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ABSTRACT

Liver 1= the principle srgam for mamtaming the hody's infernal emvirenment. Its major imfiuence on the flow of notrients. & controd the
metabolizm of carbohydrate, protems and fats £ iz alse the major reticulo- endathelial erean mthe body 25 sneh les mpostant munune
flanetion in mantaining body vesacity. It plays & key rele ot only o aeetabolizm znd dispesition of exopenous toxins or therapaatic agent,
bur also in the iocheamical reaction, Many times liver 15 denaged due 1o overdose of dngs and aleohiol consumpteon, Chemacal siriven liver
damage is called heparviccsty. Chernical agents such as syathetic (CCH, galactosamine, lithocholic acid and anti-mberculosis drugs),
nntural (tuicrocystiis) and herbal temedies (Cascara saprada) cam alio teduce hepatofoascity, Such dsmaged liver will lead fo iy
patholopical conditions Lke hepatitis, cholestasis, steatosis, granuloma ete, Hepatoprotection or antthepatotoxicity is the ability to prevent

daniage o e liver,
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INTRODUCTION

Liver is necessary for survival; there is curmentlv no way
to rennbimse for the absence of liver fimction, This organ
plavs a major roke in metabolism and has a munber of
fonctions m the body, mchiding glycogen storage,
decomposition of red blood cells, plasma protein
synthesis, hormone production, and detoxification. T
produces and secretes bile mto piestmal hmen and
assists m digestion of fat and also helps m purifymg the
blood. Biochemical reactions, including the synthesis
and breakdown of small and complex molecnles, many
of which are necessary for normal vital functions.”
Hepatotoxicity

Hepatotoxicity as injury 1o the liver that s allied with
dimmished lover function caused by acquamtance to a
dine. The dissmnilarity between damage and fanction is
important, becanse i 15 mainly when fimction is impamred
that syimptoms and clinically significant disease follow.
The sersous drog-related hepatotoxsery 5 imcapaciating
life-threatening.  Drug-relsted  hepatotoxicity  is
meommon for many dougs, its tree rate 15 difficuli to
determme. After acetammophen overdose the use of N-
acetyleysteme and mtravenous camitine for valproate-
mduced mitochondrial mjury are allowances, Drmg-
related hepatotoxicity 15 now leading cause of acute liver
failie, among patients referred for liver transplantation

because of an mtentional or unmtentional overdose of

acetaminopben. Hepatotoxicity leads to some Liver

disease such as:

» Hepatitis, mflammation of the liver, cansed mawmly by
varous viruses but alse by some poisons (eg
alcohod), autoimnmnity {autoimmune hepatitis)

« Non-alcoholic fatty liver disease, a spectmum i
disease. associated with obesity and characterized as
an abundance of fat in the liver; may lead to hapatitis,
L.e. steatohepatitis

« Cnrhosis 15 the formation of fibrous tissue m the lver
can be cansed by viral hepatitis, alcoholism or contact
with other liver-toxic chemicals,

o Haemochromatosis, a hereditary disease cansing the
accunmlbation of won m the body, eventually leadmg
o liver damage.

» Cancer of the liver (primary hepatocellnlar caremoma
or cholangiocarcinoma and metastatic cancers. nsually
from other parts of the pastrointestmal tiact).

» Wilson's disease, a hereditary disease which causes
the body to retain copper.

» Prmary sclerosmz cholangitis, an  inflammatory
disease of the bile duct. likely autonmmune in nature.

o Primary biliary ciorhosis, anfommmune disease of
small bile ducts.
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» Budd-Chiari syndrome, obstruction of the hepatic
eI
o Cilberts syndrome, a genetic disorder of Wlaubm
metaboliso
o Glveogen storage disease type I the build-up of
glycogen causes progressive muscle  weakness
{nmyopathy) throughout the body and affects various
body tissues, particularly m fhe heart, skelatal
imscles, liver amd mervions svsietn
ETIOLOGICAL FACTORS FOR
HEPATOTOXICITY
Dmgs dmected omally or mtravenoushy are focus to first
pass metabolism in the liver resnlts m their hiological
mactivation. When a drug leaks first pass metabolism its
beologieal activity 15 maintain. Due to the absence of
P430s and hepatic metabolic inactivation a stape will
comne when there 15 exaggerated and prolonged response
to a dmg takes place. The composition of P450s m gut
and Irver can have a major influence on the efficacy and
toxicity of a diug. Several of the xenobiotic metabolizing
P450s, imchding CYP2A6, CYP2C9, CYPZCI19 and
CYP2D%; with the exemption of CYP2A6 that are
having the capability to activate certamn mitrosamines,
Functional polymorphisms occur with P450s  that
metabolize toxms and carcinogens for CYP1AZ and
CYPIBl. Mutamts m CYPIB1 cause heredary
glancoma,” From human liver specimens: studies it was
comcluded that there i= still a high degree of difference m
ther expression. When a lnnted mmber of P430s are
mvolved i xenobiotic metabolism, Several P450s are
mvolved m the synthesis of steroid hormones. When
P450s is  activating several pepes like CYPLAL
CYP1AZ, CYPIBI, CYP2A&6. CYP2E] are involved m
the process,
Dmg mterachons ocour when two  dmgs  are
coadimimistered and both are processed by the same
P450. One dmg can then mhibit the metabolism of
another dmg significant to high serum levels and
proJonged biological activity and occasionally toxicity.
This depends on the drug activity as either inducer o
mhibitor. When the effect 15 mumediate, several Pisx
enzymes block metabolic activity. On the other hand
eryvmes indicers clu_*nl;':cml drug merease Payss activity by
cumilative its synthesis”, Other factors are:-
o [nherited birth imper fections
o Metabalic complamts
Bacterial mfections,
Aleohe] or posonng by toxins.
Certain medications that 15 toxic to the liver.
Nutritional pancities.
[nury

SYMPTOMS
Tmmdice or yellowing of the skin, darkened urine, loss of
appetite, timsual weight loss or weight gam, vomiting,
diarthoea, light colored stools, abdominal pain in upper
right part of the stomach, Varicose vems (enlarged blood
vessels).?
MECHANISM OF HEPATOTOXICITY CAUSED
BY DIFFERENT AGENTS
Several mechanisms are responsible for mducing hepatic
impury.  Many chemicals damage mitochondra, an
infracellular organclle that produces encrgy.  [is
d}&ﬁnmﬂun releases excessive amount of oxidants which
in turn injures hepatic cells. Activation of some enzymes
in the eytochrome P—dﬁﬂ system such as CYPZEI also
leads to oxidative stress.” Injury to hepatocyte and bile
duet cells lead 1o acoummilation of bile acid i liver. This
endorses firther liver damage, Non-parenchyvima cells
such as Kupffer cells also have role in the mechanism of
hepatotoxicity, The Exact mechanism of drug induced
liver injury remains largely unknown but it appears o
imvolve two patlways — direct  hepatotoxicity  and
adverse mmune reactions.
Direct Hepatotoxicity: Drug mduced |mver mpoy 1s
originated by the bio activation of drugs  to chemically
reactive  metabolites, which have the ahbility 1o
inferconnect with cellular macromolecules such as
proteins, hpids, and oucleic acuds, leading to protein
dysfunction, hpid per oxidation, DNA daemage, and
oxilatrve siress, These reactive metabolites mav mduce
inferruption of onie gradients and mtracellular calcmm
stores, resniting in mitochondrial dysfunction and loss of
energy production. This damage of cellnlar function can
dismiss in cell death and likely biver failure,
Immunological Reaction: Hepatic cellular dysfiunction
and cell death also hawve the ability to initiate
immmunolozical reactions. inchidine both mnate  and
adaptive 1mmune responses. Damagmg hepatocytes
result in activation of innate mmune system like Kupffer
cells (KC), natural killer (WK) cells, and WET cells and
result in producing  proinflanmatory  mediators  and
secreting chemokine to further recruit mflammatery cells
to the Imver. It has been confimed that wvarious
mfammatory cytokines, such & tumor pecrosis factor
(TNF)-a, interferon (IFN)-v. and mterleukin (IL)-1 f
produced dunng drog induced liver injury are invo hed
in promoting tissve damage’. Innate immune cells are
also the man source of IL-10, [L-6, and comvinced
prostaglandins, all have been shown to  dusplay
hepatoprotective tole® It iz the subtle equilibrium of
mfammarory and hepatoprotective medistors produced
affer activation of the mnate imumne systein that
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determmes an mdividual susceptibility and adaptation to
drig induced liver mjury. The major procedures of dag
mduced liver i1|,ii1r:.f7imll.u1¢ acite hepatitis, cholestasis,
and a mived patiern.

HEPATOTOXIC AGENTS (HEPATOTOXICTTY) -
CCH Induced Hepatotoxicity: Carbon fetrachloride
(CCly) mduced Iver damege has been lengthily vsed as
an experimental model CCH is used as a model drog for
the study of hepatotoxicity in acute and clronic liver
fathme, CCly 15 metabolized by CYP2EL, CYP2B, and
possibly CYP3A, to form the tnchloromethy]l radical,
CCL. This CCl; can also bind to cellular molecules
damaging crucial cellular progressions, This radical can
also react with oxovgen to form the tnichloromethylperoxy
radical CCI300, a lughly reactive species. The
mefabolites of CCly canse the hepatic injury i the CCL
acute liver mjury model

Admmistration of a single dose of CCl4 to a rat produces
centrilobular necrosis and fatty changes. The poison
reaches its maximum concentration in the liver within 3
hrs. of administration. Afterward, the level falls and by
24 brs there is no CCH left i the liver.” Dose of CCH;
0.1 to 3 ml'ke LLP.

Cralactosamine  Indoced Hepatotoxicity: D-
Galactosamine mdnced liver damage has been lengthily
msed as an expermmental model D-Galactosamine a
discerning hepatotoxic, it induces a verbose tvpe of Liver
mjury closely like buman biological hepatitis  and
approachmg a dmg induced disease in lmmans. The
toxicty of D-Galactosamune 15 mamly due to the
collapse of uridme ponds that are linked with ribommcleic
acid (RNA) and altering hepatocellular function.'" This
mechanism of toxeny mereases m cell menshrane
porousness leading to cell death. The cholestasis cansed
kv galactosamine may be fiom its negative effects on
bile ducts .Galactosamne decrease the bile flow and 1#'s
gratified 1.e. bile salts. cholic acid and deoxycholic acid.
Dose of D-Galactosamme; 400 mg'kg. 1P
Thivacetamide Induced Hepatotoxicity:
Thivacetamide, a selective hepatotoxic within a short
period of time after the administration of the drug, M
experiences an extensive metabolism to acetamide and
thioacetamide S-dioxide by the mixed fnction oxidase
wﬁem.” Acetamide does not ave liver necrobizing
properties  whale thioacetamide S-oxide 5 further
metabolized to ¢ytoclrome P-450 mono-oxvgenase to
sulfene, thicacetamude S-dioxide. The thioacctamide 5-
dioxide 15 a very extremely resctive compound.
Thioacetamide is oxidized 1o a reactive metabolite that 1=
further oxidized to thioacetamide S-dioxide, which
covalently dilemmas to  liver, macromolecules and

initiafes liver mjury. Chronic exposure of thioacetamide
produced corhosis in rats. " Mechanisi of thivacetamide
toxicity 1s due to the fonmation of thoacetamide S-oxide
which 5 responsible for the amendmenst o cell
permeability and the conceniration of Cat+ increases
mwtracellular m muclear vohune and also  obstrocts
mitochondrial activity which chues to cell death '
Alcohol Indoced Hepatotoxicity: Liver is the organ
which is more prone to the toxic effect of ethanol
Alcohel imgestmg 15 documented fo  case  fatty
nfiltration, bepatitis and cothosis, Hepatitis  and
cirthosis may ocour due to higher lipid per oxidative
reaction during the microsomal breakdown of ethanol. It
15 usually putative that the alcohol can mduce m vivo
changes m  membrane lipid  composition.  The
mechanisms of aleohol lead to alteration in membrape
phospholipid apd mcrease o lipwd peroxidation. The
effect of ethanol 15 due to the higher generation of owy
free radicals durmg its oxidation in Inver. The damaging
effect of free radical is due to the decrease in catalase.
superoxide dismntase aml ghitathione peroxidase or due
to the dmect effect of acetaldehvde formed by oxidation
of ethanol.*

Paracetamol Induced Hepatotoxicity: The mechanism
of paracetomol mdunced hepatotoxicity 15 due to the
formation of a hepatotoxic metabolite. A therapentic
doge of paracetamol i metabolized to sulphate and
ghwcuromide conjugates and farther s metabolized fo a
reactive midway which 15 depollnted by conueation with
ghitathione. In overmdulge, the sulphate and ghicuronide
conugation pathways are drenched and dmugs are
converted to the reactive metabolite. The ghitathione is
rapidly exbausted and the metabolite accumulated and
binds covalently to liver cell protems, cansing nTeparable
damage. Dose of Paracetamol: 1 gmdkg P.O."™
Antitubercular  Drugs  Indoced Hepatotoxicity:
Antitubercular drug hke Isomazid (INH), Rifampiem and
Pvrazinamide amd ther combmation mduced serious
hepatotoxicity. Adverse effects of antitubercular therapy
are occasionally potentsated by mubtiple diug regimens.
INH is metabolized to moneacetyl hydrazme, which is
metabolized to a toxic product by cytochrome P 450
leading to hepatotoxicity. Rifampicin also increases the
breakdown of INH to nicotime acid and hvdrazine is
hepatotoxic, When INH and rifampicin in combination
the plasma half-life of INH is shorened and acetvl
bvdrazine 15 quackly converted to #s active metabohtes
bv  smowballme the oxidative elininaton  rate
Rifampicin  induces  hydrolysis  pathway of INH
metabolsm mto the hepatotoxic metabolite hydrazine
When these dmgs like nfampicm and pyrazmamide
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administered paralle]l their Pharmacokinetic ineractions
exisl in mberculosis patients. Pyrazinmnide decrease the
bload level of rifmnpicin by decreasing its hinavailability
and inereasing its clearance.””
Lithocholic  Acld Induced Hepatotoxicity: The
mechanisms of hepatobiiary mpury m the lithochohc
acid progressvely nsed model of cholestatic Irver mjury.
The etiology of LCA-mduced cholestasss in rat nclude
biochemical — alterations  of the hile canalicular
membrane.”® Due to the poor solubility of LCA the
crystalline plugs develop m bile canaliculi’® and
impaired transferring.™  Administration of LCA can
outcome i hepatocellular necrosis with significant
reductions m basolateral bike acid uptake (Nicp, Oatpl)
and  simmsowdal  ile  acwd  efflux  transporters
(Mrp3)mereased. These changes in the liver represent an
mherent toxacity of accnmulating bile acids
HEFATOPROTECTIVE AGENTS
(PFHAEMACOTHERAPY FOR HEPATOTOXTCITY)
Allopathic Treatment: Ursodeoxycholic Acid, UDCA
(Ursodiol): Af present UDCA 15 only one Allopathoe
compound approved by US FDA for the treamment of
primary biliary curhosis (PBC) or hepatoprotection. 1t is
mereasingly being used to treat all cholestatic condrtions
because it improves serum liver.” UDCA is & polar bike
poid that may act by declimmg the hydrophobicity and
toxicity of the bile. UDCA 15 a dibydroxy bile acid which
15 normally present i human bile ina little concentratson
of about 3% of total bile acids.™ (Figure No_1)
Multiple Action Of UDCA Are As Follows
|. Defence of Injured Cholangiocvies Against Toxic
Effects Of Bile Acids; Hydrophobic bile acwds
damage cell membranes amd use cytotoxicity at
concentrations that are present n hile. ™ UDCA may
alse protect cholangiocytes by falling apical uptake
and UDCA encouraging basolateral efflux of bile
acids from cholangiocytes and the conceniration of
hydrophobic bile acid decreasmg miracelhalar thus
reducmg toxicity
2. Imspiration OFf Depoliution OF Hydrophobic Bile
Achds: Tt has been documented that TTDCA stunulates
steroxd breakdown, UDCA activates PXR m ral
hepatocytes and mduces CYP3IAS, which 15 a bile
acid-metabolizing enzyme. ™
3. Protection Agalnst Bile Ackl-Induced Apopiosts:
Apoptosis 15 an unportant aspect of cell death m
cholestasis liver diseases.”® Glyveochenodeoxycholic
acid  induces apopfosis. by ligand-independent
activation of the Fas rcceptor m rat hepatocytes.
UDCA shrinks Fas lhigand-induced apoptosis i rad
hepatocvtes, It protects rar hepatocytes against hile

acid—induced apoptosis by preventing bile acid-
mdisced, e-Jun N-terminal kmase—dependent CTAS
(Fas) trafficking to the plasma membrane ™

Climical Uses of UDCA

1. Biliary eorhosis

2. Biliary disease secondary to cystic fibrosis

3. Non-alcoholic  steatohepatitis,  diopathic
hepatitis

4. Amtonmime hepatitis

5. Primary sclerosing cholangitis

6. Alcohohic hepatitis

AYURVEIMC OK HEEBAL TREATMENT

These are generally classified imto 3 categories withoul

any strict delincation amongst  them

1. Anti-Hepatotoxic Agents: Antagomse the effects of
m1y hepatatodic cansing hepatitis.

2. Hepatotropic Agents: Promote the healing process of
the liver.

3. Hepatoprotective Agents: Prevent various tvpes of
Irver affections.

(Table No-1)

CONCLUSION

Hepatotoxicity will remam a problem that carries both

clinical and controlling significance. Future results from

ongomg mubkticentre concerted efforts may  help

contribute to our current understandmg of hepatotoxicity

associated with drugs,

Credit of the amisocial drug = the vital m preventmg a

reappearance of the Drug Induced Liver Disease. Failure

to differentiate an adverse drug reaction as the cause of

liver disease may allow an mitially minor reaction to

progress 1o a serions illness. The practice strategies for

cansality valuation melide reversal of liver test

abnormalities when the smspected dmg 15 withdrawn,

comoborative evidence of an adverse drug reaction and

the bammng of other causes of hepato-biliary discase.

Dmgz mduced auwtcanfibodies could be nsefil

diagnostically but notwithstanding an increasing number

of dugs associated with ther formation they remain

uncoimmon. Liver biopsy, potentially dangerous but iy

provide useful dinpnostic mformation in many patients

suspected of having DILD. Mixed cholestatic and

hepatic reactions, gramulomatous retorts combined with

bule duct ingwry and fatty change together with zonal

hepatic necrosis are all redolent of drug-mduced hwver

disease, The gold standard for diagnosis remaims

rechallenge. wiich 15 neither often practical nor safe.
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