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1. Introduction

The present investigation aims at assessing the chemopreventive potential of ethanolic extract 

of traditional medicinal plant, Tinospora cordifolia against aflatoxin-B1 (AFB1  induced )

hepatic and renal damage in mice. The results of present study revealed that administration of 

AFB1 induced oxidative stress in liver and kidney of treated mice through elevating the level of 

malondialdehyde (MDA) and depleting the levels enzymatic (superoxide dismutase, catalase, 

glutathione peroxidase, glutathione-S-transferase, glutathione reductase) and non-enzymatic 

(reduced glutathione, vitamin C and protein) antioxidants in hepatic and renal tissues. AFB  1

supplementation also showed significant increase in serum marker enzymes and influenced 

the hematological variables.Administration of low, medium and high dose of ethanolic extract 

of Tinospora cordifolia effectively ameliorated the deviation induced in liver and kidney 

tissues of mice in response to aflatoxin administration. This effect was evident through 

reducing MDA level and releasing the inhibitory effect of aflatoxin on levels of antioxidant in 

liver and kidney tissues. However, administration of plant extract along with aflatoxin restores 

the damages caused by aflatoxin in hematological and serological variables. Pathological 

examination of liver and kidney tissues also supported the biochemical findings. From the 

current investigation it can be concluded that supplementation of plant extract was beneficial 

in modulating the alteration induced in liver, kidney, serum and blood variables of mice under 

the effect of AFB .1

Aflatoxin B1 (AFB1) is a mycotoxins produced by certain species 

of Aspergillus that have been shown to be toxigenic, carcinogenic, 

mutagenic, and teratogenic to different species of animals [1-4]. 

AFB1 requires microsomal cytochrome p450 mediated oxidation 

at the 8, 9 vinyl bond to form a reactive intermediate aflatoxin B1-8, 

9 epoxide which binds to DNA, forming covalent adduct that 

accounts for its genotoxic properties. Moreover, AFB1 mediated 

cell injury may be due to the release of free radicals, which initiate 

lipid peroxidation [5]. Peroxidative damages induced in the cell are 

encountered by elaborated defense mechanisms, including 

enzymatic and nonenzymatic antioxidant [6-8]. Biological 

compounds with antioxidant properties contribute to the 

protection of cell and tissues against deleterious effects of free 

radicals either by preventing or controlling the process of 

carcinogenesis. Tinospora cordifolia (Menispermaceae), a 

glabrous, climbing shrub has been known to beneficial in treating a 

wide variety of diseases. A number of different active principles, 

including alkaloids (berberine), bitter compounds (tinosporine, 

tinosporic acid and tinosporol), essential oil and a mixture of fatty 

acids, have been identified as contributing to the observed 

medicinal effects [9]. A recent upsurge in identifying dietary or non 

dietary natural products as cancer chemopreventive agents has 

been hailed by many investigators to be practically beneficial, 

especially when the carcinogenic insult is mild to moderate. Our 

present knowledge on chemoprevention of cancer has revealed 

the presence of a diverse array of naturally occurring bioactive 

compounds that inhibit the multistep process of carcinogenesis 
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2.Materials and Methods

2.2.Animals

2.3.Preparation of Aflatoxin B  and ethanolic extract of 1

Tinospora cordifolia

2.4.Animal treatment and sample collection

2.5.Statistical analysis

3.Results

3.1.Effect on Biochemical Variables

2.1.Chemicals

The doses of Aflatoxin & plant extract were decided on the basis 

of previously published reports [12, 13]. The mice from each group 

were sacrificed by cervical dislocation on 50th day of the study. 

Liver and kidney samples from the sacrificed mice were quickly 

removed and cleaned to make them free from extraneous material 

and perfused with ice-cold saline for biochemical and 

histopathological evaluation. Post-mitochondrial supernatant 

(PMS) was prepared using method of Mohandas [14] with some 

modifications. The various biochemical variables viz., lipid 

peroxidation [15], Superoxide dismutase [16], Catalase [17], 

glutathione-S-transferase [18], reduced glutathione [19], 

glutathione peroxidase [14], glutathione reductase [20], Ascorbic 

acid [21] and Protein [22] were performed. Noncoagulated blood 

was used for various hematological parameters viz., hemoglobin 

estimation was done by Sahli's hemoglobin meter [23], total 

erythrocyte count and total leukocyte count by hemocytometer 

[24], PCV by Wintrob method [25] and Differential leukocyte count 

by Leishman's staining were performed. Mean corpuscular 

hemoglobin, Mean corpuscular hemoglobin content and   Mean 

corpuscular volumes were also calculated [26, 27]. 

Group V- T. cordifolia(200 mg/kg body weight)
Group VI-AFB1 + T. cordifolia (50 mg/kg body weight)
Group VII- AFB1 + T. cordifolia (100 mg/kg body weight)
Group VIII- AFB1 + T. cordifolia (200 mg/kg body weight)

Group I - Control (Normal saline, 0.9%) 
Group II- AFB1 (2 µg/30 g body weight)
Group III- T. cordifolia (50 mg/kg body weight)
Group IV- T. cordifolia(100 mg/kg body weight)

Serum was obtained by centrifugation of blood samples at 
0860×g for 20 min, and was stored at -20 C until used for analysis. 

Activities of aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) were assayed by the method of Reitman 

and Frankel [28]. Activity of alkaline phosphatase (ALP) was 

determined according to the protocol described in a laboratory 

practical manual [29]. Histopathological evaluation of liver and 

kidney tissues were done according to the method of Luna [30].

The results are expressed as mean ± standard error (S.E.M.). 

Statistical significance between the different groups was 

determined by one way analysis of variance (ANOVA) using the 

SPSS software package16. Post hoc testing was performed for 

inter-group comparisons using the Tukey multiple comparison 

test .  The level  of  s ignif icance was set  at  P<0.05.

Effect of AFB1 and RTc extract either alone or in different 

combination on lipid peroxidation, ascorbic acid, total protein and 

reduced glutathione are depicted in Table 1. Aflatoxin B1 at a dose 

of 2µg/30g b.wt caused significant increase (P<0.01) in the level of 

LPO and significant decrease (P<0.01) in ascorbic acid, total 

protein and reduced glutathione content in liver and kidney 

tissues as compared to respective values of normal mice. Oral 

supplementation of ethanolic RTc extract at a dose of 50, 100 and 

200mg/kg significantly decreased (P<0.01) the LPO level and 

increased (P<0.01) the ascorbic acid, protein and reduced 

glutathione level as compared to respective values of group II mice 

liver and kidney.

Male Swiss albino mice (30 ± 5 g) were randomized into eight 

groups comprising 12 animals in each groups (6 for Biochemical 

and histopathological & 6 for hematological and serological) 

variables and were administered orally by gavage, once daily as 

below, for 50 days-

[10, 11].  In the present investigation, we assessed the 

chemopreventive potential of T.cordifolia by evaluating the 

levels/activities of biological markers, namely phase –I and –II 

carcinogen/ drug metabolizing enzymes, and antioxidant 

parameters  as  well  as  l ipid peroxidation in  mice.

Crystalline AFB1 (from Aspergillus flavus), purchased from 

HIMEDIA (India). All other chemicals used were of analytical grade 

and obtained from SD fine chemicals (Mumbai, India), SRL (India), 

CDH (India) and Qualigens (India/Germany).

Healthy male Swiss albino mice (Mus musculus) were procured 

from Haryana Agricultural University; Hissar (Haryana, 

India).Only male mice were used because previous studies have 

indicated that these were more sensitive to aflatoxin treatment 

than female. The animals were housed under standard laboratory 

conditions of light (12 h light-dark cycle), temperature(25±2°C), 

humidity (55 ± 5 %) and fed with Standard mice pellet diet 

(Hindustan Liver Limited, India) and tap water ad libitum in 

animal house of Banasthali University. A prior approval was 

obtained from the institutional animal ethics committee for the 

study protocol. After 1 week of acclimatization mice were used for 

experimental purpose. 

Crystalline aflatoxin B  was dissolved in dimethylsulfoxide and 1

further diluted with distilled water to the required concentration. 

The final gavage solution of AFB  contained 1% dimethyl sulfoxide.1

The experimental plant material was collected from Krishi 

Vigyan Kendra, Banasthali University; District Tonk, India during 

the month of October 2010. It was identified as Tinospora 

cordifolia by a plant taxonomist of our department and its sample 

has been preserved and documented in the herbarium of our 

University. The hanging aerial roots were washed thoroughly with 

distilled water and shade-dried then powdered with a mechanical 

grinder, passing through sieve No. 40 and stored in tight container. 

Ethanolic extract of the dried roots of Tinospora cordifolia was 

prepared by soxhlet method (Soxhlet Apparatus, Tarson; India) 

using 300ml ethanol for 50g (dry weight) of dried root powder 

.The ethanolic extract thus obtained was dried under reduced 

pressure at a room temperature not exceeding 40º C to get a yield 

of 7% from the crude extract. The extract devoid of alcohol, was 

used for required concentration.
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Table.1. Effect of RTc extract either alone or in combination with AFB1 on LPO, Ascorbic acid , Protein and GSH level in mice liver 

and Kidney

Table.2. Effect of RTc extract either alone or in combination with AFB1 on antioxidant parameters in mice liver and kidney 

3.2.Effect on Antioxidant Parameters

Abbreviations: - AFB1, Aflatoxin B1; Asc, Ascorbic acid; GSH, Reduced Glutathione; LPO,   Lipid peroxidase;  RTc, Root of Tinospora 

cordifolia Values are mean± SE of six mice. Significant differences in data are shown as a p<0.01 and b p<0.05 when compared with 

control (group I) and c p<0.01 and d p<0.05 when compared with aflatoxin treated group (group II).NS (Statically not significant)

AFB1, Aflatoxin B1; CAT, Catalase; GPx, Glutathione peroxidase;  GR, Glutathione reductase; GST, Glutathione-S-transferase;  RTc, 

Root of Tinospora cordifolia; SOD, Superoxide dismutase Values are mean± SE of six mice. Significant differences in data are shown 

as a p<0.01 and b p<0.05 when compared with control (group I) and c p<0.01 and d p<0.05 when compared with aflatoxin treated 

group (group II).NS (Statically not significant)

Effect of AFB1 and RTc extract either alone or in combination on antioxidant parameters are given in Table 2. Intake of AFB1 in group II mice 

led a significant fall (P<0.01) in SOD, CAT, GST, GPx and GR level when compared with control mice (group I). Groups of mice which received 

different doses of plant extract (low, medium and high) along with aflatoxin showed significant enhancement (P<0.01) in above mentioned 

parameters as compared to respective values of aflatoxin intoxicative mice hepatic and renal tissues.

Treatments (mean ± S.E.M.)

Treatments (mean ± S.E.M.)

LPO(nmols 

TBARS 
-1 -1h g tissue)

Asc(mg ascorbic

acid/g tissue)

Protein (mg 
-1g fresh wt)

GSH(nmols 
-1GSH g  tissue)

SOD(Unit
-1 mg

-1Protein h

CAT(µ mol H O2 2

consumed 
-1 -1min  mg  

protein)

GST(nmols 

CDNB conjugates
-1 -1 formed min mg

 protein)

GPx(µg of 

glutathione utilized
-1 -1min mg protein )

GR(n moles 

NADPH oxidized
-1 -1min mg protein)

Liver 

Kidney

Liver 

Kidney

Liver 

Kidney

Liver 

Kidney

Liver 

Kidney

Liver 

Kidney

Liver 

Kidney

Liver 

Kidney

Liver 

Kidney

c8.05±0.30
 c8.70±0.13

c6.54±0.24 
c5.81±0.76 

c93.25±1.81 
c55.00±3.27 

c262.28±2.44 
c268.08±2.95 

c14.56±0.75 
c12.29±0.86 

222.18±2.52 c
c84.83±1.72 

c206.45±1.88 
 c167.66±3.20

c55.67±0.91 
c25.62±0.96 

c147.57±1.31
 c139.85±1.75

a27.13±1.94 
a23.72±1.54 

a2.34±0.29 
a2.35±0.17 

a51.00±2.27 
a27.07±3.53 

 a134.97±2.33
 a132.10±3.42

a3.84±0.21 
a2.40±0.29 

 a126.78±3.49
a32.29±1.86 

a93.90±2.70 
a85.31±2.12 

a23.13±1.59 
a11.32±0.85 

a120.71±2.10
 a111.44±1.57

a,c13.35±0.26
 NS, c12.62±0.24

a,c236.34±1.16
 NS,c86.23±1.12

a,c191.92±2.24
 NS, c165.14±2.19

NS,c54.42±1.34 
a,c32.13±0.19 

NS,c148.21±1.16
 NS, c140.18±1.23

NS,c14.00±0.66
 NS,c12.57±0.35

 a,c242.95±2.22
NS,c86.89±1.72

a,c193.80±2.86
 NS, c168.36±1.52

NS,c54.92±1.10 
NS, c27.05±0.62 

NS,c150.84±1.26
 a, c145.09±1.31

a,c13.21±0.52 
a, c14.12±0.34 

b,c229.96±4.30
b,c88.58±1.71 

a,c191.12±3.20
 NS, c164.16±2.98

b,c52.88±0.91 
a, c34.00±1.43 

NS,c146.68±2.66
 NS, c139.97±1.29

 a,c9.49±0.29
 a,c8.97±0.35

 a,c199.78±1.16
a,c70.67±1.23 

 a,c162.67±3.42
 a, c138.76±1.48

a,c42.67±1.12 
a, c21.23±0.65 

 a,c135.96±1.19
 NS, c136.14±1.85

 a,c10.00±0.38
 a,c9.69±0.56

 b,c207.16±4.30
a,c76.55±2.16 

a,c170.60±5.11 
a, c141.92±2.31 

 a,c45.22±1.06
 a, c23.00±1.25

 a,c136.20±2.07
 NS, c137.39±1.82

a,c8.47±0.33 
a,c8.87±0.59 

 a,c193.45±2.21
a,c64.38±2.01 

155.27±3.54a,c

133.98±3.46 a, c

 a,c37.71±1.48
 NS, c18.37±1.11

a,c135.09±2.05
a, c131.96±1.39

NS,c8.09±0.24 
NS,c8.33±0.34 

 a,c7.41±0.16
 NS,c5.79±0.39

a,c88.12±2.12 
 a,c69.17±1.42

 a,c279.46±2.16
 a,c282.14±4.12

 NS,c7.75±0.41
 NS,c8.26±0.18

a,c8.1±0.15 
NS,c6.04±0.12 

 NS,c90.26±2.03
a,c71.32±2.86 

 a,c3286.01±2.48
a,c01.82±3.39 

NS,c8.13±0.29 
NS,c8.41±0.09 

 a,c7.27±0.17
 a,c5.42±0.26

a,c88.66±1.92 
a,c66.54±2.33 

a,c275.74±3.26
a,c276.28±2.27

 a,c13.42±0.12
 a,c12.01±0.75

a,c5.52±0.25 
a,c4.92±0.12 

 a,c80.26±1.96
 a,c45.43±1.21

a,c255.59±1.69
 b,c262.13±2.19

 a,c11.82±0.58
S,c9.90±0.61 N

 a,c5.79±0.20
 a,c5.08±0.12

a,c84.09±1.86 
a,c47.93±2.25 

a,c256.01±3.44 
b,c261.29±3.33 

a,c14.70±1.00 
a,c 12.84±0.69 

 a,c5.37±0.28
 a,c4.46±0.11

 a,c75.31±1.37
 a,c43.59±2.45

a,c255.55±2.90 
NS,c265.02±2.82 

Parameters

Parameters

Tissues

Tissues

(Group I)

(Group I)

(Group II)

(Group II)

(Group III)

(Group III)

(Group IV)

(Group IV)

(Group V)

(Group V)

(Group VI)

(Group VI)

(Group VII)

(Group VII)

(Group VIII)

(Group VIII)
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3.3.Effect on Hematological Variables

3.4.Effect on Serological Variables

Table 3. Effect of RTc extract either alone or in combination with AFB1 on haematological variables in Swiss albino mice

Table 4.Effect of RTc extract either alone or in combination with AFB1 on some serological variables in Swiss albino mice

Effect of AFB1 and plant extract either alone or in different combination on hematological variables in swiss albino mice are illustrated in 

Table 3. Supplementation of AFB1 led to significant fall (P<0.01) in Hb, PCV, RBC, lymphocyte count and remarkable rise (P<0.01) in WBC, 

platelet and neutrophil count as compared to respective values of normal mice. Co-administration of different doses of plant extract along 

with aflatoxin led significant improvement (P<0.01) in Hb, RBC content and bought them back near to normal. Whereas, PCV and percentage 

lymphocyte count were also significantly elevated (P<0.01) in these groups as compared to group II mice.  Moreover low, medium and high 

dose of RTc extract led to significant fall (P<0.01) in WBC, platelet and neutrophil count as compared to respective values of aflatoxin alone 

receiving group of mice.

Table 4. revealed effect of AFB1 and RTc either alone or in combination on serological indices.AFB1 administration led to significant rise in 

(P<0.01) in SGOT, SGPT and ALP level as compared to normal mice. Administration of different doses of plant extract along with aflatoxin led 

to significant decline in above serological indices and bought them back near to normal to some extent.

Abbreviations: - AFB1, Aflatoxin B1; SGOT, Serum glutamate oxaloacetate transaminase; SGPT, Serum glutamate pyruvate transaminase; 

ALP, Alkaline phosphatase; RTc,  Root of Tinospora cordifolia

Values are mean± SE of six mice. Significant differences in data are shown as a p<0.01 and b p<0.05 when compared with control (group I) 

and c p<0.01 and d p<0.05 when compared with aflatoxin treated group (group II).NS (Statically not significant)

Abbreviations: - Abbreviations: - AFB , Aflatoxin B ; Hb,  Haemoglobin; MCH,  Mean corpuscular haemoglobin; MCHC,  Mean corpuscular 1 1

haemoglobin content,  MCV, Mean corpuscular volume; PCV, Packed cell volume;  RTc,  Root of Tinospora cordifolia ; WBC, White blood 

corpuscles   

Values are mean± SE of six mice. Significant differences in data are shown as a p<0.01 and b p<0.05 when compared with control (group I) 

and c p<0.01 and d p<0.05 when compared with aflatoxin treated group (group II).

Treatments (mean ± S.E.M.)

Treatments (mean ± S.E.M.)

Hb (g/dl)

SGOT(Units /ml)

SGPT(Units  /ml)

ALP (KA Units /ml)

c10.75±0.54 

c11.90±0.70 

c5.00±0.78

 a49.19±4.04

 a44.84±2.95

a12.86±1.17

NS, c9.98±0.78 

NS, c10.75±0.56

NS, c5.23±0.45 

 NS, c9.67±0.82

 NS, c10.90±0.73

 NS, c5.24±0.22

NS, c10.06±0.76 

 NS, c10.54±1.13

 NS, c5.22±0.39

 a,c25.02±1.21

 a,c25.56±1.45

a,c7.23±0.45 

 a,c20.01±3.69

 a,c23.99±2.6

 a,c6.87±0.34

a,c27.88±2.20 

 a, c 31.38±2.52

a, c8.71±0.81 

PCV (%)

6RBC(10 /mm3)

MCV(fL)

MCH(pg)

MCHC(g/dl)

3 3WBC(10 /mm )

3 3Platelet(10 /mm )

Neutrophil (%)

LyLLymphocyte (%)

c13.05±1.29

44.80±2.26 c

c8.84±0.50 

c50.71±2.31 

NS14.75±1.27

NS29.23±3.64  

c17.38±1.64

c720.66±3.03

c16.83±2.11

 c92.00±2.40

a9.79±1.00

a33.85±0.72 

 a7.09±0.21

 a47.78±1.72

 NS13.77±1.47

 NS28.90±2.85

a23.08±1.45

a1726.16±16.4

a23.5±1.70 

a69.82±3.55

 a,c15.12±0.32

 NS,c45.12±1.21

a,c11.89±0.34 

 a,d41.23±1.67

13.95±0.32 NS3

 NS3.29±1.23

 NS,c18.01±0.92

a,c642.56±5.63

 NS,c14.92±1.21

 a,c85.45±1.21

a,c17.58±0.79

a,c51.39±1.96 

a,c12.54±0.53 

 a,d41.12±2.95

 NS314.05±1.08

 NS4.24±1.73

NS,c17.52±1.45

a,c618.66±7.84

NS,c14.83±1.57 

NS,c 88.86±2.49 

NS,c14.77±0.74

NS, c44.51±2.26

a, c10.82±0.64 

 a,d41.30±4.22

 NS313.75±1.35

 NS3.12±1.35

 NS,c18.16±1.67

NS,c707.5±10.09

NS,c15.00±2.58

 a,c83.21±2.23

NS, c13.09±0.23

a,c39.49±1.34

S, c8.52±0.53 N

NS47.03±1.23

NS15.62±0.45

 NS32.16±1.21

a,c19.62±1.12 

a,c1106.67±6.34

NS,c17.53±2.19

a,c86.56±3.12 

NS, c13.50±0.78

a,c40.66±0.96

 NS,c8.59±0.68

NS47.55±3.49

NS15.85±1.82

NS33.22±2.02 

NS,c18.12±1.48

a,c1096.33±17.24

NS,c17.50±2.21

 NS,c89.30±3.39

NSc12.59±0.79

a c40.58±1.41

NS,c8.13±0.68 

NS49.93±2.59

NS15.52±1.43

31.42±1.62

 a,c20.01±1.31

a,c1154.33±24.16

NS,c17.50±0.95

a,c84.26±2.71

Parameters

Parameters

(Group I)

(Group I)

(Group II)

(Group II)

(Group III)

(Group III)

(Group IV)

(Group IV)

(Group V)

(Group V)

(Group VI)

(Group VI)

(Group VII)

(Group VII)

(Group VIII)

(Group VIII)
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Histopathological examination of liver tissues (Fig 1) illustrated 

no pathological abnormalities in mice administered with different 

doses of plant extract and normal saline but the mice 

supplemented with AFB  alone showed necrotic cell with 1

cytoplasmic shrinkage and nuclear condensation in periportal 

zone. Administration of RTc (100) along with aflatoxin showed 

normal hepatic parenchyma in mice whereas, administration of 

RTc (50) along with AFB1 showed hepatocytes with double nuclei 

but normal cytoplasm. Mice supplemented RTc (200) along with 

aflatoxin showed scattered vacuolated hepatocytes in mid and 

peripheral zones.

Histopathological examination of Kidney tissues (Fig 2) 

illustrated normal kidney architecture in mice supplemented with 

different doses of plant extract and normal saline but the mice 

supplemented with aflatoxin alone caused fattening of tubular 

epithelium with disappearance of brush border and presence of 

cast in tubular lumen. Groups of mice treated with RTc (50) along 

with aflatoxin showed vacuolation in tubular epithelium whereas, 

mice treated with RTc (100) along with aflatoxin showed normal 

kidney cell. Mice supplemented with RTc (200) along with 

aflatoxin showed fattening of tubular epithelium but no 

vacuolization or shedding.

Fig.1.Effect of RTc extract either alone or in combination with 

AFB1 on liver tissues of mice during concomitant therapy for 

50 days

Fig.2.Effect of RTc extract either alone or in combination with 

AFB1 on kidney tissues of mice during concomitant therapy 

for 50 

Cross section of liver treated with AFB1 and RTc for 50 days (40X). 

Liver from control mice (a), RTc (50) (c), RTc (100) (d), RTc (200) 

(e), and AFB +RTc (100) (g) showed normal architecture. However, 1

liver from AFB1 supplemented mice (b) revealed necrotic cell with 

cytoplasmic shrinkage and nuclear condensation in periportal 

zone  but mice treated with AFB +RTc (50) (f) showed hepatocytes 1

with double nuclei whereas , mice administered with AFB +RTc 1

(200) (h) showed scattered vacuolated hepatocytes in mid and 

periportal zones

Cross section of kidney treated with AFB1 and RTc for 50 days 

(40X). Kidney from control mice (a), RTc (50) (c), RTc (100) (d), 

RTc (200) (e) and AFB1+RTc (100) (g) showed normal 

architecture. However, kidney from AFB1 supplemented mice (b) 

revealed fattening of tubular epithelium with disappearance of 

brush border, presence of cast in lumen and glomerulus having 

congestion in RBC but mice treated with AFB1+RTc (50) (f) 

showed vacuolation in tubular epithelium whereas, mice 

administered with AFB1+RTc (200) (h) showed flattening of 

tubular epithelial cell but no vacuolization or shedding.

The results of present study show that AFB1 administration 

lead to a significant increase in LPO level at the end of the 

experimental period. The possible reason is that AFB1 

supplementation might induce the generation of oxygen centered 

radicals that in particular attack the cell membrane rich in PUFA, 

initiating a chain reaction leading to peroxidation of fatty acids 

[31]. This observation is in agreement with previous findings of 

Sharma et al. [8].The aflatoxin induced alteration in hepatic and 

renal antioxidants status may therefore be considered as 

manifestation of increased oxidative stress caused by aflatoxin and 

its metabolites. The endogenous antioxidant system may frustrate 

the reactive oxygen species (ROS) thereby reduce the oxidative 

stress with the help of enzymatic antioxidant such as SOD and CAT 

[32].

SOD initiates the conversion of superoxide radical to H O  and 2 2

CAT converts H O to H O. Depletion in the activities of these 2 2 2

enzymes   might be due to an enhanced radical production during 

aflatoxin intoxication in mice [33]. RTc has been able to enhance 

the antioxidant enzyme SOD and CAT in necrosis- bearing mice 

near to normal to some extent. RTc extract exhibits preventive 

effect in aflatoxin induced carcinogenesis by reducing the levels of 

oxidative injuries on DNA and other components of hepatocytes 

during the early stages of carcinogenesis. These observations 

corroborates with the reports of Gupta and Sharma, 2011 [34]. 

GSH and GPx are important enzymes playing an important role 

in detoxification or in protection of cellular components against 

oxidating and alkylating agents [35]. The levels of GSH and GPx 

were used to monitor the balance between oxidative stress and 

chemopreventive ability. The decrease level of GSH in aflatoxin 

3.5.Histological/Histopathological examination

4.Discussion
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5.Conclusion

supplemented mice liver and kidney may be due to conjugation of 

GSH with epoxide. This low level of GSH therefore exposes the 

mitochondria to their own endogenously generated free radical 

leading to irreversible damages [36] and also responsible for 

reduction in ascorbic acid content. During free radical scavenging 

action ascorbic acid is transformed in L-dehydroascorbate [37]. 

Reduced glutathione is required for the conversion of L-

dehydroascorbate back to ascorbate. The fall in the level of reduced 

GSH decreases the conversion of L-dehydroascorbate to ascorbate 

and this probably explain the lowered level of ascorbic acid in 

aflatoxin treated animals. Detoxification of AF can be mediated by 

GST-catalyzed conjugation in the liver and kidney, the increased 

hepatic GSH activity induced by RTc extract can therefore reduce 

the AF-toxicity by depleting ROS and increasing the level of 

ascorbic acid content.

Aflatoxin has also harmful and stressful effect on blood 

variables, serum variables and hepatic, renal tissues. In present 

study reduced level of total erythrocyte count (TEC) was observed 

in aflatoxin treated mice. The mechanism of action by which 

aflatoxin aggravated pathogenesis of anemia could involve down-

regulation of erythropoietin activity [38]. Decreased level of TEC 

has been contributed to reduction of erythropoisis in bone 

marrow and showed rapid rate of destruction of peripheral RBC in 

spleen. Decreased level of Hb can be related with reduced size of 

RBC, impaired biosynthesis of haem in bone marrow or due to 

reduction in rate of formation of TEC [39]. There was a significant 

increase in WBC count, which mainly consisted of neutrophils. The 

increase level of WBC and percentage of neutrophils suggest that 

aflatoxin B1 elicited an inflammatory response and cause 

alteration in bone marrow and function of immune system 

[1].Animals treated with aflatoxin also showed lower level of PCV 

due to development of anemia in aflatoxicosis bearing mice [40].

Administration of RTc was effective in reducing the adverse 

effect of AFB1 on hemopoitic system supporting the hypothesis 

that plant extract exhibits effective antioxidant property. The plant 

extract showed improvement in biochemical variables with an 

increase in TEC, Hb and PCV in current study indicated that 

component present in RTc extract prevent oxidative damage, such 

as lipid peroxidation associated with many diseases, including 

cancer and immune deficiency.

The activities of ALT, AST and ALP are sensitive indicators of 

hepatic necrosis [41]. In present study, aflatoxin-contaminated 

feed was found to cause a significant degenerative changes and 

hypofunction of liver and Kidney [1, 42]. These results are in 

confirmation with those of previous report of aflatoxicosis [43]. 

RTc extract treatment during AFB1 intoxication tried to down-

regulate the above-mentioned molecular mechanism of enzyme 

action. 

 From the current study this can be concluded that Tinospora 

cordifolia exerts its protective effect against aflatoxin B1- induced 

toxicity by modulating the extent of lipid peroxidation and 

augmenting antioxidant defense system. It also prevents blood 

parameters to some extent and oxidative stress due to its 

antioxidant nature, which combines with free radicals. The healing 

effect of Tinospora cordifolia was also confirmed by 

histopathological observations.   
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