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Abstract

The hepatopr otective effects of two polyherbal preparations viz., PHF-A and PHF-B containing
constituents with potential hepatoprotective activity were evaluated using Paracetamol-induced
hepatotoxicity. The treatment effect on lipid peroxidation (LPO) and levels of the associated
antioxidant enzymes superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase
(GPX) were investigated in rats. In Paracetamol-induced hepatotoxicity liver damage was
induced in Wistar rats by administering Paracetamol (835 mg/kg i. p.) on 7" day. The standard
drug Slymarin (25 mg/kg), PHF-A (3 dose levelsi. e. 200, 400 and 600 mg/kg) and PHF-B (3
dose levelsi. e. 200, 400 and 600 mg/kg) were administered orally to the respective groups once
daily for 7 days. The levels of marker enzymes (SGOT, SGPT and ALP), and proteins [albumin
(Alb), globulin and total proteins (TP)] were assessed in serum. The effects of PHF-A on
antioxidant enzymes SOD, CAT, GPX and lipid peroxidation (LPO), were assayed in liver
homogenates to evaluate antioxidant activity. PHF-A (200 mg/kg), PHF-B (200 mg/kg),and
silymarin elicited a significant hepatoprotective activity by lowering the levels of serum marker
enzymes and lipid peroxidation and elevating the levels of SOD, CAT, GPX, Alb and TP in a
dose dependant manner. The present findings suggest that the hepatoprotective effect of PHF-A
and PHF-B in Paracetamol-induced damage might be due to inhibition of Cytochrome P-450
activity or prevention of inactivation of antioxidant enzymes.
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INTRODUCTION

Herbal medicines as hepatoprotective agents arelyviavailable and are prescribed for the
treatment of many different types of liver disoslfgt] Herbal preparations known as
"Phytopharmaceuticals” or "Phytomedicine" are prapans made from different parts of plants.
They come in different formulations and dosage ®orimcluding tablets, capsules, elixirs,
powders, extracts, tinctures, creams and parenpeeglarations. Herbal products in the crude
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state are also used. A large number of plants antulations have been claimed to have
hepatoprotective activity. In India more than 8arpé are used in 33 patented and proprietary
polyherbal formulations. Polyherbal formulationputed to have hepatoprotective activity that
are available on the Indian market comprise abonattmindred Indian medicinal plants.[2]

Hepatotoxicity implies chemical-driven liver damagé&he liver plays a central role in
transforming and clearing chemicals and is susilepto the toxicity from these agents. Certain
medicinal agents when taken in overdoses and amabr when introduced within therapeutic
ranges may injure the organ. More than 900 druge baen implicated in causing liver injury[3]
and it is one of the most common reasons for a tiriog withdrawn from the market.

Several mechanisms are responsible for either ingugepatic injury or worsening the damage
process. Many chemicals damage mitochondria, aaceftular organelle that produces energy.
Its dysfunction releases excessive amount of oxsdavhich in turn injures hepatic cells.
Activation of some enzymes in the cytochrome P-4g§tem such as CYP2EL1 also leads to
oxidative stress. Injury to hepatocyte and biletdwgdls lead to accumulation of bile acid inside
the liver. This promotes further liver damage[4].

In spite of the tremendous advances made in allapatedicine, no effective hepatoprotective
medicine is available. Plant drugs are known toy @avital role in the management of liver
diseases. There are numerous plants and polyheidrahulations claimed to have
hepatoprotective activities. Nearly 150 phytocangnts from 101 plants have been claimed to
possess liver protecting activity [2,5]. At the satime, surprisingly, we do not have readily
available satisfactory plant drugs or formulatitmsreat severe liver disease.

Polyherbal formulation PHF-A and PHF-B containsimas active constituents, having potential
for hepatoprotective activity. Hence it was consedeworthwhile to evaluate their efficacy and
toxicity to determine their potency & safety. Thalyherbal formulations-

PHF-A (composed oPhyllanthus niruri, Cichorium intybus, Boerhaavia diffusa, Eclipta alba,
Tinospora cordifolia, Tecomella undulate, Andrographis paniculata, Berberis aristata, Solanum
nigrum, Embelia ribes, Picrorrhiza kurroa, Fumaria parviflora) and PHF-B (composed of
Tinospora cordifolia, Emblica officinalis, Withania somnifera, Curcuma longa, Glycyrrhiza
glabra, Bacopa monnieri, Terminalia chebula, Terminalia arjuna, Aspargus racemosus, Aloe
barbadensis) has been selected to evaluate their hepatoproteatitvity in paracetamol-induced
hepatotoxicity in rats.

Treatment with PHF-A showed significant reduction the serum enzymes level in dose
dependant manner, more effectively as comparedHteB. In case of total protein and Bilirubin
PHF-A showed better efficacy than PHF-B. Treatmaith PHF-A raised the levels of SOD,
CAT and GPx more effectively than PHF-B against paracetamol-induced oxidative stress, it
is suggestive of hepatoprotective activity througttioxidant mechanism. Pretreatment with
PHF-A showed better results with respect to higtogagical changes as compared to PHF-B.
Meanwhile, the results of the acute toxicity tdet, PHF-A and PHF-B indicate that they are
relatively safe and/or non-toxic to rats.

The findings of these experimental animal studiedicate that PHF-A possesses potential
hepatoprotective activity as compared to PHF-B.
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MATERIALSAND METHODS

Animals

Albino rats of Wistar strain (weighing 100-200 d)either sex, obtained from Bharat Serum and
Vaccines, Thane, India were housed under stanaamditions of temperature (243Q), relative
humidity (65+10 %), 10-h light and 14-h dark cyeled fed with standard pellet diet (Chakan
Mill Ltd, Pune, India) with watead libitum. All the experimental procedures and protocolsiuse
in the study were reviewed by the Institutional dal Ethics Committee (Approval number of
project: 080906 and Registration Number of insituR5/1999/CPCSEA) and were in
accordance with the guidelines of the CPCSEA, Minisof Forests and Environment,
Government of India. The animals were deprivedoofiffor 24 hour before experimentation but
allowed free access to water throughout.

Drugsand Chemicals

Poly Herbal Formulations PHF-A and PHF-B were & gdmple from Om Pharmaceuticals,
Bangalore. The dry powder of PHF-A and PHF-B wezeonstituted using 0.5% w/v Sodium
Carboxy Methyl Cellulose (CMC) to get 1 mg hmbf PHF-A and PHF-B respectively. The
suspension was freshly prepared before use. Pamagktind Silymarin from Sigma Chemical
Co, St Louis, MO, USA., and all other chemicalsgents used were of analytical grade.

Acutetoxicity studies

1. PHF-A: Based on % of active constituents present in posetilEHF-A suspended in distilled
water using 1 % Sod.CMC, 6 Albino Wistar rats (B1ées + 3 males) weighing in the range of
100-200 gm, were orally administered the suspenatom dose of 2000 mg/kg. The rats were
critically observed for clinical signs, gross beioa&l changes and mortality if any, following the
administration of suspension at different time wéds like 30 min, 1hr, 2hr, 4hr, 24hr, 48hr,72hr
upto a period of 14 days.

The study was carried out according to OECD GuigsliNo.423.

2. PHF-B: Based on % of active constituents present in posedBHF-B suspended in distilled
water using 1 % Sod.CMC, 6 Albino Wistar rats (B1ées + 3 males) weighing in the range of
100-200 gm, were orally administered the suspenatom dose of 2000 mg/kg. The rats were
critically observed for clinical signs, gross beioa&l changes and mortality if any, following the
administration of suspension at different time wéds like 30 min, 1hr, 2hr, 4hr, 24hr, 48hr,72hr
upto a period of 14 days.

The study was carried out according to OECD GuigsliNo.423.

Par acetaml-induced hepatotoxicity in rats

Rats were divided into nine groups of six animalsheviz: control (untreated) group, standard
drug group, toxicant group, treatment group PHR3AI¢se levels i. e. 200, 400 and 600 mg/kg)
and PHF-B (3 dose levels i. e. 200, 400 and 60kgng/The standard drug Silymarin (25
mg/kg) and the test drugs were administered oraige daily for 7 days to the respective
groups. On 7 day Paracetamol (835 mg/kg) was injected intrapeeilly to all the groups
except in control group.

Group-1: Served as normal control, orally receipace water once daily for 7 days. Of day
intraperitoneally received isotonic normal sali® (nl/kg ).

Group-2: Served as toxicant control, orally recdipere water once daily for 7 days. Ohday
intraperitoneally received Paracetamol (835 mg/kg )
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Group-3: Received standard drug Silymarin 25 mafally once daily for 7 days. Orf"ay
intraperitoneally received Paracetamol (835 mg/kg )
Group-4: Received test drug PHF-A ( 200 mg/kg p) @ence daily for 7 days. On"7day
intraperitoneally received Paracetamol (835 mg/kg )
Group-5: Received test drug PHF-A ( 400 mg/kg p.amce daily for 7 days. On"7day
intraperitoneally received Paracetamol (835 mg/kg )
Group-6: Received test drug PHF-A ( 600 mg/kg p.amce daily for 7 days. On"7day
intraperitoneally received Paracetamol (835 mg/kg )
Group-7: Received test drug PHF-B ( 200 mg/kg p) once daily for 7 days. On"7day
intraperitoneally received Paracetamol (835 mg/kg )
Group-8: Received test drug PHF-B ( 400 mg/kg p.omce daily for 7 days. On"7day
intraperitoneally received Paracetamol (835 mg/kg )
Group-9: Received test drug PHF-B ( 600 mg/kg p.omce daily for 7 days. On"7day
intraperitoneally received Paracetamol (835 mg/kg )

After 24 hrs of paracetamol administration animalsll the groups were humanely sacrificed
with ether and 4ml of blood was withdrawn by cacdpaincture and allowed to clot for 30 mins
at room temperature. The serum was separated by usirigerated centrifuge and used for the
assay of marker enzymes viz., SGOT, SGPT, ALP,AIP, Globulin and Bilirubin. The livers
were dissected out immediately, washed with icelsaline and 10% homogenates in Phosphate
buffer solution (pH 7.4) were prepared. Liver homogte was used for the assay of lipid
peroxidation (LPO) while some fraction of homogesaivere centrifuged at 7000 g for 10 min
at £C using refrigerated centrifuge, and the supertsitarre used for the assay of Superoxide
Dismutase (SOD) Catalase (CAT), Glutathione peraseéd(GPx). Some portion of liver from
each group was aseptically excised and stored%h fb@malin for histopathological studies.

Satistical analysis. All the values are expressed as mean + S.E.M.r&kelts were analyzed
statistically by Analysis of Variance (ANOVA) foleed by Dunnett’s tesP values <0.05 were
considered significant.

RESULTSAND DISCUSSION

Acute oral toxicity did not show any toxic or deleous effects upto 2000 mg/ kg p.o. dose
indicating low toxicity of the PHF-A and PHF-B agh doses.

Hepatoprotective activity

The hepatoprotective effect of PHF-A and PHF-Bslrewn in Table 1 and 2. PHF-A and PHF-
B treatment at all dose levels showed significadiuction in the serum SGOT and SGPT level
in dose dependant manner. PHF-A showed signifieuction in the serum ALP level in dose
dependant manner while PHF-B showed its maximumcetit 400 mg/kg (Table 1). The Total
protein in PHF-A and PHF-B treated groups showetteiase upto dose of 400 mg/kg as
compared to toxicant group while PHF-A shows maximeffect on Albumin and Bilirubin
levels at a dose of 400 mg/ kg and PHF-B showsagimum effect at 200 mg/kg (Table 1).
Since oxidative stress contribute to the develogmémparacetamol-induced hepatotoxicity, the
levels of liver antioxidant enzymes SOD, CAT andxGRere significantly diminished in the
paracetamol-intoxicated group as compared with aboontrol. The PHF-A treated groups near
normalized the levels of these enzymes as comparetiF-B (Table 2).
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Table 1: Effect of PHF-A and PHF-B on biochemical serum parametersin Paracetamol-

induced hepatotoxicity

;fjg;‘e”;n 4|SGOT |sePT |ALP :,féf“'am Albumin | Globulin | Bilirubin
G ke | QUMD [qum fauny | o8 g/ g mg/d|
Contra 208.30 |71.67 |662.00 |6.27 3.80 2.47 0.45
1951 | +6.84 |+12.99 |20.15 |+0.15 1020 | 20.03
roxicant 47320 [ 15380 |819.20 |5.28 2.90 2.38 0.72
+16.052 | +#5.15% | +13.35% | +0.13° +0.13 +0.21 +0.032
Standard 25 | 269.00 | 7250 | 669.80 |5.92 3.55 2.37 0.47
£8.37% | £3.40% | £27.01%* | +0.08* | 40.04** |0.08 | +0.02**
32350 |88.33 |689.50 |5.65 2.93 2.72 0.63
PHEAZ200 | 120,66 | 2420~ |+32.10% |+0.18 |:020  |£0.16 |0.04
315.00 |77.67 |684.00 |5.85 3.40 2.45 0.45
PHFE-A400 | (73 40% | +3.80* |+33.89* |+0.12 |+0.13* |20.16 | =+0.03**
206.80 |73.33 |68020 |5.72 3.03 2.68 0.60
PHF-AB00 | 17 71% | 14.01% |+12.23* | +0.14 | +0.09 1016 | +0.04
35870 |92.50 |706.80 |5.67 3.53 213 0.48
PHE-B200 | 113 01% | 18.56% | +24.56* | +0.13 | £0.10% |+0.20 | +0.04**
311.00 |80.67 |67530 |5.78 3.20 258 0.50
PHF-B400 | 114 34% | 43.05% | 217.61* | +0.16 | 20.12 +0.20 | +0.06**
304.70 | 7450 |686.00 |5.47 2.88 258 0.57
PHFE-B600 | [1946* | +6.30% |+16.16* |+0.26 |20.12 1022 | +0.04

N = 6 ; Each data suggest Mean = SEM; One-way ANClollowed by Dunnett’s test is applied for statsti

analysis, ;1] Significant at p <0.01[1 Significant at p < 0.05; When Drug treated growese compared with
toxicant group.; aa Significant at p <0.01, a Sigant at p < 0.05; When Paracetamol group caoegavith

Normal group

Biochemical observations were further substantidigdhistopathological studies. The liver
sections of animals treated with Paraceta(rajure 2) showed multifocal moderate to marked
necrosis and mildly multifocal mild periportal lynocytic infiltration with marked lobular
disarray. Silymarin treated animal livers exhibitdchost normal histology with mimimal diffuse
granular degeneration and mildly multifocal mileriportal lymphocytic infiltration(Figure 3).
Compared with the lesions observed in the Galantosa group, the lesions noted in livers of
PHF-A 200 treated animals were of a multifocal dnildegree necrosigigure 4). The liver
sections of this group showed moderate diffuse ideain degeneration and minimal to mild
lobular disarray. The livers in the PHF-A 400 graiipgure 5) showed multifocal minimal
degree necrosis and mild diffuse granular degéoneraThe PHF-A 600 grougFigure 6)
showed mild diffuse granular degeneration, indigatiose related hepatoprotection,

While PHF-B 200 treated animals were of a mild ne,(Figure 7). The liver sections of this
group showed moderate diffuse granular degeneratio minimal lobular disarray. The livers
in the PHF-B 400 groufFigure 8) showed multifocal minimal degree necrosis andimiffuse
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granular degeneration. This PHF-A 600 grdéipgure 9) showed minimal diffuse granular
degeneration, supporting dose dependent hepatopvetactivity of PHF-A and PHF-B.

Table 2: Effect of PHF-A and PHF-B on biochemical liver parametersin Paracetamol-
induced hepatotoxicity

Treat . SOD CATALASE | GPx Lipid Peroxidation
reatmen i
groups and u/mg u/mg protein | u/mg (nmoles  of | % Inhibition
prOtein prOtein MDA/q i
dose (mg/kg) JAIG lIver
weight)
Contra 13.41 0.4827 13.01 85.89 37.31
1017 | +0.02 1012 | +351
ot | 253 0.0873 2.19 137.00 0.00
oxican +0.08% | +0.07 +0.06% |+4.17
Standard 25 | 6.73 0.1627 6.15 100.26 26.82
+0.18% | £0.003** +0.12% | 42.54*
4.63 0.1129 3.41 132.19 3.51
PHFE-A200 | {5 09% | +0.002* +0.07* | +4.60%
5.26 0.1255 2.08 121.38 11.40
PHF-A400 | "0 16+ | 20.002%* +0.11%* | +3.08*
6.10 0.1457 4.96 117.90 13.04
PRHFE-A 600 | /5 o7% | 20.002% +0.14% | +3.21*
2.36 0.1100 3.04 130.96 2.39
PHF-B200 | +0.12** | +0.001 +0.05 +2.87
5.09 0.1200 3.77 114.89 16.64
PHFE-BA00 | \h 07+ | 20.001* +0.10 +4.62%
5.02 0.1400 4.42 107.10 21.20
PHFE-B600 | h 10 | 20.002 +0.07 +3.96*

N = 6 ; Each data suggest Mean + SEM ; One-way ANOdlowed by Dunnett’s test is applied for statisl

analysis,;[1] Significant at p <0.01{J Significant at p < 0.05; When Drug treated grouwgse compared with
toxicant group.; aa Significant at p <0.01, a 8igant at p < 0.05; When Paracetamol group camg with
Normal group
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FIGURE 9. PHF-B TREATED (600 mg/kg)

Paracetamol is an antipyretic and analgesic drigghwis widely used to cure fever, headache
and other pains, and is readily available withorgspription. When taken at toxic doses, it
becomes a potent hepatotoxin, generating fulminbggétic and renal tubular necrosis which is
lethal in humans and experimental animals.[6] Eimitatory features of hepatotoxicity induced
by Paracetamol resemble other kinds of acute inflatory liver disease with prominent
increase in SGOT, SGPT, and ALP levels.[7]

The metabolic activation and biochemical mechanisfrigepatotoxicity induced by Paracetamol
have been reviewed, and it has been shown thatloserof Paracetamol can deplete glutathione
stores, leading to accumulation of N-acetyl-p-bep@maone-imine (NAPQI), mitochondrial
dysfunction, the development of acute hepatic resj®|, liver function failure and death in
human as well as experimental animals[9]. Extertiegfatic damage is assessed by the level of
released cytoplasmic enzymes (SGOT, SGPT and AhbPgirculation[10]. Paracetamol at
therapeutic dose is primarily metabolized and détzk by glucuronidation and sulphation, and
subsequently followed by renal excretion.[11] Hoeewvhen Paracetamol is taken at toxic
doses, the compound is converted to a toxic forniPQA which is an electrophilic intermediate
oxidized by cytochrome P-450 and converted to dlfiigeactive and toxic metabolite as in
cases of Paracetamol overdose.[12] NAPQI can Isapdct with glutathione (GSH) and lead to
a 90% total hepatic GSH depletion in cells and antmdria, which can result in hepatocellular
death and mitochondrial dysfunction. In additio®PQI can increase the formation of ROS and
reactive nitrogen species (RNS) such as superoaiden, hydroxyl radical, and hydrogen
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peroxide, and nitro oxide and peroxynitrite, respety. Excess levels of ROS and RNS can
attack biological molecules such as DNA, proteind ghospholipids, which leads to lipid
peroxidation, nitration of tyrosine, and depletiminthe antioxidant enzymes (SOD, CAT, GPx)
that further results in oxidative stress[13] NAPEIn also induce DNA strand breaks and
promote apoptosis and necrosis in Paracetamol-attinepatotoxicity.[14] Previous studies
have demonstrated that oxidative stress is a magahanism in the development of Paracetamol
—induced hepatotoxicity.[15, 16, 17]

PHF-A treatment more effectively reduces the ineegdaserum enzyme levels as compared to
PHF-B. It also showed better efficacy in reducedele of antioxidant enzyme levels as
compared to PHF-B. Both PHF-A and PHF-B were fotmdhave promising hepatoprotective
activity at doses of 200mg/kg, 400mg/kg and 600mglkproved hepatoprotective activity of
PHF-A could be either due to: Inhibition of Cytochre P-450 activity, prevention of
inactivation of antioxidant enzymes, preventionpobcess of lipid peroxidation or free radical
scavenging activity. Pretreartment with PHF-A and PHF-B, for 7 days uoedu the
histopathological damage associated with hepatotgXrom paracetamol-intoxicated treatment.
However PHF-A showed more effective results as @egto PHF-B

CONCLUSION

On the basis of results obtained, it can be comcuthat PHF-A, a Polyherbal formulation
possesses potent hepatoprotective activity as catiga PHF-B. Detailed studies are required
to understand the exact mechanism of action regsigerfer hepatoprotection.
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