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Background: Cadmium (Cd) pollution is of serious concern due to its toxic effects in both humans and
animals. The study investigates the protective effect of Tinospora cordifolia stem methanolic extract
(TCME) on Cd induced hepatotoxicity.
Objective(s): The objective of the study was to explore the hepatoprotective effects of T. cordifolia extract.
Materials and methods: Rats were administered orally with Cd (5 mg/kg) and TCME (100 mg/kg) for 28
days. At the end of the treatment period, serum and liver tissues homogenates were subjected to
biochemical analysis.
Results: Cd treated rats showed increased activities of the serum marker enzymes of liver damage such
as AST and ALT along with increased levels of LPO and protein carbonyl content in liver tissues. Cd
treatment also leads to decreased activities of endogenous antioxidants (SOD, CAT, GSH, GPx and GST),
membrane ATPases (NaþKþATPase, Ca2þATPase and Mg2þKþATPase) and the tissue glycoprotein levels
(hexose, fucose, hexosamine and sialic acid). Histological analysis revealed vacuolar degeneration of
hepatocytes with focal necrosis upon Cd administration. TCME co-treatment restored the biochemical
and histological alterations caused by Cd intoxication to near normal levels.
Conclusion: The results of the present investigation reveal the hepatoprotective nature of T. cordifolia
against Cd induced hepatotoxicity.
© 2017 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Heavy metals are the main group of inorganic contaminants.
The scourge of heavy metals to human and animal health is pro-
voked by their long-term persistence in the environment [1]. The
effects observed with heavy metal poisoning include carcinoge-
nicity, immunotoxicity and neurotoxicity which occur through the
generation of oxygen radicals leading to oxidative stress with
altered physiological and biochemical characteristics [2]. Cadmium
(Cd), an environmental pollutant has been reported to be a familiar
dangerous factor for humans [3]. It is present in air, soil, water, food
ary University, Bangalore.
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and cigarette smoke and induces damage to various tissues [4]. Cd
still has various industrial uses, where the nickelecadmium bat-
teries serve as the most important source of occupational exposure.
Other applications of Cd usage posing to human exposure include-
pigments, plastic, stabilizers and anti-corrosive products [5]. Cd has
been proved to be injurious to kidney, liver, bones, lung, pancreas,
stomach and heart. Its vulnerability has also been linked to human
prostate and renal cancer [6].

Report by Renugadevi and Prabu [7] showed pronounced liver
damage with focal hepatic necrosis upon Cd intoxication. Animals
exposed to higher doses of Cd resulted in oxidative damage to
DNA and proteins, up regulation of genes encoding heat-shock
proteins and decreased antioxidant enzyme activities [8]. More-
over, an increase in lipid peroxidation and a decrease in GSH levels
were reported in kidney and liver [9]. Cd exerts its toxic effects via
oxidative damage to cellular organelles by inducing the genera-
tion of reactive oxygen species (ROS) [10] which consist mainly
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of �O2, H2O2 and �OH but the molecular mechanism involved in
Cd mediated generation of free radicals is not elucidated so far
[11].

Over the past many years, the interest of general public and the
scientific community in medicinal plants has grown tremendously
which is evident from the increased usage of herbal products for
various diseases, natural cosmetics and the scientific investigations
of plants for their biological effects in human beings [12]. Tinospora
cordifolia is one of the essential medicinal plants used in veterinary
folk medicine/Ayurveda system of medicine for the treatment of
diverse disease conditions and for improving immunity [13]. The
whole extract of T. cordifolia has been reported to contain several
bioactive components such as glycosides, alkaloids and bitter
principle crystalline compounds and non-diterpene furan glycoside
cardifoliside A, B and C. The bitter principle present in Tinospora has
been identified as columbian, chasmanthin and palmarin [14]. T.
cordifolia is used for the treatment of general weakness, fever,
dyspepsia, dysentery, gonorrhea, urinary diseases, viral hepatitis,
anemia and more recently, its immunomodulatory and anti-
neoplastic activities have been reported [12]. The present studywas
designed to assess the protective role of T. cordifolia stem meth-
anolic extract on Cd induced hepatotoxicity in Wistar rats.

2. Materials and methods

2.1. Chemicals

Cadmium chloride was obtained from Sigma Aldrich Pvt. Ltd.,
Bangalore, India. T. cordifoliawas collected from the Western Ghats
near Palaghat, Kerala during the season of November to January.
Plant material was authenticated by a taxonomist and submitted in
herbarium collections at Bharathiar University, Coimbatore, for
reference. Methanolic extract of T. cordifolia was prepared by the
Soxhlet extraction method as reported earlier [15,16]. All other
chemicals used were of analytical grade and were purchased from
HiMedia Laboratories, Mumbai, India.

2.2. Animals

Male Wistar rats were purchased from a small animal breeding
station, College of Veterinary and Animal Sciences, Mannuthy,
Thrissur, Kerala. Adult Wistar rats weighing 200 ± 20 g were used
for the study. After acclimatization, animals were grouped six rats
per cage and maintained at a temperature of 25 ± 2 �C, with a
normal 12 h light/dark cycle. The animals were fed with commer-
cially available pelleted rat chow (Sai Durga private limited, Ban-
galore) and water ad libitum. The experiment was carried out
according to the guidelines of the Committee for the Purpose of
Control and Supervision of Experiments on Animals (CPCSEA) and
the study was approved by the Institutional Animals Ethics Com-
mittee at Bharathiar University, Coimbatore, India.

2.3. Treatment schedule

Cadmium chloride (5 mg/kg) dissolved in normal saline and T.
cordifolia stem methanolic extract (100 mg/kg) dissolved in 0.3%
CMC were administered to rats orally for 28 days. The dosage for
the experimental groups were chosen based on the pilot study
(result not shown) and previous report [15,16].

2.4. Experimental procedure

The animals were divided into 4 groups with a minimum of 6
rats in each group.
Group I e Control
Group II e Treated with Cadmium chloride (5 mg/kg BW)
Group III e Treated with TCME (100 mg/kg BW)
Group IV e Treated with Cadmium chloride (5 mg/kg BW) and
TCME (100 mg/kg BW) (Cd þ TCME)

After 28 days of the treatment period, the animals were
deprived of food overnight and anesthetized by exposing to
diethyl ether and then sacrificed by cervical decapitation. Blood
was collected; serum was separated and used for liver marker
assays. The liver tissue was dissected out, washed in ice-cold
saline, patted dry and weighed. A small portion of the tissue
was stored in 10% formalin for histopathological examination.
From the remaining tissue, 100 mg was weighed and homoge-
nized in chilled 0.1 M TriseHCl buffer in Potter-Elvehjem Teflon
homogenizer. The homogenate was used for biochemical
investigation.

2.5. Serum liver marker analysis

Blood samples were allowed to clot at room temperature and
then centrifuged at 1200 g for 15 min. The clear serum was sepa-
rated and used for biochemical assays. Liver function was assessed
by measuring the activities of aspartate transaminase (AST) and
alanine transaminase (ALT) [17].

2.6. Determination of lipid peroxidation and protein carbonyl
content

Lipid peroxidation and total protein carbonyl contents in liver
tissue homogenate were estimated according to the method of
Ohkawa et al. [18] and Levine et al. [19] respectively.

2.7. Determination of cellular antioxidant status

Oxidative stress was measured by estimating the enzymic and
non-enzymic antioxidants such as reduced glutathione (GSH) [20],
superoxide dismutase (SOD) [21], catalase [22], glutathione
peroxidase (GPx) [23] and glutathione-s-transferase (GST) [24] in
liver tissue homogenate.

2.8. Determination of ATPase activity and tissue glycoproteins

Membrane bound ATPase enzyme activities namely
NaþKþATPase [25], Ca2þATPase [26], and Mg2þATPase [27] and
tissue glycoproteins such as hexose [28], hexosamine [29], fucose
[30] and sialic acid [31] were measured in the tissue homogenate.

2.9. Histopathological examination

A small portion of liver tissue from the experimental animals
was fixed in 10% neutral buffered formalin. The formalin stored
tissues were processed by standard procedure of paraffin embed-
ding after which, sections of about 5 mm size were cut and stained
with hematoxylin and eosin (H and E) dyes. The histological
changes were studied under the light microscope.

2.10. Statistical analysis

Biochemical data were analyzed using one-way analysis
of variance (ANOVA) followed by Tukey's multiple comparison
test with the aid of the SPSS (17 version) statistical package
software.
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3. Results

3.1. Effect of TCME on the marker enzymes

In the present study, Cd treated rats showed increased activity of
alanine and aspartate transaminase enzymes in the serum
compared to control rats. Co-treatment with TCME in Cd treated
rats restored the physiological integrity in hepatocytes which is
evident from reduced activities of serum ALT and AST (Fig. 1) as
compared to Cd alone treated rats. TCME alone treated rats showed
no significant difference in the activities of marker enzymes
compared to control rats.

3.2. Effect of Cd and TCME on liver histology

Chronic exposure of rats to Cd for 28 days at a dose of 5 mg/kg
caused vacuolar degeneration of hepatocytes with focal necrosis.
The groups co-treated with TCME and Cd retained the hepatic ar-
chitecture with diminished necrosis when compared with Cd alone
treated group. Treatment with TCME alone showed similar histol-
ogy compared with control (Fig. 2).

3.3. TCME combats Cd induced oxidative stress

Cd treatment significantly enhanced lipid peroxidation and
protein carbonyl content in the liver tissues when compared to
control. Co-treatment of TCME with Cd resulted in a significant
decrease in lipid peroxidation and PCC values compared to Cd alone
treated rats. Treatment with TCME alone did not show any signif-
icant damage on membrane lipids and proteins compared to con-
trol. GSH, SOD, CAT, GPx and GST activities were decreased
significantly in Cd treated animals compared to control. Conversely,
in Cd and TCME co-treated animals, significant increase in activity
of these enzymeswere observed compared to Cd treated group. The
animals which were treated with TCME alone showed no signifi-
cant difference in the antioxidant enzyme activity when compared
to control animals (Table 1).

3.4. Effect on membrane bound enzymes

Effect of Cd on NaþKþATPase, Ca2þATPase and Mg2þKþATPase
significantly decreased activity of the enzymes, whereas co-
treatment of TCME with Cd increased NaþKþATPase, Ca2þATPase
and Mg2þKþATPase activity when compared with Cd alone treated
group. Treatment with TCME alone showed no significant differ-
ence in the activities as compared to control values (Table 2).
Fig. 1. Effect of TCME co-treatment on serum marker enzymes. (A) Aspartate transami
animals in each group. ***p < 0.001, compared to control,þþþp < 0.001, compared to Cd trea
multiple comparison). Group I e Control, Group II e Cd, Group III e TCME, Group IV e Cd
3.5. Effect on tissue glycoprotein levels

Our results showed a significant decrease in the tissue levels of
hexose, hexosamine, fucose, and sialic acid upon Cd treatment,
whereas co-treatment with TCME showed restoration of all four
glycoproteins to a significant level compared to Cd treated group.
Treatment with TCME alone produced similar results compared to
control (Table 3).

4. Discussion

One of the most important consequences of the hepatocyte in-
juries after Cd administration is the release of intracellular en-
zymes, such as ALT and AST in to the circulation. The elevated
activities of these enzymes are indicative of the loss of functional
integrity of the cell membranes and leakage of enzymes from the
liver [32]. Results of our study were consistent with the earlier
report of Toppo et al., [33]. T. cordifolia extract mediated liver pro-
tection in lead induced hepatotoxicity was reported by Sharma and
Pandey [34]. Histological studies revealed several abnormalities in
the liver tissue of Cd treated animals in the present study which is
consistent with the reports of Claudio et al. [35]. TCME co-
treatment in Cd administered rats resulted in reduced liver ne-
crosis. TCME treatment alone maintained the normal cellular
architecture.

Lipid peroxidation is one of themainmanifestations of oxidative
damage and has been found to play an important role in the toxicity
of Cd [36]. The data from the present study suggest that lipid per-
oxidation is associated with Cd toxicity and that TCME co-
treatment was found to be effective in preventing lipid peroxida-
tion. The present findings are in line with the report of Sharma [37].
Protein carbonyl content serves as a measure of oxidative stress,
where highly reactive oxygen species react with carbonylatable
amino acid side chains of proteins. Increase in protein carbonyl
content was also observed after Cd treatment in the present study.
Similar results were reported by Prabu et al. [38]. TCME co-
treatment reduced the levels PCC in the liver tissues compared to
Cd alone treated rats. The decreased oxidative stress markers in
TCME co-treated rats might be attributed to the antioxidant effect
of polyphenols present in TCME.

Cells contain endogenous defence mechanisms to help protect
against free radical-induced cell damage. These include the anti-
oxidant enzymes such as SOD, CAT, GPx and GST. SOD and CAT act
against toxic oxygen free radicals such as superoxide (O2

�) and hy-
droxyl ions (OH�) in biological system. CAT prevents oxidative
hazards from H2O2 by catalyzing the formation of H2O and O2 [39].
nase (AST) (B) Alanine transaminase (ALT). Each bar represents the mean ± SE of six
ted group. #, not significant compared to control. (One way ANOVA followed by Tukey's
þ TCME.



Fig. 2. Histopathology of rat liver (hematoxylin and eosin staining, 100� magnification). (a) Control rats showing normal architecture of the liver (b) liver of Cd intoxicated rats
(c) liver of TCME treated rats (d) liver of TCME and Cd co-administered rats.
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Glutathione is a non-enzymic antioxidant by itself and directly
quenches ROS such as lipid peroxides [15]. GPx and GST in the
presence of GSH effectively scavenges free radicals induced by
toxins and heavy metals. Thus, measurement of the above enzy-
matic and non-enzymatic antioxidant activities in the present study
confirms the protective activity of TCME on Cd induced oxidative
stress. Cd mediated decrease in levels of reduced glutathione and
decrease in the activities of SOD, CAT, GSTand GPx in the liver of rats
Table 1
Effect of T. cordifolia extract co-treatment with Cd on protein carbonyl contents, lipid pe

Parameters Group I Group II

LPO 41.66 ± 1.5 65.92 ± 2.4***

PCC 1.04 ± 0.07 1.47 ± 0.05***

GSH 446.93 ± 0.59 382.47 ± 0.94*

SOD 100 ± 1.06 84.04 ± 1.25**

CAT 100 ± 1.21 80.73 ± 0.83**

GST 100 ± 1.53 77.52 ± 1.32**

GPX 100 ± 2.21 83.31 ± 2.01**

Each bar represents the mean ± SE of six animals in each group. Units are expressed as
protein, GSH e mmoles/mg of protein. For SOD, CAT, GST, GPX, the specific activities of the
by comparing with control. ***p < 0.001, compared to control,þþþp < 0.001, compared to
by Tukey's multiple comparison). Group I e Control, Group II e Cd, Group III e TCME, G

Table 2
Effect of T. cordifolia extract on activities of the membrane bound ATPases.

Membrane bound ATPases Group I Grou

NaþKþATPase 7.45 ± 0.43 5.55
Ca2þATPase 8.73 ± 0.06 6.20
Mg2þATPase 5.12 ± 0.07 4.22

Table represents the mean ± SE of six animals in each group. Units are expressed as nm
compared to Cd treated group. #, not significant compared to control. Group Ie Control, G
Tukey's multiple comparison).
were also reported by Chen et al. and Adaramoye and Akanni which
are in line with our reports [40,41]. T. cordifolia extract mediated
increase in antioxidant status in experimentally induced gastric le-
sions in rats were reported by Antonisamy et al. [42].

Cd causes tissue damage by membrane lipid peroxidation
because of its ability to generate free radicals and inhibit antioxi-
dant enzymes [43,44]. Damage to cell membranes could lead to
loss of membrane bound enzymes such as NaþKþATPase,
roxidation and antioxidant status of liver tissues.

Group III Group IV

42.63 ± 1.64# 55.44 ± 4.02þþþ

1.09 ± 0.09# 1.32 ± 0.05þþþ
** 444.99 ± 0.83# 423.84 ± 0.69þþþ
* 100.7 ± 0.93# 94.83 ± 0.63þþþ
* 99.82 ± 1.62# 89.72 ± 1.63þþþ
* 99.26 ± 2.13# 90.15 ± 1.21þþþ
* 100.05 ± 2.21# 95.35 ± 1.05þþþ

follows: LPO e mmoles of TBA reactants/mg of protein, PCC e mmoles of pcc/mg of
enzymes were calculated as units/mg of protein and expressed as % relative activity
Cd treated group. #, not significant compared to control. (One way ANOVA followed
roup IV e Cd þ TCME.

p II Group III Group IV

± 0.28*** 6.68 ± 0.18# 6.32 ± 0.12þþþ

± 0.03*** 8.77 ± 0.09# 5.04 ± 0.05þþþ

± 0.02*** 5.10 ± 0.04# 4.80 ± 0.03þþþ

ols of pi-liberated/mg of protein. ***p < 0.001, compared to control, þþþp < 0.001,
roup IIe Cd, Group IIIe TCME, Group IVe Cdþ TCME. (Oneway ANOVA followed by



Table 3
Effect of T. cordifolia co-treatment on the tissue glycoprotein status.

Glycoprotein Group I Group II Group III Group IV

Hexose 622.35 ± 22.13 396.25 ± 29.93*** 628.47 ± 4.94# 482.69 ± 25.42þþþ

Hexosamine 324.28 ± 16.38 113.47 ± 18.72*** 332.39 ± 14.04# 191.85 ± 10.81þþþ

Fucose 185.62 ± 5.07 176.81 ± 5.74*** 121.25 ± 9.56# 106.346 ± 3.31þþþ

Sialic acid 528.91 ± 4.51 464.37 ± 6.16*** 531.08 ± 10.61# 486.18 ± 8.19þþþ

Table represents the mean ± SE of six animals in each group. Units are expressed as mg/g of tissue ***p < 0.001, compared to control, þþþp < 0.001, compared to Cd treated
group. #, not significant compared to control. Group I e Control, Group II e Cd, Group III e TCME, Group IV e Cd þ TCME. (One way ANOVA followed by Tukey's multiple
comparison).
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Mg2þATPase and Ca2þATPase [45] which are important transport
enzymes for ionic exchange. NaþKþATPase is the enzyme associ-
ated with vital physiological functions such as cell volume regu-
lation, osmotic pressure, and maintenance of cellular integrity [46].
The role of Mg2þATPase is to maintain high intracellular Mg2þ

which control rates of protein synthesis and cell growth [47].
Ca2þATPase maintains [Ca2þ] homeostasis in the liver and is
responsible for intracellular signaling events [48,49]. Cd adminis-
tration causes membrane damage which in turn causes disruption
of the activities of these membrane bound enzymes. TCME co-
administration along with Cd, prevents tissue damage thereby
maintaining the membrane integrity, which in turn, maintains the
levels of membrane bound ATPases. These results were consistent
with the results of Bafna, Balaraman [50].

Glycoproteins are conjugated proteins in which carbohydrate
moieties are joined together covalently to asparagine or serine or
threonine residues of polypeptide [51]. Glucose, galactose, fucose,
mannose, sialic acid and some acetylated derivatives of hexos-
amine are the main sugar moieties in glycoproteins. Being an
important constituent of cell membrane, glycoconjugates plays an
essential role in cell function and cell membrane functions [52].
The elevation of glycoconjugates in circulation has been reported
to happen via increased turn over, secretion and/or shedding from
damaged/malignant cells [53]. Decrease in the levels of hexose,
hexosamine, fucose, and sialic acid in liver tissue upon Cd treat-
ment indicates that Cd administration have an impact over these
glycoproteins. Liver tissue glycoprotein levels were significantly
increased in rats co-administered with TCME and Cd as compared
to Cd alone treated rats. The findings of the present study suggest
that TCME with its cytoprotective properties prevents Cd induced
liver tissue damage thereby maintaining the glycoproteins levels
of the liver tissue to near normal values. This is the first report to
show that TCME has an effect over tissue glycoproteins in liver.

5. Conclusion

In conclusion, Cd treatment significantly alters the histology,
marker enzyme activities (ALT and AST), protein carbonyl content,
LPO, activities of antioxidant enzymes, membrane ATPases and
tissue glycoproteins. Results of the present investigation reveal co-
treatment of TCME with Cd offers significant protection against Cd
induced oxidative stress in liver. The hepatoprotective effect of
TCME on the Cd induced oxidative stress may be attributed to the
components/antioxidants present in the extract.
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