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ABSTRACT

The antihepatotoxic efficacy of aqueous extract of Indigofera tinctoria (250, 500 mg/kg body weight) and silymarin
were investigated against paracetamol induced liver damage in rats. Paracetamol at the dose of 3g/kg body weight
orally one day only produced liver damage in rats as manifested by the significant rise in serum levels of aspartate
amino transferase (AST), alanine amino transferase (ALT), alkaline phosphatase (ALP), y+glutamyl transpeptidase
(GGT), lactate dehydrogenase (LDH), bilirubin, cholesterol, lipid peroxidation (LPO), superoxide dismutase (SOD),
catalase (CAT), reduced glutathione (GSH) and decrease the protein level compared to control. Histopathol ogical
changes of liver sample were compared with respective control. Treatment of rats with 1. tinctoria (250, 500 mg/kg
body wt.), once daily for 10 days to paracetamol treated rats shows lowered significantly the afore mentioned
clinical parameter whereas protein level increased. Further more, liver tissues were processed for histopathological
observation. The extract alone treated rats did not adversely affect the serum biochemical and histopathological
observation. Sgnificant antihepatotoxic efficacies of the Indigofera tinctoria extracts were reported.
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INTRODUCTION

Herbal medicines have recently attracted much tidteras alternative medicines useful for treatimgpeventing
life style related disorders and relatively veryldi knowledge is available about their mode ofamct There has
been a growing interest in the analysis of plamtdpcts which has stimulated intense research dn pléential

health intense research on their potential headttefits. Liver, the key organ of metabolism andretion has an
immense task of detoxification of xenobiotics, eamimental pollutants and chemotherapeutic agergacé] this
organ is subjected to variety of diseases and dissr Several hundred plants have been examinedéoin a wide
variety of liver disorders. Antioxidants play anportant role in inhibiting and scavenging free cat8 and thus
providing protection against infections and degatiee diseases.

Since, prehistoric times, man has been trying &ntifly plants that can be exploited as food and ioieel
Traditional medicines utilizing natural productsvlabeen shown to contain bioactive compounds iro \i].
Indigofera tinctoria is a widely distributed small erect medicinal ¢ghhelonging to the family of fabaceae, found
throughout India. The plant has proved to be méfectve against chronic myelogenous and otheréenik’s P).

The roots, stems and leaves are bitter, thermogéaiative, trichogenous, expectorant, anthelngnitonic and
diuretic, and are useful for promoting the growthhair and in gastropathy, asthma, ulcers and sliseases.
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Isolation of flavanoids apigenin, kaempferol, luie@nd quercetin from the plant has been repdi3gd ndigofera
tinctoria was found to contained carotenoids, coumarinsflanenoids f]. In traditional medicine of India and
China, indigo was used in the treatment of cond#tizve would now call epilepsy, bronchitis, livesekse, and
psychiatric illness. Based on its use for liverlppems, researchers have investigated whether imdigbt protect
the liver against chemically induced liver injufy]. In addition the plant has been used for thettneat of
numerous ailments ranging from hemorrhoids to soarpites p]. Preliminary evidence suggests thadligofera
tinctoria may have protective effect against carbon tetcam#-induced hepatotoxicity. l.aspalathoides hasnb
reported to possess anti-inflammatory activit}; The present study is aimed to evaluate the hepattective and
antioxidant activity of methanol extract of the \Jea of Indigofera tinctoria against paracetamol induced
hepatotoxicity in rats.

MATERIALS AND METHODS

Plant material: The leaves of the plant materlaldigofera tinctoria Linn. were collected from the Department of
Agriculture, Annamalainagar Chidambaram, Cuddatbsgrict, Tamil Nadu, India. The plant was autheatied by
the Botanist, Department of Botany, Annamalai Ursitg, Annamalainagar, Chidambaram, Tamil Nadu, lzuaiéa.

Preparation of methanol extract: About 500 gm of dried powder dhdigofera tinctoria was taken in soxhlet
apparatus and extracted with methanol 72 hours. stivent was recovered by distillation in vacuund ahe
residue (yield — 42.249) was stored in desiccatdrsed for subsequent experiments.

Preliminary phytochemical screening Preliminary phytochemical screenind@,[9 revealed that, in the
presence/absence of alkaloids, carbohydratesjdsetannins, glycosides, saponins protein, flaids)amino acids
and terpenes.

Animals: Healthy adult male wistar albino rats between 2 andonths of age are taken and weighed about 250-
300 gm were used for the study. The animals wetsdub in a poly propylene cages, maintained underdsrd
conditions 12 hr light, 12 hr dark cycle.

Acute toxicity studies: Healthy adult male wistar albino rats starved oigdhwere divided into five groups (n=6)
and were orally fed with the methanol extract ior@ased dose levels of 100, 250, 400 mg/kg bodghwél0]. The
rats were observed continuously for 24 hr and 7®heany lethality or death (2530°C; 35-60% humidity). They
were fed with standard rat pellet diet (Hindustewel Ltd; Mumbai, India) and water ad libitum. Tinhsetitutional
animal ethical committee of central animal hous®IMC and Hospital, Annamalai University (IAEC/160/
1999/CPCSEA 2007-2010) approved for this study.

Induction of Hepatopathy: Overdose of paracetamol was reported to producatbteexicity effect, which were
associated with oxidative streskl]. In the presence of oxidative stress, more ligigsoxidation products were
formed, due to cell damage. Then the hepatotoxéffiget and protective activity was assessed hygugarious bio-

chemical parameters.

Experimental design: The hepatotoxicity animals, divided into 5 groups®) six rats eacHlp].

Group — |: Controls received the vehicle viz. normal saline (1 ml/kg) was administered daily for 7 days.

Group — Il: Hepatopathy control rats, paracetamol (3g/kg) was administered daily for seven days.

Group — III: Rats were received methanol extract of leaves of Indigofera tinctoria (250 mg/kg P.O) once daily for seven consecutive days and
followed by paracetamol (3 g/kg P.O) was administered on 5" day of the extract administration [13)].

Group-1V: Ratswere received methanol extract of leaves of Indigofera tinctoria (500 mg/kg P.O) only for seven days.

Group — V: Rats were received standard drug silymarin (25 mg/kg) IP, for seven days, followed by paracetamol (3 g/kg P.O), on 5" day of
silymarin administration.

After 48 hrs of last dose of paracetamol treatmbliod samples were collected from retro-orbitaxpls under
mild ketamine anaesthesia. The blood samples wWiengeal to clot and the serum were separated byribegdtion
at 2,500 rpm at 3T and used for the assay of biochemical parameters.

Assessment of liver function:Biochemical parameters i.e, aspartate amino taasde(AST) 14] alanine amino
transferase (ALT) I4], alkaline phosphatase (ALP1Y], y-glutamate transpeptidase (GGTRJ]| total bilirubin
[17] and total protein18] were analyzed according to the reported methots. liver was removed, weighed and
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morphological changes were observed. A 10% of Ih@nogenate was used for antioxidant studies ssdipid
peroxidation (LPO) 19], superoxide dismutase (SO(, catalase 31], glutathione-s-transferase (GSDZ. A
portion of liver was fixed in 10% formalin for higiathological studies.

Histopathological studies: To examine the extent of cellular damage causedhbyparacetamol the liver of
experimental and control rats were fixed in Bouifitéd for 24 h. Following a rinse with water, thissues were
dehydrated in graded alcoholic series, cleanedyial and embedded in paraffin wax (58 -60C).Usingotary
microtome @ thick sections were cut. The sections were defiaizdd in xylene and were hydrated in graded
series of alcohol from 100, 90, 70, 50, 30% andtléstilled water. Then the sections were staindth w
Heidenhain’s haematoxylin and counterstained wigjuemus eosin for microscopic observations. Thensthi
sections were mounted in DPX.

Statistical analysis: The values were expressed as m@#aBEM statistical analysis was performed by one way
analysis of variance (ANOVA) followed by Tukey miple comparison test and data on liver weight \emes were
analyzed using student’s ‘t’ test, P values <0.@5exconsidered as significant.

RESULTS

The effects of Indigofera tinctoria on serum markaeymes are presented in Table 1. The levelsrahsAST,
ALT, ALP, total bilirubin, GGTP were markedly eleea and that of protein decreased in paracetarealed
animals, indicating liver damage. Administrationlndligofera tinctoria extract at the doses of 250 and 500 mg/kg
remarkably prevented paracetamol — induced hepatittpin a dose dependent manner. Analysis of L&&Is by
thiobarbituric acid reaction showed a significa&(.001) increase in the paracetamol treated Teggtment with
Indigofera tinctoria (250 mg/kg and 500 mg/kg) significantly (P<0.00pigvented the increase in LPO level which
was brought to near normal. The effectmdigofera tinctoria was comparable with that of standard drug silymari
(Table 2).

Table 1: Effect of Indigofera tinctoria on biochemical parameters in paracetamol induceddpatotoxicty in rats

Dose AST ALT ALP Total Total GGTP

Treatment | 10 /kg) uiL uiL uiL b':'r:;&” prrrfg‘f/:)” uiL
Control - 157.66:4.6 74.%2.92 188.43.16 0.80.05 8.131.4 26.0%1.10
Paracetamol 600 227.5+6.8 176.0:4.7 578.:8.9 1.1+0.08 6.35:0.35 62.12.48
Silymarin 25 151.4+6.63F 89.2+3.6 2284542 0.72:0.03 | 8.12:0.56 35.31.78
Indigofera 250 217.5:4.64 122.6:2.5 414.12.89¢ | 0.650.06 | 9.22:0.31 39.641.08¢
tintctoria 500 174.256.73 | 107.:5.42° | 299.7311.89 0.7#0.04 | 8.620.96 31.53.61
extrac

N = 6; values are expressed as mean + SEM; ®P<0.01; "P<0.01; %P<0.05 Vs control; “P<0.001 Vs paracetamol .Data were analysed by using one
way ANOVA followed by Tukey multiple comparison test.

Table 2: Effect of Indigofera tinctoria on antioxidants level in paracetamol induced hepatoxicty in rats

Treatment Dose AST ALT ALP Total bilirubin Total protein
(mg/kg) U/L U/L U/L mg% mg%
Control - 7.85:0.92 24.631.68 51.291.67 38.7%1.96 0.380.05
Paracetamol 600 17.17+1.14 23.48:1.04 45.1%#2.1C 32.64+1.76' 0.39:0.01°
Silymarin 25 11.0:0.87 22.36:1.18 48.291.92' 33.14:1.45° 0.25:0.03
Indigofera 250 6.54+0.51° 20.72:1.39 36.24:2.10 28.522.45' 0.48:0.004
tinctoria extract 500 7.511.3¢ 18.05:1.48 36.241.35 16.8262.10 0.09:0.0Z

N = 6; values are expressed as mean + SEM; 2P<0.001; °P<0.05; °P<0.01 Vs control; %P<0.001; *P<0.05 vs Paracetamol.
Data were analysed by using one way ANOVA followed by Tukey multiple comparison test.
SOD = Units/min /mg protein
CAT = pmole of H,O, consumed /min/mg protein
GPx = pmoles of GSH oxidized /min/mg protein
GST = pmoles of cDNB conjugation formed / min/mg protein
LPO = xmoles of MDA/min/mg protein.

Paracetamol treatment caused a significant (P<Pid@iease in the level of SOD, catalase, GPx aBd @ liver
tissue when compared with control group (TableT2)e treatment ofndigofera tinctoria at the doses of 200 and
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500 mg/kg resulted in a significant decrease of S€alase, GPx and GST when compared to paracketaated
rats. The liver of silymarin treated rats also shdwa significant increase in antioxidant enzymegsliecompared to
paracetamol treated rats.

Histopathological studies, showed paracetamol todyce extensive vascular degenerative changes and
centrilobular necrosis in hepatocytes. Treatmeitih wifferent doses olfndigofera tinctoria extract produced mild
degenerative changes and absence of centrilobetaosis when compared with control. All these rissudicate a
hepatoprotective potential of the extract (Tabgell).

DISCUSSION

Paracetamol a widely used antipyretic analgesig,dstoduces acute hepatic damage on accidentad@sage. It is
established that, a fraction of paracetamol is edied via the cytochromedg pathway to a highly toxic metabolite;
N-acetyl-P-benzoquinamine (NAPQI23] which is normally conjugated with glutathione aegcreted in urine.
Overdose of paracetamol depletes glutathione stlmading to accumulation of NAPQI, mitochondrigktunction
[24] and the development of acute hepatic necrosiger8eRiso enzymes are known to play an important role in
APAP bioactivation to NAPQI. 2y 2E1 have been suggested to be primary enzymgmfacetamol bioactivation
in liver microsomes 35]. Studies demonstrated that paracetamol inducgutbtxicity can be modulated by
substances that influencgsfactivity [26].

In the assessment of liver damage by paracetarealeétermination of enzyme levels such as AST, Ad Taigely
used. Necrosis or membrane damage releases theeizyp circulation and hence it can be measureddrserum.
High levels of AST indicates liver damage, suchhes caused by viral hepatitis as well as cardidi@ction and
muscle injury, AST catalyses the conversion of iakrto pyruvate and glutamate and is released sidlar
manner. Therefore ALT is more specific to the lj\amd is thus a better parameter for detecting Injery.

Elevated levels of serum enzymes are indicativeetifilar leakage and loss of functional integrifycell membrane
in liver [27]. Serum ALP, bilirubin and total protein levels other hand are related to the function of hepegit
Increase in serum level of ALP is due to increasgithesis, in presence of increasing biliary presgsg).

Administration of paracetamol caused a signifig@®0.001) elevation of enzyme levels such as ASTT,AALP,
GGTP, total bilirubin and decrease in total proteimen compared to control. There was a signifi¢@st0.001)
restoration of these enzyme levels on administmatibthe leaf extract in a dose dependent mannéraiso by
silymarin at a dose of 25 mg/kg. The reversal eféased serum enzymes in paracetamol induceddareage by
the extract may be due to the prevention of thkdga of intracellular enzymes by its membrane kgag activity.
This is in agreement with the commonly accepteavitieat serum levels of transaminases return to abwith the
healing of hepatic parenchyma and the regeneratidmepatocytesZ9]. Effective control of ALP, bilirubin and
total protein levels points towards an early imgnment in the secretary mechanism of the hepatis. cel

The efficacy of any hepatoprotective drug is depemdn its capacity of either reducing the harndfiect or
restoring the normal hepatic physiology that hasnbdistributed by a hepatotoxin. Both silymarin dhd plant
extract decreased paracetamol induced elevatedmenigvels in tested groups, indicating the probectof
structural integrity of hepatocytic cells membrameegeneration of damage liver cell.

The increase in LPO level in liver induced by patamol suggests enhanced lipid peroxidation leatbngssue

damage and failure of antioxidant defense mechamisprevent formation of excessive free radicalealment

with Indigofera tinctoria significantly reverses these changes. Hence itikisly that the mechanism of
hepatoprotection dihdigofera tinctoria is due to its antioxidant effect.
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1)

Fig.1. Liver section taken from (a) control rats slewing normal histoarchitectural pattern; (b) paracetamol treated rats;
(c) Paracetamol + methanol extractofndigofera tinctoria (250 mg/kg body weight); (d) Paracetamol + methanial extract
of Indigofera tinctoria (500 mg/kg body weight); (e) Paracetamol +silymarii25 mg/kg body weight); (f) methanolic

extract of Indigofera tinctoria (500 mg/kg body weight) alone. H & E x 200.
CV-Central vein, H-Hepatocyte, N-Nucleus, FC-Fatty changes, NC-necrosis, V-Vacuole, SF-Space formation, LCB-Loss of cell boundaries.

Decrease in enzyme activity of superoxide dismuf8€xD) is a sensitive index in hepato cellular dgenand is the
most sensitive enzymatic index in liver inju80] SOD has been reported as one of the most imgogtazymes in
the enzymatic antioxidant defense system. It sa@e®the superoxide anion to form hydrogen peroaiu thus
diminishing the toxic effect caused by this radigaducing oxidative damage to liver Catalase (CA3)an
enzymatic antioxidant widely distributed in all aval tissues, and the highest activity is foundhie ted cells and
liver. CAT decomposes hydrogen peroxide and prstéoe tissues from highly reactive hydroxyl radscfdl].
Therefore reduction in the activity of CAT may rktsa a number of deleterious effects due to thenagation of
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superoxide radical and hydrogen peroxide. A higlese (500 mg/kg) decreases the level of CAT asymed by
silymarin, the standard hepatoprotective drug.
Glutathione is one of the most abundant tripeptiten-enzymatic biological antioxidant present ie tiver. It
removes free radical species such as hydrogen igersuperoxide radicals and maintains membrarteiprthiols.
Also it is substrate for glutathione peroxidase X}5P32]. Decreased level of GSH is associated with araeroéd
lipid peroxidation in paracetamol treated rats.

Extensive vascular degenerative changes and adntldr necrosis in hepatocytes was produced bycptamanol.
Treatment with different doses of methanolic extra€ leaves ofindigofera tinctoria produced only mild
degenerative changes and absence of centrilobetaosis, indicating its hepatoprotective efficiency

Free radical mediated process has been implicatpdthogenesis of most of the diseases. The pnmesffect of
Indigofera tinctoria on paracetamol induced hepatotoxicity in rats appdo be related to inhibition of lipid
peroxidation and enhancement of antioxidant enzyewels in addition to free radicals scavenging actiA
preliminary phytochemical study reveals the preeeoicflavanoids in methanolic extract fdigofera tinctoria.
Flavanoids are hepato protectived3,[34]. The observed antioxidant and hepatoprotectievigc of Indigofera
tinctoria may be due to the presence of flavanoids. Furthedies to characterize the active principles and t
elucidate the mechanism are in progress.
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