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Protective Role of Tinospora cordifolia against
Lead-induced Hepatotoxicity
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ABSTRACT

The importance of Tinospora cordifolia stem and leaves extract was investigated for its possible hepatoprotective
effect in Swiss albino male mice against lead nitrate induced toxicity. Oral administration of plant extracts
prevented the occurrence of lead nitrate induced liver damage. The decreased level of tissue enzymes, i.e.,
superoxide dismutase (SOD), catalase (CAT) and increased level of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), and acid phosphatase (ACP) were observed in mice treated
with lead. Administration of aqueous stem extract (400 mg/kg body weight, orally) and aqueous leaves extract
(400 mg/kg body weight, orally) along with the lead nitrate (5 mg/kg body weight, i.p. for 30 days) increased the
activities of SOD and CAT and decreased the levels of AST, ALT, ALP, and ACP enzymes in mice. These biochemical
observations were supplemented by histopathology/histological examinations of liver section. Results of this study
revealed that plant extract could afford protection against lead-induced hepatic damage.
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INTRODUCTION lipid peroxidation, DNA damage, depletion of -SH

groups.[''131 Many organ systems largely account for
its toxic action, liver is one of them.'*! Until now, the
studies regarding regulation of lead toxicity are restricted
to some chelating agents!'»!*! and few antioxidants such
as vitamin C and E.I'*'7] Present investigation attempts
to reveal the efficacy of the stem and leaves extract of
T: cordifolia, if any in regulation of lead nitrate induced
biochemical and histopathological changes in the liver
of male albino mice.

Guduchi [Tinospora cordifolia (Willd) Miers] is a large,
glabrous, deciduous climbing shrub belonging to the family
Menispermacea.!'?! It is distributed throughout tropical
India subcontinent and China, ascending to an altitude
of 300 m. In Hindi it is commonly known as Giloy. The
whole plant is used for therapeutic purposes. It is widely
used in veterinary folk medicine/ayurvedic system of
medicine for its general tonic, antiperiodic, antispasmodic,
anti-inflammatory, antistress, antiarthritic, antiallergic,
antidiabetic, antioxidant, antileprotic, antimalarial,
hepatoprotective, immunomodulatory, and antineoplastic
activities.[*7]

MATERIALS AND METHODS

Despite the fact that Guduchi has myriad of medicinal Chemicals

properties, no attempt was made to study its regulatory
role in the lead toxicity, if any. Lead has been identified
as a ubiquitous environmental pollutant.¥1% It is also
known to produce reactive oxygen species resulting in

Lead nitrate Pb(NO,), and all other chemicals used in this
study were of analytical grade and were purchased from
reliable firms like SR and BDH chemical (India), MERCK
(Germany).
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Preparation of crude extract of T. cordifolia

The plant was collected from the medicinal garden of
Banasthali University, Rajasthan, India. It was identified
as T cordifolin by a plant taxonomist. The plant materials
(stem and leaves) were thoroughly washed with distilled
water, shade dried and cut into small pieces, and powdered
separately using laboratory homogenizer. Known quantities
of these powdered materials were extracted separately using
distilled water as a solvent. The extracts were then filtered
through filter paper and concentrated on water bath. Finally
after complete evaporation of the solvent, the residues were
weighed and stored at 4°C and used to treat the animals
as needed.

Maintenance of animals

Male Swiss albino mice weighing approximately 15-30
g were obtained from Haryana agricultural university,
Hissar, India. The animals were acclimatized for 7 days
prior to experiment. The institutional ethics committee
approved the experimental protocols. All the animals
used in this study were placed in stainless steel cages in
an air conditioned room maintained at temperature of
25°C=30°C and 12 h light and dark schedule. Throughout
the experiment, the animals were provided standard food
pellet (Hindustan lever Itd.) and water ad libitum. Essential
cleanliness conditions were also maintained.

Experimental protocol

Mice were divided into six groups of six each and the groups
were as follows

Group I — Control animals (no treatment)

Group II - Lead nitrate (5 mg/kg body weight)

Group III - TC stem extract (400 mg/kg body weight)
Group IV — TC leaves extract (400 mg/kg body weight)
Group V - TC stem extract (400 mg/kg body weight) +
lead nitrate (5 mg/kg body weight)

*  Group VI -TC leaves extract (400 mg/kg body weight) +
lead nitrate (5 mg/kg body weight)

All the above groups except group I were treated once daily
for the period of 30 days. After the administration of the last
dose, the animals were given rest overnight and then on the
next day, they were sacrificed under light ether anesthesia.
The liver was removed, cleaned, and washed with phosphate
buffer saline (pH 7.4) for various biochemical variables,
metal analysis, and histopathology/histological studies. A
small portion of liver tissue from each mouse was fixed in
Bouines solution for histopathology/histological studies
and remaining part was stored at —20°C for biochemical
analysis and for lead nitrate estimation.

Biochemical assay

The tissue SOD activity was assayed according to the
method of Marklund and Marklund!*® and catalase activity

(CAT) was determined by decomposition of H,O, by Aebi’s
method."?! Tissue enzymes aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) were assayed
by the method of Reitman and Frankel,?”) and alkaline
phosphatase (ALP) and acid phosphatase (ACP) were
determined using the method of King and Armstrong.[?!]

Histopathology/histological analysis

Histological evaluation of liver was done according to
the method of Mc Manus and Mowry.?? Liver fragments
removed from the mice were fixed in Bouines solution,
dehydrated in an ethanol series, and embedded in paraffin
wax for histological procedure. Liver was cut in order to
obtain representative section of all liver lobules. Paraffin
sections (6 um thick) were stained with hematoxylen and
cosin. Liver histological changes were studied from the
stained sections at microscope level.

Lead estimation

Lead concentration in liver was measured after wet acid
digestion using a microwave digestion system (model
MDS-2100, CEM, Matthews, CT). Lead was estimated
using a hydride vapor generation system (model MHS-
10, Perkin Elmer) fitted with an atomic absorption
spectrophotometer (model A Analyst 100, Perkin Elmer).

Statistical analysis

Data are expressed as the mean * SE. Statistical analysis
was done using analysis of variance (ANOVA). The level
of significance was set atp < 0.05.

RESULTS

The animals in all groups did not show any abnormal
behavior except that lead-exposed animals were less
active and more irritable. Also no significant differences
were registered in the body weights of the animals from
different group treatments, and none of them died during
experimental period.

Biochemical assays

Lead exposure produced significant decrease (P<0.05)
in SOD (2.27+0.16 units/min/mg protein) and CAT
(117£2.22 um of H,O, consumed/min/mg protein) and
significant increase (P<0.05) in AST (5.67+0.19 per min
per mg protein), ALT (7.80+0.15 per min per mg protein),
ALP (18.1%0.54 one king Armstrong unit/1 UI-1), and
ACP (5.6+0.07 one king Armstrong unit/1 UI-1). Lead
exposure also caused significant accumulation (P<0.05) of
lead in liver tissue of mice.

1. cordifolin stem extract showed significant effect (P<0.05)
on CAT and moderate (insignificant) effect on SOD. TC
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leaf extract showed no effect on CAT and SOD while both
extracts showed moderate (insignificant) effect on AST,
ALT, ALP, and ACP as compared to untreated animals.

Administration of both extracts of TC individually showed
no effect on liver lead concentration.

Coadministration of TC stem and leaf extract along with
lead significantly increased (P<0.05) the CAT (161+4.99;
153+1.34 um of H,O, consumed/min/mg protein) while
significant (P<0.05) fall in AST (3.11+0.49; 3.21+0.08
per min per mg protein), ALT (4.67%0.05; 4.04+0.22
per min per mg protein), ALP (13.2+0.33; 11.7%+0.26
one king Armstrong unit/1 UI-1), and ACP (2.46+0.01;
2.23+0.06 one king Armstrong unit/1 UI-1) were observed
with both extracts as compared to lead-treated group.
Significant increase (P<0.05) in SOD (4.83+0.06 units/
min/mg protein) with TC stem + lead was also observed
but some effect on SOD was also noticed with the TC leaf
+ lead combination. These changes were accompanied
by a significant depletion (P<0.05) of hepatic lead
concentration in animals concomitantly administered lead
and TC extracts.

Histopathological/histological studies

Histological evaluations of liver tissue in different groups
were done in the sections stained with hematoxylen and eosin.

Group 1 (control, untreated, novmal animals): Liver of
these animals displayed normal architecture, where typical
aspects, 1.c., lobular pattern with prominent central vein
and patient sinusoids were evident [Figure 1].

Group II (lead-treated animals): Lead exposure produced
pronounced hepatic histopathological alterations in
liver including focal necrosis with inflammatory cells,
congestion at places, sinusoids not patent, centrilobular
swelling, hepatocyte vacuolation and swelling, parenchyma
disorganization, dilation of the inter hepatocyte space, and
hemorrhagic clots when compared with group I [Figure 2].

Group I and IV (TC stem and leaf treated animals) : Animals

from these groups showed no histological differences
when compared with group I, except low vacuolation
and disorganization, which both TC extracts produced
protective effects in this organ against lead toxicity
[Figures 3 and 4].

Group V and VI (‘TC stem+ lead and TC leaf+ lead treated
amimals): When groups V and VI were compared with
group II (lead treated), it was noticed that TC extracts
retained hepatic architecture and was able to diminish
the fibrosis, congestion, incidence of inflammatory cells
infiltration centrilobular hepatocyte swelling, hepatocyte
vacuolation, fatty changes, and hemorrhagic clots [Figure 5
and 6].

DISCUSSION

Effects on some enzymes of hepatic tissue

The changes in some hepatic biochemical enzymes
following lead exposure either alone or in combination
with T cordifolia [ Table 1] indicated a significant alteration
in the peroxidative process. Lead is known to produce
oxidative damage in the liver by enhancing peroxidation
of lipid membranes!'”! and lipid peroxidation is deleterious
process solely carried out by free radicals.[?*! In fact, LPO
is an outcome of chain of events involving initiations,
propagations, and termination reactions.**! Unchecked
peroxide decomposition of membrane lipid is catastrophic
for living organism. The lipid peroxide produced is
degraded to variety of products, including alkanols,
hydroxyl alkanols, ketones, alkenes.[*! All these products
inactivate cell constituents by oxidation or cause oxidation
injury or damage by undergoing radical chain reaction
ultimately leading to loss of membrane integrity.['7-25-28]
Usually the deleterious effects of oxidative stress are
counteracted by endogenous antioxidant enzymes mainly
superoxide dismutase (SOD) and CAT.1?3!

In the present study, lead exposure produced significant
adverse effect on the status of liver, which is evidenced
by significant alterations of some tissue enzymes levels.

Groups SOD CAT AST ALT ALP ACP Hepatic lead
Control (untreated animals) 6.25+0.14 161+0.84 2.28+0.04 3.14+0.06 15.1+0.24 1.73+0.08 0.07+0.07
Pb 2.27+0.16° 117+2.22° 5.67+0.192 7.80+0.15° 18.1+0.54° 5.61+0.07° 2.14+0.17°
TC (stem) 6.84+0.33 183+2.22° 3.62+0.11 3.21+0.08 15.3+0.12° 3.14+0.06 0.17+0.03
TC (leaf) 5.61+0.07 148+3.35 3.72+0.22 3.62+0.11 15.9+0.68 2.52+0.04 0.21+0.01
TC (stem)+Pb 4.83+0.06° 161+4.99° 3.11+0.59° 4.67+0.05° 13.2+0.33° 2.46+0.01° 1.14+0.18°
TC (leaf)+ Pb 3.62+0.13 153+1.34° 3.21+0.08° 4.0410.22° 11.740.26° 2.23+0.06° 1.34+0.09°

TC, Tinospora cordifolia; Pb, lead; SOD, superoxide dismutase (units/min/mg protein); CAT, catalase (um H,0, consumed/min/mg protein); AST, aspartate
aminotransferase (per min per mg protein); ALT, alanine aminotransferase (per min per mg protein); ALP, alkaline phosphatase (one king Armstrong unit 1 UI-1);
ACP, acid phosphatase (one king Armstrong unit/ 1 Ul-1); lead liver concentration (ug/g); Values are meanzS.E, n = 6; 2p< 0.05 compared to control (untreated)

animals; °p< 0.05 compared to lead-exposed animals
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Figure 1: T.S. liver of control group | (H and E x66) Figure 2: T.S. liver of lead-treated group Il (H and E x66)

Figure 3: T.S. liver of TC (stem) treated group Il (H and E x66) Figure 4: T.S. liver of TC (leaf) treated group IV (H and E x66)

Figure 5: T.S. liver of TC (stem)+lead-treated group V (H and E x66) Figure 6: T.S. liver of TC (leaf)+lead-treated group VI (H and E x66)

Levels of SOD and CAT enzymes were reduced by lead,  tissue indicates damage to the tissue. Administration of
thus rendering the tissue to the peroxidative damage. T cordifolin extract to some extent could reduce oxidative
Marked elevation of AST, ALT, ALP, and ACP in liver  stress/injury indicating its protective role in liver tissue.
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This was supported by slight increase or decrease in the
activities of some liver enzymes by the drug. Reports have
also suggested that 1. cordifolin exhibit antioxidant(*!-2!
and hepatoprotective activities.*3 Interestingly, when
the 1. cordifolin extract were administered along with the
lead, almost all liver enzymes to some extent improved
as compared to lead-treated animals, supporting the
antioxidant and hepatoprotective role of plant extracts.
Earlier studies with known antioxidant such as vitamin
E also showed that it helps in counteracting lead-induced
oxidative damage.l"” Alpha tocopherol (vitamin E) and
ascorbic (vitamin C) are known to decrease free radical
generation by directly quenching the lipidperoxyl radicals
and by increasing the SOD and CAT activities.[!®17:34]
Pandey and Flora'®! reported that lipoic acid in combination
with Succimer thiol chelators reduces lead-induced
oxidative stress. Some studies also show that many herbs
help in reducing lead-induced oxidative damage.?-36:37]

Effects on histology of hepatic tissue

Lead exposure produced pronounced hepatic
histopathology evidenced by histological alternations
in liver including focal necrosis with inflammatory cells,
congestion at places, sinusoids not patent, centrilobular
swelling, hepatocyte vacuolation and swelling, parenchyma
disorganization, dilation of the inter hepatocyte space,
and hemorrhagic clots. To some extent both TC extracts
produced protective effects in this organ against lead
toxicity. When TC extracts with lead administered, it
retained hepatic architecture and was able to diminish
the fibrosis, congestion, incidence of inflammatory
cells infiltration of centrilobular hepatocyte swelling,
hepatocyte vacuolation, fatty changes, and hemorrhagic
clots. These findings are in support with Bishayi ez al.,1!
who revealed that 1. cordifolia affords protection against
xenobiotics-induced liver damage including fibrosis and
stimulates liver regeneration.

From the present study it is evident that 1. cordifolia is
capable of scavenging lead-induced free radical generation.
It thus appears that the drug may prove useful in treating/
preventing lead toxicity to some extent.

ACKNOWLEDGMENTS

The authors are thankful to the authorities of Banasthali University
for providing financial support to the study.

REFERENCES

1. Anonymous. Wealth of India: Raw Materials. Vol. 10. New Delhi:
CSIR; 1976.

2. Nadkami KM, Nadkami AK. Indian Meteria Medica. 3™ ed.
Mumbai: M/ S Popular Prakasan Pvt. Ltd.; 1976.

3. Chopra RN, Nayar SL, Chopra IC. Glossary of Indian Medicinal

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Plants, New Delhi: CSIR; 1956.

Kirtikar KR, Basu BD. Indian Medicinal plants. Vol. 1. 2™ ed.
New Connaught Place. Dehradun: M/s Bishen Singh, Mahendra
Pal Singh; 1975.

ChopraRN, Chopra LC, Handa KD, Kapur LD, editors. Indigenous
Drugs of India. 2 nd ed. Kolkata. M/s Dhar VN & Sons; 1982.
Nayampalli S, Ainapure SS, Nadkami PM. Study of antiallergic
acid Bronchodilator effect of Tinospora cordifolia. Indian ]
Pharma 1982;14:64-6.

Zhao TF, Wang X, Rimando AM, Che C. Folkloric medicinal plant:
Tinospora sagittata var. cravaniana and Mohonia bealei. Planta
Med 1991;57:505-3.

Goyer RA. Lead toxicity: From overt to subclinical to subtle health
effects. Env Health Perspect 1990;86:177-81.

Needleman HL, Jackson RI. Lead toxicity in the 21 century: Will
we still be treating it? Padiatrics 1992;89:678-80.

Garef]. Lead poisoning management. Part 1-3. Clin Toxicol Rev
1992;14:8-121.

Hermes-Lima M, Pereira B, Bechara EJ. Are free radicals involved
in Lead poisoning? Xenobiotica 1991;21:1085-90.

Skoczynska A, Smolik R, Jelen M. Lipid abnormalities in rats given
small doses of Lead. Arch Toxicol 1993;67:200-4.

Stohs SJ, Bagchi D. Oxidative mechanisms in the toxicity of metal
ions. Free Rad Biol Med 1995;18:321-6.

Locktich G. Perspectives on Lead toxicity. Clin Biochem
1993;26:371-281.

Grandjean P, Jacobsen IA, Jorgensen PJ. Chronic Lead poisoning
treated with dimercaptosuccinic acid. Pharmacol Toxicol
1991;68:266-9.

Dalley JW, Gupta PK, Lam FC, Huang CT. Interaction of L-ascorbic
acid on the deposition of Lead in rats. Pharmacol Toxicol
1989;64:160-4.

Chaurasia SS, Kar A. Protective effect of Vitamin E against
Lead induced deterioration of membrane associated type I
iodothyronine 5’-monodeiodinase (5'D-I) activity in male mice.
Toxicol 1997;124:203-9.

Marklund S, Marklund G. Involvement of Superoxide anion
radical in the autooxidation of pyrogallol and convenient assay
for SOD. Eur ] Biochem 1974;47:469-74.

Aebi H. Catalase, In Methods in enzymatic analysis. In: Bergmeyer
H, editor. Vol.2. New York: Academic Press; 1983. P.76-80.
Reitman S, Frankel AS. A colorimetric method for the
determination of serum Glutamic oxaloacetic and Glutamic
pyruvic transaminase. Am ] Clin Path 1957;28:53-6.

King E ], Armstrong. 2-4 DNPH method of determination of
Serum GOT and GPT. Can Med Assoc ] 1934;31;326.

Mc Manus FA, Mowry RW. Staining methods. In: Hoeber PB,
editor. Histology and Histochemistry. New York: Harper and
Brothers; 1965.

Halliwell B, Gutteridge JM. Protection against oxidants in
biological systems: The Superoxide theory of oxygen toxicity.
Free Radical in Biology and Medicine. Oxford: Clarendon Press;
1989. p. 86-123.

Halliwell B. Mechanism involved in the generation of free
radicals. Pathol Biol 1996;44:6-13.

Lawton L, Donaldson WE. Lead-induced tissue fatty acid alterations
and lipid peroxidation. Biol Trace Elem Res 1991;28:83-97.

Yiin SJ, Lin TH. Lead catalyzed peroxidation of essential
unsaturated fatty acid. Biol Trace Elem Res 1995;50:167-72.
Maiti PK, Kar A, Gupta P, Chaurasia SS. Loss of membrane integrity
and initiation of type I iodathyronine 5’-monodeiodinase activity
by tenvalerate in female mouse. Biochem Biophy Res Comm

Toxicology International Jan-Jun 2010 / Vol-17 / Issue-1 16



28.

29.
30.

31

32.

33.

17

Sharma and Pandey: Tinospora cordifolia ameliorates lead induced hepatotoxicity

1995;214:905-9.

Chaurasia SS, Panda S, Kar A. Withania somnifera root extract in
the regulation of Lead-induced oxidative damage in male mouse.
Pharmacol Res 2000;41:663-6.

Chen LH, Lowry SR. Cellular antioxidant defense system. Prog
Clin Biol Res 1989;287:247-56.

Winterbourne CC. Superoxide as an intra cellular sink. Free Rad
Biol Med 1993;14:85-90.

Subramanian M, Chintalwar GJ, Chattopadhyay S. Antioxidant
properties of a Tinospora cordifolia polysaccharide against
Iron-mediated lipid damage and gamma ray induced protein
damage. Redox Rep 2002;7:137-43.

Prince PS, Padmanaban M, Menon VP. Restoration of antioxidant
defense by ethanolic Tinospora cordifolia roots extract in
alloxan induced diabetic liver and kidney. Acta Pol Pharm
2004;61:282-7.

Bishayi B, Roychowdhury S, Ghosh S, Sengupta M.

34.

35.

36.

37.

Hepatoprotective and immunomodulatory properties of
Tinospora cordifolia in CCl, intoxicated mature albino rats. ]
Toxicol Sci 2002;27:139-46.

Sivaprasad R, Nagaraj M, Varalakshmi P. Combined efficacies
of lipoic acid and meso-2, 3-dimercaptosuccinic acid on Lead
induced erythrocytes membrane lipid peroxidation and
antioxidant status in rats. Toxicol 2001;162:81-8.

Pandey M, Flora SJ]. Lead induced oxidative damage and its
response to combined administration of alpha-lipoic acid
succimers in rats. ] Blochem Mol Toxicol 2004;18:221-33.
Tandon SK, Singh S, Prasad S. Influence of Garlic on the
Disposition and Toxicity of Lead and Cadmium in the Rat. Pharm
Biol 2001;1:450-4.

Khanam S, Devi K. Effect of Withania somnifera root extract on
Lead-induced DNA damage. ] Food Agric Env 2005;3.

Source of Support: Nil, Conflict of Interest: None declared.

Toxicology International Jan-Jun 2010/ Vol-17 / Issue-1


Virendra
Rectangle


