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Abstract

Herbal preparations have been recommended in alternative systems of medicine for the treatment of hepatic
disorders. Among the various studies involved in hepatotoxic effect of CCl, (1.5 ml/kg, i.p.) and paracetamol (2
g/kg, p.o.) is oxidative damage through free radical generation. Drug-induced hepatotoxicity is still a significant
unresolved clinical problem as liver is the most common site of damage. Polygonum Bistorta (PB) is powerful
astringent, demulcent, diuretic, febrifuge, laxative, strongly styptic and rich in tannins. No systematic study has
been done on protective efficacy of (PB) and its active principles Tannic acid (TA) and Resveratrol to treat hepatic
diseases. The goal of the present work is to evaluate and compare the efficacy of root extract of PB (100 mg/kg),
TA (25 mg/kg, p.o.) and Resveratrol (30 mg/kg, p.o.) against toxicants induced damage in liver and kidney. The
activities of transaminases, alkaline phosphatase and protein were increased in serum after 48 h days of toxicants
administration. A significant rise was observed in lipid peroxidation level however reduced glutathione content was
observed. A concomitant fall was observed in the enzymatic activities of adenosine triphosphatase, glucose-6-
phosphatase. Administration of PB and TA and Resveratrol significantly brought the values of studied parameters
towards normal and also reversed the histopathological alterations in liver and kidney. Thus, it may be concluded that
PB and TA can be used to reduce the hepatorenal damage and may serve as an alternative medicine. Thus it may

be concluded that TA (25 mg/kg) were found more effective values towards control.

Keywords: CC14; Paracetamol; Polygonum bistorta; Tannic acid;
Serum transaminases; Comet assay

Introduction

Herbal medicines derived from plant extracts are being increasingly
utilized to treat a wide variety of clinical diseases, through relatively
little knowledge about their mode of action is available. There is a
growing interest in the pharmacological evaluation of various plants
used in Indian traditional system of medicine.

Liver disease is still a worldwide health problem. Unfortunately,
conventional or synthetic drugs used in the treatment of liver diseases
are inadequate and sometimes can have serious side effects. In the
absence of a reliable liver protective drug in modern medicine there
are a number of medicinal preparations in Ayurveda recommended for
the treatment of liver disorders [1]. The World Health Organization
(WHO) estimates that 80% of the population of developing countries
relies on traditional medicines, for their primary health care needs.
Also, modern pharmacopoeia still contains at least 25% drugs derived
from plants and many others which are synthetic analogues built on
prototype compounds isolated from plants [2].

The plant Polygonum bistorta Linn. (Family: Polygonacae) is
used in the Siddha system of medicine. This plant possesses a broad
spectrum of antibiotic, antibacterial, and anticancer activity. The
stem bark of the plant is an astringent and is used in the treatment
of headache, fever, skin diseases, tumors, diseases of the blood,
dysentery and diarrhoea. Preliminary pharmacological studies of the
plant revealed that the aqueous extract of roots of P. bistorta shows
anti-inflammatory, antiulcer and antimicrobial activity. The fresh roots
of the plant have anti cancerous activity [3]. The roots contain up to
21% tannin. These are astringent, bitter plant polyphenols that either
bind and precipitate or shrink proteins [4]. According to Rashid et al.
(1985) [5], "Tannic acid is the commercial term for a mixture of large
gallotannins, trigallic, m-digallic, and gallic acid, which is extracted
from plant material. Resveratrol (trans-3, 4’, 5-trihydroxystilbene)

occurs naturally in grapes and a variety of medicinal plants. In plants,
resveratrol functions as a phytoalexin that protects against fungal
infection [6].

An attempt has been made to compare the hepatoprotective
potential of extract with its active principle using battery of liver
function tests.

Materials and Methods
Plant material

The plant material was collected by the authorized ayurvedic dealer
and was identified by the Botany Department of Jiwaji University,
Gwalior.

Preparation of plant extract

Root material of plant was shade, dried, coarsely powdered and
allowed to heat in distill water at high temperature of water bath. The
inorganic material was precipitated and filtered off. The filtrate was
again concentrated in a china dish and dried in vacuum. The yield
of the extract was (10.4%) w/w of powdered aqueous extract, which
was stored in refrigerator for further use. The aqueous extract was
evaporated and dried in vacuum.
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Chemicals

All chemicals used in this study were of analytical grade and
obtained from Sigma-Aldrich, E-Merck and Loba Chemicals Pvt.
Ltd. All diagnostic kits used in the experiments were procured from
E-Merck.

Experimental animals

Studies were carried out by using adult albino male rats of Sprague
Dawley strain (150 + 10 g) were used for the present investigation.
Animals were housed under standard conditions (25 + 2 °C, 60-70%
relative humidity and 14 h light and 10 h dark). The rats were fed on
standard pellet diet (Pranav Agro Industries, New Delhi) and water ad
libitum. Animals were treated and cared for in accordance with the
guidelines recommended by the Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPCSEA), Govt. of
India, Ministry of Environment & Forests (Animals Welfare Division),
Chennai.

The rats were randomly allocated to six animals in each group and
treated as below.

Experimental design

The animals were administered paracetamol at a dose of (2 g/kg,
p-o.) and CCl, at a dose of (1.5 ml/kg, i.p.) followed by therapeutic
agents at effective doses for 24 h and silymarin was given as positive
control. The whole set of experiment was divided into six groups six
animals each.

Experiment No. 1: Acute study
« Group 1: Normal (vehicle only)
« Group 2: Experimental control (CCl, 1.5 ml/kg, i.p. once only)
« Group 3: CCl, + PB extract (100 mg/kg, p.o)
« Group 4: CCl, + Tannic acid (25 mg/kg, p.o.)
« Group 5: CCl, + Resveratrol (30 mg/kg p.o.)
« Group 5: CCl, + Silymarin (50 mg/kg, p.o.)
Experiment No. 2: Acute study
« Group 1: Normal (vehicle only)
« Group 2: Experimental control (APAP 2/kg, p.o., once only)
» Group 3: APAP + PB extract (100 mg/kg, p.o.,)
« Group 4: APAP + Tannic acid (25 mg/kg, p.o.,)
o Group 5: APAP + Silymarin (50 mg/kg, p.o.,)
Experiment No. 3: Determination of cell viability by MTT assay.
« Group 1: Medium (100 pl/L)
« Group 2: CCl, (10 mM)
« Group 2-4: PB extract (10, 30 and 100 pl/L)
« Group 5-7: Tannic acid (10, 30 and 100 pl/L)
Biochemical assays

Blood samples of rats were withdrawn by puncturing the retro-
orbital venous sinus [7] and serum was processed for the estimation of
blood and tissue parameters. Albumin, bilirubin, urea and creatinine
concentration in serum was measured by diagnostic kits.

Histopathological assays

Liver and kidney were fixed in Bouin’s fluid for light microscopic
studies.

Statistical analysis

The data were expressed as mean value + S.E. statistical significance
of difference between various treatments were analyzed by Student’st’
test followed by one-way analysis of variance (ANOVA) according to
Snedecor and Cochran (1994) [8]. P values < 0.05 were considered as
statistically significant.

Results and Observations

Graph 1 (a-f) assesses the effect of CCl, followed by various
therapeutic agents on liver function tests. Administration of CCl,
caused significant elevation in albumin, bilirubin, triglyceride, urea,
creatinine, and cholesterol concentration in serum (P < 0.05). Therapy
of PB and tannic acid decreased serum contents significantly (P <
0.05) [9]. All contents of serum were significantly recovered by all the
treatment groups i.e. PB, tannic acid and resveratrol (P < 0.05). PB and
TA showed significant changes when compared with resveratrol at 5 %
level by Tukey’s HSD post hoc test. Comparison between TA and PB
clearly showed that TA was significantly effective (P < 0.05).

Acid and alkaline phosphatase

Single bolus dose of CCl, caused significant rise (P < 0.05) in the
enzymatic activity of acid phosphatase in liver and kidney (Graph 2
a-b). Treatment of PB and TA along with CClI, afforded significant
protection in the hepatic enzymatic activity but resveratrol was not
found to be significantly effective (P < 0.05). PB, TA and silymarin
showed significant variation in the hepatic acid phosphatase activity
when compared with resveratrol at 5% level.

Graph 2 (c-d) shows significant fall in the activity of alkaline
phosphatase in liver and kidney after CCl, administration (P < 0.05).
Therapy with PB, TA and resveratrol showed significant increase in the
alkaline phophatase activity of liver (P < 0.05). PB and TA treatment
was equally effective in alkaline phosphatase activity, however
resveratrol was found less effective.

Adenosine triphosphatase

Significant decline was observed in the activity of adenosine
triphosphatase in liver and kidney after CCl, administration as shown
in (Graph 2 e-f). Post treatment with crude extract and tannic acid and
resveratrol restored the depleted values and prevented the release of
enzyme activity in both liver and kidney significantly (P < 0.05). PB and
TA showed better protective effect when compared with resveratrol by
Tukey’s HSD post hoc test (P < 0.05).

Succinic dehydrogenase and catalase

Administration of CCl, caused significant decrease in the
enzymatic activity of hepatic succinic dehydrogenase and catalase after
24 h of intoxication (Graph 3 a-b). Treatment with PB and TA showed
significant improvement in the SDH activity. Therapy with resveratrol
showed no significant improvement in the enzymatic activity. Tukey’s
HSD post hoc test (P < 0.05) clearly showed that resveratrol treatment
was less effective when compared with TA and silymarin. Treatment
with TA caused significant improvement in the enzymatic activity of
hepatic catalase (P < 0.05), while resveratrol and PB did not showed
significant recovery [10].
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Glycogen and glucose-6-phosphatase

There was significant loss of the glycogen content and glucose-6-
phosphatase activity in liver caused by CCl, exposure (Graph 3 c-d).
Parameters were recouped significantly with the PB extract, TA and
resveratrol therapy (P < 0.05) however the effect was more pronounced
with tannic acid in glycogen (85.3%) and G-6-Pase (87.6%) after the
CCl, exposure. Therapy of TA showed significant improvement in
the G-6-Pase activity when compared with resveratrol as analyzed by
Tukey’s HSD post hoc test (P < 0.05).

Serum transaminases and alkaline phosphatase

Table 1 summarizes the alterations in the enzymatic activities i.e.
AST, ALT and SALP activities after acute acetaminophen induced
intoxication. Treatments with PB extract and TA respectively
showed protective effect by preventing the enhanced release of above
parameters in serum towards control (P < 0.05). Tannic acid (25 mg/kg,
p.o.) showed its better therapeutic efficacy by recouping liver markers
enzymes (AST, 83.7%; ALT, 80.5%; ALP, 82.1%) when compared
with polygonum bistorta plant extract (AST, 61.4%; ALT, 69.9%; ALP,
66.2%).

Blood sugar, serum protein, albumin and bilirubin

Table 2 demonstrated that the administration of APAP at a dose
of 2 g/kg, once only exhibited significant (P < 0.05) reduction in the
blood sugar level whereas significant (P < 0.05) elevation was observed
in protein, albumin and bilirubin concentration in serum. Significant
recoupment was seen with both therapeutic agents (P < 0.05). However
maximum improvement was seen with the therapy of tannic acid
which is substantiated by the percent protection.

Urea, creatinine, triglyceride and cholesterol

Table 3 reveals a tremendous rise in the urea, creatinine,
triglycerides and cholesterol contents after acetaminophen induced
toxicity (P < 0.05). Mean values of both therapies treated groups

Treatments AST (IU/L) ALT (IU/L) SALP (mg Pi/100 ml/h)
Control 72.2 £5.60 47.0+3.13 214 £17.1
APAP 222 + 20.4# 280 + 17.2# 421 + 25.5#

APAP + PB,  mg/kg | 130+ 10.2* (67.4%) 117 +8.67* (69.9%) 284 + 18.1* (66.2%)
APAP + TA,. mg/kg |96.6 £ 7.11%(83.7%) 92.3+6.27*(80.5%) 251 + 17.1* (82.1%)
APAP + S, mg/kg 8621668 (90.6%) 73.2+643"(88.7%) 242 + 19.1* (86.5%)

F value 33.2@ 110@ 20.6@

Table 1: Data are mean + S.E., N = 6; @ = Significant at P < 0.05 for ANOVA;
#APAP vs Control at P < 0.05; *APAP+ Therapy vs APAP at P < 0.05. Abbrevia-

tions: APAP = Acetaminophen; PB = Polygonum bistorta; TA = Tannic acid; S =
Silymarin; % = Percent protection.

Treatments Blood sugar Serum protein | Albumin Albumin
(mg glucose/dl) (mg/100 ml) | (g/dl) (g/dl)
Control 100 + 8.12 40.2+2.88 3.0+£0.17 0.42 +0.02
APAP 67.8 + 4.28* 93.5+7.05% |4.1+0.27* 0.80 + 0.07#
APAP +PB, , 180.9+6.68 54.5+4.52* 3.2+0.21* 0.55 + 0.04*
mg/kg (40.6%) (73.2%) (81.8%) (65.8%)
APAP + TA . 94.0 £ 7.40* 48.7+4.32* 3.0+0.18* 0.45 + 0.04*
mg/kg (81.3%) (84.1%) (100%) (92.1%)
APAP + 8 98.0 +6.72* 46.5+3.02 3.0+0.17* 0.43 £ 0.03*
mg/kg (93.7%) (88.2%) (100%) (97.3%)
F value 4.84@ 25.3@ 6.40@ 13.6@

Table 2: Data are mean + S.E., N = 6; @ =Significant at P < 0.05 for ANOVA;
#APAP vs Control at P < 0.05; *“APAP + Therapy vs APAP at P < 0.05; Abbrevia-
tions: APAP = Acetaminophen; PB = Polygonum bistorta; TA = Tannic acid; S =
Silymarin; %= Percent protection.
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Treatments Lipid peroxidation (n moles Albumin Albumin
TBARS/mg protein) (g/dl) (g/dl)
Liver Kidney
Control 0.30 £0.02 0.32+0.03 8.23+0.56 7.30£0.48
APAP 0.78 + 0.04* 1.37 £0.08* 4.63+0.27 4.47 £0.28*
APAP +PB, , 0.65+0.04 0.81+0.05 7.17 £0.46* 6.41+0.36*
mg/kg (27.1%) (563.3%) (70.5%) (68.5%)
APAP + TA,, 0.53 £ 0.03* 0.67 +0.06* 7.81+0.44* 6.93 + 0.50*
mg/kg (52.0%) (66.6%) (88.3%) (86.9%)
APAP + 8, 0.48 £ 0.04* 0.63 £0.03* 8.01 + 0.65* 7.12+£0.62*
mg/kg (62.5%) (70.4%) (93.8%) (93.6%)
F value 26.3@ 58.1@ 10.4@ 7.34@

Table 3: Data are mean + S.E., N = 6; @ = 76ySignificant at P < 0.05 for ANOVA,
#APAP vs Control at P < 0.05; *APAP + Therapy vs APAP at P < 0.05; Abbrevia-
tions: APAP = Acetaminophen; PB = Polygonum bistorta; TA = Tannic acid; S =
Silymarin; % = Percent protection.

showed recoupment in all the parameters. However, tannic acid
showed maximum protection and the values almost near to silymarin
treated positive control group. Analysis of variance showed significant
recoupment at 5% level in all the blood biochemical indices.

Lipid peroxidation and reduced glutathione

The lipid peroxide level in the tissues (liver and kidney) from APAP
exposed group was significantly (P < 0.05) higher than the respective
control values. Therapeutic agents (PB extract and TA) showed marked
reversal in the lipid peroxidation level. Curative treatment with plant
extract prevents the significant alterations by recouping the values up
to 50% in kidney but less effective in reducing the LPO level in liver
(27%). However TA afforded better percent protection level between
50-65% in both the vital organs. Reduced glutathione is presumed to
be an important endogenous defense against per oxidative destruction
of cellular membranes. Thus, in the present study there was significant
decline in the reduced glutathione level (P < 0.05). Treatments with
PB and TA recouped the glutathione concentration (P < 0.05), which
had been substantially decreased by APAP intoxication. Analysis
of variance showed significant recoupment at 5% level in both the
parameters.

Histopathological Observations

Light microscopic studies

Liver: Liver sections of normal control animals showed normal
features (Figure 1). Histopathological studies after CCl, administration
demonstrated hydropic degeneration so liver cells showed swelling
with optically empty cytoplasmic areas (Figure 2). Histopathological
changes also included congestion in central veins, portal vessels, and
sinusoids.

Treatment with extract (100 mg/kg, p.o.) showed recoupment.
Hepatocytes had angular appearance. Nuclei showed mild degeneration.
The overall structure of hepatic lobules appeared normal except for
few scattered degenerated cells (Figure 3). Post treatment with tannic
acid showed significant hepatoprotection, exhibiting reduction in
centrilobular necrosis, maintained chord arrangement (Figure 4).

Ultra structural changes: Electron micrographs demonstrated
the main ultra structural features of the liver. The ultra structure of
control rat liver showed hepatocytes separated by canaliculi and
sinusoids (Figure 5). Hepatocytes were irregular in size and shape and
had obscure boundaries separating them from the surrounding area, by
which they can be distinguished from other cellular components. Pale
foam like cytoplasm was seen. There was swelling of the mitochondria
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Figure 1: Photomicrographs of control rat liver showing maintained chord
arrangement with well formed hepatocytes (X 400).

Figure 4: Treatment with TA,, showing well formed trabecular structure of
hepatocytes, clear sinusoidal spaces and nuclei (X 400).

Figure 2: Administration of carbon tetrachloride: Photomicrographs showing
centrilobular necrosis accompanied with fatty changes and ballooning hepa-
tocyte were apparent (X 400).

Figure 3: Treatment of PB,  extract exhibiting reduction of centrilobular

100
necrosis, however degeneration in some hepatocytes at some places were

clearly visible mild improvement in sinusoidal dilatation was observed. (X
400).

and disorganization of matrix in which the matrix density was reduced
and the crystal tends to be sparse (Figure 6).

Administration of the both therapeutic agents enhanced the
process of regeneration. Liver sections treated with extract (100 mg/
kg, p.o.) showed nucleus was normal in appearance, nuclei envelopes
were intact, majority of the mitochondria were normal. On the other
hand, rats treated with tannic acid (25 mg/kg, p.o.) restored the ultra
structure of hepatocytes which correlated with the improvement of
liver function panel (Figures 7 and 8).

Figure 5: Electron micrographs of control rat liver showing prominent nucleus
(N), conspicuous nucleolus (Nu), along with intact nuclear membrane (NM),
with well formed extensive endoplasmic reticulum (ER) and plenty of mito-
chondria (M) with well formed cristae (X 4000).

Figure 6: Administration of CCl, showed severe vacuolization, condensed
cytoplasmic matrix (CM), damage in endoplasmic reticulum and swollen mi-
tochondria with fused cristae (X 2800).

Light microscopic studies

Kidney: Kidney sections of control animals showed normal
features (Figure 9). The structure of the kidney exposed to carbon tetra
chloride exposure showed various degree of degeneration. Most of the
epithelium lining of the collecting tubules had been sloughed into the
lumen (Figure 10). Thus showing a toxic response on the structure of
the kidney. According to microscopic examinations, severe lesions
induced by CCl, were remarkably reduced by the 5 days administration
of the PB (100 mg/kg, p.o.) group, which were in good agreement with
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Figure 7: Treatment with PB, ; showed well formed hepatocytes, along with
rounded mitochondria (M) (8900).

Figure 8: Treatment with TA,, showed formed nucleus (N) with intact nuclear
envelop (NE) along with rounded mitochondria (M), and glycogen rossets
(G) (X 8900).

Figure 9: Photomicrographs of control rat kidney showing well formed renal

corpuscles and Bowman’s capsule with compact glomeruli (X 400).

the results of the biochemical tests (Figure 11). Renal sections of animals
in the TA 25 mg/kg showed the conspicuous recovery phenomenon.
Therapy showed almost normal distal and proximal tubules, lumen
was clear. The renal corpuscles appeared fairly normal. Glomeruli were
compact with wide spacing in the Bowman’s capsule (Figure 12).

Comet assay

The single-cell gel electrophoresis (comet assay) allows detection
of DNA fragmentation in single cells, and was initially used for DNA
damage estimation [11]. Figures 13 and 14 showed the effect of carbon
tetrachloride on mean DNA damage, comet length, tail length and

Figure 10: Photomicrographs of kidney exposed with CCl4 for to 21 days
caused hypercellularity in glomeruli, severe degree of degeneration in renal
tubules with eiosinophilic fluid (X 400).

! e
¥ /\.

showing normal distal and proximal tubules

Figure 11: Treatment with PB,
with lumen was clear (X 400)

0

Figure 12: Treatment with TA,; showed well maintained Bowman’s capsule
with well formed endothelial lining and well formed renal tubules.

mean comet tail length. The damage was expressed as percent DNA
migration in the tail and 20-25 nuclei were counted in each slide. In
all CCl, treated groups (1.5 ml/kg), the tail lengths were significantly
increased in liver (42.6 um) and kidney (74.6 um). DNA damage was
elevated the tail length and movement was significant high. Therapy
with the active principle as tannic acid controlled DNA damage
significantly as evident from the decrement of mean tail length when
compared to Polygonum bistorta treated group.
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Figure 13: Evaluation of DNA damage by comet assay in liver.

-
-

Figure 14: Evaluation of DNA damage by comet assay in kidney.

MTT assay

The cytotoxicity of P. bistorta and tannic acid toward in Hep2 cell
lines was tested. The result showed that PB and TA concentrations
of 10, 30 and 100 pg/ml were not toxic to the cell. Cytotoxicity was
induced in Hep2 cell lines by exposure to 10 mM CCl,, and the cells
were subsequently treated with PB and TA. As shown in table 4 tannic
acid at concentrations of 10, 30 and 100 pg/ml significantly reduced
cellular leakage of improved cell viability [12].

Discussion

Several animal experimental models have been in use to evaluate
anti hepatotoxicants against classical hepatotoxicants viz. carbon
tetrachloride and acetaminophen. The liver plays a major role in
metabolism and has a number of functions in the body, including
glycogen storage, decomposition of red blood cells, plasma protein
synthesis, and detoxification. Many compounds, including clinically
useful drugs, can cause cellular damage through metabolic activation

of the chemicals to highly reactive compounds such as free radicals,
carbenes and nitrenes [13]. Thus the purpose of this detailed
investigation was to explore whether or not Polygonum bistorta and
tannic acid could prevent the hepatic damage caused by CCl, and
acetaminophen, a model hepatotoxicants.

Hepatic cells participate in a variety of metabolic activities and
contain a lot of enzymes. The major intracellular enzymes are AST,
ALT and ALP [14]. AST and ALT both are found in cytoplasm. AST
particularly also exist in mitochondria whereas ALT is more abundant
in liver cells. ALP mainly arises from the lining of the canaliculi and
also from the sinusoidal surface of hepatocytes [15,16].

Therapy with Polygonum bistorta and tannic acid reversed the
activity of transaminases and alkaline phosphatase activities thus
restored them towards normal value depicting clearly improvement
of the functional status of the liver cells thus showing marked
hepatoprotective effect. In animals treated with TA there was no
noticeable hepatocellular necrosis. Only mild ballooning & binucleate
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Treatments Concentration (ug/ml) Cell survival (% of control)
Control 100 8.23 £ 0.56
Ccl, 100 4.63+0.27
CCl, +PB 10 22.0+1.29
30 26.1+1.64
100 22.7 £1.62
CCl, + TA 10 33.8+£225*
30 323+236*
100 37.2+£279*
F value 81.8@

Table 4: Data are mean + S.E.,, N = 6; @ = Significant at P < 0.05 for ANOVA
*CCl4 vs C, *CCl, + Therapy vs CCl, at P < 0.05; Abbreviations: C = Control; PB =
Polygonum bistorta; TA = Tannic acid.

cells were observed in animals treated with PB (100 mg/kg) [3]. While
binuclear cells were seen spread Binucleate cells in liver are indication
of hepatic cell regeneration. In the present investigation there was a
significant rise in urea and creatinine concentration after toxicant
administration. It may be due to dysfunctional and dystrophic changes
in the liver and kidney. Due to severe renal impairment, urea excretion
falls and the serum concentration rise rapidly.

Lipid peroxidation (LPO) is an autocatalytic process, which is
a common consequence of cell death. It involves a broad spectrum
of alterations, and the consequent degeneration of cell membranes
may contribute towards the development of other disorders of
lipoprotein metabolism, both in the liver and in peripheral tissues
[17]. Glutathione-SH (GSH) is one of the most abundant tripeptide
(y-glutamyl cysteinyl glycine) widely distributed in cells. A large
reserve of reduced glutathione is present in hepatocytes and red blood
cells. Liver is the major site for synthesis of GSH. The detoxification
of different drugs and xenobiotics in the liver involves GSH. It is an
intra-cellular reductant and plays major role in catalysis, metabolism
and transport. Treatment with PB and TA shows recovery which is
also supported by Phyllanthus niruri [18]. Proteins are synthesized
in liver and inhibition indicates liver damage. A high bolus dose of
acetaminophen results in significant loss of protein contents in liver.

Treatment with Polygonum bistorta and tannic acid significantly
ameliorates CCl, induced changes in SDH and ATPase activities in
liver and kidney of rats. The ameliorative effect of therapy might be due
to its polyphenolic nature having antioxidative property. Antioxidants
have the property to protect all membrane lipids and unsaturated fatty
acids against oxidative degeneration. Similar investigative findings
were also reported with the plant extracts of Phyllanthus fraternus [19]
and Terminalia belerica Roxb [16].

Glycogenisthebody's auxiliary energy source, tapped and converted
back into glucose when there is need for energy. The maintenance of
glycogen reserve is a specific function of the liver cell. Several enzymes
are involved in the synthesis and degradation of glycogen. Disturbance
of carbohydrate metabolism is one of the most significant biochemical
lesions arising during CClI, toxicity. G-6-Pase is a crucial enzyme of
glucose homeostasis and plays an important role in the regulation of
the blood glucose level [20]. Liver glycogen phosphorylase acts as the
glucose sensor of liver, showing the breakdown of glycogen whenever
the level of blood glucose is low. Subramanian and Selvam (1999) [21]
reported that CCl, caused significant decline in the G6Pase activity.

This procedure has been widely used for genotoxicity studies
[22] and for monitoring the exposure to DNA damaging agents in
human populations. We assessed the extent of damage, which entailed

measurement of comet length, tail movement, tail length and tail DNA
(%) damage. Our data suggests that toxicant treatment was associated
with oxidative stress induced DNA damage in liver and kidney. Therapy
with PB extracts and tannic acid clearly prevented the densitometric
and geometric parameters of the comets as determined using image
analysis software.

Protection of DNA damage by PB extract and TA clearly indicated
its therapeutic potential at molecular level. HepG2 cell lines depicted
favorable response in MTT assay.

Acetaminophen is a widely used antipyretic and analgesic, produces
acute liver damage if overdoses are consumed. Paracetamol is mainly
metabolized in liver to excretable glucuronide and sulphate conjugates.
However, the hepatotoxicity of paracetamol has been attributed to the
formation of toxic metabolites when a part of paracetamol is activated
by hepatic cytochrome P-450, to a highly reactive metabolite N-acetyl-
P-benzoquinoneimine (NAPQI). NAPQI is initially detoxified by
conjugation with reduced glutathione (GSH) to form mercapturic
acid. However, when the rate of NAPQI formation exceeds the rate of
detoxification by GSH, it oxidizes tissue macromolecules such as lipid
or —-SH group of protein and alters the homeostasis of calcium after
depleting GSH.

The experimental intoxication induced by carbon tetrachloride
(CCl,) is widely used for modelingliver injuryinrats [23]. Hepatotoxicity
is connected with severe impairment of cell protection mechanisms.
The location of liver injury is defined mainly by the biotransformation
of CCl,, which is cytochrome P-450 dependant. Free radicals initiate the
process of lipid peroxidation, which is generally caused of inhibition of
enzyme activity. It is now generally accepted that the hepatotoxicity of
CCl, is the result of reductive dehalogenation, which is catalyzed by
P-450, and which forms highly reactive trichloromethyl free radical.
This readily interacts with molecular oxygen to form the trichloromethyl
peroxy radical. Both trichloromethyl and its peroxy radical are capable
of binding to proteins or lipids, or of abstracting a hydrogen atom from
an unsaturated lipid, initiating lipid peroxidation and liver damage and
by doing so playing a significant role in pathogenesis of diseases. These
data provide a scientific explanation for the folkloric uses of Polygonum
bistorta and tannic acid in the treatments of hepatic disorders. The
findings provide a rationale for further studies on pharmacological
evaluation.
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