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Drug I nduced Liver Injury
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Mostract: Alarge nunber of chemical agents used for diagnostic and therapeuti c purposes can produce
varying types of hepatic injury by different nechanisns. Drug induced liver inury accounts for 3-9%
of dl adverse drug reactions. \arious drugs that have beeninplicated in causing liver inury include
non steroidal antiinflanmatory drugs (NBA Ds), antitubercu ous agents, nucl eosi de reverse transcri ptase
inhbitas, nonnudeosidereverse trascriptase inhihitas, pratesse inhibitars, penicillins, cedhd osparirs,
tetracydines, nacrdides, sufonamdes ad tringthgrim atifugd agets, atidgressats, attipsychatics,
anti convul sants, anti-anxi ety drugs, acetylcholinesterase inhibitors, al cohol, cocaine, ecstasy,
atihypertensive agarts, ard hypod ycenncs, ad a fewathers like statins, estrogers, hd athane, anodarone,

nethotrexate, nitrofurantan, dsufiram ongprazo e, DRenicillamne, and heparin

Thi s revi ewfocuses

onthe dfferent types of druginduced liver inuies, ther nechanisns, and the indvidud durgs causing

liver iquy.

I ntrocucti on

Alarge nunber of chenical agents used for diagnostic and
therapeuti ¢ purposes can produce varying types of hepatic inuy
by different nechanisns. Mre than 600 agnets are known to
case hepaticinuyt. Theincidence of druginduced liver inuy
has been i ncreasi ng perhaps due to a | arge nunber of new
conpounds introduced into cinica we Duginduced liver infuy
nani fests nast comany as acute toxicity. It accouts for 3-9%
o dl adverse drug reacti ons®

Dugs Gusing Liver Infuy (Tadde )
Atti-inflammatory (Aal gesic Agents)

Non Seroidal Atiinflanmatory Drugs (NSA ) : The NBA D5
aewddy used as ad gesics ad atipyretics, hah as prescripti on
drugs and over the counter purchases. Athough the risk of
clinicaly apparent liver infury is low(1-8 cases per 100,000
patient years of NSADuse), it can be serious and can create
cofwlsionindagosis. Hpdicinuy is cosidered adass effect
of NSADs by ULBFDA  Anidiosyncratic reaction (i nmunol ogi c
or netabolic) is generally inplicated in NSADinduced |iver
iguy.

Sicylates : S icylates have been docunented to cause dose-

Tabl e 1: Drugs causi ng acut e hepat ocel | ul ar inj ury.

NSAI Ds/ Anal gei es
Acet am nophen
xapr ozi n

DO cl of enac

P roxi cam

Et odol ac

Phenyl but azone

Antimcrobials Anti convul sant s

Sul f onam des Phenyt oi n

Eryt hronyci n Car barmazepi ne
I soni azi d Val proic acid

R fanpi cin

Pyr azi nam de

Tetracycl i ne M scel | aneous

Paraamnosal i cyl i ¢ aci d Anabol i ¢ and contracepti ve steroi ds
DO sul firam Troglitazone; Nef azodone;

A utande; Propyl thiouracil
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dependert liver ifuies sincethe 1970s. Asprin generd |y cases
an acute, nild, and reversible formof hepatic injury.
Amnotransferase val ues are elevated in the mld to noderate
range wth AST level s sonevhat higher than AT leve s°. Severe
hepeticinuy wthasprinis reported in aly 3%d the cases wth
petients presenting wth encephd opat hy, coegu opethy, and desth
Srumlevel s of 15ng/nh or greater cause hepatic inury a though
lover level s have a so been reported®.  Susceptibility to aspirin
i nduced hepatatad city is seenin petients wth juvenile rheunatad
arthritis, systemic |upus, rheunatic fever, and preexisting liver
dsesse  The nechanismd aspirininduced liver ifuy is thougt
to be the accunul ation of toxic netabolities. The association
between aspirin and Reye' s syndrone has been wdely report ech.
This syndrone i s characteri zed by severe hepatic danage and

encephal opathy occurring in children and usud |y preceded by a
respraayvird dsesse a vaicdla

Acetaninophen @ Acetaminophen is wel | tolerated at the usual
thergpatic doses. Hwever, it isthelead g case o liver falue
wen wsed inintentiond overdoses. Afatd doseis estinated to
be 10-159. The histologica picture is one of hepatocel | ul ar
necrosi s wth serumALT and AST level s narkedl y el evated at
presentation (>30000UL)S During the first 1-2 days, nausea,
vomting, and abdoninal pain occur. The synptons subside in
thenet 24 hrs adthethird phese o infuy devd gs after 48 hrs
when signs of hepati c danage and associ ated cardiotoxicity and
red falue devdop. M ustade quinne netabdite Nacetyl-
p-berzoqui none imine i's the taxic noi ety responsible and early
trestnent wth Nacetyl cysteineis generdly effective

Dclofenac : Dcdenac has beeninplicated in over 200 i nstances
o hepatocd lda inuy wth severd fadities. Aoreda rases
and nal ai se are the early synptons wth fever and rash occurring
in 25%0adf the patients. Acute inuy generaly resenhl es acute
vird hetitis. The prognosis is wsud |y good d though rare cases
o funnant hepetic falure have been reported wth di c of enec.

Atinmcraod Agents
Atincrara agents have been associ ated wth different forns of

hepat ataxi city rang ng fromnnor abnornalities in liver function
tests to fumnant hepatic failuwe. Thereactions are gererdly
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Tabl e 2: Drugs causi ng chronic liver injury.
chroni c Hepatitis Chroni ¢ Chol estasi s
Iproniazid Atibiotics
| soni azi d Apicllin
Met hyl dopa Tetracycline
Sul f onani des ot ri noxazol e
Ntrofurantan Byt hronyci n
Dantrol ene a i ndanyci n
Fopylthiouracil
B hanol Anti psychoti cs
Met hot r exat e Chl or pr onazi ne
Am odar one Hil operi dol
Tol bul an de
Qal contraceptives M scel | aneous
Thi oguani ne Tol but anm de
Qgani c arsenical s Terbi nafine
G neti di ne
Azat hi opuri ne
Ticlopidre
| bupr of en

unpred ctable and idiosyncratic ad the inuy is usual ly sel f-
linting once the offend ng agent is wthdramn

At it ubercu ous Therapy

Atituoercd ar drugs frequently case liver inuy wth sigificat
liver enzyne el evations in 20%af those treat ec.

I'soniazid : |soniazid causes serious heaptic injury (acute
hepatood | U ar rnecrasis) reseiling acute vird hepatitis in yxto 1%
of petients’. Ssogptiblity toisonazidinduoed heptaodcity is
enhanced i n pregnancy, d der su ects, and inthose wth hepatitis
Binfection. Fast acetylators are nore prone to devel opi ng
heetatadaty.

Rfapn: Rfampinrardy causes hepatatoxicity vinen used d are.
Theuwse o rifanpininconinaion wthisoazidis nare hepatctic
because rifanpi n enhances the production of the toxic netabdite,
acetyl hydrazi re.

Brrazi namnde : Byrazi nannde based antitubercul ar regi nens have
been associ ated wth a higher frequency as well as a nare severe
pettern of liver inuy then those wthout it.

Ativird Agrts
Atiretrovird s have been associ aed wth hepatic inuy o varying
patterns. About 5 15%0cf al patients receiving highly active

antiretrovira therapy (HMRI) devel op elevations in |iver
enzynes®.

Nicl eosi de reverse transcriptase inhibitors (NRI1’s) @ NRIl's
have occasional |y |ed to epi sodes of acute hepatitis and
steatohepatitis. Zdovudine is the NRIl that is nest conmonly
associ aed wth hepatocel [uar inuy™. Ddanosine in high doses
hes been associ aed wih hepetood [ ar injury and fu mnert hepetic
falue

Non Nicl eosi de reverse transcriptase inhibitors (N\RI1'’S) :
Hepatotoxicity wth N\NRTI's is seen in about 10%0f cases™
Nevi rapi n has been associ ated wth a nuniber of clinica hepatic
events when used for postexposure prophyl axis in non-HV
irfected peti ets.

Rotease Inhibitors : Aong the protease inhibitors, ritonavir
cariesthe higest risk o hgpatadaddty. Indravir ad aazaavir
cause a benignincreasse in unconjugated biliruoinin HVinfected

JI MBA Apri | - June 2005 Vol . 18 No. 2

peiats
Beta Lact ans

Renicillins : Naturd penicillins rarey produce |iver injury.
Hwvever, semisynthetic penicillins are responsible for a wde
range of hepatotoxic reactions. G estatic hepatitis has been
s aedwthoed!lin doadllin ddoedllin adfldoedllin
Aoxycillin in conination with the beta | actanase i nhi bitor
calavul anic acid, is associated wth significantly increased
hepat atoxi city, the inci dence being one in every 80,000 - 90, 000
prescriptions®.  Gincd nanifestaioms such as nausea, voniting,
fatigue, nala se, abdomna pain, fever, jaundice, and pruritus
geerdly ocor wthinfar veeks of starting trestnent and recovery
usual |y occurs wthin 1-8 weeks.

ohd osparins : Gphal osparins are closely related to percillins
and show cross reactivity wth them Hepatotoxicity with
cephal osporins has been rarely reported. However, noderate
e evations of plasna aninotransferase level s are known to occur
wth dl cephd osporins ad are seen in about 6%petients wth the
3rd gererati ons agent s

Teraydines : Qd tetracydines are rardy assod aed wth hepetic
inury. The intravenous form which was in use previously,
produced a syndrone resentl ing acute fatty liver of pregnancy.
M nocycl i ne has been reported to cause an early onset,
hypersarsitivity reection associ aed wth hepetitis ad eosinophilia
s vl as addayed asat chranic hgdtiti's preseting as a systemc
| upus eryt henat ous |i ke syndrone.

Mucrolides : Hepatotoxicity wth nacrol i des has been known
since the 1960' s when chol estasis was first reported wth
erythronycin esto ate. It has been seen that al erythronycin
esters can produce chd estasi's wth jaund ce ad pruritus accurring
wthin 3 veeks of exposure. Recovery is usually conpl ete and
fad hepetitis doesn't occur. Athough the hepetatoxic patertid
o never nacrdides islow reports of chdestasi s have been there
wth azithronycin, clarithronycin, and roxithronyci n.

Qi fonanhdes and trinet hoprim: Sl fonanides have been known
to produce a wde spectrumof liver inuries including acute
hepatocel  ular injury, granul onas, as well as chol estasi s®.
I nmunoal | ergy is the nechani smresponsi bl e and the patients
presert wthrash, fever, adessinophilia Featd liver inuyis
reported wth sul fasal azine, usua ly wthin 8 veeks of starting
therapy. otrinoxazol e (Trinet hopri msul f anet hoxazol €)
cheracteristicaly produces a chd estatic o nixed pattern thet can
progress to funmnart liver failue. DCapsone thergpy produces a
sul fone syndrone wth fever, rash, jaund ce, and anema

Atifungd Agerts

Azd e antifungals : The nest common anti fungal agent associ ated
wth hepatic inuy is ketoconezd e wth severe liver inury seen
inlin1500 recipets?’. Huconezde aditraconezd e are | ess
frequently associ ated wth hepetitis.

Tabl e 3 : Drugs causi ng hepati c granul onas.

Qui ni di ne Sul f onam des
Hydral azi ne Rridllin

Al opuriond Met hyl dopa
Hal ot hane &l d

Phenyl but azone
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Terbirafine : Terbinafine produces hepetocd | U ar and chd estatic
inuyinlin 50,000 persons® ustd |y 4-6 veeks after initiation
o thergoy.

Qher attifuga agerts : Lipid fornul ations of anphotericin B
have been associted wth hepatic necrosis.  H ucytosi ne has been
associ ated wth hepat otoxi city when used in coni nation wth
oher atifurds.

Ati depressant s

Qder antidepressants such as noncanine oxi dase inhibitors have
been associated with liver inuy. MOirihtos are derivetives
of hydrazine and are patentia hepatotoxins. lproniazid led to
overt hepatitis in 1%wth case fatal ities approachi ng 2099
folowng vhichit was wthdram. Tricyclic antidepressants
procuce predoninart |y chd estatic liver iguy. Wage o nocydic
anti depressants such as nefazodone has | ed to epi sodes of acute
liver falue wth synptons occurring 7-28 veeks after treatnent.
Trazodone al so has beeninplicated in cases of acute chd estaic
liver inuy asvell as chronic active hepetitis ad the period of
onset of synptons has been as long as 18 nonths.  The sel ective
serotonin reuptake inhibitors (SSR’s) are one of the nost
commonl y used anti depressants and around 0.5%of |ong term
recipents of fluoxetine showasynptonatic mld e evationinliver
ezymnes. Gses of acute hepatitis and chd estatic jaund ce have
al so been reported wth fluoxetine usage®.

Atipsychati cs

My anti psychatics are associ ated wih liver ifuy. Qdestasic
jaundice is an inportant side effect wth chl orpronazi ne and
occurs Wthin the first nonth of therapy. Thereis around 810
fdddevaiond liver dkdine phosphet ase ad aninat ransf erases™.
Mnifestations of hypersemsitivity like fever and eosingphilia can
occur in 7T0%0f petiets. Recovery of liver function fromjaund ce
occurs wthin 2-8 weeks of stoppage of drug but protracted
chd estasi s hes been seenin fewafected indvide s, Hil operidd
usage in sone cases is aso associ ated wth cho estasis.  Never
drugs such as cl ozapi ne and ri speridone are known to cause
hepatocel U ar inuy, vhile acute hepatitis has been seen wth
dazaire

Aticowvu sats

My antiepileptic drugs are knom to cause liver infuy. Dugs
such as phenytoin, carbanazepi ne, and phenobarbi t one are known
to cause a type of antiepileptic hypersensitivity syndrone.
Frequency of occurrence of this syndrone is approxinately 1in
3000 exposures and the onset of syndrone is wthinthe first 2
8 veds ate statingthe treanert. The syndrone i s cheracteri zed
by atriad of fever, skinrash and invd venert of interrd organs
suwch as liver, kidey, adboe narrov The syndrone is reversible
but in certan cases despite the discotinuation of the offend ng
drug, the syndrone night progress and nay be fatal. VA proic
acid usae especid ly inthe peed atric age graup hes been assodi ated
wth hepatoce luar inwy. The onset of inuwyiswthin4-16
veeks of treatnent wth nild to noderate e evations of AT and
AST val ues. Anorexi a, nausea, vonmiting, and sonmol ence are
common synpt ons of val proi ¢ acid hepatotoxicity. Fatal
hepatatoxicity is seeninaroud 1% patiets. e o lanatrigne
is dsoassociaed wth incidence of acute hepetitis, the omset of
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Tabl e 4 : Drugs causi ng hepati c neopl asns.

Adenoma Danazol , contracepti ve and anabol i ¢

sterads

Thori umdi oxi de (Thorotrast),

cont racepti ve and anabol i ¢ steroi ds
Thori umdi oxi de (Thor ot rast)

Myl chloride, Thoriumdioxide,
i norgani c arsenica' s

Hepat ocel | ul ar Gar ci nona

Chol angi ocar ci nona
Angi osar cona

whi ch occurs betveen 2 and 3 veeks?Z. Hstdogicdly, it preserts
as acute hepatic necrosis or foca hepatitis wth mld porta
inflanmation Serious hepatatoxicity hes been reported wth the
use of felbanate®. The period of onset of inuy is between 1-
7 narths of starting thergoy. Areactive netabdite aropd dehyde
isseentoberesposibe far casing liver inuy.

Ati-axi ety Dugs

Benzodi azepi nes, such as chl or di azepoxi de, di azepam and
fl urazepam have very lowhepatatoxi c patertia, wth oly a few
case reports denanstrating a chd estatic pattern o injuy®
Agylichdinesteaase inibtas

Taoireisareveside ddinsstease iribta wed fa Azdner’s
dsesse. The AT levds exceed upper linit of nornal in uxo 5%
o recpetsinthefirst 12 veeks of tacrine thergpy. tacrireis
net abol i zed by CYPIA2 to reactive netabolites that nay cause
hgetaadaty.

Dugs of abuse

Acod : Bhand produces a veriety of dose rel ated ddl eterious
dfedsintreliver. Tepinary dfeds aefatyifiltraiond the
liver, heetitis, addrrhosis. The accuniaion o fa resuts fram
bahinihbition o the tricarboxylic acid cyd e and the ad cetion of
fat. Gronicinflammation and necrosis lead to fibrosis, and
subsequently cirrhosis of the liver. the histdogic ha I nark of
cdrrhosisisthefamtiond ‘Mloay bodes rdaedtoandteed
inerned a e cytoskd eton

(ca ne : Qxai ne causes dose-rel ated hepatatoxicity. Athough
cocal ne i nduces oxi dati ve stress in hepatocytes, its nechanismis
cotroversid. Qca e hepatatadcity hes been vl | characteri zed
innice. Its occurrence in hunans is very rare.

Ecstasy (3, 4-nethyl enedi oxynet hanphetamine MOMY : There
have been a nuner of case reports of severe acute hepatotaxicity
inresponse to MMAWth a latent period of days to weeks. A
i nmone nechani smi s postul ated wth tissue eosi nophilia seen in
SOone Cases.

Ati hypertensi ve Agerts

Mt hyl oaopa : Mthyldopa is a well knoan cause of liver inuy.
this deve gps wthin first 3 nanths of thergoy in 9%peti ents ad
usual |y resovi es when the drug i s di sconti nued.

AE inhibitors and Angiotensin Il receptor bl ockers : AE
inhibtas (captaril, edgoril, fosinopril) usud ly cause bl ad
cddestasis o chdestatic hepatitis. FUmnat hepetic falure hes
been reported wih erd gl and lisinoril®. Awng the Ag aensin
Il receptar Hockers, |iver tadcity hes been doserved wth | osartan,
irbesartan, and candesartan. Hwever, long termfdlowup data
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wththese ae still uavaldde

@l ci umchannel bl ockers (AB's) : Qly fewreports of GB
rdaedliver inuy are avaldde Dltiazemhes been associ a ed
wth granu onat ous hepetitis wheress nifed pine hes caused | esions
cotaning nallory bodiest. Nld e evations i n amnatransferase
levels are regported wth amodarane. Gronicinuy, indudng an
dcod-likeillness, is dsoseenwth anoderone as a conseqence
d itslag Hf life

Qa Hypog ycencs

Sl phonyl ureas : The prototype sul fonyl ureas incl udi ng
acet chexannde, net ahexannde, carbutannde, and dl i buthi azd e have
been wthdram because of severe hepatatoxicity:. Hgpaticinuies
iwh chlorpropanide, tol butanide, and tol azanide have been
reported occasional ly. (holestatic jaundice is seen wth
sul foyl ureas in 1%0af reci pi ents®.

Thi azol i di nedi ones : Troglitazone, a peroxisone proliferator
activated receptor ganma agoni st, vas wthdrawn after it caused
over 100 cases of hepatotoxicity”. PRatients wth trogitazone
hepatatoxicity presented wth neusea, vomting, and jaund ce after
an average of 4 nonths. There have been two reports of
hepatotaxi city wth rosiditazone® and one report of reversible
acute hepatocel luar inuy wth piogitazone® FDA reconmends
liver functiontests at beseine and every two nonths thereafter
duing first year of treatnent wththiazdidned ones. The drug
istobedscotinuedif AT levels renain persistently e evated
(>3UN).

Qhers : There have been tvo reports o acute chd estatic hepatiti's
wth netfornin whereas severa reports of hepatotoxicity are
avai |l abl e wth acarbose®

Lipdlovering agerts

Midtrasiet devaions in AT ad AST levd s have been reported
wth nost lipidlowering drugs. Satins produce liver test
aoomalities in<Bodf petiets. Feqecy o acueliver falue
islovwth statins (0.2 per 100,000 petients),® wth chd estaic
inuy predomnating. Auto nmune hepatitis has been seen wth
fedfilrate [Dserdaed hgtaodicityis dsosenwthnoainc
aid

Hor nones

Jaud ce wth ad cotraogtives, dbat rae iswHly seeninthe
first nonth of therapy. The incidence of hepatic adenonas wth
long termoral contraceptive use is about 3.4 per 100, 000%.
Tanaxi fen has been known to cause chol estasi s, hepatocel | ul ar
carcinona, acute hepatitis, steatosis, and steatohepatitis. The
inci dence of hepatic steatosis is gogroxnatd y 30%wth tanaxi fen
and 10%wth toremfene, an anol og of tanoxifen®™. Anabolic
steradas haimgandkyl gop a the G17 position are hepataad C.
Jaundi ce is seen wth hi gh doses of androgens of ten acconpani ed
by nal ai se, pruritus, and anorexia. Hepatic adenonas and
carcinonas are a so seen to occur wWth androgens. Anong the
anti androgens, flutannde causes hepatataxi city in 1-5%sul ects.
Danazd and cypraterone acetate have led to e evations in plasna
anmnatransferase level s to the extent of 30-50%

Aesthetics
Hil ot hane can produce fu mnant hepatic necrosis e goproxi nat ey
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1in 10,000-35, 000 exposures. Patients present wth fever,
nausea, anorexia, and voniting acconpani ed by a rash and
peripherd eosinophilia  The nechan smbehi nd hel othare hepetiti s
is thougt to be aninnone respose to trifl uorcecetylated pratei s
on hepet ooyt es.

Mscel | aneous Agent's

Amodarone : Amodarone causes abnornal |iver tests in 1580%
petiets weress dincdly sigificat dseese cocrs in 0.63% It
is the drug nost cormonly inplicated in steatohepatitis®
Anodar one i nduced steat ohepatitis occus after exposure to the
drug for long durations, the nean being 21 nonths. Patients
preset wih fatigue, nausea, voniting, nal aise, and we ght | oss.

Mthotrexate : Rrdonged treatnent wth nethotrexate can lead to
hepatic fibrosis and cirrhosis. Rsk factors include a cohd
ingestion, adoesity, dabetes,and uderlyingliver dsesse

Ntrofuratoin : Ntrofurantioin produces diverse patterns of
hepatataxi city includ ng acute hepetocel | u ar, mixed, chd estatic,
and grand onat ous reections.  Achronic active hepatitis reaction
wth nitrofurantoin is conmon in el derly wonen exposed for
longer than six nonths. This nay progress to cirrhosis and
heetic fdlue

Dsufiran: Dsufiramcauses hepatic abnornalities in 25%of
petiets wo presert wih rauseq, fatigue, nalase, ad occasiod |y
jaund ce 2-8 veeks after starting the drug

Dpenicillamne : My cases of chol estatic jaundice wth o
pericllinhave been reported withinthe first 24 vesks o intiaing
thergpy®.

Feparin : Arnornalities of liver function tests occur frequently
inpetiets recaving heprin either siocutaneasly o intravenosly.
Nid devaias o the activities o hepetic transamneses in d asma
ocor Wihoat aninoresseinhilirddnleds o dkdinre phospretase
ativty.
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