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ABSTRACT

Hepatotoxicity is mainly caused by the inorganic compounds, organic agents and synthetic drugs. These inorganic
compounds, organic agents and synthetic drugs which undergo metabolism in the liver and produces free radicals
in the liver which causes liver damage. Drugs such as Satins, Methotrexate, Paracetamol, Alcohol etc are some
common hepatotoxic agents. Approximately 75% of idiosyncratic drug reactions results in liver transplantation or
death. These hepatotoxic drugs mainly increase the transaminase liver enzyme i.e. SGOT, SGPT and ALP level
which is very much effective marker of liver disease. This review throws light on various drugs which induce
hepatotoxicity with the overview of their common mechanism.
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INTRODUCTION

Liver Disease is a major cause of morbidity andtalidy [1]. Liver injury is an extremely serious health problem
modern world. It is one of the largest organs imhn body and the chief site for intense metabokisich excretion
[2]. It is an injury to the liver that is associdtaith liver function caused by exposure to a dawgany other
infectious agent. The liver plays a major role leacing chemicals and is susceptible to the toxifiom these
chemical agents. As per data survey more than 8@sdtoxins, and herbs have been reported to deysaic cell
injury. Approximately 75% of the idiosyncratic drogactions result in liver transplantation or dedthe chemicals
that cause liver injury are called hepatotoxinse Tdtcurrence of drug-induced hepatotoxicity is doieover

consumption of alcohol, NSAIDS, anti-tubercularti@ancer and anticonvulsant drugs [3]. It has beeted as
jaundice, cirrhosis, hepatitis, steatosis, fibrodiser cancer and ultimately leads to liver dysftion [1].

Hepatotoxicity implies chemical driven liver damagéere are certain medicinal agents when takdrgher dose
and sometime even in therapeutic range may danfegdivier moreover some laboratories agents, laboest
chemicals, herbal remedies like CCParacetamol, Ethanol, Lead, Arsenic, Ephedrarddicstins, Aflatoxin can
also induced hepatotoxicity [4,5]. It has been ddteat hepatitis, hepatic necrosis and hepatidagsaare main
cause of hepatotoxicity [6]. Liver injury leadsdisturbance in transport function of hepatocytssilteng in leakage
of plasma membrane which results in increasedebel lof SGOT, SGPT and bilirubin enzyme clinicalyd pre-
clinically [7,8] due to up regulation of TNé&- interleukin-1, interleukin-10 [9], TGF- beta-10]l collagen and
kuffer cell. Moreover the opening of MPTP (membraeemeability transition pore) [11] and DNA damauges
been noted in the experimental hepatotoxicity. Téneel of oxidative stress also increased in theeexpental
hepatotoxicity. These above programs lead to neciafsliver cell. There are various experimentaldels are
employed to induced hepatotoxicity in order to tifgrthe noble pharmacological approaches for hatpaicity.

The present review focused on various chemicalsded experimental hepatotoxicity.
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CHEMICALSDRUGSFOR MODEL OF HEPATOTOXICITY

Carbon tetrachloride induced hepatotoxicity

Liver injury due to carbon tetrachloride in ratssafirst reported in 1936 and has been widely usgdnbny
investigators. Carbon tetrachloride (C{Llis metabolized and activated by cytochrome (GER)CYP:B; or
CYP,B,, and possibly CY#A, in endoplasmic reticulum and mitochondria witle formation of CGO-, a reactive
oxidative free radical [12]. At the molecular leveCl, activates tumor necrosis factor (TNF) alpha, aitkide
(NO), Caspases-2 and transforming growth factoSH)falpha and —beta shown the destruction of hepatis
processes that appear to direct the cell primadlyard destruction or fibrosis. TNF alpha leadsafmptosis,
whereas the TGFs appear to direct toward fibrds3$. [ Recent studies shown that the Dose of,{Zml/kg,s.c.)
at every 72 h for 10 days and single dose of,@ZBml/kgi.p) produced hepatotoxicity [14The acute toxicity
observed at the dose administration 8rd@y of experiment cause centrilobular necrosisfattg changes has been
observed. The development of necrosis is associitd leakage of hepatic enzymes into serum [13je T
administration of CCl.at the dose of 3gm/kg via intra gastric tube foeé week produced necrosis [16].

Thioacetamide induced hepatotoxicity

Thioacetamide (TAA) is an organo sulphate compowhde crystalline solid in colour which is solukile water.
After the administration of drug it is selectiveplagotoxins with in a short period of time. TAA inthd acute and
chronic liver injury due to its effects on proteiynthesis, RNA, DNA and Gamma-glutamyl transpegtdactivity
[17]. TAA undergoes two-step bio activation to swf and after then to sulfene, a reactive metthdBulfine is
responsible for the enlargement of nucleoli, inseem nuclear volume and intracellular concentratb Cd™ that
will lead to cell damage [18]. At the same timef8ué is responsible for the release of nitric oxégathase and
NF-kappa B directing to centrilobular necrosis,tpio denaturation and lipid peroxidation [19]. TAefects the
movement of RNA to cytoplasm from nucleus which ntayse injury to the cell membrane. TAA metabolite
(perhaps s-oxide) is responsible for hepatic injdfyA decreases the number of viable hepatocytegetisas rate
of oxygen consumption. It also decreases the volwidile and its content i.e. bile salts, cholicddaand
deoxycholic acid. As per latest study the admiat&in of TAA at the dose of 200mg/kg. twice a week for 8
weeks produced cerebral necrosis [20,21].

Galactosamineinduced hepatotoxicity

Galactosamine is a well establish hepatoxicantpritduces diffuse type of liver injury and stimubafi viral
hepatitis. It presumably disrupts the synthesigesdential uridylate nucleotides resulting in ordjanimjury and
ultimately cell death. Depletion of those nucleeidvould impede the normal synthesis of RNA andsequently
would produce depletion in protein synthesis [2Phis mechanism of toxicity brings about an increaseell
membrane permeability leading to enzyme leakage ewehtually cell death. The cholestasis caused by
galactosamine may be from its damaging effectsilendiicts or ductules or canalicular membrane plbacytes. It
has been observed that galactosamine reduces tmbéenuof viable hepatocytes as well as rate of omyge
consumption. It has been observed that single dbgeglactosamine 800 mg/kgo administration on 21 days of
experiment and dose of D-glactosamine 500 mgfxghree times weekly over a period of one to thremntim
induced hepatotoxicity. [23]

Alcohol induced hepatotoxicity

Liver is among the organs most susceptible to aki teffects of alcohol. Alcohol consumption isokvn to cause
fatty infiltration, hepatitis and cirrhosis. Fatfiltration is a reversible phenomenon that occufsemw alcohol
replaces fatty acids in the mitochondria. Hepatitisl cirrhosis may occur because of enhanced fipidoxidative
reaction during the microsomal metabolism of aldofibe effects of ethanol can enhance generatiooxpffree
radicals during its oxidation in liver. This resiit elevated levels of glutamyl transpeptidase,eamtorane bound
enzyme in serum. The decreased activity of antemticenzymes superoxide dismutase, glutathione jplerex are
speculated to be due to the damaging effects efradicals produced following ethanol exposurel@ratively
could be due to a direct effect of acetaldehydeméal by oxidation of ethanol [24]. It is observéwtt ethanol:
3a/kg body weight or 30% v/p.o. for 20 days induced hepatotoxicity. The initialsdoof ethanol was 6g/kg/day
(solution maximally containing 56% alcohol) and tHese was progressively increased during week & to
maintenance dose of 8g/kg/day that was continuel foore weeks induced hepatotoxicity [25, 26].

Paracetamoal induced hepatotoxicity
Paracetamol (PCM) is a widely used anti-pyretic andlgesic, produces acute liver damage if oveslossome
time therapeutic dose is consumed. Paracetamotosercan cause severe hepatotoxicity and evenféilare in
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experimental animals and humans. One consequentigisofs an inhibition of mitochondrial respiratioATP
depletion and mitochondrial oxidant stress. Inphesence of sufficient vitamin E reactive oxygemfation does
not induce severe lipid peroxidation but the supiel® reacts with nitric oxide to form peroxynitrita powerful
oxidant and nitrating agent. Peroxynitrite can rpdiellular macromolecules and may aggravate miadhial
dysfunction and ATP reduction leading to cellulaceatic necrosis in hepatocytes and sinusoidal éwdiat cells
[11]. Thus, we hypothesize that reactive metabdtitenation and protein binding initiate the injysyocess, which
may be then propagated and amplified by mitochahdtysfunction and peroxynitrite formation. It hhsen
observed that the 3g/kg,0. dose of PCM given onBand %' day of 7" day experiment induced hepatotoxicity
[27]. Moreover single dose of PCM (3gm/gg.) administered on&lay of experiment [28] or single dose of PCM
(2gm/kgp.o.) on 8" day of experiment induced hepatotoxicity [29].

M ethotrexate induced hepatotoxicity

Methotrexate (MTX) is a first-line drug used in threnagement of early and established arthritis. M@K induce
a variety of histologic changes including steatostsllate cell hypertrophy and hepatic fibrosi®][3VMTX is a

folate analog that enters the cell bound to folegeporter 1 and is pumped out by the ATP-bindiagsette (ABC)
family of transporters. Methotrexate is retainedhwin the cell as a polyglutamate that inhibits yditofolate

reductase, thymidylate synthase and AICAR (5-anmiaézole-4-carboxamide ribonucleotide) transforragla
leading to impaired pyrimidine and purine synthedis addition, methotrexate indirectly affects MTRIF
(methylene-tetrahydro folate reductase) and heheeggeneration of methionine from homocysteine. Idigtxate

therapy in patients with rheumatoid arthritis ha&ei shown to raise plasma homocysteine levelspuaith this

effect varies depending on concurrent administnatibfolate. Excess homocysteine can generate twélstress or
sensitize the cell to its cytotoxic effects. Homsteyne has been shown to induce endoplasmic retic{ER)

stress, which, when unresolved, leads to fattytiafion of the liver. Homocysteine, in additiorgrcalso activate
pro inflammatory cytokines results in activationtadpatic stellate cells, which leads to liver figiso[31]. Use of
MTX for neoplastic diseases has been associatddabitormalities of liver biochemical tests. It ted that dose
of MTX 0.250 mg/kg body weighitp. given for 4 weeks to animal responsible to inducecrosis in liver cell [32].

Azathioprineinduced hepatotoxicity

Azathioprine (AZA) is an important drug used in ttherapy of autoimmune disorders and in prevendrajt
rejection Azathioprine can also cause an acutejcelily apparent liver injury that is typically clestatic. The
mechanism of AZA toxicity to mitochondrial injuryo@ind depletion of ATP and cell death by necrosipid.
peroxidation as well as altered level of some eedegus scavenger is taken as indirect in vivobigiandices for
the contribution of free radical generation andum oxidative stress [33] Elevated thiopurine myitansferase
activity leading to hyper-methylation has been adbsed a potential mechanism of hepatotoxicity eAiatively,
oxidation of azathioprine or 6-mercaptopurine bytkine oxidase might be associated with the geioeraif
reactive oxygen species, thus contributing to limguiry [34]. The recent data told that after 48fhreatment with
azathioprine at the high concentration of 50 miczanses GSH depletion [35].

Rifampicin induced hepatotoxicity

Rifampicin is a macro cyclic antibiotic. Patients concurrent Rifampicin therapy have an increasetiénce of
hepatitis. This has been postulated due to Rifamyincluced cytochrome P450 enzyme-induction, causin
increased production of the toxic metabolites frametyl hydrazine (AcHz). The mechanism of rifampin
hepatotoxicity is not well known but it is extensly metabolized by the liver and induces multippdtic enzymes
including CYP 3A4 and ABC C2 (MRP2). Thus, the Rifaicin also increases the metabolism of INH to be
nicotinic acid and hydrazine, both of which are dtepoxic. Rifampicin also interacts with antiretimav drugs and
affects the plasma levels of these drugs as welisasof hepatotoxicity [36]. However isoniazid (N 50 mg/kg,
po) and rifampicin (RMP, 100 mg/kpg,0.) combination is also induced hepatotoxicity [37].

I soniazid induced hepatotoxicity

Isoniazid (INH) is a potent anti-mycobacterial agerhich is thought to act by inhibition of lipid dnDNA
synthesis of mycobacterium tuberculosis, thus iitindp its cell wall synthesis. Hepatotoxicity is @mmon
complication of antimicrobial and anti-tuberculotfigrapy that ranges in severity from asymptometgwation of
serum transaminases to hepatic failure requirimgr liransplantation. This is not caused by higtsipla Isoniazid
levels but appears to represent an idiosyncratipamse. INH is metabolized to mono acetyl hydrazivigch is
further metabolized to a toxic product by cytocheoP450 leading to hepatotoxicitduman genetic studies have
shown that cytochrome P4502E1 (CYP2EL) is involire@ntitubercular drug hepatotoxicity [38]. The CHL
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cl/cl genotype is associated with a higher CYP2fiVity and may lead to a higher production of hepaxins.
INH has an inhibiting effect on CYP1A2, 2A6, 2C1Ada3A4 activity. Isoniazid can induce its own taiic
possibly by the induction or inhibition of thesezgmes [39, 40]. The dose of INH i.e. 27mg/kg. for 30 days
[41] and 50 mg/kg.o for 7 days produced hepatotoxicity [42].

Mercuric chlorideinduced hepatoxicity

Our human activities play a major role in pollutithge environment by toxic and carcigenic metal cooma. These
metals are accumulated in the water and food. Mgrisuwidely used in the industries and also hazardnimals
has been reported. It is a transition metal angtdtmotes ROS generation such as hydrogen peroktuie.ROS
increase the generation of hydrogen and peroxideaks. Mercury as inhibits the enzymes such asmxixe
dismutase and glutathione peroxidase. It causésmmhbrane damage and ROS generation cause alteiati
mitochondria by alter mitochondrial permeabilitgrisition pore [43]. The dose of mercuric chloridegdkgi.p. for

twenty days induced necrosis and 2mg/kg orallyttioty days produced hepatotoxicity [44].

Bromobenzeneinduced hepatotoxicity

Bromobenzene (BB) is a solvent used in industreasse necrosis of liver. It is a subject to biotfamaation in
liver and metabolism of BB is highly toxic. BB iydrolyzing by cytochrome p450 mono-oxygenase ahibitor

of cytochrome p450 monooxygenase was found to mchapatotoxicity. This leads to a number of seconda
events that damage the cell, like lipid peroxidatidTP depletion, mitochondrial dysfunction, eneigybalance
and alteration in intracellular calcium level reddider damage [45]. It has been observed thattinistration of
BB (0.5, 2.0 and 5.0 mmole/kpg,0) for 10-12 weeks induced hepatotoxicity [46].

CONCLUSION

Hepatotoxicity implies chemical drive liver damag@ée list of hepatotoxic drugs and chemicals argehand a
complete coverage of all these drugs/chemicalsffisudt. Some drugs/chemicals are sum up in thevabreview

article with their common overview regarding theyethological factors responsible for hepatotoyiitpreclinical

and clinical scenario. These agents/chemicals pemtihhepatotoxicity when they are given at higheyedand even
at therapeutic dose induced hepatotoxicity dueh® deneration of free radical, oxidative stress ahdr the

Mitochondria permeability transition pore. Hencé,can be concluded that the better understandinghef
chemicals/drugs involved in experimental hepataitxiwould help to define new therapeutic stratedeelucidate
newer hepatoprotective drugs.
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