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Abstract

The present study investigated the antidiarrhoeal and hepatoprotective potential of 50 % ethanolic
extract of stems of Tinospora cordifolia (Willd.) Miers ex Hook. f. & Thoms. in experimental
rats. Diarrhoea along with hepatotoxicity was induced by feeding red kidney beans, i.e., Phaseolus
vulgaris, mixed with rat feed in the ratio of 30:70 (study diet) along with administering CCl4,
mixed with olive oil (1:1; v/v) at 4 ml/kg body weight orally twice a week for trial period of 10
days. Group 1 was healthy control; Group 2 was positive control; Group 3 received silymarin (5
mg/kg b.wt orally) and atropine sulfate (0.1 mg/kg, intra muscular OD); Groups 4 and 5 received
50 % ethanolic extract of T. cordifolia at 100 and 200 mg/kg body weight orally, respectively.
Results revealed that Group 3 rats restored fecal consistencies from 3 rd day onwards while in
Groups 4 and 5, fecal consistency restored from 7 th and 8thday onwards, respectively. Significant
increase in liver enzyme activities due to CCl4 toxicity was restored well in Group 3, followed by
the group receiving T. cordifolia at 200 mg/kg. No significant changes were noticed in blood urea
nitrogen, creatinine and total bilirubin level within all groups. Oxidative stress indices like lipid
peroxidation (3.03 ± 0.12 nmol MDA/ mg protein) and glutathione (6 .46 ± 0.38 mol/mg
protein) were significantly improved in Group 3, followed by group receiving T. cordifolia at 200
mg, whereas superoxide dismutase (8.13 ± 0.1 U/mg protein) and catalase (7.94 ± 0.3 U/mg
protein) were improved better in Group 3, followed by Group 5 receiving T. cordifolia at 100 mg.
Histopathological study of liver revealed the changes like hepatic degeneration, vacuolation, and
dissolution of cytoplasm in negative control group. Silymarin treated group revealed normalcy in
hepatic cord with mild vacuolar changes. T. cordifolia at 200 mg/kg treatment group revealed
only mild fatty changes in liver. This study revealed the dose-dependent hepatoprotectant and
antidiarrhoeal effect of T. cordifolia in experimental rats.
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1.  Introduction

Guduchi, Tinospora  cordifolia  (Willd.) Miers ex Hook. f. & Thoms.,
is a large deciduous climbing shrub, belonging to the family
Menispermeaceae, found throughout India, Srilanka, Nepal,
Bangladesh and China. In Hindi, the plant is commonly known as
giloe. In ayurvedic system, it is called as Rasayana drug which used
for increase body resistance, long life and to alleviate stress
(Patwardhan and Gautam, 2005). Giloe is also called as “Amrita”
which signifies its use for revitalization and its importance in
ayurveda. The plant is also included in various important
pharmacopoeias (Anonymus,1999). The phytochemical consti-
tuents of different classes like alkaloids, diterpenoid lactones,
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glycosides, phenolics, aliphatic compounds and polysaccharides
are isolated from T. cordifolia (Singh et al., 2003). The stems of
T. cordifolia are found positive for presence of alkaloids, phenols,
saponins and tannins (Gurav et al., 2014).The anti-inflammatory,
antipyretic, antioxidant, antidiabetic, antiallergic and antiarthritic
activities of  T. cordifolia have been reported in earlier studies (Jana
et al., 1999; Bishayi et al., 2002; Stanley and Menon, 2001;
Choudhary et al., 2013). This drug is prescribed for various diseases
like fever, diabetes, dysentery, cough, asthma, jaundice, diarrhoea,
skin diseases and bites of poisonous insects (Devprakash et al.,
2011). It has also been indicated in heart disorders, leprosy and
helminthiasis (Sharma, 1969; Aiyer and Kolammal, 1963; Kirtikar
and Basu, 1933). The ayurvedic drug, guduchi (T. cordifolia) is
mentioned in various medicine systems like Charak, Sushrut and
Ashtang Hridaya and other treaties like Bhavva Prakash and
Dhanvantari Nighantu with different names like Amara, Amritvali,
Chinnarrhuha, Chinnodebha and Vatsadani, etc. (Sharma et al., 2001;
Charkha, 1961; Sushruta,1992). Several herbs or plant materials
have been reported to have antioxidant, antidiarrhoeal and
hepatoprotective activity. The objective of the present study was
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to evaluate the antidiarrhoeal and hepatoprotectant potential of
T. cordifolia stems in experimental animal. The study of two
different physiological properties of the same plant will be helpful
for therapeutic management of  diarrhoeic hepatopathy.

2.  Materials and Methods

2.1 Plant material

Stems of Guduchi, i.e., T. cordifolia were collected in and around
Bareilly of Uttar Pradesh, India area and air dried and grinded to
powder form and were subjected to extraction, using 50% ethanol
as solvent by columnar Soxhlet method at temperature of 40-41°C
with standard protocol. The extracts were dried at 41°C temperature.

2.2 Experimental design

Male albino Wistar rats (100-150 g) of 3-4 weeks age, were obtained
from Laboratory Animal Resource Section (LARS) of Indian
Veterinary Research Institute, Izatnagar (IVRI) and were kept in
experimental animal shed of Division of Medicine with standard
feeding and managemental conditions. Rats were divided randomly
into five groups (n=6). The study was conducted after due approval
of Institute Animal Ethical Committee (IAEC) (No. F. 1 - 53 / 2004
/ JD (R) dated 09-04-2010 of Joint Director of Research, IVRI).

2.2.1 Induction of hepatotoxicity along with diarrhoea in rats

Hepatotoxicity along with diarrhoea was induced in all groups except
healthy control (Group 1) rats by feeding red kidney beans, i.e.,
Phaseolus vulgaris, mixed with rat feed in the ratio of 30:70 (Study
diet) along with administering CCl4, mixed with olive oil (1:1; v/v)
at 4 ml/kg body weight orally, twice a week for trial period of 10
days (Shoda et al., 1995 with modification). Group 2 served as
positive control which did not receive any treatment. Group 3
received silymarin (5 mg/kg body weight orally) and atropine
sulphate (0.1 mg/kg, IMper day) as standard hepatoprotectant and
antidiarrhoeal agent. Groups 4 and 5 received 50% ethanolic extract
of T. cordifolia at 100 and 200 mg/kg body weight orally,
respectively. The rats were observed for onset of diarrhoea initially
and mortality pattern throughout the study period. Clinical signs
or change in behaviour were also noted in all groups of rats and
body weight was recorded on day 0, 5th and 10th day of trial. Following
the overnight fasting rats were sacrificed by the end of experiment
under light chloroform anaesthesia. Blood samples from
anaesthetized rats were collected by cardiac puncture, using sterile
syringes in heparinised and non-heparinised tubes.

2.3 Parameters of study

2.3.1 Hematology

Hemoglobin, PCV, RBC, WBC, differential leukocyte count was
stimated (Chauhan, 2003).

2.3.2 Serum marker enzymes

Following parameters like serum alanine amino transferase (ALT)
and aspartate amino transferase (AST), alkaline phosphates (ALP),
serum bilirubin, serum total protein (TP), serum albumin, blood
urea nitrogen serum creatinine, serum sodium, potassium and
chlorideand serum glucose were analysed by using standard methods.

2.3.3 Oxidative stress indices

To assess oxidative stress, the level of LPO (Ohkawa et al.,1979),
SOD (Cohen,1970),  catalase (CAT) (Menami and Yoshikava, 1979)
and non-enzymatic antioxidant GSH (Sedlak and Lindsay, 1968)
were determined in the liver tissues.

2.3.4 Histopathology

Liver tissue samples were collected at the time of sacrifices and
immediately put in 10% formal buffered saline overnight and
subsequently processed and stained with routine haematoxylin and
eosin for histopathological examination (Culling, 1963).

2.4 Statistical analysis

Data were subjected to statistical analysis, using ANOVA and paired
t-test and p  0.05 was considered statistically significant. Values
are expressed as mean ± Standard error (SE).

3.  Results and Discussion

The study diet was fed initially for few days to induce diarrhoea in
experimental rats and after development of diarrhoea in rats, they
were taken into account for trial period. As all the groups showed
signs of diarrhoea on 3rd day of feeding study diet, we counted it as
day 0 of our trial and continued for 10 days with study diet and
CCl4. Presence of lectin (Phytohemagglutinin) in red kidney beans
is mostly responsible for induction of diarrhoea which was
evidenced by appreciable change in stool consistency in all groups
of rats. Diarrhoea due to the lectin in Long-Evans rats was also
evidenced in earlier study (Shoda et al., 1995). All groups of rats
showed no behavioural or physical changes except alteration in
body weights. On day 0 of trial, all rats were normal, alert and
showed semisolid faecal consistency (Figure 1). No observable
changes in behaviour were noticed in all groups of rats throughout
the experiment. The faecal consistency became normal in Group 3
rats from 3rd day onwards. Rats treated with T. cordifolia at 200 mg
dose, showed normal faecal consistency on day 7 th day onwards
while the group receiving T. cordifolia at 100 mg/kg showed normal
faecal consistency from 8th day onwards. Negative control group
showed semisolid faecal consistency throughout the trial period.
Tannins and alkaloid content of T. cordifolia may be responsible
for the antidiarrhoeal property (Mukherjee  et al., 1998; Gricilda
and Molly, 2001). Tannins are responsible for protein denaturation
producing protein tannate, which reduces secretion from intestinal
mucosa (Tripathi, 1994). T. cordifolia also contains tannins which
may produce antisecretory activity. The extract significantly
protects the rats against diarrhoea, evoked by red kidney beans in
a dose dependent manner. The effect of the extract at 200 mg/kg
body weight was equal to atropine, which is at present one of the
most efficacious and widely employed antidiarrhoeal drug.
Alteration in body weights of different rat groups is shown in
Table 1. Significant (p 0.05) reduction in body weights of negative
control group rats were observed on day 10 (65.0 g ± 10.2) as
compared to body weights on day 0 (96.67 g ± 4.5) while all other
treatment groups showed the only insignificant reduction in body
weights.Ray and Mehendale (1990) and Nagano et al. (2007)
reported that animals having a liver injury can lose their body
weight and activity. Significant loss in body weight along with
reduced feed consumption was reported in rats of CCl4 toxicity
group (Kavitha et al., 2011).The loss in body weights of Group 2
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rats may be due to effect of persistent diarrhoea throughout
experiment which may lead to fecal energy loss, hence loss in body
weight. Since the T. cordifolia extract treatment groups did not
induce a significant decrease in body weight which may be attributed
to inhibition of intestinal transit and also hepatoprotection against
CCl4 toxicity (Yu Li-Li et al., 2000). Healthy control rats showed
significant (p  0.05) increase in liver weight among all. The
haematological profiles in different groups of rats are shown in
Table 2. No significant changes were noticed in Hb, PCV and TEC of
healthy and other groups of rats, however, nonsignificant increase
in PCV was noticed in all the groups as compared to the healthy
control which may be attributed to level of dehydration in these
groups secondary to diarrhoea. Significant (p 0.05) increase in
total leukocyte (16.1 ± 0.87 x 103 cmm3) and neutrophil (32 ± 3.88)
count in negative control group was observed; however, neutrophil
count reduced significantly (p 0.05) in treatment groups. Increased
TLC in rats may be attributed to general reaction of the immune
system to bacterial infection and inflammatory processes in GIT. It
was reported that lectin-induced diarrhoea was associated with
intraluminal bacterial overgrowth (Shoda et al., 1995). It was also
evidenced that lectin-induced diarrhoea in rat can leads to
intraluminal bacterial overgrowth (Banwell et al., 1983). Above
reports are consistent with our findings.

Figure 1: Semisolid fecal consistency in diarrhoeic rats.

   Table 1: Alteration in body weights of different rat groups (mean ± SE)

Day (s) Group 1 Group 2 Group 3 Group 4 Group 5

Day 0 130.0 ± 5.7  a 96.67 ± 4.5b 91.6 ± 7.2a 105.5 ± 10.4  a 105.9 ± 7.6a

Day 5 140.0 ± 7.6  a 78.33 ± 5.8ab 85.0 ± 8.6a  99.8 ± 14.4  a 98.33 ± 12.1a

Day 10 145.0 ± 7.6  a 65.00 ± 10.2a 71.6 ± 12.0a  95.0 ± 14.8  a 88.33 ± 7.2a

                  Values bearing different superscripts in the same column vary significantly (p 0.05)

Table 2: Haematological profile of different group of rats

Groups Hb(gm/dl) PCV (%) TEC TLC N % L % M % E % B %
/Parameters (X 106/cmm3) (X 103 cmm3)

Group 1 13.43 ± 0.61a 43.04 ± 1.54a 5.62 ± 0.34a 8.4 ± 0.81a 19.0 ± 3.05a   78.3 ± 3.18b 1.67 ± 0.33a 0.67 ± .33a  0.23 ± 0. 06 a

Group 2 12.06 ± 0.66a 57.22 ± 2.50a  4.70 ± 0 .28a 16.1 ± 0.87b 32.0 ± 3.88b 64.67 ± 1.20a 2.00 ± 0.57a 0.33 ± .33a 0.33 ± 0.07 a

Group 3 13.30 ± 1.35a 54.20 ± 4.91a 5.13 ± 0.49a 12.50 ± 1.33ab 18.0 ± 2.08a 77.33  ± 2.60ab 3.00 ± 0.57a 1.00 ± .00a 0.67 ± 0.13 a

Group 4 11.49 ± 0.81a 56.10 ± 4.83a 5.70 ± 0.26a 13.80 ± 1.81ab 19.0 ± 1.52a 78.33 ± 2.18b 1.00 ± 0.37a 1.00 ± .00a 0.10 ± 0.01 a

Group 5 13.00 ± 0.58a 50.40 ± 2.73a 5.34 ± 0.31a 12.60 ± 1.30ab 21.0 ± 2.30a 79.67 ± 4.09b 1.30 ± 0.33a  1.00 ± 577a 0.00 ± 0.00 a

Values bearing different superscripts in the same column vary significantly (p  0.05)

Serum biochemical changes in different groups of rats are shown in
Table 3. Serum ALT (318.06 ± 20.13 IU/l), ALP (157.53 ± 7.30 IU/
l) and AST (300.7 ± 5.93 IU/l) value of increased significantly
(p 0.05) in Group 2 in comparison to healthy and all other groups.
All treatment groups, viz., Group 3 (70.46 ± 4.34 IU/l), 4 (122.3 ±
8.81 IU/l) and 5 (83.85 ± 4.45 IU/l) showed significant (p 0.05)
reduction in serum ALT value in relation to value of negative control
group. Results showed that ALT was best restored in Group 3
followed by Group V. AST  level was reduced significantly in
silymarin and atropine treatment group (81.46 ± 8.84 IU/l) and
treatment group receiving T. cordifolia at 200 mg/kg, whereas ALP
was restored better in rats receiving T.cordifolia at 100 mg/kg,
followed by standard treatment group (silymarin+atropine). The
increased activity of liver marker enzymes such as ALT, AST and
ALP in the serum of CCl4 induced rats, indicates damage to hepatic

cells (Wolf, 1999). Damage to the cell integrity of the liver by CCl4
is reflected by an increase in the activity of ALT and AST which is
released into circulation after cellular damage. ALP is an ectoenzyme
of plasma membrane of liver cells. In CCl4 mediated toxicity increased
permeability of the hepatocyte membrane and cellular leakage causes
high levels of ALP in serum (Paduraru et al., 1996). The significant
(p 0.05) reduction in the serum ALTT and AST and ALP levels in all
treatment groups as compared to the negative control group revealed
the hepatoprotective effect by preventing the possible
hepatocellular injury. T. cordifolia treatment group showed dose-
dependent effect of extract in the restoration of increased enzyme
levels of ALT and AST in serum. Treatment with T.cordifolia extract
(100 mg/kg b.wt for 15 days) in CCl4 intoxicated rats was found to
protect the liver as indicated by significant reduction in serum
levels of ALT, AST, ALP and bilirubin. Pingale (2010) reported
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significant increase in level of blood biochemical parameters in CCl4
group as compared to those of normal control group. All these
biochemical changes returned towards the normalcy in T. cordifolia
treatment group which indicates the hepatoprotective effect of
T. cordifolia. Significant reduction in ALT, AST and ALP levels were
observed in the groups treated with silymarin and extracts of
T. cordifolia at 200 mg/kg b.wt orally (Kavitha et al., 2011). Above
findings are concurrent with our reports. The level of total protein
and glucose (130.40 ± 7.4 mg/dl) were increased significantly
(p 0.05) in negative control group as compared to healthy rats.
Increase in total protein level in negative control rats in our case
may be due to the release of proteins from liver in blood due to
short term CCl4 toxicity. No significant changes were noticed in
BUN, creatinine and total bilirubin level within all groups.

Oxidative stress indices levels of different treatment groups are
shown in Table 4. Significant (p 0.05) improvement in LPO (3.03
± 0.12 nmol MDA/ mg protein) level was noticed in rats, received
silymarin and atropine as standard therapeutic agent, followed by
group receiving T. cordifolia at 200 mg (3.30 ± 0.20 nmol MDA/ mg
protein) as compared to LPO level in negative control rats (7.36 ±
0.29 nmol MDA/ mg protein). The level of lipid peroxide is a measure
of membrane damage and alterations in structure and function of
cellular membranes. Doi et al. (1991) who found that rats were
given 2 ml CCl4 with 2 ml olive oil per kg body weight orally
produced hepatotoxicity and revealed increased LPO level in the
liver of exposed rats. Silymarin is a standardized mixture of
antioxidant flavonolignans (silybin and silibinin) extracted from

medicinal plant Silybum marianum. It is also a free radical scavenger
and membrane stabilizer that prevents lipid peroxidation (Soto et
al., 1998). GSH values were found significantly (p 0.05) improved
in standard, the treatment group (6.46 ± 0.38 mol/mg protein),
followed by group receiving T.cordifolia at 200 mg (6.23 ± 0.3
mol/mg protein) as compared to level of GSH in negative control
rats (4.3 ± 0.15 mol/mg protein). Significant (p  0.05)
improvement in SOD (8.13 ± 0.1 U/mg protein) and catalase (7.94
± 0.3 U/mg protein) levels were noticed in the rats of the standard
treatment group followed by group receiving T. cordifolia at 100
mg (7.26 ± 0.4 U/mg protein; 7.69 ± 0.2 U/mg protein) and
T. cordifolia at 200 mg (6.76 ± 0.2 U/mg protein; 6.56 ± 0.1 U/mg
protein). Critical analysis of oxidative stress indices revealed best
antioxidant activity in standard treatment group, followed by group
receiving T. cordifolia at 200 mg and T. cordifolia at 100 mg/kg
body weight orally. Pre-treatment of rats with 250 mg/kg b.wtp.o
of T. cordifolia extracts improved SOD, catalase, peroxidase and
decreased lipid peroxidation level in comparison to CCl4 treated
group. Pretreatment with 500 mg/kg of T. cordifolia extract further
improved the antioxidant status which revealed a dose-dependent
effect of extract in improvement of antioxidant status of the liver
(Singh et al., 2010). Above report is in concomitant with present
study. The CCl4 toxicity effect was reduced significantly by
restoration of superoxide dismutase, catalase, peroxidase and
decreased lipid peroxidation as compared to the negative control
group. Increased levels of oxidative stress enzymes reveals
antioxidant potential of T. cordifolia.

Table 3: Serum biochemical profile of different group of rats

Group ALT AST ALP Total Albumin Glucose BUN Creatinine Bilirubin
(IU/L) (IU/L) (IU/L) Protein (gm/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

(gm/dl)

Group 1   67.32 ± 4.3a 73.45 ± 3.96a 50.89 ± 2.86a 6.2 ± 0.26a    4.12 ± 0.16ab 73.84 ± 6.02a 10.53 ± 1.18a 1.13 ± 0.12a 0.33 ± 013a

Group 2 318.06 ± 20.13c 300.7 ± 5.93c 157.53 ± 7.30b 9.58 ± 0.56b 6.56 ± 0.32b 130.40 ± 7.41b 14.2 ± 1.25a 1.40 ± 0.50a 0.39 ± 029a

Group 3   70.46 ± 4.34a 81.46 ± 8.84a 54.09 ± 4.37a 6.48 ± 0.51a      4.3 ± 0.46ab    79.08 ± 5.93a       11.5 ± 1.8a 1.10 ± 0.15a 0.34 ± 028a

Group 4 122.30 ± 8.81b 170.60 ± 7.73b 43.08 ± 3.86a 6.66 ± 0.39a      4.4 ± 0.60ab    101.6 ± 13.8ab 11.46 ± 0.99a 1.20 ± 0.23a 0.37 ± 026a

Group5  83.85 ± 4.450ab 84.49 ± 4.42a 54.50 ± 2.76a 6.13 ± 0.75a      3.8 ± 0.913a 80.1 ± 8.53a 14.93 ± 2.05a 1.40 ± 0.47a 0.29 ± 058a

Values bearing different superscripts in the same column vary significantly (p 0.05)

        Table 4: Oxidative stress indices in rats given different treatment

Group LPO GS H S O D CAT
(nmol MDA/ (mol /mg (U/mg protein) (U/mg protein)
mg protein) protein)

Group 1 2.13 ± 0.20a 6.9 ± 0.15c 8.20 ± 0.23c 8.20 ± 0.23c

Group 2 7.36 ± 0.29c 4.3 ± 0.15a 4.90 ± 0.17a 4.96 ± 0.12a

Group 3 3.03 ± 0 .12a 6.46 ± 0.38bc 8.13 ± 0.11c 7.94 ± 0.33c

Group 4 4.30 ± 0.41b 5.33 ± 0.31ab 7.26 ± 0.44bc 7.69 ± 0.27bc

Group 5 3.30 ± 0.20ab 6.23 ± 0.31bc 6.76 ± 0.29b 6.56 ± 0.17b

         Values bearing different superscripts in the same column vary significantly (p 0.05)

Histopathological study revealed normal architecture and failed to
reveal any specific pathological changes liver tissue of healthy rats.
The liver tissues revealed of grade 0 by histopathological score
system (HPS) (Figure 2). The negative control group showed hepatic
degeneration, vacuolation and dissolution of cytoplasm. It was
characterized by cytoplasmic vacuolations of variable sizes putting
the nucleus to adjacent areas. The changes were mostly confined to
perilobular regions. The liver tissues revealed grade 3 by

histopathological score system (Figure 3). Hepatic degenerative
changes with postnecrotic lesions in rats treated with CCl4observed
in 2nd week of trial (Doi et al., 1991). The group receiving silymarin
and atropine revealed normalcy in hepatic cord with mild vacuolar
changes and graded 0-1 by HPS system (Figure 4). Treatment group
receiving T. cordifolia at 100 mg/kg orally revealed, hepatic
degeneration, mild to moderate vacuolar changes in centrilobular
region and vascular congestion and graded 1-2 by HPS (Figure 5).
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The Group 5, receiving T. cordifolia at 200 mg/kg orally revealed
mild fatty changes and vascular congestion with mild infiltration of
inflammatory cells and graded 0-1 by HPS system (Figure 6). The
rats treated with silymarin and T. cordifolia extracts along with
CCl4 toxicant showed sign of protection against the toxicant to
considerable extent as evident from formation of normal hepatic
cards. Our previous study revealed the presence of flavonoids in
the extracts of T. cordifolia. Flavonoids usually show better
hepatoprotective activity (Scevola et al., 1984). So in present study,
the hepatoprotective effect of T. cordifolia may be due to its
flavonoid content. Critical analysis of effect of T. cordifolia as
antidiarrhoeal and hepatoprotectantin experimental animals revealed
that group receiving T. cordifolia at 200 mg/kg showed better
potential.

Figure 2: Liver: HP Group 1: Normal architecture of hepatic lobules
(H & E, 20 x).

Figure 3: Liver: HP Group 2 : Vacolar fatty (big arrow) changes in
hepatocytes with mild nuclear changes (small arrow)
(H & E, 20 x).

Figure 4: Liver: HP Group 3 : Mild vacuolar changes (arrow) in
hepatocytes (H & E, 20 x).

Figure 5: Liver: HP Group 4 : Mild to moderate faty changes (arrow)
in hepatocyte (H & E, 20 x)..

Figure 6: Liver: HP Group 5  : Mild fatty changes (arrow) in
hepatocyes (H & E, 20 x).
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4. Conclusion

It can be concluded from the study that 50% ethanolic extract of
stems of T. cord ifolia shows antidiarrhoeal as well as
hepatoprotective potential in dose dependant manner. The
experimental group receiving T. cordifolia at 200 mg/kg body weight
showed better antidiarroeal and hepatoprotective potential.

Acknowledgements

Authors thank, Director, ICAR-Indian Veterinary Research Institute,
Bareilly, Uttar Pradesh, India for providing necessary facilities and
Indian Council of Agricultural Research (ICAR), New Delhi, India
for financial assistance.

Conflict of interest

We declare that we have no conflict of interest.

References

Aiyer, K. and Kolammal, M. (1963). Pharmacognosy of Ayurvedic drugs of
kerala (Central Research Institute,Trivendrum). 1(7)-28.

Anonymous (1999). The ayurvedic pharmacopoeia of India (Published
by Department of AYUSH, Ministry of Health and Family Welfare,
Govt of India, New Delhi), Part I, Vol 1:53-55.

Banwell, J.; Boldt, D.; Meyers, J. and Weber, J. (1983). Phytohemagglutin in
derived from red kidney bean (Phaseolus vulgaris): A cause for
intestinal malabsorption associated with bacterial overgrowth in
the rat. Gastroenterol., 84(3):506-515.

Bishayi,B.; Roychowdhury, S.; Ghosh, S. and Sengupta, A. (2002).
Hepatoprotective and immunomodulatory properties of T.
cordifolia in CCl4 intoxicated mature albino rats. J. Toxicol. Sci.,
27:139-146.

Charkha (1961). Charaka Samhita, Part I and II (Hindi commentary by
Pandey and Chaturvedi), edited by Rajeshwar Datta  Sharti,
(Choukhamba Vidya Bhwan,Varanasi).

Chauhan, R. (2003). Examination of blood in veterinary laboratory
diagnosis. International Book Distributing Co., Lucknow (U.P),
pp:11-28.

Choudhary, N.; Siddiqui, M.; Azmat, S. and Khatoon, S. (2013). T. cordifolia:
ethnobotany, phytopharmacology and phytochemsistry aspects.
Int. J. Pharm. Sci. Res., 4:891-899.

Cohen, G.; Dembiec, D. and Marcus, J. (1970). Measurement of catalase
activity in tissue extracts. Ana. Biochem., 34:30-38.

Culling, C. (1963). Handbook of histological techniques (including
museum techniques). 2ndEdn., Butterworth, London, pp:230-248.

Devprakash.; Srinivasan, K.; Subburaju, T.; Gurav, S. and Singh, S. (2011).
T. cordifolia: A review on its ethnobotany, phytochemical and
pharmacological profile. Asian J. Biochem. Pharma. Res., 4(1):291-
302.

Doi, K.; Kurabe, S.; Shimazu, N. and Inagaki,  M. (1991).  Systemic
histopathology of rats with CCl4 induced hepatic cirrhosis. Lab
Ani., 25(1):21-25.

Gricilda, S. and Molly, T. (2001). Study on antidiarrhoeal activity of four
medicinal plants in castor oil induced diarrhoea. J. Ethnopharm.,
76:73-76.

Gurav, A.; Mondal, D. and Vijayakumar, H. (2014). In vitro qualitative and
quantita tive phytochemical analysis of ethanolic and 50%
ethanolic extracts of T. cordifolia , Momordica charantia ,
Cucurbita maxima and Raphanus sativus. Int. J. Pharm. Sci. and
Res., 5(5):1937-1941;doi:10.13040/IJPSR.0975-8232.

Jana, U.; Cahttopadhayay, R. and Shaw, B. (1999). Preliminary studies on
anti-inflammatory activities of Zingiber officinale, Vitex negundo
and Tinospora cordifolia  in a lbino rats. Ind. J. Pharmacol.,
31:232-233.

Kavitha, B.; Shruthi, S.; Rai, S. and Ramachandra, Y. (2011). Phytochemical
analysis and hepatoprotective properties of Tinospora cordifolia
against carbon tetrachloride-induced hepatic damage in rats. J.
Basic and Clin. Pharma., 2(3):139-142.

Kirtkar, K. and Basu, B.(1933). Indian medicinal plants, Vol 2 (Lait Mohan
Basu, Leader Road, Allahabad), pp:77.

Menami, M and Yoshikava, H. (1979). Simplified assay method of superoxide
dismutase activity in clinical use. Clinica Chimica. Acta, 92:337-342.

Mukherjee, P.; Saha,K.; Murugesan, T.; Mandal, S.; Pal, M. and Saha, B. (1998).
Screening of antidiarrhoeal profile of some plant extracts of a
specific region of West Bengal, India. J. Ethnopharm., 60(1):85-89.

Nagano, K.; Umeda, Y.; Saito, M.; Nishizawa, T.; Ikawa, N.; Arito, H.;Yamamoto,
S. and Fukushima, S. (2007). Thirteen-week inhalation toxicity of carbon
tetrachloride in rats and mice. J. Occu.Health, 49(4):249-259.

Ohkawa, H.; Ohishi, N. and Yagi, K. (1979). Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction. Anal. Biochem.,
95(2):351-358.

Paduraru.; Saramet, A.; Danila, G.; Nichifor, M.; Jerca, L.; Iacobovici Ungureanu,
D. and Filip, M. (1996). Antioxidant action of a new flavonic derivative
in acute carbon tetrachloride intoxication. Euro. J. Drug Met. and
Pharmacokin., 21(1):1-6.

Patwardhan, B. and Gautam, M.(2005). Botanical immnodrugs : Scope and
opportunities. Drug Discov. Today, 10:495-502.

Pingale., S. (2010). Hepatosuppression Study by Tinospora cordifolia.
Der. Pharma. Chemica., 2(3):83-89.

Ray., S. and Mehendale, H. (1990). Potentiation of CCl4 and CHCl3
hepatotoxicity and lethality by various alcohols. Fundamental
and. Appl.Toxicol.,15:429-440.

Scevola, D.; Baebacini, G. and Grosso, A. (1984). Flavonoids and hepatic
cyclic monophosphates in liver injury. Bollettino Dell Istituto
Sieroterapico Milanese, 63:77-82.

Sedlak, J. and Lindsay, R. (1968). Estimation of total, protein-bound, and
nonprotein sulfhydryl groups in tissue with Ellman’s reagent. Ana.
Biochem., 25:192-205.

Sharma, P.; Yelne, M. and Dennis, T. (2001). Data base on medicinal plants
used in ayurveda, Vol.III (Documentaion and Publication Division,
Central Council for Research in Ayurveda and Sidddha, New Delhi),
pp:256.

Sharma, P. (1969). Dravya Guan Vigyan, Vol.2 Chowkhamba Vidyabhawan,
Varanasi, pp:680.

Shoda, R.; Mahalanabis, D.; Wahed, M. and Albert, M. (1936). Bacterial
translocation in the rat model of lectin induced diarrhoea. Gut,
36(3):379-81.

Singh, J.; Bagla, A. and Pahal, V. (2010). Hepatoprotective activity of herbal
extracts in carbon tetrachloride intoxicated albino rats by measuring
antioxidant enzymes.Int. J.Pharm. Tech. Res., 2(3):2112-2115.

Singh, S.;Pandey, S.; Srivastava, S.; Gupta, V.; Patro, B. and Ghosh, A. (2003).
Chemistry and medicinal properties of Tinospora cordifolia
(Guduchi). Ind. J. of Pharmacol., 35:83-91.

Soto, C.; Perez, B.; Favari, L. and Reyes, J. (1998). Prevention of alloxan-
induced diabetes mellitus in the rat by silymarin. Comp. Biochem.
Phy. Part C: Pharma. Toxicol.and Endocrinol.,  119:125-129.

Stanley Meinzen Prince, P. and Menon, V. (2001). Antioxidant action of
Tinospora cordifolia root extract in alloxan diabetic rats. Phyto.
Res., 15(3):213-218.

Sushruta (1992). Sushruta Samhita, commentary by Dalhana, edited by Jadavji
Trikamji Acharya (Chowkhamba Orientalia,Varanasi and Delhi).

Tripathi K. (1994). Essentials of Medical Pharmacology.New Delhi,
Jaypee Brothers Medical Publishers. pp:775.

Wolf, P.(1999). Biochemical diagnosis of liver disease. Ind. J. Clin.
Biochem.,14:59-90; doi:10.1007/BF02869152.

Yu Li-Li.; Jyh-Fei L.; Chieh-Fu and Chenb. (2000): Antidiarrheal effect of
water extract of Evodiae fructus in mice. J . of Ethnopharm.,
73(12):39-45.


