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AbE ] oA J(kldney)ﬁﬂ*épﬂ ofg] #go] T2
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Zejuh Bd e A gAdoly o 4sta
Ue A5 gt A FEE AATA R
B oAasz] gkom fre] Aol oFEE AluThd
A Yo g IhtE|y] 7] diEd ol SFEY A
Azp ARt o &84 =H 2 2Hg-o] 53] A%
2 982 U 2y divse dEtEd e A
we] B8 diabasol o wirlso] et -4
gHoz o] thE tAEd R wzis o] wjde]
SR EA=

SRR ALE BB FES Yl HEoFE (parent
compound) 2t} =Fdo| 1 £ o) Z7Hhydro
philic)=]o] A=l A AF5E 7] AGA =]
mj o] Aol Aol wujAd (execretion)o] FHZIETH
T8 O AMER AW ] o3 BE ReFe Rt
ol A e 2AEHE Zo| tiRolt oA
& dFo] AA e A wolridelgne g
F QoA 5HEH A HEe #5248 (de
toxification)o] e} B2t} Zeju} A4 = ofd R
& hAtel] whah e8] vl S e e S48 v
= AFE el ol Ak 24 sH(metabolism
activation) gtz F-E2t}.

olebz 2] At et &Ao
EAE o, olobzd e thekd o
o] vk Al fpoFEo] gEE T A e

& & dch

1. MALH CHAL

e AAWY W S gEdAE ke Fa
71do|m 5 7hx]e] At el 9hg-E& g gt
AU W8S Fig 1o Ut o= AXY Az}

(oxidation), ¢ (reduction) 2 7}4=%-3] (hydro-
lysis)7} 8 J&8<d A1A vhg(phase 1 reac-
tion) 3 ¥ 3}(conjugation)o] FF A&l A 24 vt
$-(phase II reaction)o 2 FE& 4= Qlrh

Drug A 14 12 gas  A2d 2z gares
7)5tke) 27} Primary Product X% Secondary Product
Abs} , glucuronide
sl sulfate
723 methyl
glutathione
acetyl
glycine
ujj 4
AR A - i
L‘:i ?ﬂ' Hydrophilic
popiiie ionizable

Fig. 1—slet=2lo| Mx|HEnE

A g2 & o & 5% —OH, —SH,
—NH, —COOH#} #8715 % (functional group)
EBATIAY BT gty o zA oE
FAol & ALER WIA|F) = vhgolt) A
SIS A2 vEgo] folshA dolig &
=8 gith

o 7 o o
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Cytochrome P-4508} #3sle= 243 g4 2
A PR o] EAEHA Y F]H B4 S
ola B FR[e] opFo] o= Qs JQ}
Ao A Al43] HldE £ & R FES
ol A & FEoju A LYHAIEL A24
& ok A2 whgoldt A1y whee A
AAE g 7)sd Axued Fgyoz
3} glutathione(GSH), sulfate & glucurorude =
o] Y 28 FHAEAIE HHer ¥E
(conjugation)e] 2} F-21, ¥hg Az tirlEe] 5
S0 $F FXHoEMN YA AR wjdo] A9R
th ole} ZE oFEe] At wWEke 2 7MY
oA o] FoixH, 1 9] 2, o, 9% 9 Ay
ANz et thAlEg-o] o] FofRTh HAFE F
AEE oFEE BHE &AM FoEel BAR
Eojrtar zholl A B dAlE =l o8 285
thAF(first pass metabolism) &} A gkc,

oFEe| MM oz A8z Al thAtas(ph
ase 1 metabolizing enzyme)+ A EW 9] smooth
endoplasmic reticulum(SER)e] glom o]oje
Ag 57t 43902 Bxshn g AL e
AE#S microsomeo| et st o] AL A& TA
3l (homogenization) 3t % 4] E-2]H (centrifuga-
tion)ell 2late] & & AU

A 27} ¥h-g-(phase 11 FeaCthn) Gt a4
A TS Yoz A& £ e F2 A

32 A (cytosol)y o] #h= A

2. M| 1A B2 (Phase 1 reaction)

o] W&o = cytochrome P-450 monooxygenase ¢}
flavin containing monocoxygenase(FMQ) ¢} 28 5
T #EAlE 4] & 24& 713 (substra-
)2 AT #3840 75T =BAZAY
wEo] FozM uT 2449 BAE MpE B3
Q) Hko- o Z=a) Fhr).

Cytochrome P-450 monooxygenase

A 1A A 744 323 47} cytochrome P-450
monooxygenaseZ =X o] AMEE gt} Cyto-
chrome P-450 monooxygenaser NADPH-cyto-
chrome P-450 reductase 3+ 2212} heme 38542
cytochrome P-450 % 222 P E B3A T4
olm o] F Aol 23t 2hatul-g-ol = NADPHS} Oy, cy-
tochrome P-450, cytochrome P-450 reductase™® <1
A Fo] Fhed kot

Monooxygenase &AANA 71 9% s
73] = A& cytochrome P-450%. o] g{—ﬂ—% RIE=C
9] heme proteinolt] #AJ e COst A gshd
450nmol| A # 31e] FF =& Ve 7] o foll P-450
2} o] & &l

Fig. 20|41 Hi= u}e} #o] cytochrome P-450
systeme OFE tAtE Al 9] AR 3ol A u)
ot AR gL Bdaim \TADPH 2} cytochrome
reductases o2 ot = NADPHYE NADPH-

o}f\l mo

P-450% o
e . | RHQ o]H =z
S —
NADPH ——— NADPH RH — (Xenobiotic)
Cytochrome
P-450 Reductase P45
/ P-450°
RH
OZ \l
O,
P_4:502+ H0
ALsl=
. _ RH 0, ROOH;_ 91—[ ‘;‘q
e e ol B4
NADH ——— NADH™ —— Cytochrome b; .7 " (Oxidized
Cytochrome P"4|50 2 xenobiotic)
bs Reductase

Fig. 2—Cytochrome P-450 system2] FAIFE Al A
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cytochrome reductasedl] ¢}ste] 23lx]o NADPH &2
%= A9 cytochrome reductase Y€ v}, 4ks}
9] cytochrome P-450 + 2FE3} Zsle] 54
E Al o] Bl = ¥ cytochrome reduc-
tasedl] oJ3] 4% FE P-450EFH S A Gk
1 g 0,9 Ag-35te] HO9} 4bstel ok g 185t 4t
3h4 cytochrome P-4507} A8 A = o},

Z cytochrome P-450% S 84d0] O AFg
F UL E 371 reductases= HALSR S
2 BEAEA A EE cytochrome P-4502) ko]
upa} 2ol

284 cytochrome P-4509) & HE-o] #F
uhe} thEs 3 2 FEdAL A%, 4 Tl
oot 23, S AL A ks o ], A2
T gl Bl Ao alet dolshd 71E kg9 w2 R

S M= e HES e Th
Qrokn.o whE S g} cytochrome P-4502] 3
A8 Z7H(FAHE enzyme induction)A] 71t} &4
o] 55 = cytochrome P-45013} &S 33k
HEH friz=% o] Table 1o v} glrt.

E?a

L

% o

Table 1. 40| -.?.-E-_EIE Z=2 Cytochrome
P-45023} =23

Family Subfamily Inducer

P-450 1 CYPIAl Polycyclic hydrocarbons, dioxins
CYP1A2 Polyeyclic hydrocarbons, dioxins, isosafrole
CYPIBI  Polycyclic hydrocarbons, dioxins
P-450 2 CYP2Bl Barhiturates, chlorinaate
hydrocarbons and aromatics,
trans-stillbene oxide, acetylaminoflu-
orene
CYP2B2 Barbiturate and above
CYP2E1  Ethanol, isoniazid, acetone, imidazole
P-450 3 CYP3A1l Pregnenolone-16a-carbonitrile
P-450 4 CYP4A1l Clofibrate, phthalates

Cytochrome P-450¢] 7} #3} o}l S 2% 1l
DNAS] ¢d7]uf ol wha} #3572

#d el b A Sl et =8 ofE W o]}
FUG a4 gAEE 2 B gALE ST
7)=t Table 29} #t}.

o] & E¢] phenobarbitalz} 7+& B4 o] ¥

rlr

Cy-

Table 2. M0IM SAREE 2do7|= 2A4=T oY
AMREZ} oLk 22| of
B2fEE dosl o OAPH R=E o
Barbiturates, Barbiturates, warfarin, chiora-

especially phenobarbital mphenicol, steroids, doxorubi-
ain, phenytoin, chlorpromazine,

others
Chlorcyclizine Steroid hormones
Griseofulvin Warfarin

Phenylbutazone Cortisol, digitoxin

Phenytoin Cortisol, dexamethasone, digi-
toxin, theophyline

Warfarin, digitoxin, steroids,
methadone, metoprolol, propra-
nolol, quinidine

Rifampin

tochrome P-4502] %k& Z7MA#A 1 A4 1—3— EE
warfarin®} z+& E}E ko] MBI ALE XA
o}, vkl 2 o] ® 9FE-& microsome E_ﬁ‘_/@%*— A
(&4 3 enzyme mhlbltlon)b}ﬂi 3l=t| Table 3
off 2 o 7} Al A = of ATt

oFE-9] thAKE 7} eytochrome P-4502] 9Fef] -9

Table 3. AM0lM CIE 2k=2| HALE Aaishk=

of=9| o
Asl e thAte) Az & e o

Allopurinol, isoniazid,  Probenecid, tolbutamide, oral

chloramphenicol anticoagulants

Cimetidine Benzodiazepines, warfarin,
others

Dicumarol Phenytoin

Disulfiram Ethanol, phenyloin, warfarin

Erythromycin Astemizole, terfenadine

Ethanol Methanol, ethylene glycol

Ketoconazole Cyclosporine, terfenadine,
astemizole

Phenylbutazone Phenytoin, tolbutamide

Secobarhital Seccbarhital
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7] kAR A58 cytochrome P-4507} AFsiA] 7
oFZ 7 AT Fof| X3 = 7] w7l cytochrome P-
4509} o2 o) AWEA L YAISES 2Hoks @ 2
¢lo] =} Cytochrome P-4507} endoplasmic reticu-
lum(ER)ol| 917] w0l ofgo] o)<} AFslEH Al
¥ore 235lx] oW by m 2 oA o 2§14 o]

AL g #3hs B AWML EE cytochrome
P 4509} oFgo] Agtsdd Fad aavt E 9
t}.

3. 2k=22| MA|LH Hete| S/

1) Atgl(oxidation)

(1) MicrosomeA| 4F8} (microsomal oxidation)
. cytochrome P-450 ¢]5&=4] 443}

D of| &A1 &} (epoxidation)

Benzo(a)pyrine 59} HEFEE & A A &
Aol ol AT EAJo] 73 EgE LAEE, o
Z] arene oxider} A E= whgoluh. AldrinotE

o] &) gstcl,

@ A ¥=Ze] 42413} (aliphatic hydroxylation)

APFALRY ol BATEE AT U
cyclohexane &2 =443} vheo Qs d2&z =
t}. ¥ F barbiturateF (amobarbital, pentobarbital),
chloropropamide, ibuprofen, meprobamate, glutethi-
mide, phenylbutazone ¥ digitoxine 59} oFEo] & @

® =29 FALEIRES (alicyclic hydroxylation)

¥3td nEe Fastd £ ed HFEHo=m
diol2 d¥== ¥whe-oF acetanlide, propanclol,
phenytoin, phenobarbital, amphetamine % warfar-
in o] oFZo] &Feirt.

@ N-, O, S- &gd43} (N-, O, S- dealkylati-
on)

A, 2bh 18] 3 ARl A alkylz] 7} Al A =
+ ¥h2-0 ¥ morphine, aminopyrine, caffeine, the-
ophylline, codeine ¥ 6-methylthiopurine 2] <}
Eof gt

® N-4F3} (N-oxidation)

Amineo| 1} imine ¢ 2 Y-¥] hydroxylamine, oxime,
N-oxide Fo| A5+ &
ntermine % acetaminophen %9 °F&o] &) %33gtc}.

© & aniline, chlorphe-

® 2t3d =Zoldl (oxidative deamination)

Amphetamine®} diazepamo] & 33y ol e
A 'zt AbstE o] ketoned 2 A ] GEEA] ¢t
myolrh feleh

@ S-, P- 4+l (8-, P- oxidation)

Thiocether &= sulfoxide® ArzlE]m Ats}ats o]
] 285 sulfone .2 Htl. Thioridazine, cimeti-
dine ¥ chloropromazine S| °k&-o] a3t}

ghgl gl o ~H2 23 (desulfuration and
ester cleavage)

C=S# % P=S o] C=01} P=0=2 Hz=
t}. Thiopental % parathione $¢] ¢k&o| 33t
=3

(2) Flavin containing monooxygenase (FMO)

FMO+ P-450 ¢} vpa7ix)2 A 2ZWe] endo
plasmic reticulumol EAshH N-S-Pgxie}
Ielal Y% inorganic long AYi 9l sHEEH
o sl Belshe dAlEARA FMOS )44
§2 0] FADS 24172 A9tk MO
3 BAol Al 24 NADPHSO} AbArt ol
+= hydroperoxy flavoprotem(FADH—OOH)V] ]
ZQ stk P-450 system3}t gH7}xA] Eo)sA
ohE He oo} & BRIzt mpitslsh gy o
AHEAO] gl AEldA mlE] dojdti= Zlolth
Chlorpromazine, amitryptyline, benzphetamine %
desipramine 53 2 &L F2 FMOo| 9|5
At L HeflAl BgtRe] ofdl A& P-450 en-
zymedl| 28] tAlEE F 7] e EAA A
o3 hAtEch e} AR BHE of & 59 pho
rate, nicotine, fonofos, thiohenzamide 2] N-S
27t BHE HRRUEL o] T A wd] o
A Ak B,

(3) ©} microsomeA] 43} (nonmicrosomal oxida-

% L
7

)\go

tion)

YF UY5E, G|l G2 AEdd FfE de
hydrogenaseol] ¢J&l AtslElch. 1 9o nEZE=g]
ofd] ol FwAo 9# tyramineo]} phenylephrine

o] Bohylal¥]™, xanthine oxidaseol] 0]8}] theo-
phyllinee] v} allopurinole] 4=4k3}=] 11 FaXeR

2FA Y halothane & % *JBHMV} %ﬂﬁzﬂﬁr
"ot o] FfFe Azl fpolale F4ole aleohol
dehydrogenase™ amine oxidase %-¢] 2F&o] ¢lc}.
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2) &2l (reduction)

ve A% gl mankgd] o AelA of
M #AH flavinst}t ¥ pyridine nucleotides2}
7o A %;Ao] A E2E 2]8) u];;_/\xi o=

dojub=r] F23517] ol "}, Nitro, diazo, carbon-
yl, disulfide, sulfoxide, alkene® pentabalent arse-
nic 7% & W 75 #=Y] froh Pro
ntosil, tartrazine, nitrobenzene, chloramphenicol,
clorazepam, methadone 2 naloxone 2] 9FE-©)
&l gt

(1) Nitro reduction

HhgEE o718 bacterial nitroreductase systemit}
mammalian nitroreductase system Y59 <]& 3
do] dojugr] ot 5= TAE] o] dH
o] wkgo] P-450¢] <l3] ZHxlE& 8 NA-
DPHE oH38] AvH|gd= B45tal o7& Akx
o] 2J&] At o Hde AFAEL flavoprotein
reductase”} A= QAT A AlB) A5 o)A o] £
2] A F oA Jd mFUE doluex] o
A% 9t} 3}x)ut FADEE FMNe| &
7} nitro group?] vlEg4A FHE =X
S50},

(2) Azo reduction

Azo reductiong 9]¢ 2@ 272 nitro reduction
o] 799} HAlEIth. & anaerobic conditions3
NADPHo[t}, o] &2 gt COdll oJ&l # = P-
4500 FdFch Azo bondE #RIstks &R/ Al

Fo] =H L ke Ho|y intestinal microflorazl 2

o oH =2
o 1

(3) Disulfide reduction

Drug disulfiram(antabuse) i 22 29 disulfide
= 159 sulfhydryl constituent®@ = v}, B2
ole} & whg2 A GAIE AR wpx 9 vk
& glutathione(GSH)& F-%2lx} (E3=8¢l, cofa-
ctor) 2 A3} glutathione reductasec)] o} =
Ao,

(4) Ketone and aldehyde reduction

Aldehyde2} ketones.‘l] el 2o &= alcohol de-
hydrogenase®] °f W1-2-& %3} aldehyde reductase
7b o] HPESE 9& A& 4 ok o] reductaser
NADPH-dependent b #-& F-x}2ko] cytoplasmic

enzymeo|™ 71, 1, 217 gl 7]} ZF A dHy

pendent T s EE 7o s
=

of gtk
(5) Sulfoxide reductase
Sulfoxideo] #FPo- EHFo A A LAY =
Aoz d#x gk 7] soluble thioredoxin-de-
i o] glo. Cy-
toplasmol| 41 9] #1¢lo] 1 H& u}E% endoplasmic
reticulumo| M)  4tsl= EHGEES In vivo
half-lifeg ARPAZ + Ue A 3 e = A

AEEE S

3) 788 (hydrolysis)

Carboxylesterase?} amidase activity7} 9&= &
a2 Tl 2 EA FarEe BE 2% 7} micro-
somal fraction®} soluble fractionol|A] ¥rA3tc},
158 tee) weg AT

RC(O)OR/+H;0 — RCOO HOR Carboxylester
hydrolysis

RC(ONR'R”"+H,0 — RCOOH+HNRR" Ca-
rboxyamide hydrolysis

RC(O)SR/'+H,0—-»RCOOH HSR’ Carboxythio-
ester hydrolysis

Ester 2 amide®§H&9] dE-= microsomec] 2]
3] Shl=m opml = JheEal vt thEA ol Pro
caine, succinylcholine, aspirin, clofibrate, methylph-
enidate, procainamide, lidocaine @ indomethacine

5ol ohgol ool g,

4) d| microsomeo|| 2|5t &tal &l 7}=28

(1) &l

o] A4 82 =& A3} (halogenation)A] 71t}

(2) 7tEE

HlEolAl esterased] o]t ZlgRE3|7E 2 o4
&gt}

4. ®M24F HE2 (phase II reaction)

Phase I tjAMAHE3} hydroxyl, amino, carboxyl,
epoxide 2 halogen &3 22 7lsda& THdle
o2 i Ed e tiate WA metabolitest &
Al ETRHS-(conjugate reaction)& A& et 5= 9lo
o ol d ¥ 3-& 382 02 phase II reactiono)
g} 2k FA 7 =& A ARl metabolite sug-
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ars, amino acids, glutathione @ sulfate %——% %
s}, X Eg-e] 73J)r A9 A& g2 HoE
of BlE F4& vt A4S dshH ‘3 A Hf
RS

Eguhgells F2 Hyle] x| oA ol of
st Zagsiabge] Hasty F /iAo Akl ¥
B2 FEE o] gtk Type 12 A activated co-
njugate agent7} ¢FE3} e 7)1 A3sted con-
jugated productZ A s} type 119 7% 713
o] &A 3% 31 71 th-g- amino acid9} 2 §sle] conj
ugated productZ A4 ¥c}, Sulfate?} glycosided]
AL type 19 o]l type 1o)==
acid conjugationo] E3He ],

FE amino

1) Glucuronide =gt

7t st el RIRsHA dojues %
e o] bz A glucose-1-phosphate 2 2o
uridine diphosphate glucose(UDPG) <} uridine diph-
osphate glucuronic acid(UDPGA)$] #Ajo] H
ot} o]e} e FAL F2 7o) 784 FE(
soluble fraction)ol|lA] dojvhd, Az Ax 2 o
HoMx dojvirt. UDPGA & AW 2] microso-
meZof &4 &l UDP-glucuronyltransferase®] &=
&& ol 4% 243 AR £840] NS &
EFES PAste] golsA Az wldEo
28-& Falste Aolrh o]gA glucuronide
=gl ozl o Fod ATE Y
WrEAl 23] An S4EEE A5A 7=
ofuch W 2w ¥3e] Ay ol & FA4o 2
P ARES e g
Morphine, acetaminophen, diazepam, N-hydroxy-

&=
A

514
s

rok >\‘ 2; }-ﬂ ) rlo
rlo rﬂ rlo

dapsone, sulfathiazole, meprobamate, digitoxin %
digoxin 5] ¢F&o] gt}

2) Sulfate =gt

Sulfate X g2 SAE49] =8 oYzt A7
*JMMH uiel o‘ % 9—]%3 = FAztz oz
75.—‘% E ol9foll=

e B AT U
20 Qo AOE YelA sk Sulfatex
& estere] el 19 - 25 - 37 alcoholat} phenol-
s 4 arylamines 59 @} Wil dojud

o] vk o= e o]y} Hastn g ATP} sul-
fateo] & o] &3lo] HFHoz LFPA AMEEH=
adenosine 5 -phosphosulfate(PAPS)2] Alo] &
FHoz Yofrfor i

Estrone, aniline, 3-hydroxycoumarin, acetamino-
phen @ methyldopa 59| ¢kE-o] & =3hc},

3) HIE S} B (methylation)

Methylation 9A] ovxj& g2 3= gt
£ 0 24 amino”!, hydroxyl7] 2 thiol7] %] o]
A qhgo o8 EHEM o] WS Thkgh methyl
transferased] ¢]&le] Faisl wEr]= ATPe}
methionine& o] &8t A 5= S-adenosyl methi-
onine(SAM) o 22| FH=HTh

Dopamine, epinephrine, pyridine, histamine % t-
hiouracil o] 2kEo] &)]w3ic}.

4) Glutathione =g}

Glutathione(GSH)-& A Aol A ofe] 711 H
2 2 Aaes Ul Bdoin FHEYe 5
Ay Agste] 2EH o2 L-acetyleysteind} ¥
&tel )¢l mercapturic acids@ A FE o] AY /1]9]
Z oA} o]d ¥3MEL-2 glutathione-S-trans-
ferasezhi= &aol ®& Wol Hoh A dolut
A B BAE] gHo upet wi=A] Had A
& ot

GSH9] sulfthydryl7](—SH)& 781 &9l &4 (nu-
cleophile) &) oFE9] 1A 214 & (electrophile)
& st A Ad o i GSH7F 548

2
*é

o=
Rl A A o} Fadt e pIdT § UEE
sled &t
Ethacrynic acid @ bromobenzene %2] ¢FE-o]
&l 2t

5) OIM|E!3} HIS (acetylation)

ol & 8l= acetyltransferaseg}s= A0 ®
o} acetyl-CoAgtes 7188 A 14 H&»" AR
At SHEHA F7H e 28 31
ol¥ opll"ale] FHE FHof njzt lali Rl
el 52 npe}l Z+7] thEn isoniazid, clonazepa-

m, dapsone ¥ mescaline £-¢] ¢fE-o] d)3sic}

O

_Eu{o
N

ol'-?‘-"
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6) oln| At =8
Carboxylic”] & 741 Qe oFBe F2 1gw
uf

F2 ol gHE o=t FHE 7] dap] A}
28 YT L8-FE glycine, glutamine, arginine
9 taurineg- o] &3t}

ATPS} CoAz=R) 3ol A HH8-8)e] acyl-CoAE W
1, o]Ao] olu]=ike] gramino groupd acyld}
3te] peptideX &g /st A& 70

7) Rhodanese

=Xl cyanided] 3 Zo] FaF ALY sl=
wgolm, nE&=glo} F49 rhodanesed]] o3

2+ ol=f2e| MACHAL

r

5.

JEP|BE

EAEH A thibs F2 ZtellA s ||
qb wo] et = Zb o] 9] thE A AL giA}
7t Fas 28 8 5 Q) dAREEE A
Hoh =gla, AHAA dAMSEE ZR| Tt o= gt
2 Mo dAle 2Y TR EHdAb o $-
Za# onlg g 7 ol9e 2N E /1B
& TSk FAE Fd T 8 F TR A
off Zghs]o] dr}.

dl& 59 cytochrome P-450 monooxygenase7}
Holl A= clara cell @ type II cellol], AlA oAl

oy
]

e

b

Aok AA R 7F o)L A M= A 224 ¥hE
vtochrome P-450 ¥t H T} 22 1 U v
Az g dolvr,

W, A24 THELE F o PEsshl 2xel
C
3

-~ 185 —



