“ It is important for a person providing pharmaceutical care to know
hasic patterns of drug-related pathology and toxicity to assess adverse
reactions when they occur. It is also important to understand how and
when to monitor for these reactions in day-to-day patient care and
clinical research ofreactions”

Villiam, 1997

(
) portal vein

(Sturgill, 1997)

1 Phase | hiotransformation mixed function oxidase
NADPH,
flavoprotein, cytochrome P450 N
O-dealkylation, hydroxylation, N-oxidation, deamination

2. Phase 11 biotransformation conjugation
(conugate)  , glucuronicle, sulfate, glutathione
Reacitive  Acyl
Glucuronides
(Sturgill, 1997)
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enzyme

inducer  Rifampicin , Ethanol, Isoniazid ( 4)
Cimetidine 5Erythromycin enzyme inhibitor

portal hepatic vein sinusoidal
blood

(Intrinsic drug-induced liver injuries)

(Pits, 1999
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56 acetylhydrazine |soniazid
Cytotoxic injury slow
acetylator acetylhydrazine rapid acetylator
acetylation rapid acetylator
slow acetylator
Isoniazid i.p. 50 / / Rifampicin
Lp. 50 / /
2 2-4
., (hi, Rana, Metha, Vaipel, Attri, 1996; Sodhi, Rana, Metha,
Vaipei, Goel, 1997, Sodhi Rana, Metha, Vaipei, Attari, 1997 ) |soniazid

(Idiosyncratic drug induced liver injuries)

 Pitts (1993)

S I N JUR OIS
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Oxygenases and oxidases

Cytochrome P450
Flavin-containing monooxygenase
Peroxidases

Monoamine oxidase

Alcohol dehydrogenases
Aldehyde dehydrogenases
Aldo-keto reductases

Xanthine dehydrogenase
Aldehyde oxidases

Quinone reductase

(Meyer, 1996)

Enzymes that scavenge reduced oxygen

Superoxide dismutases

Catalase

Glutathione peroxidase
Hydrolytic enzymes

Esterases

Amidases

Epoxide hydrolases

y-glutamyl transpeptidase

Dipeptidases

Cysteine conjugate p-lyase
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Conjugating enzymes
Glutathione S-transferases
Sulfotransferases
Acetyltransferase
UDP-glucuronyl transferases
Methyl transferases

Glycine conjugation enzymes

4 PA50s ( rgill, 1997)
P50 poI;?n?gFgﬁism enzyme inducers
1A2 No Smoking, Cruciferous vegetables, Charbroiled beef
2C19 Yes None
2D6 Yes None
JE1 Yes Chronic ethanol use, Diabetes, Isoniazid

3A4 No Glucocorticoids, Barbiturates, Rifampin
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5 (Sturgill, 1997)

Intrinsic |diosyncratic

Predictable Yes No

Dose-dependent Yes No

Predominant pattern of injury Zonal hepatocellular Diffuse necrosis

necrosis and cholestasis
Inflammatory infiltrates Rare Common
Systemic signs of hypersensitivity ~ Rare Common

(reversible change)
(ireversible change)
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(hepatic necrosis) ,
(cytotoxic injury) acute hepatocellular necrosis
, Isoniazid, - paracetamol

(cholestatic injury)
, Rifampicin
(mixed cytotoxic and cholestatic
injury)
(Steatosis)
(chronic active hepatitis)

(cirrhosis,end stage of chronic liver injury)  ethanol

Glutathione

Glutathione tripeptide
, Cysteine, Glutamicacd ~ Glycine

Glutathione 0 thiol '
: (0510 mM)

Glutathione
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(strong
(free

GSSH

GSH

initiation,

Reduced Glutathione(GSH)
(electrophilic)

GSH  thiol group I
nuclephilic)S
radical  intermediates,

)
olutathione transferases  glutathione peroxidase
GSH
(oxidized glutathione) " GSH
3 Cysteine, Glutamic acid ~ Glycine
(9
GSH
GSH GSH
GSH
GSH
GSH GSH ( glutathione depletion)
GSH lipid - peroxidation
lipid peroxidation
(liver necrosis)
lipid peroxidation

propagation  termination (  5)



GSH
superoxide dismutase, catalase, glutathione peroxicase

lipid peroxidation(Borek, 1997)
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6 Isoniazid (Wesiphal, 1994)
+ hydrolysis
acetylation acetylation
ISONIAZID ACETYL DIACETYL
HYDRAZINE HYDRAZINE

(non-toxic metaholite)

Hydrolysis Cytochgme P450
Rifampicin © I

HYDRAZINE ~ REACTIVE METABOLITE
(toxic metabolite)

7 Rifampicin Hydrazine metabolite
Isoniazid (Askgaad, 199%)

o M e

soniazid
Acetylstion
Hydrolysis | | Induced by
'n?s?\.lz‘id rifampicin
W: J
Isonicotinic
acid
v Acetylation \
M otyl = Hydrezine
hydrazine
Conjugation
Acetylation lsonicotinyl
glycine

it
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GSH
Isoniazid  Rifampicin
GSH
oxidative stress ( oxidative
stress
antioxidant ) reactive OXygen species
Isoniazid, Rifampicin ~ Isoniazid Rifampicin
I 50 /
/ 2 Isoniazid, Rifampicin GSH
thiol group
oxidative stress lipid
peroxidation

superoxide dismutase, catalase, glutathione peroxidase

hydrogen peroxicle, lipid peroxide ~ reactive oxygen species
Isoniazid ~ Rifampicin
oxidative/

antioxidative  profile
( Sodhi, Rana, Metha, Vaipei, Attri, 1996; Sodhi, Rana, Metha, Vaipei, Goel, 1997,

Sodhi Rana, Metha, Vaipei, Attari, 1997)
Isoniazid Rifampicin

GSH
Isoniazid
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Rifampicin Rifampicin
Isoniazid Rifampicin
(6 7 Rifampicin
|soniazid
hydrazine compound
Acetaminophen Isoniazid Rifampicin
Acetaminophen '
CYP 2E1
NAPQ! (N-acetyl-para-benzoiminequinone”
Isoniazidn
Rifampicin Acetaminophen (Nicod, 1997)
Isoniazid
Acetaminophen (Murphy, 1990)  Crippin (1993)
1 Isoniazid 300
Acetaminophen 325
5 10 )
prothrombin time
bilirubin
Isoniazid CYP 2EL
Acetaminophen
Ethanol

Isoniazid (Kapanoff, 1978)
Ethanol
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Isoniazid
( 8 Ethanol 2
ADH (alcohol dehydrogenase ) CYP 2E1  acetaldehyde
Ethanol reactive oxygen
GSH
CYP 2E1 |soniazid, Acetaminophen
Ethanol |soniazid
CYP 2E1 3
GSH
Acetaminophen 25 4
(Lieber, 1997)
Acetaminophen

)
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8 Oxidation of ethanol in hepatocyte (Lieber, 1997)
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(ALP), gamma glutamyl transferase(GGT)

AST, ALT

3 -135 2
(Wesphal, 19%4)

Isoniazid

: Acetaminophen, barbiturates , tetracycline
35 Isoniazid
(Moulding, 1989)
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bilirubin, alkaline phosphatase

Albumin, Prothrombin time

10-20

20

Isoniazid



virus infection) 5 ,
2
( upper limited of normaL,ULN ;AST, ALT <35 UIL) |soniazid
Pyrazinamide Pyrazinamide Pyrazinamide
Rifampicin
(
ALT 2-3 )

Ethambutol. Streptomycin, Ciprofloxacin

( Durand,1995., Mitchell, 1995)

Dowda (1998)
35

35

ALT

2 AST  ALT 2
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(hepatitis B and ¢

Isoniazid



transaminase

ALT

ALT

535 UlL
6 ALT
ALT
10-100 )
ALT  AST
10
aspartate transaminase(AST)
(cytoplasm™ AST
ALT  AST
AST
) ALT AST
AST ALT

(Walmsley, 19%4: Anderson, 1993)
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ALT

ALT

6 Transaminase Activitied in Human Tissues Relative to Serum as unity

(Kaldor, 1983)
Tissue GOT/AST GPT/ALT

Heart 7800 45

IVer 7100 2850
Skeletal muscle 5000 300
Kidne 4500 1200
Pancréas 1400 130
Spleen 700 &0
Lun% 500 45
Erythrocytes s I
Serum 1 1
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