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Abstract

Carbon tetra chloride (Cg}linduced acute hepatotoxicity causes severe damage to hepstand affects the liver functions
which resemble various liver ailments like hepatitis, jacgdcancer etc. Using 12-different fruits, formulationaftl F2 were
prepared. Hepatoprotective potential of the formulatioas assessed using HepG2 cell (in Vitaod rat model (in vivo)
Biochemical parameters like alkaline phosphatiastate dehydrogenase, serum glutamic pyruvic transamisesen glutamic
oxaloacetic transaminadailirubin, blood urea nitrogen, plasma TBAR®Ilox equivalent antioxidant capacity, total cholesterol,
triglycerides were studiedvarious markers of liver functions viz., super oxide disnejtastalase, glutathione peroxidase
reduced glutathione, tissue Thio barbituric acid reactivetanbes (TBARS) were assessed. Significant decrease activity

of aminotransferases, alkaline phosphatase and bilirubin bgswed in formulation F1 followed by F2 groups as compared
with CCl, treated group. The biochemical and histopathological obsengatupported hepatoprotective effect. Antioxidant
enriched polyherbal formulatiorisl andF2 effectively ameliorate€Cl, induced acute hepatotoxicity by improving antioxidant
status in rats.

Keywor ds: Functional food formulations F1 & Fiy vitro model, in vivo modelHepG2.

Introduction

‘Functional food” can be defined as a food that delivers a health benefit beyond basic nutritionraakes a claim about this
benefit. Functional foods can be whole foods or foods thatatigteontain or have been fortified with nutrients and/orlotive
substances that provide a specific benefit to health. IB@went of plant based hepatoprotective drugs has recsigeificant
attention in the global market. Herbal drugs are traditipnaled in the treatment of liver diseases, especiallindia.
Researchers have examined the effect of plants usedamaditiby indigenous healers and herbalists to support livetidmnc
and treat diseases of the liverA large number of plants and formulations have been claimedv® hepatoprotective activity.
However, only few plant materials have received syateninvestigations. Further, hepatoprotective activitjood materials
has been studied less extensively.

CCl, is the most extensively used model to study effect ofrerpatal materials against the oxidative stress art tioxicity
developed in raté. Use of this model, as a preventive measure againstataiicity to the liver, is needl to develop
functional food supplements having hepatoprotective activityer8fore, it was thought worthwhile to confirm the
hepatoprotective efficacy of both the polyherbal formulatidharel F2 against C&£induced toxicity in vivo using rat model.
The objectives of this study was to evaluate hepatopreteefifect as a consequence of consumption of antioxidafits ric
polyherbal formulations again€Cl, induced acute liver damage in rats and to observe the ehamghe renal function,
antioxidative defense enzymes and their possible prophylation a

M aterialsand methods

Chemicals and reagents:

Kits for the enzymatic assays like alkaline phosphataseP)Alactate dehydrogenase (LDH¥erum glutamic pyruvic
transaminase (SGPT3erum glutamic oxaloacetic transaminase (SG@mJl non enzymatic assays viz., bilirubin, blood urea
nitrogen (BUN) urea, total cholesterol, triglycerides, HDL, were pred fom Accurex Biomedical Pvt. Ltd. (India). Fetal
bovine serum (FBS) was purchased from Hi media Ltd.Tarieco’s Minimum Essential Medium (DMEM) from Sigma Ltd.

All the chemicals used were of highest purity grade availabl

In vitro Hepatoprotective activity using HepG2 Cells (Humaer Ihepatocellular carcinoma cell line)

Preparation of extractsfrom theformulationsF1 and F2:

To mimic the physiological conditions, overnight extractiohfoth the polyhebral formulatiosl and F2 were doni@ (PBS)
phosphate buffer saline (0.1 g in 10 ml PBS pH 7.4). Theotxtreere filtered through 0.2p membrane filters under sterile
conditions and used for their hepatoprotective activifiaak level.

Study design for in vitro hepatoprotective activity of formulations:

HepG2 cells (passage No: 40) were trypsinized and uniforghestell suspension having approximately (4-5 X g6lls/ml) in
DMEM (with 10 % FBS) were seeded in 12 new (25)ditasks. HepG2 cells from all 12 flasks were allowed geowfluent up

to 80-90 % and were grouped into 4 (3 flasks in each). To &th4 ml DMEM with 10% FBS was added. After that toheac
flask from control group, 1 ml of (1%) DMSO solution was atideo the flasks from Clcontrol group, CGlsolution (20 mM
CCl, in 1% DMSO) was added so that the effective concentrafi€Cl, in the medium would be 4 mM. Similarly to the flasks
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from F1 andF2 group, CC] solution (effective concentration 4 mM) was added along il of buffer extract of respective
formulationsF1 andF2

After 14 h treatment of CGl medium was decanted and monolayer of cells from respdtisie was washed with HBSS
(Hank’s Balanced Salt Solution) twice. Cells were scrapped, dissolved in 1 ml Tris HGffer, lysed completely using
homogenizer. The homogenates were centrifuged at 3000X g foin3t £C and the supernatant was used for the estimation of
total soluble protein, different enzymes viz. catal@®y SOD, LDH and ALP

Protein content:

The protein concentration of liver tissue homogenates wasndged by the method of Lowry et al (1951)sing bovine serum
albumin (BSA) as standard protein.

Catalase assay:

Catalase activity was determined by a method of Claibam Fridovich (1979F and was expressed as nM ofC4
decomposed mihmg* protein. The specific activity was calculated using théamextinction coefficient for KO, as 43.6 M
Yem™ at 240 nm in the following equation: Specific activity (Units/min/mg protein) = AA p4onm(1 min) X 1000/43.6 X mg protein.
Super oxide dismutase (SOD) assay:

The activity of SOD of tissue homogenate was estimated hy tis2 method of Sun et al 198&nd Kono 1978. The method

is based on the principle of the inhibitory effect of S@Dreduction of nitro blue tetrazolium (NBT) dye by superosdens,
which were generated by the photo-oxidation of hydroxylamine bitimode. The rate of NBT reduction was calculated and
one unit of enzyme was expressed as inverse of the amotna pfdtein required to inhibit the reduction rate of NBT by 50%
(U/mg protein).

Glutathione per oxidase (GPx) assay:

GPx estimation was done by using the method of Mohandas et a) 1984 non-enzymatic reaction rate was correspondingly
assayed by replacing the tissue homogenate with phosphate Bh#eenzyme activity was expressed as nM NADPH oxidation
min’ mg* protein and was calculated using an extinction coeffi@&(.22 mM* cm™).

Alkaline phosphatase (ALP):

Levels of ALP are reported to be elevated during the oxiglatiress or cellular damage to the HepG2 cells. AltRity of
respective cell lysates were measured using asgain kiccordance with manufacturer’s instructions using the formula:
(absorbance/min.) x 2720 and expressed in terms of |U/thBoexperiment, ALP activity of HepG2 cell homogenatd gy
protein.

L actate dehydrogenase (L DH):

The LDH assay is based on the reduction of NAD by theraaif LDH and the activity was measured using assaynkit i
accordance with manufacturer’s instructions, using the formula: (absorbance/min.) x 8109 and expressed in déil) and
was expressed as IU/mg protein.

Experimental design for in vivo rat model

Modified AIN-1993G diet was prepared as per American instiofitNutrition (AIN) guidelines, containing casein as the source
of protein, wheat bran as a source of fiber, whereasstarnh and sucrose as the sources of carbohydrates fiCatgitie of
formulations was similar to that of corn starch, hence§ 33of the corn starch of AIN -93 diets was replaced wittréispective
formulation F1 and F2. Thus pellets of isocaloric AIN-93gligt., Control, F1 and F2 were prepared for respegtivaps just
one week before use.

Three month old adult male albino Wistar rats (326.9 + 10.5egg vesued from the animal house facility of AgharkareBiesh
Institute, Pune and were divided into four groups of six eabky vere individually housed in well ventilated cages and
maintained under standardized environmental condition2@Z, 66-70% relative humidity, 12h dark/light cycle). Appropriate
guidelines of the local animal ethics committee were¥add for the animal experiments. To get acclimatizeew diet; ras
were fed on AIN-93 diet (control diet) and water ad-libitndne week. Based on the preliminary experiments on Hep{t2
line, the hepatoprotective dose of both formulatiBhisandF2 were decided. 15 g of feed pellets per day were adnriiste
each animal. Food treatment was continued for 30 days. ®da81 CC} 1:1 diluted in olive oil (2.0 mi/kg body weight) was
administered intra peritoneal (I.P.) to the rats froBi Qroup,F1 andF2 groups. To the control group, olive oil 1:1 diluted with
saline was administered as a vehiclerniission from Institute ethical committee was takeor o this experiment on animals.
Tissue Sampling:

After 24 h of CCJ administration, animals were anaesthetized by anesthegic btood was withdrawn by cardiac puncture and
immediately animals were dissected, livers excised anediimsPBS, total weight of liver tissue was measurefimall section

of each liver (same lobe for each animal) was place@® ghosphate-buffered formalin for histopathological analysistie
remaining tissue was kept in ice cold tris-buffer (50 mM, 74 and processed for various biochemical estimatioasntal and
serum were separated from the blood samples and prddess&gochemical estimations.

Estimation of markers of liver function in plasma:

The enzyme activities of ALP, LDH, GOT, GPT and remymatic markers like bilirubin (total and direct), ure&/NBwere
estimated using commercial kits. Plasma lipid profiles akso done using commercial kits. Plasma TBARS was donsiby
the method of Placer et al (1966)

Estimation of hepatic antioxidant enzymes:

1 g of liver tissue samples was homogenized in 10 ml of 50Tm84HCI buffer pH 7.4 to obtain 10% liver homogenate. The
homogenates were centrifuged at 3000 X g for 30 min"@tahd the supernatants were used for the estimation of rprotei
content, GSH, TBARS and different enzymes viz. catal@® and SOD. Antioxidant assays viz., catalase, SOR, &B8
protein content of liver tissue homogenate were done asilutx$ above.
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Estimation of GSH:

The assay was performed within 1 h after sacrificing theals to avoid errors due to oxidation of GSH from therlitissue
homogenat¥, . Assay of known amounts of GSH in the presence of002Iml of 5% TCA instead of the sample were also
done which demonstrated that at these concentrations, TCA didterdére with the GSH-DTNB complex formation. For each
set of assays, a standard curve for GSH was preparedsSHecontents were expressed in terms of nM of GSH/ mgiprot
(mmol g* tissue).

Statistical analysis

The statistical significance of the difference was andlyheough one way analysis of variance (ANOVA). If ANOVHAosved
F-value greater than F-critical value, critical diffeces (CD) at different levels of significance was coragu#nd then compared
with differences within the mean values different groffesults are summarized as graphs and tables. Levels dicsigee are
indicated as (p< 0.05, *), (p<0.02, **), (p<0.01, ***), (P<0.06%*).

Results and Discussion

Exposure to CGlresults in hepatic steatosis, centrilobular necrosis amdatély, cirrhosis in the liver and acute tubular necrosis
in the kidney”. CCl, induces oxidative stress in many settings and it also taHif activity of antioxidant enzymes in renal
tissue®®. Lipids peroxidation is a major mechanism by which free edslican induce tissue injuf§. Against such oxidative
injuries, tissues have a variety of defense mechanisnigding the non-enzymatic glutathione (GSH) and the enzymatic
superoxide dismutase scavenger syst€ms

(In vitro) Hepatoprotective activity of formulations F1 afflon HepG2 cells

A) Catalase Assayrormulation F1 (p<0.01) significantly lowered the cataks#vity followed by F2 (p<0.02) than that of CCI
control group but also showed the tendency to normalized this lEfveatalase as that of normal control group (p>0.iQu¢E 1-

A). As catalase is frequently used by cells to rapidlylgaé the decomposition of hydrogen peroxide into less iveact
gaseous oxygen and water molecules, it can be inferred thathieoformulations are efficient enough to minimize theroyyl
radical toxicity generated during radical induced hepatity.

B) SOD Assay SOD catalyzes the breakdown of the superoxide anion inteeoxggd hydrogen peroxide. It was observed that
both the formulation F1 (p< 0.02) and F1 (p<0.05) significantly retitioe SOD levels in HepG2 cells than that of g&introl
group (Figure 1-R

C) GPx AssayBoth theformulation F1 and F2 significantly (p<0.01) lowered theaghione peroxidase levels than that of £CI
control group (Figure-1-C

D) LDH Assay: It was observed that the levels of LDHavsignificantly increased in the CQlontrol group than that of normal
control group whereas significantly lowered by formulafdn(p<0.001) and F2 (p<0.001) as shown in Figure 1- D. As the LDH
activity is used as an indicator of relative cell vidypibs a function of membrane integrity, it can be said Hwh the
formulations F1 and F2 showed significant hepatoproteatitigity by lowering the Clradical toxicity to HepG2 cells.

E) ALP Assay ALP levels were also found to be lowered significantlyobth theformulation F1 and F2 (p<0.001) as shown in
(Figure 1- E). Results are in agreement with the Shah (8041) *® and Brindha et al (2013, proves the hepatoprotective
potential of both the formulations F1 and F2.

Morphological changes in HepG2 cells (Figure 2) also indictitatithe cell architecture was found to be comparatiesly
disturbed than that of Cgtontrol in presence of buffer extracts of both the forrmaratF1 and F2.

(In vivo) Hepatoprotective activity of formulations F1 af@in rats

Changesin Blood parameters:

Administration of a single dose of CQlio a rat produces centrilobular necrosis and fatty changgsnw4 h. CCly is
metabolized by cytochrome P-450 in endoplasmic reticulum andhoitdria with the formation of CgD’, a reactive oxidative
free radical, which initiates lipid peroxidation. The poigeaches its maximum concentration in the liver within 3 h of
administration. Thereafter, the level falls and byn2there is no CGlleft in the liver. The development of necrosis is asgedi
with leakage of hepatic enzymes in plasma viz., ALP, LBEPT, SGOT. Similarly, levels of total bilirubin anidedt bilirubin
were also found to be elevated during hepatic injury. lseokthese enzymes reflect the severity of liver infiryn agreement

to this study, level of all these markers were found tsigpaficantly elevated in CGlcontrol group than that of normal control
group and formulations (F1 and F2) groups (Table 1).

FormulationF1 followed byF2 significantly (p<0.001) lowered the levels of ALP than tHa€g&l, control group. Similarly
levels of LDH, SGOT were observed to be significantlgrdase by formulations F1 (p<0.01) and F2 (p<0.02) as that lof CC
control group. Levels of SGPT were also observed todmgfisantly decreased by formulatiofd (p<0.001) and-2 (p<0.01)
than CC} control group. Hence it can be inferred that the hepatic imjueyto CCJ might me less in formulation groups than
CCl,control group. For all these enzymatic parameterssef function, there was no significant difference (p>0d3erved in
respective levels of normal control group and F1, F2 groupicating preventive role of both formulations against rotio
radical toxicity and hence comparatively less damage@@incontrol group.

Similarly significant reduction (p<0.01) in the levels afal bilirubin and direct bilirubin from thE1 andF2 groups as compared
to CCl,group supported the hepatoprotective role of both the fotimm$aand less hepatic damage.

Levels of blood urea and blood urea nitrogen were found tggh#icantly (p<0.01) higher in CGlgroup than control-1 and

F2 groups indicating the renal dysfunctioning and disturbed proteinboistaa in CCl, intoxicated groups. But both
formulations significantly prevented the damage by lowetfiegblood urea and BUN levels as that of £@introl group.
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There was no significant difference observed in levelstef tholesterol, triglycerides among all experimegtalips. However
levels of HDL were found to be significantly (p<0.001) loeetin CC}, control group, F1 and F2 than that of normal control
group.

Due to severe radical toxicity to the liver, fatty agidtabolism of liver might be lowered down. This mighthereason for no
significant change total cholesterol and triglycerideglleamong all CGltreated animal. Cholesterol level of normal control
group was found to be significantly higher than that of,@®bxicated groups.

Levels of hemoglobin in all C¢ltreated groups were found to be significantly elevated timmal control group. This
observation might be due to the impairment hemoglobin métabah liver. But in both experimental groups, hemoglobin
content was found to be significantly decreaseld (p<0.05) andF2 (p<0.05) than CGl control group indicating better
hemoglobin metabolism and hence less damage to liver.

Random glucose levels of contréll andF2 groups were found to be significantly increased (p<0.001) tha@@hgecontrol
group. Due to severe liver damage to £éohtrol group rats, they didn’t consume food after CCl, intoxication where as other
groups did. This might be the reason for higher glucose lev@smulations and control groups.

Trolox equivalent antioxidant capacity (TEAC) of plasmangles were found significantly higher in formulation grougis
(p<0.01) andF2 (P<0.02) than the control and GQiroups. This might be due to improved antioxidant statusnohals
consuming polyphenols enrichegl(andF2) diet.

Changesin liver tissue parameters:

Lipid peroxidation has been implicated in the pathogenesis ofib@mary by the chloride (C) radical derivatives of C¢land

is responsible for cell membrane damage and consequent relemsekef enzymes of heptotoxicify In the present study,
significantly elevated levels of TBARS, products of meantar lipid peroxidation, observed in G@Gdministered rats indicated
hepatic damage. Pretreatment of formulatiBhgp<0.01) and=2 (p<0.02) significantly lowered the levels of liver TBAR&nN

that of CC}, control group indicating the prevention of lipid peroxidationiali could be attributed to the radical scavenging
antioxidant constituents of formulations. GSH is the majan-enzymatic antioxidant and regulator of intracellular xedo
homeostasis, ubiquitously present in all cell tyAedlechanistic studies on COhduced studies revealed that GSH conjugation
plays a critical role in eliminating the toxic metabalife CCl, administration leads to a significant decrease in theagjlione
level. The mechanism of hepatoprotection and significant wepment in GSH levels by formulatiorisl (p<0.01) andF2
(p<0.05) against Cginduced toxicity might be due to restoration of the GSHIlervenay possibly be due to enhancement of
GSH synthesizing enzyme activities such as c-glutamyeinstsynthetase (c-GCS) and GSH synthetase but this needs furthe
studies.

SOD catalyses the dismutation of superoxide anion, @, ldnd Q. Because bD, is still harmful to cells, catalase and GPx
further catalyzes the decomposition ofd4 to water (HO). In the reaction catalyzed by GPx, GSH is oxidized $&G, which
can then be reduced back to GSH by glutathione reduta$kus, the coordinate actions of various cellular ardinis in
mammalian cells are critical for effectively detoxifgifree radicals. CGladministration to rats declined antioxidant capacity of
the rat liver as evinced in decreased activity of the xidiot enzymes viz. catalase, GPx, SOD, which is inesgeat with
earlier report$®. Simeonova et al (201%)found that ROS, produced by GCllecrease the activities antioxidant enzymes such
as catalase (CAT), superoxide dismutase (SOD), glutathperoxidase (GPx), glutathione reductase (GR), and lgbnatS-
transferase (GST).

Pretreatment of formulations1l and F2 prevented the reduction in the levels of antioxidant enzyr@® (S atalase & GPx)
against oxidative damage to the liver as shown in Tablee2els of SOD were found to be significantly improved by
formulation F1 (p<0.01) and formulation F2 (p<0.05); levelsatlase were found to be improved significantly by F1 (p90.01
and F2 (p<0.2); levels of GPx were found to be improved sigmifiy by F1 (P<0.001) and F2 (p<0.02) than that of ,CCI
control. No significant difference (P>0.1) was observed éetathe formulations groups (F1 and F2) and normal control group
as far as levels of SOD, catalase and GPx are concefhedagain confirmed the comparatively less damagéveo in
formulation groups than Cgtontrol group. Similar studies have shown a positive eéiedifferent classes of polyphenols on
antioxidant enzyme activities in vivo %

Histology

The leakage of large quantities of enzymes into the blaedmstwas associated with centrilobular necrosis anddvétlg
degeneration of the liver which was further confirmed by marimg the cell architecture of four groups by histological
observations (Figure 1). Images showing congestion (red)afaity changes (yellow arrow), MNC infiltration (blaerow) and
necrosis of hepatocytes (black arrow). The reduced amotigtofogical injuries were observed in grodp (grade-Il i.e. up to

or less than 50% damage) followed by gré®y(grade-lil i.e. up to or less than 75% damage) comparddQEl, group (grade-

IV i.e. more than 75% damage) Table 3). Severe celotriir necrosis was observed in €@roup whereas extent of
centrilobular necrosis was significantly decreased in baHdrmulation groups. Significant protective effectahiulationF1
followed by F2 was observed because of the comparatively less fatty ehargund the central vein, less derangement of
hepatic cords, less infiltration of inflammatory cellddNCs) than CCJ group. The histological changes induced by G@re
markedly ameliorated Z%treatment with the formulatdrfollowed byF2 as shown in Figure 1. Present results are in agreement
with the previous studi€s.
Conclusions

In conclusion, antioxidants containing polyherbal formulatidfis and F2 effectively prevented C@induced acute
hepatotoxicity in rats which proves their potential to ba@ogioxidant status of rats and amelioratiorCéll, (radical) induced
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liver damage. Polyphenols and the bioactive antioxidartiseofespective plant materials present in the fornamaf1 andF2
might be synergistically responsible for the observed hppatertive effect.
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Figure 1: Effect of formulations F1 and F2 on marker enzymes of hepatityoagainst the CCl4 induced radical toxicity to
HepG2 cells. (Note:*, **, *** and **** represent the p valuésss than 0.05, 0.02, 0.01 and 0.001 respectively).
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Figure 2: Morphological changes in HepG2 cells after intoxicatidth W Cl, and protective effect of formulatiofd andF2.
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Table 1: Effect of formulation F1 anB2 on biochemical parameters of blood in gi@Huced acute hepatic injury to Wistar rats.

Blood parameters

Contral CCl, Formulation-1 Formulation-2
+ CCl, + CCly
Alkaline phosphatase 129.7+13.7 249.3+17.5 155.4+11.6 172.9+12.4
(IU/l) *kk *k*k *k%k
LDH (U/l) 612.2+27.9 1587.9 £ 62.8 1204.24113.1 1274.9+101.6
*kk *k*k *%
SGOT(U/) 73.616.7 241.1+15.3 173.2+11.1 192.6+12.7
*kk *k*k *%
SGPT(U/) 36.3+1.7 158.4+10.3 78.7+3.5 132.4+4.6
*kkk *kkk *k%k
Total Bilirubin 0.21+0.05 1.14+0.1 0.37+0.03 0.45+0.02
(mg/dl) *kk *k*k *k%k
Direct Bilirubin 0.101+0.031 0.367+0.08 0.11+0.03 0.101+0.06
(mg/dl) *kk *k*k *k%k
Urea 50.2+3.8 90.6+7.4 57+2.6 65.8+38
(mg/dl) *kk *k*k *k%k
BUN 24.4+1.7 44.243.7 22.9+1.4 28.1+1.2
(mg/dl) *kk *k*k *k%k
Triglycerides 87.7+70 59.2+3.7 66.4+4.1 65.5+4.3
(mg/dI) NS NS NS
Total cholesterol 58.7+4.4 43.7+3.5 41.8+4.0 46.7+3.9
(mg/dl) b NS NS
HDL 45.2+3.1 24.7+13 30.8+2.2 27.1+1.9
(mg/dl) b NS NS
Hb 13.6+0.5 15+0.4 14.3+1.0 14+0.9
(mg/dl) *%k% * *
Glucose 141.54+9.3 71.8+3.7 163.248.7 127.7£11.9
(mg/dl) *kkk *kkk *kkk
Plasma TEAC 9.940.7 9.8+06 13.7+1.1 11+0.8
(mg/dl) *kk *%

Note: The levels of significance were indicated as (p< 005(p<0.02, **), (p<0.01, ***), (p<0.001, ****) and (non

significant as NS).

Table 2: Effect of polyphenols enriched formulatioR& andF2 on enzymatic and non enzymatic marker of liver tissuenagai
CCl, induced hepatotoxicity to rats.

Liver tissue parameters

Control CCl, F1+ CCl, F2+ CCl,
SOD (U/mg protein) 71.345.6 46.2+3.4 67 +2.3 54+2.6
*kkk *%k% *
Catalase U/min/mg protein 41.7+32 34.7+2.4 36.9+3.2 34.9+2.4
*kkk *kk *%
GPx (U/min/mg protein) 12348.9 78+7.2 103 +83 88.6+8.3
*kkk *kkk *%
GSH (uM/mg protein) 1.1+0.09 0.6+0.04 0.72+0.04 0.66+0.03
*kkk *kk *
Tissue TBARS (nM/mg 6.6+0.5 10.8+0.7 7.7+0.6 7.8+0.2

proteln) *kkk *kk **

The levels of significance were indicated as (p< 0.05p890(02, **¥), (p<0.01, ***), (p<0.001, ****) and (non significant as
NS).
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Table 3: Comparison of histopathological changes indicating extértamage in liver tissues from different experimental
groups.

Der angement of . Congestion of Inflitration of
Groups hepatocytes and Digena(iratlon of central vein and Focal_ lymphocytes
hepatic cord epatocytes simusoids necrosis (MNC)
Control + + T 0 "
CCl, +++ ++++ ++++ +++ +++
CCl,+ F1 ++ +++ ++ ++ ++
CCl,+ F2 +++ +++ +++ ++ +++

Histological damages or active changes were scored as foloabsent; +: mild (i.e. up to less than 25%); ++: moddiae
up to less than 50%); and +++: severe (i.e. up to less7tsfdh and ++++: (i.e. up to more than 75%).

Figure 3: Histological changes in liver tissues due to f@oxication and amelioration of liver damage due to hepatective
formulationsF1 andF2
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Highlights:
1. Functional food formulations F1 and F2 are potential enougittease the antioxidant status in rat.

2. Both the formulations showed significant prevention of r@dixicity

3. Pre clinical trial on rat model confirmed the potentiaiormulations F1 and F2 as functional food supplements with
antioxidant and hepatoprotective activity.
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