) ALP (1U/1) T Bil (mg%)
Control 21.42 £+ 2.42 30.12 £+ 5.20 32.46 + 4.34 0.30 &+ 0.02
DMH treated Group 149.30 + 10.12* 180.24 + 14.60" 188.40 + 20.56" 2.14 £+ 0.10*
DMH+Triphala treated group 40.62 + 6.20° 40.82 + 10.34* 30.66 + 8.40" 0.28 £ 0.04"

Values are mean £+ SD of six independent observations. The values of DMH treated group were compared with those of control group and those
of DMH+Triphala treated group were compared with those of DMH treated group

* P <0.001

bilirubin in the serum were increased significantly
(P <0.001) ie., 6.96-, 12.85-, 9.16- and 7.13-folds,
respectively, in DMH treated mice in comparison to control
animals (Table 1). However, 5% dietary Triphala admin-
istration along with DMH showed a significant (P < 0.001)
decrease in SGPT (83.5%), SGOT (77.35%), ALP (83.7%)
and total bilirubin (86.92%) from DMH treated animals
thus indicating the protective role of Triphala against DMH
induced hepatic damage.

Histopathological examination revealed cell necrosis,
fatty infiltration, hepatocytes with increased N:C ratio,
pleomorphic nuclei, aberrant mitotic figures and promi-
nent nucleoli in DMH treated mice indicating hepatic
damage and appearance of pre-neoplastic lesions due to
DMH (Fig. 1a). However, the administration of Triphala
to DMH treated animals (Fig. 1b) seems to prevent such
hepatic changes when compared with normal animals
(Fig. lc).

Analyses of protein profiles of the liver microsomal
membranes (endoplasmic reticulum) of DMH treated,
DMH+-Triphala treated and control mice are presented in
Fig. 2a—c.

It was interesting to note from Fig. 2a that DMH
administration invariably leads to increase in the level of
proteins of M. Wt of 29 kDa (ERp29) in peak X and
53 kDa (ERp53) in peak Y and decrease in the level of
protein of M. Wt. of 36 kDa (ER36) in peak A (Fig. 2b)
thus indicating the ER stress and activation of UFRs due to
DMH. However, the administration of Triphala to DMH
treated animals (Fig. 2b) seems to bring the protein pattern
to normal as in Fig. 2c thus preventing ER stress.

Figure 3 shows the antioxidant status and LDH activity
of the control and Triphala treated animals. The level of
lipid peroxidation measured as MDA was decreased
significantly (P < 0.05) by 50% and the activity of LDH
was decreased by 40% in Triphala treated animals as
compared to control mice. The glutathione level was
enhanced by 50% and the activity of GST was elevated
by 37% due to Triphala treatment as compared to
controls.

@ Springer

Fig. 1 Liver sections of DMH treated (a) and DMH+Triphala treated
(b) and Control (c) mice (magnification x 100)

Discussion

The levels of hepatic enzymes are used as diagnostic
indicators of hepatic injury. SGPT, SGOT and serum
Bilirubin are the most sensitive tests employed in the
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Fig. 2 Microsomal protein profiles of DMH treated (a), DMH=+
Triphala treated (b) and control (¢) mouse liver. The Figures are the
densitometric scannings of the electrophoretograms of the membrane
proteins, at 550 nm
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Fig. 3 Antioxidant status and LDH activity in control and Triphala
treated mouse liver. LP n mole malondialdehyde formed/mg protein;
LDH activity u mole NADH/min/mg protein; GSH u mole GSH/mg
protein and GST activity p mole CDNB-GSH conjugate formed/min/
mg protein (Values were mean = SD of 4 independent observations)

diagnosis of hepatic diseases [37-41]. Elevated levels of
serum enzymes are indicative of cellular leakage and loss
of functional integrity of cell membranes in liver [42, 43].

Administration of DMH in our study significantly inc-
reased serum levels of SGPT, SGOT in DMH treated mice.
However, Triphala administration to DMH treated mice led
to decrease in the activities of marker enzymes in serum
showing the stabilization of the plasma membranes as well
as the repair of hepatic tissue damage due to DMH. Serum
ALP was also raised in DMH treated animals. ALP is
excreted via bile by the liver. In liver damage due to DMH,
there is defective excretion of bile which is reflected in
increased level of ALP in the serum [44].

Elevated level of serum bilirubin is a very sensitive test to
substantiate loss of functional integrity of liver and severity
of necrosis [45]. Depletion of elevated bilirubin level along
with decrease of ALP activity in the serum of mice treated
with DMH+Triphala suggests that Triphala stabilizes the
biliary dysfunction due to DMH. Results obtained from
histo-pathological study also show signs of recovery from
DMH hepato-toxicity and carcinogenicity (Fig. 1b).

The DMH treatment leads to changes in the liver
microsomal proteins as shown in Fig. 2 a which came back
to the normal protein patterns (Fig. 2c) when treated with
Triphala (Fig. 2b).The author of this communication
during his doctoral research in 1980’s had shown the
appearance of almost similar protein peak changes in the
microsomes of the mouse liver during carcinogenic stress
after treating the animals with DMH for 35 days [11].

The DMH treatment causes mutations and leads to the
accumulation of mutated proteins [46] causing activation
of ER stress signalling pathways (UPRs). ERp53 has now
been well characterised as tumor suppressor gene product
[46] and a latest study has shown ERp29 also to possess
tumor suppressor role [47].The decrease in the ERp36
suggests that DMH suppresses the expression of the gene
responsible for the synthesis of this protein possibly due to
hyper-methylation. However, detailed studies are under-
way in our laboratory to find out the exact role of such
microsomal protein changes in the ER stress signalling
pathways (UPRs). The normal protein patterns of micro-
somal membranes of hepatocytes in DMH+Triphala trea-
ted animals (Fig. 2b) suggests the inhibitory effects of the
active ingredients of Triphala on the formation of active
metabolites of DMH and/or their neutralization, leading to
their paucity for interactions with critical cellular bio-
molecules thus preventing mutations and the accumulation
of unfolded proteins in the ER thereby inhibiting the
development of ER stress and the UPRs.

Oxidative stress is an important element of mutagenesis
and carcinogenesis [48]. Free radicals produced as a result
of oxidative stress initiate chain reactions that lead to the
process of lipid peroxidation which causes damage to cell
membranes. So any agent inhibiting free radical processes
contributes to chemo-protection of cellular damage and
also the carcinogenesis.
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Figure 3 shows the effect of Triphala on lipid per-
oxidation and LDH activity in mouse liver. LDH is also an
important biochemical indicator of cellular damage. Free
radical mediated membrane damage could release LDH
into the cytosol and prevention of free radical formation
avoids the release of LDH. It is important to note that
specific activity of LDH was low in Triphala treated mice
as compared to control mice (Fig. 3). Also significantly
low levels of per-oxidation were observed in Triphala
treated animals as compared to controls (Fig. 3). Thus, it is
quite clear that Triphala has a potent ability to prevent
oxidative stress which property, therefore, might be linked
to its chemo-preventive potential [26]. Figure 3 also shows
the elevation in the level of GSH and the Sp. Activity of
GST. GSH helps in maintaining the reduced milieu of the
cell and is involved in the detoxification of various xeno-
biotics including carcinogens [49]. It behaves as an anti-
oxidant and protects biological systems [50]. It catalyzes
antioxidant processes of thiol compounds and in turn pro-
tects the cells from electrophiles and free radical induced
oxidative damage [51]. It belongs to phase II enzymes that
inactivate the ultimate carcinogens and divert them from
reactions with critical cellular biomolecules [52]. Thus, it
could be inferred from increased levels of glutathione-S-
transferase that Triphala has a potent ability to inhibit
electrophilic damage to cell which otherwise could lead to
initiation and promotion of cancer.

The present study has demonstrated the protective
potential of Triphala against DMH induced early neoplastic
alterations coupled to ER stress in mouse liver. The pro-
tective effect of Triphala could result due to stimulation of
hepatic regeneration by preventing damage by alkyl free
radicals as well as by neutralization and excretion of
electrophiles generated due to DMH metabolism, by the
active ingredients of Triphala.
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