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ABSTRACT

Oxidative stress is a condition resulting due tor@ased generation of free radicals and decreasanitioxidant
levels. Several diseases such as liver diseasescaused due to free radicals formation in the body.
Carbontetrachloride or CGlis a potent hepatotoxicant. It is metabolized hie tiver to generate free radicals,
which react with cellular lipids and proteins, eveally leading to cell death. Herbal Preparation 6iP-4 is a
combination of 80% alcoholic extract of leaves tdeAvera, Bacopa monniera, Moringa oleifera andzdme of
Zingiber officinale. The hepatoprotective role oPH is compared to standard drug Silymarin in £@lodel of
hepatotoxicity in mice. Control group or Group tfen normal saline p.o. for 7 days. Toxicant or @rdl injected
with CCl, diluted with paraffin (1:1) on first day of dosagies ml/kg b.w. i.p. Group Il received 50mg/kgyBiarin
p.o. for 7 days and single similar dose of £@h day 1 as in Group Il. Group IV and V fed witR# of dosages
250mg/kg and 500mg/kg p.o.for 7 days and singldasimiose of CCJon day 1 as in Group Il. Serum and liver
homogenate derived from mice was utilized for béocical studies. A part of liver was preserved for
histopathological studies which provide a directame to ascertain HP-4 efficacy. It is concludedtthi®-4 a
polyherbal formulation exhibits synergistic actiaf phytochemicals alone and in combination to eixhib
hepatoprotective action, which is evidenced by lgogical and histopathological studies.
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INTRODUCTION

Normally free radicals of different forms are geated at a low level in cells to help in the modulatof several
physiological functions. Free radicals are quendime@dn integrated antioxidant system in the body Qidative
stress in cells and tissues result from the ineageneration of free radicals or reactive oxygpecikes and
decrease in antioxidant defense potential [2].

The role of free radicals in disease pathologyed established. Liver disease remains a serioakthproblem [3].

Liver plays an important role in the metabolisrmtsesis, storage and also detoxification of mardogenous and
exogenous compounds and converting to less tokistances for excretion [4]. Carbon tetrachlorid€I(Tis toxic

to the liver and its toxicity is dose dependent endased on the time of exposure [5]. Accordinth®findings by
the International Programme on Chemical Safety §R©99), CCJwas shown to be an outstanding and potent
hepatotoxicant [6].

In the liver, CCJ is metabolized into highly reactive trichloromethgdical. This free radical causes autooxidation

of the fatty acids present in the cytoplasmic membrphospholipids, resulting in functional and nhaipgical
changes in the cell membrane. Trichloromethyl fr@gical combines with lipids and proteins in thegance of
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oxygen to form trichlomethylperoxyl radical . Thisdical elicits lipid peroxidation, destruction o&& homeostasis
and finally results in cell death [5].

The fact that reliable liver protective drugs axpleitly inadequate in allopathic medicine, extaatthe scientists to
explore herbal remedies [7]. In India around 20,88icinal plant species have been recorded rggcdnit more

than 500 traditional communities use about 800tprcies for curing different diseases. Standatidia of herbal

formulations is an essential factor in order toeassthe quality, purity, safety and efficacy of giribased on the
concentration of their active principles [9]. There a number of medicinal preparations in the Agdiw system of
Indian medicine recommended for the treatmentwe ldisorders [8]. To promote the proper use andetermine

their potential as sources for new drugs, it ieesal to study the medicinal plants [10].

Silybum marianunhas high safety, causes no adverse effect on teityht and produces hepatoprotective ands
antioxidant effects on Cgpoisoned rats [11].

Leptadenia reticulatashowed significant hepatoprotective activity. Ththanolic extract is more potent in
hepatoprotection in CgHinduced liver injury model as compared with aqussxtract [12].

Caesalpinia sappahinn. heartwood was hepatoprotective and was tbitestore the biochemical levels to normal
which was altered due to CGhtoxication in freshly isolated rat hepatocytes also in animals [13].

Aloe barbadensjsMiller (commonly known a®\loe verd is a perennial plant belonging to the family adeae.
Aloe veranot only possesses hypoglycemic activity, it Ma@od purifier and also hepatoprotective [14].

Aqueous extract of\loe barbadensiss significantly capable of restoring the integritf hepatocytes indicated by
improvement in physiological parameters, excretapacity and also stimulation of bile flow. Thapmesents the
hepatoprotective potential &loe barbadensiMill against CClinduced hepatotoxicity [15].

Bacopa monnierL. (Family Scrophulariaceae) commonly knownbaahmi .It is reported that the plant contains
tetracyclic triterpenoids, saponins, bacoside A &d hersaponin , alkaloids viz. herpestine ,bratemand
flavonoids [3].

The hepatoprotective function of ethanolic extremttaining bacoside A ah —vitro grown Bacopa monnierivas
evaluated and ascertained in ¢iGtoxicated albino mice [16].

Moringa oleiferapopularly known as thdrumstick treebelongs to the family Moringaceae as the only imemof

the family. Some authors have called this plarg,riiracle tree with countless nutritional and tpertgic benefits.
Among these benefits reported are antihelminthigtibeotic, antimicrobial activities, antioxidant @n
hepatoprotective properties [17].

The potent hepatoprotective activity of leavesviairinga oleiferaLam. was found to reduce total bilirubin, direct
bilirubin, SGPT and SGOT in C{lreated albino rats [18]. LeavesMbringa oleiferahave been used as antiulcer,
diuretic, anti-inflammatory and for wound healingthanolic extract of leaves have shown antifungaiviy
against a number of dermatophytes, whereas metlediclct has a potent CNS depressant action. Theoag
extract of the leaves has been found to posseiertilitly activity [19].

Zingiber officinaleRoscoe .or commonly known agnger belongs to the family Zingiberaceae. The rhizome is
commonly used in cooking and traditional medicifke oleoresin from the rhizome contained 6-gingerda its
homolog which have shown to possess anti-inflammatanti-pyretic, analgesic, cardiotonic and ampatotoxic
properties [20]. It is a common condiment for vaadoods and beverages. It has a long history aficimal use
dating back 2,500 years in China and India for @tors such as headaches, nausea, rheumatismokisi21].

The results of the study on normal and £i@Huced hepatotoxic rats suggested that the coptsmmof ginger —
based diet maintained the integrity of the lived @notects it against damage [22].

On the basis of results obtained the combined etltaaxtract ofM.azedarachandP.longum(BHE) exerts more
hepatoprotective activity than when they are adsténed separately or when compared to standardS®ihagarin

and may serve as a useful adjuvant in several dlisrases. This may be attributed to the synecgastivity of both
herbal drugs when given in combination [5].
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O.basilicumand T. foenum —graecurare rich sources of flavonoids which have beernwshto possess various
biological properties related to antioxidant medkars .Perhaps the flavonoids and saponins preséhbasilicum
and T. foenum —graecumvere responsible for their hepatoprotective effews compared to Silymarin in GCI
induced hepatotoxicity in goat liver [23].

The polyherbal formulation (PHF08) composed of &tis of Tinosporia cordifolia Emblica officinalis Withania
somnifera Curcuma longa Glycyrrhiza glabra Bacopa monnieri Terminalia chebula Asparagus racemosus
Terminalia arjunaand Aloe barbadensishowed promising hepatoprotective properties aspeoed to standard
drug Silymarin in CCJinduced oxidative damage in rats being relateitstantioxidant and free radical scavenging
activity [24].

In the present study, the hepatoprotective actigftyherbal preparation (HP-4) containing 80% aldmhextract
containing Aloe vera, Bacopamonnieri, Moringa oleiferaleaves and rhizome dingiber officinalein equal
proportion was assessed against silymarin, a stardtag in CCJinduced hepatotoxicity in mice. Silymarin is a
flavanolignan, extracted from the fruits and seafdthe plant milk thistleSilybum marianumlL.Gaertn) [25].

EXPERIMENTAL SECTION

The leaves ofAloe vera Bacopa monnieriand Moringa oleiferaand the rhizome oZingiber officinale were
collected from Loni, Maharashtra. The herbs wesniidied by a Professor of Botany, Loni. The leafeshizome
were shade dried for 4-6 weeks and powdered fiimedymixture and sieved twice to obtain a fine pewd

100 gm dried powder of leaves of eakloe vera,Bacopa monnieriMoringa oleifera and rhizome o&Zingiber
officinale were separately extracted with Soxhlet extracsimgi80% alcohol till solvent was colourless. TRact
was dried till constant weight was obtained. 25rhgath extract was mixed together and dissolvelDiml water,
boiled in water bath for 5minutes, cooled and c¢irged at 4000 rpm for 10 minutes. The clear sugiamt
obtained was labeled as Herbal Preparation (HR-#¢orted earlier [26].

Animals: Swiss albino male mice weighing 25-30 gdbin Animal Resources Centre for Medical Resed?thlS
Loni were used. The animals were allowed standaodl fpellets and watead libitum They were maintained in
standard laboratory conditions (12:12 hr L: D cyaled 25 + 2 °C). The study protocol was approvedTiye
Institute Animal Ethical Committee” PIMS /AH/215021 PIMS Loni and CPCSEA Reg No 366/01/a/CPCSEA.

Study Design: 20 male mice of weight 25-30 g weviddd into 5 Groups of 4 animals each.
Group | Normal Control: The animals received norsaline passed orally for 7 days.

Group Il Toxicant CCJ Group: The animals received a single dose of,@ited with liquid paraffin in ratio 1:1
and 1.5 ml/kg b.w. i.p. on*iday.

Group IlI: Standard Silymarin Group: The animalseaiged Silymarin 50mg /kg p.o. was given for7 dayke
animals received a single dose of £dlluted with liquid paraffin in ratio 1:1 and 1rBl/kg b.w. i.p. on 1 day.

Group IV Toxicant + HP-4 250mg/kg Group: HP-4 25@kggwas p.o for 7 days. The animals received alsing
dose of CCJ diluted with liquid paraffin in ratio 1:1 and 1r8l/kg b.w. i.p. on 1 day.

Group V Toxicant + HP-4 500mg/kg Group: HP-4 500kggtas p.o for 7 days. The animals received a sidgke
of CCl, diluted with liquid paraffin in ratio 1:1 and 1c8l/kg b.w. i.p. on 1 day.

Biochemical Parameters: On th® @ay after overnight fast the blood was collectexinf retro-orbital plexus. The
blood was allowed to clot and centrifuged (Remi 8R Centrifuge) at 2500 rpm for 10 minutes. The semas
separated and used for assay of alanine transamiffsl) EC 2.6.1.2 (Bradley et al 1972)[27], aspiat
transaminase (AST) EC 2.6.1.1 (Wolf et al1972)[28kaline phosphatase (ALP) EC 3.1.3.1(Young ¢f24] , y
glutamyl transferase (y GT) EC 2.3.2.2 (Persijn et al 1976) [30] and lsetdehydrogenase (LDH)EC 1.1.1.27
(Lum G and Gambino SR )[31] by using standard nm#shasing enzyme assay kits (Transasia Bio —mediddls
Kit for ALT,AST ,LDH and Accurex Biomedicals Ltd Kfor y GGT & ALP. The enzyme assays were performed
on a semiautoanalyser ERBA Chem 7.

Histopathology: The animals were sacrificed by @aivdislocation & liver was excised, washed witllise and
dried with tissue paper. A part of the lobe of liweas transferred to Formasaline solution for lpathological
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studies. The liver tissues were processed for fiarambedding and sections 5 um thick were takera
microtome .After staining with hematoxylin and evsslides were examined under the microscope for
histopathological changes [32].

The remaining part of the liver was weighed and hW@mogenized in phosphate buffer 0.2M, pH =7.4THe 10%
homogenized liver tissue was made using a tissueobenizer (MC Dalal & Co).The supernatant obtainédr
centrifuging at 4000rpm for 10 minutes was usedefdimation of SOD, GPx, GR,TBARS & GSHotal proteins
in the supernatant were estimated by Biuret Me{B8

Determination of superoxide dismutase {SOD} EC 1115 SOD was determined by the method described by
Marklund and Marklund in 1974 [34].The SOD actieiof the supernatant of tissue homogenate waraatetl by
measuring the % inhibition of the pyrogallol autdation by SOD .2.5 ml of Tris Buffer pH 8.2, 0.05B15 ml of
1mM EDTA, 0.5ml Pyrogallol 0.2mM freshly prepareéns added to 50l of the supernatant of tissue gemeate.
OD at 420nm after 5 minutes was recorded. Oneafrf®OD was defined as the enzyme activity thatkinéd the
autoxidation of pyrogallol by 50 percent.

Determination of glutathione peroxidase {GPx} E@1L.1.9: GPx activity was measured by the methatriteed

by Rotruck et al 1973 [35] .Briefly, reaction mixéucontained 0.2ml of 0.4 M Tris HCL buffer pH 7@1ml of
10mM sodium azide, 0.2 ml of the supernatant orlitissue homogenate , 0.2 ml glutathione 60mg%0dt
0.2mM H, O, .The contents were incubated at 37 ° C for 10 teuThe reaction was arrested by 0.5 ml of 10%
TCA and centrifuged. Supernatant was assayed tagatione content by using Ellmans reagent (19.8img, 5
dithiobis-(2 nitro benzoic acid) DTNB in 0.5g SoriCitrate in 50ml double distilled water).

Determination of glutathione reductase {GR} EC 4.8: activity was measured spectrophotometricatigoeding
to the method of Calberg and Mannervick 1985[36.Thaction mixture contained 1mM oxidized glutatigio
GSSG as substrate, 2mM NADPH and tissue homogénateosphate buffer (pH=7.4).The decrease in alasmd
at 340nm in terms of NADPH oxidation was measuftk. unit of enzyme activity is defined as 1nmoN&DPH
oxidized in one minute per mg protein.

Determination of thiobarbituric acid reactive s@gtes {TBARS}: TBARS in tissues was estimated by riiethod
of Fraga et al 1981[37].To 0.5 ml of supernatantisfue homogenate ,0.5 ml saline and 1.0 ml 10% Were
added , mixed well and centrifuged at 3000 rpmZ0rminutes. To 1.0 ml of protein free supernat@rb ml
Thiobarbituric acid (TBA) reagent was added, thatents were mixed well and boiled for one hour@&f®. The
tubes were then cooled to room temperature undeing tap water and absorbance was measured atrg32

Determination of Reduced Glutathione {GSH}. Speptrotometric quantification of reduced glutathior@SH}
has been carried out using 5,dthiobis-(2 nitro benzoic acid) DTNB reagent aating to method proposed by
Moron et al 1979[38].Briefly, 200 ul of supernatafitissue homogenate (10%) was added to 800 tilletiswater
and then 2 ml of sodium phosphate —EDTA buffer (@.bf sodium phosphate, 0.005 M EDTA buffer pH 8.0)
containing 0.6M DTNB were added. The optical dgneitthe yellow coloured complex developed by tbaation

of GSH and DTNB was measured at 412nm using a UM —Spectrophotometer.

RESULTSAND DISCUSSION

Table 1: Effect of Herbal Preparation HP-4 on the Liver Function Tests asa marker of liver damagein carbontetrachloride (CCly)
induced hepatotoxicity in mice

Sr.No Units in IU/L
: AST ALT ALP LDH YGT
%roon“t’r’o'l 36.26+4.15| 28.70+324  8831+849  300.15:32)8 3.65+ 0.32
Group 1 80.05 +8.50' | 54.10 +5.20 | 376.3+36.96 | 555.20 +56.3 | 7.40 +0.88
Toxicant (CCl)

Group 111

CCly+ Silymarin 200mgrkg 53.61+6.60 | 38.14+3.30 | 196.28 +20.92 | 282.46+ 28.88 | 4.80 +0.50°
Group IV

CClet HP-4 250 mg/kg 40.71 +4.40 | 40.55+4.20 | 100.61+10.10 | 329.76+33.16 | 5.16 + 0.62
Group V

CClet HP-4 500 mg/kg 48.44 + 4.60' | 43.41 +4.08 | 120.32+13.10 | 269.24+ 28.38 | 6.14+ 0.66'

Values Mean +SD of triplicate determinations. ‘@@05 Toxicant as compared to control, significgriticreased, ‘b’ p<0.05 Group lIl as
compared to Group Il, significantly decreased,<€.05 Group IV as compared to Group Il, signifidgrdecreased, ‘d’p<0.05 Group V as
compared to Group I, significantly decreased
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Table 2: Effect of Herbal Preparation HP-4 on liver antioxidant enzymes activitieslevelson CCl4induced hepatotoxicity in mice

. . GPx-Nanomoles GSH :
Sr.No SOD Units/100 mg protein utilized/min/mg protein GR-Nanomoles NADPH /100mg protein
Group | 1.42+0.14 49.38 + 4.50 4.72£0.45
Control
Group I
Toxicant (CCJ) 0.75 +0.08 26.19+2.13 2.35+0.26
Group |11
CCly+Silymarin 1.20+0.18 57.41+582 8.02+0.78
Group IV
CCle+ HP-4 250 mg/kg 1.21+0.13 60.38 + 6.43 8.41+0.87
Group V
CClot HP-4 500 mg/kg 1.53+0.17 72.30 +7.40 8.11+0.85'

Values Mean +SD of triplicate determinations. ‘®&@05 Toxicant as compared to control, significgnticreased, ‘b’ p<0.05 Group Ill as
compared to Group Il, significantly decreased, <005 Group IV as compared to Group Il, signifidgrdecreased, ‘d’ p<0.05 Group V as

Table 3: Effect of Herbal Preparation HP-4 on liver weight, total proteins, TBARS and Reduced GSH on CCl, hepatotoxicity in mice

compared to Group I, significantly decreased.

SrNo Wt of theliver TBARS ‘ Reduced GSH
in grams nmoles/100mg protein | mgGSH /100mgpr otein
Srow’ 1.855 £ 0.19 25.28 +2.92 2164023
Tomoup ('é - 2.046 +0.25 94.12 +10.24 1.32 £0.17
CCG|4:()SlJiR/:r|1;rin 1.713£0.19 32.32+3.84 235+0.24
chf_{g_‘:‘pz% gy 1922£023 29.77 £2.83 2.09£0.27
- o mglkg 2132%0.24 33.30 + 3.58 2.39+0.29

Values Mean £SD of triplicate determinations. ‘&@05 Toxicant as compared to control, significgriticreased, ‘b’ p<0.05 Group Ill as
compared to Group Il, significantly decreased,pe’0.05 Group IV as compared to Group Il, signifidgrdecreased, ‘d’p<0.05 Group V as
compared to Group Il, significantly decreased.
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Figure 3: Histopathology of Group |11
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Figure5: Histopathology of Group V

The activities of serum AST, ALT, ALP, y GT and LDH (hepatic marker enzymes for liver dae)agere
markedly elevated in treated GChnimals compared to normal control mice, indigatitiver damage.
Administration of herbal preparation HP-4 at dosé250 and 500 mg/kg remarkably prevented Gduced
elevation of serum AST, ALT, ALPy GT and LDH in Table 1.Silymarin a well known hegaiotective drug
administration in CGltreated mice resulted in decrease in enzyme aesyvit

Since oxidative stress contributes to the develaproé CCl, induced hepatotoxicity the levels of liver antidant
enzymes SOD, GPx, GR were measured. Values farttiexidant enzymes were reduced in the Toxicaou@ras
compared to Normal Control .Treatment with bothades of HP-4 significantly raised the antioxidanzyame
levels as compared to the mice treated with,CREsults are depicted in Table 2.AdministrationSdfymarin
50mg/kg p.o. and HP-4 in 250 mg/kg & 500mg/kg pewersed the trend of TBARS and GSH when compaitd w
CCl,alone. Silymarin administration in CQreated mice resulted in increase in activity careg with CCJ treated
mice.

TBARS level was increased whereas total glutathigas found to be decreased in Toxicant Group agpaozd to
Normal Control. These results are shown in Table 3.

342



P. Padmanabhan and S. N. Jangle J. Chem. Pharm. Res., 2014, 6(2):336-346

CCl, is activated by cytochrome P 450 2E1 (CYP2E1), 28P OR CYP2B2and possibly CYP3A to form
trichloromethyl radical (CGl).This toxic free radical reacts with biologicallmportant substances such as proteins,
lipids, nucleic acids present in the cell. The catican react with oxygen to form GOIO a highly reactive species.
CCI300 Initiates a chain of lipid peroxidation which atka and destroys polyunsaturated fatty acids sstsati
with phospholipids affecting the permeability of taghondrial endoplasmic reticulum and plasma memdbra
resulting in loss of calcium ions sequestration Bacheostasis resulting in cellular damage [39].[40]

CCl, causes oxidative damage and disrupted the heplatacgplasma membrane causing the release of eezym
into blood from the cytoplasm. Hepatic injury due tbxins could result in defective excretion ofeblby the
hepatocytes which were reflected in the increaaetivities of ALP y GT in serum [41].

Treatment with Silymarin 50mg/kg p.o. and HP-4 30 2ng/kg and 500mg/kg p.o resulted in causing #wrehse
in elevation of the serum enzymes showing the logpatective activity. The protective effects mayhe to the
stabilization of plasma membrane thereby presertfiegstructural integrity of cells as well as thpair of the
hepatic tissue damage caused by, J42].

CCl, induced hepatic injury decrease the activity dbciirome P450 and thereby the metabolic functiewtvity
of the hepatocytes [43].It may be possible that ah&oxidant activity of HP-4 maybe protecting agsi CCl
induced hepatic cytochrome P450 enzyme inactivatgoabserved in the case of curcumin [44] and ilym{45].

In the present study, the activities of SOD, GP® @R are found to be decreased in G@teated rats. Such
decrease in the activation of antioxidant enzymesQCl, treated rats were reported by Venukumar and LdtBia

Escobar et al [47] reported that enhanced freecahdioncentration resulting from oxidative streeaditions can
cause loss of enzyme activities. Ahmad et al [48]ad opinion that the reactive intermediate fornmethe course
of bioactivation of CClmay bind to those enzyme activities.

Venukumar and Latha [46] reported that the decrkasévities of antioxidant enzymes were partiglgvated by
administration of methanolic extract @forchioidesrhizomes to CGltreated rats and are of the opinion that the
natural antioxidants present in the extract arpamsible for this.

Similar observations were reported by Lin et al][48ith Boehmeria nivea vamivea and B. nivea var
tenacissma.ee et al [50] concluded that the hepatoprotedistévity of Salvia miltiorrhizamay be due to its ability
to decrease the metabolic activation of £} an increase in cyt P450 2E1 protein content i@ntioxidant
activity associated with less increase in hep&tio$ protein content. Hepatoprotective effects dfrarin in CC,
treated rats were reported by Sharma et al [S¥h@itin is reported to possess antioxidant ,cytautote,
membrane stabilizing, anti-inflammatory action [52]

Components of HP-4 & HP-4 has shown to possessxagiint [26] and anti-inflammatory action [53] dteeits
flavonoids, alkaloids, phenolic contents which rbayresponsible for partial protection to €®jury in mice.

In the present study, the levels of serum enzymeE, AST, ALP y GGT, LDH were increased in hepatotoxicity
due to CCJ.The herbal preparation (HP-4) could however lother ALT, AST, and ALPy GGT and LDH in the
mice treated with the toxin CGlAssessment of liver damage can be made by estigntimn activities of serum
enzymes ALT, ALPy GGT and LDH which are originally present in highmmcentration in cytoplasm. When
there is hepatopathy, these enzymes leak into lwedbstream in conformity with the extent and tygfeliver
damage [5].This finding correlates with marked @ase in serum ALT, AST, ALRGT and LDH. Silymarin is
used as standard hepatoprotective compound inrésempt study since it is reported to have a prveeeffect on
the plasma membrane of hepatocytes [13].The alofity hepatoprotective drug to reduce the injurieffiscts or to
preserve the normal hepatic physiological mechamigrat have been disturbed by a hepatotoxin isnidex of its
protective effects [54].

In the present study SOD, GPx and GR levels arertegp to have decreased in livers of mice toxicdtgd
CCl, Thereafter the standard drug Silymarin and thedigrteparation (HP-4) increases the levels of titesidant
enzymes. It is reported that flavonoidsSiliybum marianuncontributes to antioxidant activity and interadiectly
with the cell membrane components to prevent dmoanalities in the content of lipid fraction andaimtains
normal fluidity [11]. A previous study on pretream of Emblica officinalison rats showed effect on the
metabolizing enzymes GPx and GR. Liver possesstgratility after cellular loss in hepatotoxicantiuted liver
injury. Regenerating liver provides a model to gttide factors that modulates the process of regéinaer Acute
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hepatic necrosis on CGladministration is followed by proliferative respanthat reaches peak at 48 hour, with
scarce mitotic cells [55].

In the present study elevated TBARS and decrea&#d |6&vels were similar to study of Meera et al @02 (23) on
goat liver on CCl, administration by the plant3. basilicumandT. foenum —graecunThere is increase activity of
lipid peroxidation system and excessive free rddaranation on elevated TBARS formation. The eledhf BARS
formation is elevated significantly and comparatdethat of standard drug Silymarin. GSH is a trijms (¢ —
glutamyl cysteinyl glycine) non —protein thiol atdamt in liver that plays pivotal role in the detfio@tion processes
including conjugation of reactive intermediates amaintenance of GSH redox cycle as antioxidant argno

The increase of GSH in the herbal preparation (HPeéated group provides idea regarding the modaatection.

Similar studies by Arun Sam Lal et al in 2007 [7¢mtioned that enrichment of glutathione in therlileads to
reduced free radical formation (trichloromethyl amnidhloromethylperoxy radicals) which leads to weed lipid

peroxidation and it could be assumed that it isahoxidant and free radical scavenging propeufethe herbal
mixture which protects the liver from CCinduced liver injury. Hence it is possible thak timechanism of
hepatoprotection of HP-4 is due to antioxidanteffe

In —vitro antioxidant effect of HP-4 in various @tpnental models were reported by authors Padmamah
Jangle in 2012[26] .HP-4 is previously reportech&we phenolic compounds, flavonoids, and flavoridisteover
the HP-4 was reported to have synergistic antiowiddfect on DPPH scavenging activity and redugiaogver
[56].The hepatoprotection by HP-4 maybe due to igistic action of various phytochemicals havingi@xitant
action.

Padmanabhan and Jangle in 2012 have reported-thiga anti-inflammatory activity of HP-4, whichay be one
of the mechanisms of hepatoprotection of HP-4. [53]

HP-4 is a mixture oAloe vera, Bacopa monnieri, Moringa oleifera anddlber officinale.

According to Sharma in 2012 [15] the possible nami$m of hepatoprotective action of aqueous exdratfloe
barbadensismaybe due to its antioxidant activity as indicateyl protection against lipid peroxidation and
maintained glutathione contents.

A study by Gudipati et al in 2012 [16] that badesi is the efficient component in tirevitro Bacopa monnieri
cultures that prevented C¢Induced damage in albino mice model as indicatethe levels of the serum markers
of hepatic damage.

A separate study by Senthil Kumar et al in 201P[&8d to the conclusion that potent hepatoproteddictivity of
leaves ofMoringa oleiferaLam. was found to reduce the level of total bbiry direct bilirubin, SGPT and SGOT
in CCl , treated animals.

Also reported is study by Kazeem et al in 2017 [pat the ginger —supplemented diet afforded ptaia against
CCl, induced liver damage by ginger maybe due tordée fadical scavenging activity thereby interceptinose
radicals involved in CCJ] metabolism by microsomal enzyme .This protectole of ginger maybe due to minerals
and antioxidant chemicals.

A study by Shukla et al in 2006 [57] suggested tha possible potential of polyherbal formulatiBhiF) maybe
due to the cumulative effect of these plants aradr tantioxidant properties which hinder the forroatiof free
radicals produced by CgGI

On the basis of study by Rajeshwary et al in 208]Lif was concluded that combined ethanolic extrafct
M.azedarachandP.longum(biherbal extract) exerts more hepatoprotectiveviie that when they are administered
separately and may serve as a useful adjuvantvieraleclinical conditions associated with liver dege. This
maybe attributed to the synergistic activity oftbberbal drugs when given in combination. Antioxidprinciples
from herbal sources are multifaceted in their effeand provide enormous scope in correcting thealamte
through regular intake of a proper diet.

Polyherbal formulation are thus preferred than gsingle herb. Since the different plants in tagbll mixture will
have different modes of action for curing the dégeand in combined form may sometimes exhibit gyistc
activity(enhanced activity than that of individdadrb) .Components of the plants which are lesyvattiemselves
,can act to improve the stability, solubility ,kaailability or half —life of the active componenksence a particular
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principle in the pure form may have only a fractiwithe pharmacological activity than it has inplant matrix,
which again highlights the importance in using plent as a whole or a mixture of plants for tregtindisease [7].

The histopathological studies of the liver wereedirmeans of studying the efficacy of the drug HRistological
profile of control animals showed normal hepatosyt8ection of liver of the toxicant CGltreated animals
exhibited severe intense centrilobular necrosisughization and macrovesicular fatty changes. Tihefarin and
HP-4 treated groups of animals showed significaet Iprotection against CGlinduced liver damage as evident by
the presence of normal hepatic cords, absencecobsie and fatty infiltration.

CONCLUSION

Hence HP-4 is a polyherbal formulation Alibe vera, Bacopa monnieri, Moringa oleifeaad Zingiber officinale
the phytochemicals present in the mixture alone teit combination in a synergistic way are exiiiyttheir
hepatoprotective action as evidenced by biochenaindl histopathological studies in carbon tetradtidomduced
hepatotoxicity model in mice.
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