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Abstract— In the present study we have evaluated the hepatoprotective efficacy of soy isoflavones (SIF), against carbon

tetrachloride (CCly) induced oxidative damage and early tumor response in male Wistar rats. Methods: Single treatment of
CCl, (1:1 v/v in corn oil was administered orally at dose of 1ml kg'1 body weight) induced oxidative stress and enhanced
early tumor markers. Results: CCl, treatment resulted in marked reduction of hepatic glutathione content and activities of
hepatic anti-oxidant enzymes, viz., glutathione peroxidase (GPx), glutathione reductase (GR), catalase (CAT), glucose-6-
phosphate dehydrogenase (G6PD) and phase-II metabolising enzymes such as glutathione-S-transferase (GST) and quinone
reductase (QR) significantly as compared to control group (p<<0.001). Concomitant enhancement in xanthine oxidase (XO)
and malanodialdehyde (MDA) formation was observed with simultaneous induction in serum toxicity markers and tumor
promotion markers, viz., SGPT, SGOT, LDH, ornithine decarboxylase (ODC) activity and thymidine [*H] incorporation into
hepatic DNA were also found significant(p<0.001). Pretreatment of rats with SIF (20 and 40 mg kg 'body weight, orally)
resulted in a significant decrease in XO (p<<0.05) level and MDA formation. There was decrease in GPT, GOT and LDH
release in serum (p<0.001) and concomitant and dose dependent decrease in hepatic ODC activity and DNA synthesis
significantly (p<<0.001). There was also significant restoration of hepatic glutathione content, anti-oxidant enzymes and other
phase-II metabolizing enzymes (p <0.001). Conclusions: Thus, these findings show that SIF attenuates CCls-mediated
hepatic oxidative stress, toxicity, tumor promotion and subsequent cell proliferation response in Wistar rats. © 2011 IGJPS.
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INTRODUCTION

Herbal products are gaining progressively attention due to less toxicity and high efficacy against free radical mediated diseases [1,2].
Soybean decreases the risk of various diseases and pathological conditions, including various types of cancers, osteoporosis,
menopausal symptoms, and coronary heart disease [3-6]. The chemopreventive effects of soybean and soy containing food may be
related to their isoflavone content. Main isoflavones are genistein, daidzein and glycitein [5-8]. These molecules may be conjugated
with a 7-O-b-glucoside, a 6’’-O-malonylglucoside or a 6°’-O-acetylglucoside group play a crucial role in the prevention of oxidation-
related diseases including atherosclerosis, hypertension [9], breast cancer [10], or inflammatory bowel syndrome [11]. Soy saponins
are another class of natural glycosides found in soybean seeds and soy-derived products. Flavonoids have gained importance as
scavengers of free radicals and a potent inhibitor of lipidperoxidation [12, 13]. In spite of the estrogenic activity, isoflavones show
DNA topoisomerase activity, synthesis and release of TGF®, modulation of apoptosis, and potent inhibitory activity of tyrosine

specific protein kinases [5,6,14].

It has been reported that population having high intake of isoflavones show lower incidence of cardiovascular diseases, osteoporosis,
kidney diseases and cancer risk [6, 15]. Genistein and daidzein have also been shown to prevent 8-hydroxy-2'-deoxyguanosine

formation in toxicant exposed cells [16-18].

The marked vulnerability of the liver to chemical damage has been shown as a function of several contributing factors including its
anatomical proximity to blood supply, role in metabolism and excretion of xenobiotics. Hence prevention of hepatotoxic damage is of
great concern [19]. CCl, is an established hepatotoxicant for both animal and human. CCl, is known as a degreaser, solvent and is
used as a fire extinguisher and also as a substrate for the synthesis of fluorocarbon and other industrial and laboratory reagents [20-
22]. Its toxic nature is due to production of trichlorocarbon (CCI3") radical, which can initiate the oxidation of macromolecules and
lipids leading to oxidative stress [22, 23]. Oxidative damage plays an important role in carcinogenesis [24,25]. ROS generated by
mitochondria or from other intracellular or extracellular sites can cause cell damage and initiate various degradation processes. ROS-
induced lipid peroxidation has been implicated in neoplastic transformation. The role of ROS has been implicated in many human
degenerative diseases, including aging and cancer [26-28].

Soybeans and soyfoods potentially have multifaceted health-promoting effects. Keeping in view, the potential health promoting
effects of soybeans and soyfoods we have hypothesized that the soy isoflavones may inhibit oxidative stress and toxicity induced by

CCl, in animals.
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MATERIALS AND METHODS

Chemicals

Novasoy® 40% soy isoflavone concentrate procured from Archer Daniels Midland Co. Decatur, Illinois, EDTA, Tris, Reduced
glutathione (GSH), oxidized glutathione (GSSG), nicotinamide adenine dinucleotide phosphate reduced (NADPH), bovine serum
albumin (BSA), 1,2-dithio-bisnitrobenzoic acid (DTNB), 1-chloro-2, 4-dinitro benzene (CDNB), phenylmethyl sulfonylfluoride
(PMSF), nitroblue tetrazolium (NBT), phenylmethyl sulfonylfluoride (PMSF), Brij-35, Pyridoxal-phosphate, 2-mercaptoethanol,
dithiothreitol, Tween 80 were obtained from Sigma chemicals Co (St Louis, MO). DL ['*C] ornithine and [*H] thymidine were
purchased from Amersham Corporation (Little Chalfort, UK). All other chemicals were of the highest purity and commercially
available.

Animals

Eight week old adult male Wistar rats (150-200 g) were obtained from the Central Animal House Facility of Hamdard University,
New Delhi and were housed in a ventilated room at 25 + 2 °C under a 12-h light / dark cycle. The animals were acclimatized for
one week before the study and had free access to standard laboratory feed (Hindustan Lever Ltd., Bombay, India) and water ad

libitum.

Experimental design

To study the biochemical, histopathological and serological changes 25 male Wistar rats were divided into five groups. Group I served
as saline treated control. Group II served as negative control and was administered CCly (1 ml kg'1 body weight p. o., in corn oil [1:1]).
Group III served as positive control and was given higher dose (D,) of SIF for seven consecutive days. Groups IV and V were
pretreated with SIF at doses 20 and 40 mg kg™ body weight for seven consecutive days followed by CCl, intoxication on the 7™ day.
All animals were sacrificed 24 h after CCl, intoxication. Serum was separated and stored at 4 °C for the estimation of GOT, GPT

and LDH. Tissue was processed for the estimation of hepatic ornithine decarboxylase (ODC) activity and other biochemical
parameters.

For histopathological study livers were immediately rinsed with cold saline excised and quickly fixed in ice-cold 10% buffered
formalin. Formalin-fixed material was processed for hematoxylin and eosin staining. The histopathological studies and their
interpretation were carried out in the Maulana Azad Medical College, New Delhi, India by Professor, R.K. Bhatnagar,
Department of Pathology.

For [*H] thymidine incorporation study, same treatment regimen was followed except all the animals were given intraperitoneal [*H]

thymidine (25 pCi per animal) 2 h before killing. Time of sacrifice was after 48 h of CCl, intoxication; liver sections were quickly
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excised, rinsed with ice-cold saline, freed of extraneous material and processed for the quantification of [’H] thymidine incorporation
into the hepatic DNA.

Biochemical estimations:

Tissue processing and preparation of post mitochondrial supernatant (PMS) were done as described by Athar and Igbal [29]. All the

biochemical estimations were completed within 24 h of animal sacrifice.

Estimation of reduced glutathione

Reduced glutathione was determined by the method of Jollow et al., [30]. One ml PMS was precipitated with 1.0 ml of
sulfosalicylic acid (4%). The samples were kept at 4°C for one hour and then centrifuged at 1200 g for 20 min at 4°C. The assay
mixture contained 0.4 ml supernatant, 2.6 ml sodium phosphate buffer (0.1M, pH 7.4) and 0.2 ml DTNB (100 mM) in a total
volume of 3.0 ml. The yellow colour developed, was read immediately at 412 nm on a spectrophotometer.

Catalase activity

Catalase activity was measured by the method of Claiborne, [31]. The reaction mixture consisted of 2ml phosphate buffer (0.1M,
pH 7.4), 0.95 ml hydrogen peroxide (0.019M) and 0.05 ml PMS in a final volume of 3ml. Changes in absorbance were recorded
at 240nm. Catalase activity was calculated as nmol H,O, consumed min™ mg'1 protein.

Glutathione-S-transferase activity

Glutathione-S-transferase activity was estimated by the method of Habig et al, [32]. The reaction mixture consisted of 1.425 ml sodium
phosphate buffer (0.1M, pH 7.4), 0.2 ml reduced glutathione (1mM), 0.025 ml CDNB (1mM) and 0.3 ml PMS (10% w/v) in a total
volume of 2.0 ml. The changes in the absorbance were recorded at 340 nm and enzymes activity was calculated as nmol CDNB
conjugate formed min"mg" protein using a molar coefficient of 9.6 x 10°M'cm™.

Glutathione reductase activity

Glutathione reductase activity was assayed by the method of Carlberg and Mannervick [33] as modified by Mohandas et al, [34]. The
assay system consisted of 0.1 M, pH 7.4 sodium phosphate buffer, 0.5 mM EDTA, 1 mM GSSG, 0.1 mM NADPH and PMS (10%
w/v) in a total mixture of 2.0 ml. The enzyme activity was measured at 340 nm and calculated using a molar extinction coefficient of
6.22 x 10°M/cm.

Glutathione peroxidase activity

Glutathione peroxidase activity was assayed by the method of Mohandas et al, [34]; as described by Athar and Igbal [29]. The assay
mixture consisted of 0.1 M, pH 7.4 sodium phosphate buffer, 1| mM EDTA, 0.2 mM NADPH, 1 mM sodium azide, 1 IU/ml
glutathione reductase, 0.25 mM H,0,, and PMS (10% w/v) in a total volume of 2.0 ml. The activity was recorded at 340 nm and

calculated using a molar extinction coefficient of 6.22 x 103M'cm™.
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Glucose-6-phosphate dehydrogenase activity
The activity of glucose-6-phosphate dehydrogenase was assayed by the method of Zaheer et al, [35]. The reaction mixture
consisted of 0.3ml tris -HCI buffer (0.05M, pH 7.6), 0.1ml NADP (0.1mM), 0.1ml glucose-6-phosphate (0.8mM), 0.1ml MgCl,
(8mM), 0.3ml PMS and 2.4ml distilled water in a total volume of 3ml. The changes in absorbance were recorded at 340nm and
enzyme activity was calculated as nmol NADPH oxidized min™ mg protein using a molar extinction coefficient of 6.22 x 10° M -
"em
Quinone reductase activity
Quinone reductase activity was measured by the method of Benson et al, [36]. The assay mixture consisted of 0.1 ml cytosolic
fraction (10%), 0.7ml of BSA (0.1 %), 0.02 ml tween-20 (1 %), 0.1 ml of FAD (150 M), 0.02 ml of NADPH (0.2 mM), 0.05 ml
0of 2,6,DCIP (0.29 %) and 2 ml of tris-HCI buffer (25 mM, pH 7.4) with a final volume of 3 ml and the optical density was read at
600 nm for 3 min. The enzyme activity was calculated as nmol 2,6, DCIP reduced min"'mg™ protein.
Xanthine oxidase activity
The activity of xanthine oxidase was assayed by the method of Stripe and Della Corte, [37]. The reaction mixture consisted of 0.2
ml PMS which was incubated for five minutes at room temperature with 0.8ml phosphate buffer (0.1M, pH 7.4). Then 0.1ml
xanthine (9mM) was added to the reaction mixture and kept at 37°C for 20 min, which was followed by the addition of 0.5ml of
10% perchloric acid and 2.4ml of double distilled water in a total volume of 4ml. After 10 min, the mixture so obtained was
centrifuged at 4000-rev min™ for 10 min and pg uric acid formed min™' mg'1 protein was recorded at 290nm.
Estimation of lipid peroxidation
The assay of microsomal lipid peroxidation was done according to the method of Wright et al. [38]. The reaction mixture
consisted of 0.58ml phosphate buffer (0.1M, pH 7.4), 0.2ml microsome, 0.2ml ascorbic acid (1mM) and 0.02ml ferric chloride
(100mM) in a total volume of Iml. The mixture was incubated at 37°C in a shaking water bath for 1h. Then Iml 10%
trichloroacetic acid and 1ml 0.67% TBA was added. All the tubes were placed in a boiling water bath for 20min. The tubes were
placed in an ice bath and then centrifuged at 2500g for 10 min. The amount of malanodialdehyde (MDA) formed in each of the
samples was assayed by measuring the optical density of the supernatant at 535nm.The results were expressed as nmol MDA
formed h' g' tissue at 37°C using a molar extinction coefficient of 1.56 x 10°M™ cm™.
Lactate dehydrogenase (LDH) activity
Lactate dehydrogenase activity was estimated in serum by the method of Kornberg, [39]. The reaction mixture consisted of serum,
NADH (0.02 M), Sodium pyruvate (0.01 M), sodium phosphate buffer (0.1 M, pH 7.4) and distilled water in a total volume of 3.0 ml
The changes in the absorbance were recorded at 340 nm and enzyme activity was calculated as nmol NADH oxidized min"'mg"

protein.
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Determination of serum oxaloacetate and pyruvate transaminases (GOT & GPT)
Serum GOT and GPT were determined by the method of Reitman and Frankel, [40]. Each substrate (0.5 ml) 2mM o-
ketoglutarate and either 200 mM o L-Alanine or L-Aspartate was incubated for 5 min at 37°C in a water bath. Serum (0.1 ml) was
then added and the volume was adjusted to 1.0 ml with sodium phosphate buffer. The reaction mixture was incubated for exactly
30 min and 60 min for GPT and GOT, respectively. Then to the reaction mixture, 0.5 ml of DNPH (ImM) was added and left for
another 30 min at room temperature. Finally, the colour was developed by addition of 5.0 ml of NaOH (0.4 N) and product read at
505 nm.
Estimation for tumor markers
Ornithine decarboxylase activity
ODC activity was determined using 0.4 ml hepatic 105,000g supernatant fraction per assay tube by measuring the release of CO2
from DL- ["*C] ornithine by the method of O’Brien et al, [41]. The liver was homogenized in Tris—HCI buffer (pH 7.5, 50 mM)
containing EDTA (0.4 mM), pyridoxal phosphate (0.32 mM), PMSF (0.1 mM), 2-mercaptoethanol (1.0 mM), dithiothreitol (4.0
mM) and Tween 80 (0.1%) at 4°C using a Teflon-glass homogenizer. In brief, the reaction mixture contained 400ul enzymes and
0.095 ml co-factor mixture containing Pyridoxal phosphate (0.32 mM), EDTA (0.4 mM), dithiothreitol (4.0 mM), ornithine (0.4
mM), Brij 35 (0.02%) and DL-['*C] ornithine (0.05 uCi) in total volume of 0.495 ml. After adding buffer and cofactor mixture to
blank and others tubes, the tubes were closed immediately with a rubber stopper containing 0.2 ml ethanolamine and
methoxyethanol mixture (2:1) in the central well and kept in water-bath at 37°C. After 1 h of incubation, injecting 1.0 ml citric
arrested the enzyme activity acid solution (2.0 M) along the sides of glass tubes and the solution was continued for 1 h to ensure
complete absorption of CO2. Finally, the central well was transferred to a vial containing 2 ml ethanol and 10 ml toluene based
scintillation fluid. Radioactivity was counted in liquid scintillation counter (LKB Wallace-1410). ODC activity was expressed as
pmol CO2 released h 'mg™ protein.
Hepatic DNA synthesis
The isolation of hepatic DNA and incorporation of [*H] thymidine in DNA was done by the method of Smart et al, [42] as described
by Athar and Igbal [29]. Livers were quickly removed cleaned free of extraneous material and homogenate (10% w/v) was prepared in
ice-cold water. The precipitate thus obtained was washed with cold trichloroacetic acid (TCA) (5%) and incubated with cold perchloric
acid (PCA) (10%) at 4°C for over night. After the incubation it was centrifuged and the precipitate was washed with cold PCA (5%).
The precipitate was dissolved in warm PCA (10%) followed by incubation in boiling water bath for 30 min, and filtered through
Whatman 50. The filtrate was used for [’H] thymidine counting in liquid scintillation counter (LKB-Wallace-1410) by adding the
scintillation fluid. The amount of DNA in the filtrate was estimated by diphenylamine method of Giles and Myers, [43]. The amount of

[’H] thymidine incorporated was expressed as DPM pg' DNA.
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Protein estimation

Protein content in all samples was estimated by the method of Lowry et al, [44] using bovine serum albumin as standard.

Statistical analysis

The level of significance between different groups is based on ANOVA test followed by Dunnett's t test.

Histopathology

Fixation, dehydration, infiltration and block preparation

The tissues were then dehydrated by passing through graded series of ethyl alcohol (50%, 70%, 90% and 100%) for one hour in
each giving two changes. These were then cleared in xylene (two changes of one hour each). The cleared tissues were placed for 5
minutes in xylene containing molten paraffin wax at 50-60°C for infiltration. After giving two changes of molten paraffin (1 hour
each) the tissues were embedded in fresh paraffin wax. Embedded tissue was sectioned (5-6 p thickness) on a microtome and
spread on albumin coated glass slides. These were then dried at 35-40°C.

Staining Procedure

Sections were deparaffinized by dipping in xylene (2 changes). These slides were then passed through graded concentration of
ethyl alcohol (100%, 90%, 70%, 50% and 30%) with two changes of 2 minutes each, and then kept stained with hematoxylin for
1 minute and again washed in running water thoroughly. Slides were then passed through 50% and 70% ethyl alcohol and
subsequently put into eosin stain (prepared in 70% ethyl alcohol). These were then passed through graded series of ethyl alcohol
[70%, 90%, 100%, 100% + xylene (1:1)] and finally given two changes of xylene. The slides were mounted in D.P.X. covered

with glass cover slips and kept for drying at room temperature.

RESULTS

Here we have evaluated the antioxidant and anti-proliferative potential of SIF against CCl, induced hepatic oxidative stress in wistar
rats. CCl, intoxication leads to depletion of hepatic glutathione, its metabolizing enzymes GST and GR and antioxidant enzymes CAT,
GPx, QR and G6PD by 38 %, 70 %, 41 %, 50 %, 30 %, 44 % and 71 % respectively as compared with the saline treated control group.
CCly also caused elevation in the activity of XO to 99 % and increase in the levels of MDA formation to 290 % and liver toxicity markers
SGPT, SGOT and LDH by 56-304 %.

Pretreatment with soy isoflavones (20 mg and 40mg’ kg body weight) restored hepatic glutathione content to 18-37 %, glutathione-
metabolizing enzymes GST and GR by 43-146 %, and is shown in Tablel. Antioxidant and glutathione dependent enzymes like CAT,

GPx and G6PD to 21-113 % and are shown in Table 2. There was a marked depletion in levels of XO to 24-31 %, and MDA formation by
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22-35 % and restoration of QR by 22-63 % is shown in Table3. Down regulation of release of GPT, GOT and LDH to 24-59 % in serum

was observed and is shown in Table 4.

Reduced glutathione Glutathione  reductase  (nM
Treatment Groups (1M GSH reduced h™ g* .- . 1 | Glutathione-S-transferase (nM CDNB
X NADPH oxidized min™ mg . e 4 .
m tissue) . conjugate formed min™~ mg™ protein)
protein)

Group [

910 + 0. 37+11.
Control 0.910 + 0.0469 372.37+11.17 16773 + 4.77
Group II
Only CCl,

.560 + 0.006* 220.27 + 14.76* .86 £2.37*
(1ml k™ body weight) 0.560 £ 0.006 0.27 76 50.86 £2.37
Group IIT
Only SIF 40 mg kg

403.36 + 9. 161.58 £11.2
body weight) 0.860 + 0.027 03.36:+9.6 61.58 .
Group IV
SIF 20 kg™ body weight.
+ CCl, (1ml kg™ body 0.659 + 0.012" 314.58 +3.14" 111.33 +10.28"
weight)
Group V
SIF 40 kg™ body weight. .
124.92 + 4.

+ CCl, (1ml kg™ body 0.765+ 0.026" 335.30 + 7.50" ? 83
weight)

Table 1 Effect of pretreatment of soy isoflavones on the CCI4 mediated depletion in glutathione content and its metabolizing enzymes in the liver of Wistar
rats
*p< 0.001 on comparison of normal control with CCl,treated group and only soy isoflavone group.

#p< 0.001 on comparison of soy isoflavones treated groups with only CCl,treated group.
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Glutathione
Catalase (nM H;0, peroxidase Glucose-6-phosphate
Treatment Groups | o nsumed min'® mg™ (n M NADPH Dehydrogenase (hnM NADP
protein) oxidizedmin™ mg™* reduced min™ mg™ protein)
protein)
Group I
Control 19191 +2.96 470.93 + 12.33 66.62+2.17
Group II
Only CCly 95.18 + 1.77* * *
(Iml ke body weight SEES) 328.03 + 7.48 19.51 +0.53
Group III
Only SIF40 mg kg body
weight) 181.24 +3.95 469.91 + 8.64 65.55+£2.57
Group IV
SIF20 mg/kg body weight.
+ CCL (1ml kg™ body 115.15+3.65" 396.75 + 5.47" 25.71 + 1.09"
weight)
Group V
SIF40 mg/kg body weight.
+CCly (1ml kg body 162.66 + 3.84" 43381 +6.927 41.65+2.36"
weight)

Table 2 Effect of pretreatment of soy isoflavones on the CCl4 mediated alteration in the activity of antioxidant enzymes in the liver of Wistar rats

*p< 0.001 on comparison of normal control with CCl, treated group and only soy isoflavone group.
#p< 0.001 on comparison of soy isoflavones treated groups with only CCl, treated group.

47
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Treatment Groups Quinone Reductase Lipid Peroxidation Xanthine Oxidase
(nM dichloroindophenol (n M MDA formed (png uric acid formed min’
reduced min™ mg* min™ mg® protein) | *mg? protein)
protein)

Group | 304.86 £ 6.22 3.86 £0.153 0.273 £0.029

Control

Group 11

Only CCly 172.10 £ 2.8%* 15.05 £0.078* 0.543 £0.001*

(1ml kg body weight)

Group III

Only SIF40 mg kg body | 298.84 + 4.52 430 +0.194 0.270 + 0.006

weight)

Group IV

SIF20 mg/kg body weight. + | 210.80 + 5.59 % 11.74 +0.113" 0.415 + 0.003"

CCly (1ml kg body weight)

Group V

SIF40 mg/kg body weight. | 280.98 + 8.73" 9.83 + 0.109" 0.373 + 0.003"

+ CCL (1ml kg™ body

weight)

Table 3 Effect of pretreatment of soy isoflavones on the CCl4 mediated alteration in the activity of QR, LPO and XO in the liver of Wistar rats

“p< *P< 0.001 on comparison of normal control with CCl, treated group and only soy isoflavone group.

#p< 0.001 on comparison of soy isoflavones treated groups with only CCl, treated group.




Indo-Global Journal of Pharmaceutical Sciences, 2011, Vol 1., Issue 1: Page No. 39-56 49

SGPT scot |LDH (nmol NADPH

Treatment Groups (U I'l) (U I'l) oxidized min™ mg
protein)

Group I
Control 17.56 + 0.345 24.56 +0.345 359.05 + 5.79
Group II
Only CCly . 79.60+ .
(Iml kg body weight) 70.90 + 0.412 5 734% 587.29 + 6.39
Group III
Only SIF40 mg kg’ body 24.80 +
weight) 17.02 = 0.490 0.459 357.14 £3.85
Group IV
SIF20 mg/kg body weight + " 60.83 + 4
CCL (Iml kg body weighty | 35760178 0447 397.96 + 2.65
Group V
SIF40 mg/kg body weight + " 4792 + "
CCL (Iml ke body weight) | 2234 %0219 0675 389.62 +2.87

Table 4 Effect of pretreatment of soy isoflavones on the CCI4 mediated alteration in the liver toxicity markers in the serum

*p< 0.001 on comparison of normal control with CCl,treated group and only soy isoflavone group
#p< 0.001 on comparison of soy isoflavones treated groups with only CCl,treated group.

CCl, administration resulted in significant (p<0.001) depletion in hepatic GSH and its dependent enzymes with simultaneous decrease
in antioxidant enzymes level and enhancement of liver toxicity markers. Soy isoflavones showed a significant protection of GSH
content in a dose dependent manner (p<<0.001). Prophylactic administration of SIF prior to CCl, treatment significantly decreased the
MDA levels, with soy isoflavones showing inhibition of 35 %, at significance (p<0.001), respectively in a dose dependent manner.
However SIF alone group produced no significant changes in GSH content and MDA formation. The effect of prophylactic
administration of SIF on CCl,; mediated leakage of liver marker enzymes in serum is shown in Table 4. CCl,; administration resulted
in a significant (p<<0.001) rise in the levels of SGOT, SGPTand LDH in serum by 224 %. 304 % and 64 % of saline treated control,
respectively. Pretreatment with SIF showed a marked dose dependent alleviation of SGOT, SGPT and LDH by 40 %, 59 % and 34 %
respectively.

Figure 3 and 4 shows the significant modulation of early markers of tumor promotion like ODC activity and hepatic DNA synthesis in
rat. The effect of prophylactic treatment of rats with SIF on CCl, induced rate of [*H] thymidine incorporation into hepatic DNA.
Administration of CCly resulted in significant (p<0.001) increase in the rate of [*H] thymidine incorporation into hepatic DNA and 179

% increase in ODC activity significantly (p<0.001) which is a marker of tumor promotion. The pretreatment of rats with SIF showed a
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marked (p<0.001) suppressing effect on the rate [*H] thymidine incorporation into hepatic DNA by 53 % of treated control, and inhibited

ODC activity by 51 % of treated control, in a dose dependent manner.

Fig (2E): ONLY SIF (D2) (H&E: X100)
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However, on the basis of the results obtained from our studies, we conclude that SFI acts as a modulator of CClI4 induced by adversely

affecting free radical generation and hyperproliferative response in Swiss albino mice.

[*H] Thymidine incorporation

6000 -~
5000 +
4000 ~
3000 +

2000

DPM / ug DNA

1000

Control Only SFI D2 D1+T D2+T
CCl4 Only

Treatment groups

Figure 3

*p< 0.001 on comparison of normal control with CCl, treated group and only soy isoflavones group.
#p< 0.001 on comparison of soy isoflavones treated groups with only CCl, treated group.

ODC Activity

2000 T~

1500

500

pmol [14C]02 released/hr/mg
protein
|_\
o
o
o

Control Only SFI D2 D1+T D2+T
CCl4 Only

Treatment Groups

Figure 4

DISCUSSION

There has been a considerable emphasis laid down on the use of dietary constituents to prevent xenobiotic induced damage and

oxidative stress due to their non-toxic effects [45, 46]. The carcinogenesis is multi-step process and free radicals are believed to be
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involved in each of these steps initial step being oxidative stress. In our day-to-day life, we are constantly exposed to an array of
chemicals that acts as free radical generators. So, emphasis has been laid on the study of prevention of oxidative stress and early
tumor-promoting stages where prevention is practically possible. Studies have also suggested that the whole mixture may be more
effective than its specific constituents [11, 47, 48]. These observations are congruent with the use of the soy isoflavones in our study.
In fact, favorable effects have been suggested even with the consumption of a mixture of isoflavones [18]. We studied the effect of
SIF on the biochemical parameters and early markers of tumor promotion induced by CCly. Single oral CCly dose induced significant
depletion in the hepatic GSH content and its metabolizing enzymes. Depletion in GSH levels, a natural cellular antioxidant, is
suggestive of the insult by toxic foreign agent, which is CCl, in present case [49]. Recovery of the depleted GSH and GST on
pretreatment of animals with SIF indicate its role as chemopreventive measure [50]. CCl, causes increased formation of pro-oxidants
and a concomitant decrease in the antioxidant status of the cells [51]. CCly hepatotoxicity depends on the major unstable radical
trichloromethyl radical (CCl3*) which rapidly reacts with oxygen molecule and form trichloromethyl peroxy radical, which is reported
as highly reactive species. These free radicals attack microsomal lipids, proteins and leads to peroxidation products [52,53]. They also
covalently bind to macromolecules and proteins and thus initiate a site for secondary biochemical process, which is the ultimate cause
for unfolding of the panorama of several pathological sequences of CCly metabolism. It has been suggested that SIF protects by
inhibiting CCl; mediated toxicity through decreasing levels of MDA formation and reducing hepatic XO levels. The mechanisms by
which the dietary agents inhibit hepatic damage induced by CCl, involve modulation of intracellular and extracellular metabolic
pathway.

GR maintains GSH reduced where as GPx utilizes it for decomposition of lipid peroxides/hydro peroxides and other ROS. Substantial
decrease in hepatic GSH with concomitant decrease in GR, GPx, QR, GST and G6PD levels on CCl, administration, a dose dependent
marked recovery was observed with prophylactic treatment of SIF. Earlier studies have shown that active principles of SIF, genistein
and diadzein, have potential to increase cellular antioxidants like GSH and other phase II metabolizing enzymes [54, 55] SIF treatment
prior to CCl, intoxication restored the levels of serum toxicity markers as compared to negative control only CCl, group. CCl,
administration resulted in significant induction in hepatic ODC and [*H] thymidine uptake into hepatic DNA, prophylactic treatment
with SIF prior to CCl, intoxication significantly inhibited ODC activity and rate of [*H] thymidine incorporation. Protective action of
SIF is observed by several mechanisms viz, by counteracting free radicals, inducing several antioxidant enzymes and restoring GSH
levels. They all contribute to its potential as a modulator of oxidative damage produced by CCly It reduces the risk of acute hepatic

injury induced by CCl, and thus preventing the extent of post-necrotic hepatic injury.
CONCLUSION

Our data suggest that the efficacy of soy isoflavones is due to its antioxidant nature, antiproliferative response and ability to inhibit the

activity of ODC and hepatic DNA synthesis this protective nature of soy isoflavones may be attributed to all three constituents’
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genistein, daidzein and glycetin. Present study suggests that SIF as antioxidant is an effective chemopreventive tool against

carcinogenic agents in which of free radicals are involved.
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