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b) Aromatic Hydroxylation
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/ \‘\ NADPH V4 \\
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¢) Aliphatic Hydroxylation
0 0 :
S H /
NH—C CH, N—C CH;
NADPH OH
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hexobarbital oxohexobarbital
d) N-Alkyl demethylation
CH,
N— ——CHs N— d
e NADPH
CGHS—-— N — CgHs'—N + 2HCHO
AN i CH, O, N S
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e) O-alkyl demethylation
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g) Sulfoxidation
0]
1
AN NADPH AV
0o ———————— G R
\/’ \\‘N/ AN OE \\\// \\\r//\\/ \\
cl v cl
| l
CH,CH,CH,N (CH,) , CH.CH,CH,N (CH,) ,
Chlorpromazine Chlorpromazine S-oxide
B. Reductive Reactions
Aa) nitro-reduction
I\'TO2 IT’HOH NH,
|
l/\ NADPH l//’\ NADPH N
f — | — |
COOH COOH COOH
p-nitrobenzoic acid p-aminobenzoic acid
h) azo-reduction
— NADPH

ANH2—~<__}*N - N—({ SN (CH).

4-dimethyl aminocazobenzene
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Conney 9] #5i-¢ 2#5+4 7] whatet {AH Co-
nneyi pharmacological implications of micro-
somal enzyme induction, pharmacdo Bev., 19,
317—366 (1967) }
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utrt HE Eolrbe =8 o] KA NA-
DPH (nicotinamideadenine dinucleotide phosp-
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—NH~ S=NH+NH— SN (CHY),
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DPH & BEHMME) ol 43 o] BMRTIE

Sl A BRFES T o SRl BER 1 RET 7 &
2 =% 47F HOo Eojrhs RIES MEsh
T BfFEA L mixed function oxidase (mason,
1957) =+ mono-oxygenase (Hayaishi, 1964)
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1953 /£ Cook #-& SKF 525 A (8-diethylamin-
oethyl-diphenyl propylacetate Hcl) & &4yl #
g e 2ok 300~ 1R el #B S he-
xobarbital & JRERERE ol 2 of 2] 7hx) 9] o

FERE AR oF B Bydre] B A%

B= 0E

34tk o) A& SKF-525
# ﬂ/i"\li‘wﬁ( %o kS
F1.2 SKF-525A o] 98}
A} SRR
2 ostrychnine B! picrotoxine & 4 49)
2GE ehide s £ L o
CELE o) v AR ] ERES]  Ihe)
“gimdne 1o
< Y GHEEREA A WRE 2 &
BB 2 A e SKF-525A9) ko)l saelst CRT-
Table I Pentabarbital 2| [FE:{EF, carisoprodol
meprobamate 2| FRE{EH, strychnine &
picrotoxin 2] FW0] 0jX|&= SKF 525 A

S
el B

Avt iRE A& B
A 7} JiF microsome 2]
RSl ] gieh

meprobamate & A5 A5G

$ @ SKF525-A

1

1

Pentobarbital OB (G 46+3.1 2563 +£18.3
Carisoprodol fF (%) | B8. =b. 1[ 445+31.2
mprobamate v (%) | 184=3.9 656+29.5
strychnine eI (%) | 13 I 100
Picrotoxin v (%) | 15 175

5
* SKF 525-A (50mg/kg i.p.) & 307-87el %5

Table 11 EHZE0]| 2|8t pentobarbital & mprob

amate©| A

i S0 o, \Hl =
i A % gpentobarboit(‘)af Ljﬂje‘;l gbin(};/{cza
chlorcyclizine 3.1x1078 2.2x1073
cyclizine 2.4 %107 2.9%x107°
benadryl 7.3%x107° 6.7x107°
chlorpromazine [ 1.6x107 2.3x107¢
trifluopromazine 2.8x107¢ 3.0x107¢
carisoprodol 1.2x1073 1.1x1073
thiopenthal — 5.1x107°
pentobarbital — 1.8x10™
glutethimide 8.8x107° 6.5x107°
phenaglycodol 1.3x107 9.8x107¢
imipramine 5.8x107° 1.9x1073
phenylbutazone — 2.8x107*
aminopyrine 1.0x107® 8.9%x107*
nikethamide 5.2x1074 7.8x107*

* Pentobarbital @ meprobamate 2] &% 3x 1074 M.
1201) (B-diethylaminocethyl-diallyl phenylacet-
ate) CFT 1215 (phenyl diallyl acetamide) %]
9l ow Lilly-18947 (2, 4-dichloro-6-phenylphen-
oxyethyl-diethylamine-hydrobromide ¥ hydr-
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azine 5 2 4 methylhydrazine, phenylhyd-
razine, phenethylhydrazine, phenylisopropylhy-
drazine, p-chlor-phenethylhydrazine, o-chlorph-
enylisopropylhydrazine, iproniazide, isoniazide
ol vt

F o FRgukebzoe] O% A e WS
% SKF-525-A 5 3zbo] g2#ipES] I micr-
osome o $lej A<l REE HESS. F I his
tamine #j¢l chlorcyclizine, cyclizine # benad-
ryl, AR B 2

romazine, carisoprodol, thiopental, pentobarbi-

chlorpromazine trifluorp-

tal, gluthetimide

Table IIl. Pentobarbital @] BEE:{EfS, meproba
mate 3 carisoprodol @] FEE¥ER O

%= imipramine % isoniazide 2| B

pentobarbml meprobamate| carisoprodol

SRERE IR (5) BB E R (53) BRRLIE A ()
control 45+3.8 45+8.8 44+4.1
imipramine | 205+12.7 | 109+15.1 | 124+10.4
isoniazide 108+9.1 — 173+15.0

9} phenaglycodol, ¥i-$2%|gl imipramine, #i
F-uba} ~#el phenylbutazone, fFEG ¢l amino-
dcs} 4 pentobarbital ¢]v} meprob-
7} Mk o

#rstal

pyrine o] {
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20 7p el HREESH
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B REFT s ol F o 1R SRR
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= ¥ microsome & NADPH Ei{bEzsEe} NAD
PH-cytc BITisR 1EH& HEIA gor NA
DPH o k8] cyto. P-450 o2 BT BE %
cyt. P-450 3} O, 9] uk-9 EhEfk cyt. P-450

jsoniazide & #] 2

ol & 7] o]

5]

o4 5

o]},

o9 g BERbKES ARKES HENA e
th. & SKF 525-A = Kike] Sl ibReime
& HEI vt Adsta

EMRBIEERS FRME

BYRBERE d87hx e duAx K
fEo] k3ol RBAANAY =8 BWHEE o5}
a4 es o

A EEpol filkete] LiFlkol
7 BRI RV E BEA ¢EA H
g 209 BEEREEMES FIBTA .

Pl bzt 7ol mﬁf’?ﬁﬁiﬂr fLERESE= dO%.
Bficl fv A8 PEE RRMERE
FETE Sl (I Exst ?%%Ondu-

Table IV. Compounds Studied as Potential

Inducers of Drug metabolism

e

Pharmacological Drue
action e
B ti Barbiturates
ypnotics Glutethimide
. Nikethamide
CNS Stimulators Amphetamine
: Diphenylhydantoin
Anticonvulsants Paramethadione
s meprobamate
Tranquilizers Chlordiazepoxide
: L Chlorpromazine
Antipsychotics Triflupromazine
. : ' Tolubutamide
Hypoglycemic Agents Carbutamide
finfla .
.ﬁgi;lgélammatom Phenylbutazone
. Orphenadrine
Muscle relaxants Carisoprodol
: ; Aminopyrine
Analgesics Morphir;e
Antihistaminecs Chlor Cyclizine
Diphenhydramine
Alkaloids Nikotine
Cotinine
Insecticides DDT, BHC
Dieldrin

Table V. The effects of inducers on

Hexobarbital-induced Sleep in rats

Sleep time

Coatrol (¢) 108
Phenobarbital (&) - 132
Control (3) 755
DDT (8) 82
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A HEedelth Ve 2 ¢E RFRTAA
¥ rat o] phenobarbital (30mg/kg) =& DDT
(200mg/kg) & 3HM HEIE 4B o] hexob-
arbital & (125mg/kg) #H¥ste] MERFHES B
£8F #E2 Phenobarbital =+ DDT 2 A&
rat = hexobarbital o {3 ER{EH] =3
EHEAE gleh. Bl FFelA microsome
< 7#ists hexobarbital o ERfbAES AT &
2 inducer & FIEHEI iyl FF microsome &
HERE O] Fiste] 953 hexobarbital o Eftrt
3l gt o] @ #HEL inducer T BB
StERA JFe] ZEpREEER ] sl hex-
obarbital & Zf#7F 3] deolvbAq [EEREFRC]

A9 golRFEAE ERIEACIG ] &
Boz melilel WERHE EHRE SelA

W%t Qe VAR BigEvet

o] Hith-E M2t hexobarbital o 4 fFgE of
Rt ol & e RN BN o AWER
o] KT E flx &)Ut ol=T BRE W
pholetzatet. o] Witkol BASH 4k o E E
23 geort Beox o] ZY(phenylbutazone,
pentobarbital,
sl o BHEEY REE (ESE

meprobamate, glutethimide) o

IR

4
N .
! -
- L4
h - 1 A
A § 0
y n
Qx 7 ffx e T “'. - 7 :
control 12 24 36 4 72 96
Time(hr.) of Pretreatment of Inducer.

Fig. 2. Plasma~pentobarbital levels after

its injection (25 mg/kg ip.)
nikethamide (200 mg/kg ip.)
glutethimide (80 mg/kg ip.)
phenaglycodol (130 mg/kg i.p.)

Hol stz HHA Y

R BIRESR S mechanism

pheno barbital o] v} »] g} g4yl (K3le] 4y
KB/t §25 3= AL in vivo o] £ in vitro o] £
REol JF slice Y microsome of ¥ BhgdlA &

W ORRER RS ) 12 BESAA gt
7] #hafE Shel #y 48R fhel el FhEeer

oot A5 g skl 96120\ o EHE
2 mEdc. (B2, 2MK) =} phenobarbital
9 in vitro ¥pnel fkebe] = ErEEimM o BE)o]
gloh o] WESREEAE BEEREMC Bns gl

E HE ks8] ded EEEOT WA 9
B4 gvh. BETERBHEDIY AR
HEM ol JAAE BB H22 BEFE
o] dejtsA 22X o hormone # Z-7l0]
E2°] #Istt. phenagly-
codol ¥ phencbarbital ¥} Z& BIRBEWE

e
AL

Table VI. Ethionine #Ei0{| 4%t phenobarb-
ital 3 phenaglycodol 2] meproba-

mate 2] £HBR REERS S

pil

Meprobamateli g

Il 4% &

(Mg/ml) _ (Mg/g)
Control 68+3.4 61x3.6
Phenaglycodol 24+2.9 19x4.2
Phenobarbital 11+2.8 11+2.6
Ethionine 66+4.6 53+2.6
Ethionine + phenaglycodol 57+5.3 46+3.3
Ethionine + phenobarbital 46+4.1 44x2.9

Phenobarbital (90mg/kg,i,p), phenaglycodol (130mg/kg
i. p)-& meprobamate (150mg/kg i.p) #HtL 48 hr. RFfolff rat
of FHL

Ethionine (250mg/kg i,p)-& phenobarbital phenaglycodo!
Bl 3037 FeH
9 &te] o] )= pentobarbital, meprobamate 2
strychnine & fEHEES] #ins} ethionine &
o] & BEMpe] K 3045 wiel Pl SEas ¥
HlE A o250} o] & 4 (inducer) 7} FFmic-
rosomed] FAESHE HEYRHEERE Aatkg Bin
AZthE AL WEster(EV. 9 E3. 2R)

phenobarbital & $EL3w microsome ol &
%% NADPH KFM:ETHERS Hikol
gkl Pulold 2l phenofarbital ¥ 2 FHE

=
25
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soor Xs)frnyt:l?:ir:étal ks BRE Y T microsome EE S —i5 ol

Y meprobamate TiEeA o t}h. phenofarbital #fds r_~z~5}oq am-

250+ ino 89 uptake 7} st ol st=elx MR

WEER mv NADPHRFEMERS A&

< 200 B Ak FiFe]l slezlel obel JRmERES &

$ i B B2 NEES ik 2 R REAE 9ok

= 150l = ) FHE - Bemmer of &3] HElEES &R B,

E : 5, Orrenius 2ol &3] BIgE Y #9 uptake 9

E 0 g _ NSk BTFEELAA N 5 WE A
& Wk ek 3 Y & RS

HEMET ERTE

. 1957 4& Conney 42 3. 4-benzpyrene o] Y- &

: = t}E& polycyclic aromatic hydrocarbone -2

Etbi(?nine - - + 4+ o+ o+ * Epel EEFsh= 3. 4-benzpyrene & Sf#sHE B

SE7F e b= HEE PRSIk benzpyrene

{ hydroxylase ¢ #£ine FFa

phenobarbital - + + + + + 4 +
) 6hr, 12hr. 18hr. 2dhr. 47
#

(after) (#) (#) (m) (n ol 2k HE, W,

Fig. 3. Ethionine $Hid] &3 phenobarbltm 9 B, B, Badk el = deludrh BEHEMEC

microsome  ZEM TR T IS ;ﬂ],;,g N-methylated aminoazo 43, 2-acetyl—amino-

Ethionine (200mg/kg ip.), Phenobarbit‘al fluorene, 4-dimethylaminostilbene & ZEEWHE
(60mg/kg. ip.) Female rats (60-70g) o Thigel PrELEw] EEE BESRWES B

% Hingch. microsome 3¢  amino e fvﬁﬂ(ﬂ 9 ol® EEWES (FRel MHikdE o

uptake = gl —FZA rat o #8 ol A (miller, 1958) &
microsome Yol 9l & ZEWRBEESRE =714 oldue] FWEHEQ 3-methyl-4-dimethylamino

Table VIL the Effects of Various Polycyclic Hydrocarbons on the Induction of Liver Tumors
By 3-methyl-4-Dimethylaminoazobenzene (0.05% indiet)

Wt.in- N No. of o
Crement o. o. of rats with
Compounds added to the diet at 1 rits h§7 er tumors . )
m?gh start months months Gross Cirrhosis
None —9 16 12 15 moderate-severe
methylcholanthrene 24 16 0 1 none
Benzpyrene 24 16 0 1 none
1, 2, 5, 6-Dibenzanthracene 35 16 0 none
None 16 8 16 ©  moderate-severe
Methylcholanthrene 25 13 0 1 none
1, 2-Benzanthracene 30 18 0 none-mild
Pyrene —16 16 6 16 moderate-severe
None —10 14 9 14 Severe
Methylcholanthrene 30 17 0 0 none
9. 10-Dimethyl-1. 2— 20 17 5 15 mild-moderate
benzanthracene
9. 10-Dimethyl-1. 2— 2A 17 3 16 mild-moderate
benzanthrac
photoxide




azobenzene & 401 A 9 G &= B st )
methylcholanthrene o] 2} BEHBRWES [
Hpoll HBESIGEY @43 BAIGE=AE BR
Sk (G BE)

g FVIL o4 2w benzpyreneojr} 1,2, 5
6-difenzanthracene % aminoazo 3o &35
fEe] BAE B WHdd e HES %‘.‘
t}. o] & polycyclichydrocarbone ¢ s
‘2—1"74 JFF microsome o] ¥R i (=
ER)S BhAAFEZA o] BMEEEWEE
ﬁn%f/]ﬂ RiEHA WA = Eike B E
Agdl Kol glesleltt. zeBR @ERHE
& AATFEEA BES BUAAES ke A
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] o}

m\o %0,

IR
Z

i
S

i

i r{r P —[%

Yoo ale

ruS i

a
S2 79 o

PRI
kel
Q
o 9+

= ol gglel B HminE
o] 3 < A7 RS WEECY K
REEol el Kol =Hovh o W
ukolel =, SRIMEE X-Jekg, TRENE S v 59
of &Ex7 plastic, glass, &%2] hormone =

-1

= %% Columbia K& Popper {#i-+ 9
Finster {2l a7 o] Sol gl BifpEol
/\Eﬂ FsRol oW A (ERSt =718 THYEstY }
e Mae S Qo5 ek A
Tablc. VIIL. Effect of cigarette smoking on
benzpyrene hydroxylase activity

in the human placenta

ES

Patient Ci%zxi'le;te smoked §§f¥f§
S.1. 0 0
S.K. 0 0
D.L. 0 0
F.L. 0 0
M.C. 0 0
H.D. 0 0
C.G. 20 643
R.S. 20—30 826
AT. 20 1269
G.K. 20 1317
CG. 20 4289
D.A. 20 15181
M.N. 15~20 17100
H.B. 40 23205

* Amount (x#g/g/hr) of hydroxybenzpyrene formed
by placenta.

B= EE

= FIREste Ja#
R 2w g 797 ‘E%t 5(‘&0%14 de éiﬂ%ﬂ

+ benzpyrene hydroxylase 7} 7 2]
ool 10~40745 2 =l & 9= dikolA
2 RiEpelA = HES B BEHEE Bl
93\‘4 FEWMAA ¥ sukgh o] 3Fo 2044 F
9= wHEelet EX e Rk BEE
b Kigsl 2 :?’JZO{ 2 HEfE of o]
ol A Aslrhe =k
Aokl = Rl 71%%”5‘9] gl g V)5 B
EEE Wt BES
Hago]l mmskAl Aol fEf
w7t gEAelzte Zr%% %-’F%D}% Bfioll A o]
e JEL ol @ Aol WRRMAS ol F
ok 374}, steroid harmone fCHl= oo
Bl kst T e HHE v FolRo
il E oS EEA RS oW d 93
NHEAL BT Edeld =d %'4%%91 e
FE e AR olpe o
Sl o4 HIBEEA 904 FoAold BE
o= glot Bl E W= e AR nicot-
ine fRE7E (RS ohe HEe] wE i olAdx
sl 7 - Abghel #3h nicotine 9] fif{k& B
st FEzlolth

Steroid o| {2t BEHR

steroid = FF microsome o 4#38}a] {REE
el RSt Relel B WA B4
o] [FEEET steroid = Rkt Xyl
phenobarbitrl & Byl HrEsw
estrogen, progestational steroid, adrenocortical
steroid 2 steroid harmone ] KEE{LIKEC] (&
R ey Ad—ketosteroide] A BEELK
Eell= o]l et ol dFL VA=W
2 54—: phenobarbital [I#fe] diphenylhydan-
toin, chlorcyclizine, orphenadrine, phenylbuta-
zone, chlordane, DDT 2fo] glom] {hEEREERY
o 2} fEANL.E o BiliEe]l §leh olddet
e EKokel steroid hormone Fgk ol g &
el = e Fo Knodqges
&3 HHsk 3

ri
I:'-.-
rlo
0 B
b
i3
%
: 1)
ik

mg)‘%\g

androgen,

+ ethynylestradiol, mestranol,

norethindrone, norethindrone, norethynodrelé:



A steroid hormone ¥ phenobarbital ¥ =
gy REEE S B EBRe R sy
female ZEHEHE hormone D} BEESE

4.0k male Axelrod (1956)%= K rat o] & FHRelA
morphine, methadone, meperidine 2] N-demet-
3.0k cr hvlation o] Mir o s 2~3 % ol
w w3 Quine (1958)% hexobarbital | f¢#i7}
2.0 - - il ol Hostel 34B% wlzo} WS %
4 o R A Hikd s AT WE
Lo L &g, oW testosterone & EREHS
IS R ERTHe level 712 s 9
©}. carisoprodol & #REL{EH e] ] strychnine 2]
kol MEME A HE T el A A E
MRSk i microsome oA 9] o] ZEdpEe] ik
7} Hol Mol Ihdle] 2~3 Bl £33 dojHE
¥ olelze FEE-L B hormone & FHEH
el #fistaz deheze vekder (3 4
Z2R) & Hg ::i']"??}“i BESETR o] ek ﬂ—“
A KT st skl & BESRIGY
o] gEifhol gl o] E,UJJWJOH testosterone &= &
WEHRME hormone ¢l 4-chlortestosterone &
sl Wk EEHES level AAx  RFE =
Ag B9t lﬁ? v} &ML hovmone of
3k SRR ES] B ne phenobarbital of
#e3E EE NS s Aol x b Frlxl gl Al
7L 9let. & A A phenobarbital of &3 %
thol Hne i 12HEd el
RE A EAFML hormone o] A& 3~4HE
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