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FeE, =A7L#EE (-C0-0-) 8LV 7 3 VA (-CO-NH-) % FH
ToERY (EE, BELY), flzE7e 5y s ORBERER L)X
B o R, K, BERLEFMET L LT, =RA75 - ¥IXERLKEE
BLTwb, =255 —¥DEETAEWRBOHELL T, HWEToRh
4 v (Kisch et al., 1943 ), BHEOHI AL KVBT7 I FDOHIA I LT A —
7 (Bay et al., 1949), #H52OEKTH A4V 2L KFH5 Y F (IS0C)

( Schwartz, 1960 ; 1961a; 1961b )7 &P B H | A TE T2 + 7=y
F ( Haugen and Sutti, 1974 ; Arndt et al., 1978 ), FFFHE a =X
5 A3 (Maksay et al., 1978 ), A5 a2 A Fsk A% (Oshima et al.,
1980), 7 v %47 =z ==a—,(Vining, 1975 ; Kuhn and Heymann,
1982), # X UREEMRH (Mentlein et al., 1984 ), 72 X CEL TOHE
BhbH, ThbLDEPIRFINZIBL LY, Flz2E7 b ey (Moog
and Krisch, 1974 ; Ammon, 1977 ) ®, 7 = % 1 ¥ (Cohen and Orzech,
1976 ; 1977 ; Satoh and Moroi, 1977 ) X X DEEEM XL\, —F 7 =
J 4 F ¥ ( Bernhammer and Krisch, 1965 ), I SOC( Schwartz, 1961a
; 1961b ; Green, 1964 ) XEHAIND, Th b DMK BRILOFHFERL L
T, ZLOEYIHER. H~ORFL BB 0D, 727 €5 v T2+
~E o l:“‘)ﬂ{ﬁ@i%i}ﬂ (Heymann et al., 1969), 7 v h (4 v TEXT7T VL
F—RIEDFHEALE (Heymann, 1982 ) ¢ 2B LG b AT 5H, ¥/47 o K
S92 ThHAEATYEYYVRT Yy Y v MK #E (Heymann,
1982)3nEKEFH L, Bic, BADORREFEC LD =X Tl Iy VY F
NVBFEERY, YV FABRDT e FS v 2 LT 5% (Inoue et al., 1979
b)bd AT S— ¥ LOBEETTbh TV 5,

EPOLATABEELT I FREERIL CENZTRERWICMKIHET
PERABOTHRL, §B, =RAT5— €L 73 F—EOHTREBELK
BRI Twitv, foT, EHRCB VT RTIFT—€ /7 I 4 —¥
LLTHEYGFEL, FEEN=ATS— ¥ LLTHRIBLLL, ZERFE



HEOBECZDZRAT S — w3, ZOREBMS L ORBHEREMICES T,
3UVIX?i—ﬁ(ChE)kﬁW$#ﬁuklx?§—ﬁ(CEue)®20
KRB Enb, Aldridge (1953) 12, ZD=RF5— ¥ % HHKY VL&YW
ThoH74FY YRIPHECESE, FHY VLEWEEEL LIIKS
BITBA-=2AT75—¥t, ARV VILEWC I VFEECHEINDB - =
AFS—¥WCHEL, £DH, Bergmann et al. (1957 ) X, AV 1k
ArmAks@Ee T, BELEhALWC- =X 75— %BML# (Table
1),

Table 1 IRTFS-E0OI+(TORROHELE

IRAFI—CEDEAT paraoxon 4 —chloromercuribenzoate BB
EDBIR $ridHg 2™
A-IRTS5—¥
(ZUNIAFS5—E, aryl- 2 H REH EEEIATIV
esterases )
B-IA75-¢
(MVARFVNIRTS—H, BEH .2 240 BT AT

carboxylesterases )

C-xI2575-1 ‘
CAPEFMIRTS-B, acetyl- |, EBEL BRI PRFIIZATN
esterases)

EHRTHE) AV AFOALZRATA, AARFTAT I NBIVHIAEF
YNAFFERATADOMKSEY RS AIEHERN CEase (E.C. 3. 1. 1. 1)
(Heymann, 1982 )X, ZOAEL KT A2B- =275 —LDORBHKTHH .,
ZLOMABEOEBRLCAHL T 5%, FTHFBLC BT BIEEIRLIEL
( Junge and Krisch, 1975 ; Moroi and Satoh, 1975 ; Moroi and Kuga,
1980 ), % D, ®Hg (Krisch, 1971 ; Ecobichon, 1973 ; Bocking et

__2._.



al., 1976 ) . B % ( Kamat and Pore, 1972 ; Fukuda et al., 1978 ;
Inoue et al., 1979 ) & X UfiEAfifERk (Tsujita et al., 1982 ), FEic, ¥
( Eto and Suzuki, 1973 ) ¥ X OM¥% ( Choudhury, 1976 ) WKL HEHET 5.
¥, FBEAROAHRIELC: 70y —a (Ms ) BEREADODRETCHEEL .,
BT, s vavF)7, 9V V—a, BDORKE L, THEEES (Cytosol )
iz & A YEFELEL 72\ (Moroi and Satoh, 1975 ; Bocking et al., 1976
; Fukuda et al., 1978 ; Moroi and Kuga, 1980 ), CEase (X ZDEMF
DY) YBEIh2x ) vEETHEED 1 2THD (Augnsteyn et al.,
1969 ; Krisch, 1971 ; Dudman and Zerner, 1976 ; Heymann, 1980 ;
Mentlein et al., 1984 ), ZDHFEIX 187 ( Junge et al., 1974 )~21
75 ( Satoh and Moroi, 1972) TH % tHEIN T 5%, FFMs LHEETS
CEase °, 7 = /7 - €% — . ( Satoh and Moroi, 1973 a ; Raftell et
al., 1977 ) ®DDT ( Sonawane and Knowles, 1972 )€ L W EEFHE I h
HHE, KIV3-AFLaF AV Y (Raftell et al., 1977 ) TILFHEX
nNEVCEI T TCabNTCw5ETH AP, B3, Nousiainen et al.
(1984)%, BEWHETHA vy (2) TV 51y, vy (a) vy
BIO3I—-2FAaS5 VYRV YH, FMs T3’ {, FCytosol LT HiC
FHETSHCEase *FEL, TOFHLPREBEORIWCHE T5 & dHEL
T, ZDOHHFETSCEase O K& D BEBKREV,

—F. BHY v LEW? ChE0RNLBEER T 5BRIFMOE TH %
2, 20O ChE X Y CEase BBV VLAWK L TEH CRZEDF
{ (DuBois et al., 1968 ; Su et al., 1971 ; Chen et al., 1972 ;
Murphy and Cheever, 1972 ; Satoh, 1973 ; Satoh and Moroi, 1973 b ;
Moroi and Kuga, 1982 ), Fi#V »{k& %W ChE & KIET 581 CEase
BEBRY VAW LFETHENCHEEL, AFvYry— L LTEAL, £0b
% B { ( Fonnum and Sterri, 1981 ) EELERLL (OREIOD
ZELHMONTD, ZNEEL, mATALEAYSUCEPOSEELRET
5L TCCEase EHEXHEBR LT 2EOFRABEERL TV %,

ERET, = AT 5 —EDOEAERVCRCEBLZHAO—RLL TRES L



fbh DT, FFMs CEase DEH#Y VLAWK I BEEL, TOHEECH X
T Cytosol ®NAD #E L T 5B« ORWEBERRMOZE, 5 I 0L DR
REOHMAEBFE M HBEYENLLTCEBLLLDTHS,

T CfTo eHREARF L, ROSHELENT HEIHEKD,

1) BB vItEWO1ETHL0 -5 O0-AF—=turz=L 7
=27 +RAR7+/F+=4+ (EPN)IC X ABCEase HELCT 55
Cytosol RIMDEE, KIUCZOEZEOERABF M5 EMN T, BEL
VWA S » PFFCytosol R, BMADE YV VY27 Vit F FELUEK
EEL 125 v b BFCytosol IIMDEE X HETL 7,

¥, Cytosol fFD Yy vz vitF FE, Ms EpHAHE RIEKE.
B, 1 vFa—vaVBEERRTOEPNoxon EFER &b LI,

2) YUY RIVAFFEAPELLTAOATVSE6 -7 3/ =3 FY
73 F(6~AN) #E5D5 v  FFCytosol IKMIC X H CEase PEPN
I BHEFEREALEILS, 6-ANOEYRBBER~DEEBLYMS
BB T, 6 -~ ANEBEROT7 s /L) vyBIUAFY AL EEZ—LDT vy
bIFRRE R L OB BREE OEE L EEREL o

3) kK, B Y VL&KL H5CEase [HELXWTANAD DERIKEHR
L., sTHA2DAE#Y vL&WI L 5 CEase *ChEJHE D EEHEA
BEx#alL, FlK, NADRMOEE, Oxon EO AR XICO W ThiR
BE Iz e

4) FofER. CEase DE#MY vt X 2HEEXANADRMIC X » &
MIXNiBErDL, BEWC, CEase t EPN DS, 8L SHEHREH
R"MOEBr Yy koW THREL, 24k, BEHEL LAV Ms €3
THERAOMUBEOEBLC DT HHE M2 7,

5) NADGMBIKESNB CEase DAY v b&thic X 5EEDOHRIC,
FMs REEFe Ferr—2 0BEERE2L O, ZZ T, BeOEY
YR VAF FELEOT e Forr — 2 T5HERER LT
Oxon B DER, 27 v —a P — 450 DB LG Y L2 WTHRE RN,
S7%1c. EPNo CEase T 5 NAD i€ & % BEHBIEMIC DL C
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E1iR BARYALEVICLIHNEFIINIRTS—ER
BB HE S AMOTLE

Bt D@EY, #rHAFvrxzr55—+% (CEase ) (E.C.3.1.1.1) T,
ZATAVRBERT I FREEXMKI BT 2EERREEVBECBEEETH S, &
BROEE: LT, #ETRRLILEWYANK v 7 €5~ (Murphy
and Cheever, 1972 ), 7 v -t =5 4 ¥ (Junge and Krisch, 1975), «
(B) =3 7F 273 F (Kaneko et al., 1979), ¥ 3 AL AL T
Ho BT, T/ 73 vAF v F—E¥DOHEFTHL, ZoOERBWTH
HBRYIAe NIV Y (BZH) BPRALEW I D BB WEKBEEYETHA
Y HARFFY F (IS0C) (Randall and Bagdon, 1959 ; Schwartz,
1961a; 1961b ; Koechlin et al., 1962 ; Green, 1964 ) %, CEase ®
HELL CTH &,

ISOC(1-_von—-2-(5=-2FN—-3—-AVFHVIYLILE=A)
e F?V"/,Marplan®) W, 41 e =7F (Marsilid®) X hewE
T7ivFAFy X —xHEH L L T Hoffmann La Roche # & © &5 S it
YOET, RLECEHEKSA VSN TS (Schwartz, 1960; 1961a
;1961b ;Koechlin et al., 1962 ), Fig. 1—1 W ISOC &, % D
WMBZHOHER %R T,

Q

{l
C-NHNH-CHz@

|
C=—=N
‘ | hydrolytic
¢ 0 NHy—NH=CH,
\/
¢
CH3
Isocarboxazid ‘ Benzylhydrazine

Fig. 1-1 Chemical structure of isocarboxazid and
its metabolite



i TE, ARY Y REBEFDO12THB0~=F1 0-4F—=tuz
T2 Tz TAR7H+/ FAx=A + (EPN) (Durham et al., 1956
; Hoffman and Sileo, 1984 ) (Fig. 1—2 )X %% 2 a v —a (Ms)
CEase EEHEZEIL DT, FETHEKEESD (Cytosol ) DEBR 45 E 1 T,
UERGEORE k5 vy b AV THRHE LA, $26-7 /=235y 7s
F(6-AN) e 2DV YYyrsvts FEUGREIC T 228>
W BRES RN & A,

oxidative
,S| desulfuration 0
—_— It
P 0‘©‘N°2 "—"——’f-—m@—Noz
0C2H5 0CaHs
EPN EPNoxon

Fig. 1-2 Chemical structure of EPN and EPNoxon

E1E BE<oaESyMTAEES RS2
1-1—-1 ¥k, JEHRAES v F OFTESES RO S

<EBRFE>

FEBRTX, KE 200—250 ¢ D Wistar R 5 v V2 ERAL =, A
BAY =2 VERE, MF ¥ 5%, SKBKZKEKEEBR IR, BRI
EBRMBSF IO 1 6REML L, KIZEHER: L, fiB223~25C,
ERRE (8:00— 19: 00)DERER THT V. AL b1 BAROFH
HABEOH, ERICHL 1,

FFMs % X ' Cytosol OFRBIL, 7 » P *EHRIKCTEM L, BHESRE
HERPICTFTREBIRICH == — v &AL, 115%KC1 % ¥ Ty BT B 10
L, Wil FEIZ2HEEDY 115 2KC1BWE ML, 77 0 v R AY

1

—_ 7 —



.wﬁ%y5~ﬂm%?#4f—?$%9f4fptoﬁBnt*%9$~b
. 9000xg, 4T, 200HMELOEEL., FEES Y XHIC105000%4,
4°C., 60 2HBRLODHEEITo /. BO NI L (Cytosol I EHIC -
70 CkBEHEL., Ms@ZVa—yrv_vy L DB LEHE, % L15%KCLE
WeTHEL, BELAME, BYUEO LISHKCIBERICEEL, - 70°C
WRHFL I, Ms ¥ L O Cytosol 12, FARE6 ALNKERTAHE L LI,

Ms ¥ & 0" Cytosol DEBAEERX, FME7 17 v 2EBER L L,
Lowry et al. (1951) D FEKHE > TiTot,

Ms CEase /& #I5% (X, Satoh and Moroi ( 1970 ;1975 ) D HFEKHE
W\, 2B T» %5 IS0C(Hoffmann La Roche ) X W L %~ BZH % =—
Uy e RECTHOE, HAEAES (495 mm) KT o oo T LIEERIERR
Wi, Ms BER (BEEEK¥3m )05, EPNBWR( HK&KEBE 1X107°M
(FIHME) £ 02 M MY A-EFR W (pH 8.0 ) 0.25m% XU Cyto-
sol (BEHEBH10m) F#ix 1.15%KC1EBW 05meTH H, 37°C, 104H
T4 v Fa—YavlL, TOH, FELLTISOC (HEEE 1M )
0.25mMExmzeE L5mE L, 37C, 30 AMRIE:R#HET . AED
CEase iE&HIERE Y. Fig. 1—3 L% L D7,

By vbaPe LTH vk EPNR, =4/ —A i Fevy /Y= —
A (1:8)TI0 mMEH L, ARKI2ZMr VA—ER ZEHW ( pH 80)
CTHRRL TR 1o

Table 1—11C, FHEBELL TCEBLIEPNIC X% CEase DAERY R
FTo CORERIVEMECKTZEPNRMNEBE R, 4%, BB LV
By BKEBE1X10°ME L,



Incubation mixture

Microsomes in 1.15% KC1l soln. 0.5 ml (1-3 mg grot)

EPN or Buffer* 0.25 ml (1 x 10™=M )

Qytosol or 1.15% KC1 soln. 0.25 ml (10 mg prot.)
Preincubation 37OC, 10 min.

l

%socarboxazid in buffer* 0.5 ml (1 mM )
Incubation 3700, 30 min.
*0.2 M Tris-HC1 . .
buffer(pH 8.0) ' ~15% Metaphosphoric acid 2 ml

1
Sup. 2 ml ppt.

p-Dimethylaminobenzaldehyde 1.5 ml
(Ehrlich reagent)

?tand for 30 min at room temp.

Measured on spectrophotometer
at 495 nm.

Carboxylesterase activity was shown as nmoles
benzylhydrazine (BZH) formed/mg protein/30 min.

Fig. 1-3 Assay procedure of carboxylesterase activity

Table 1-1

Effect of EPN on rat liver microsomal carboxylesterase
activity in vitro

EPN Conc. Carboxylesterase activity % of
(M) (nmoles BZH/mg protein/30 min) control

None 46.4 + 4.8 100

5 x 107° 44.6 + 5.2 96.1
1x 107° 44.0 + 4.9 94.8
5 x 107° 36.9 + 4.2 79.5
1 x 107% 28.9 + 3.8 62.3
5 x 1074 6.9 + 1.4 14.9
1 x 1073 .9 + 0.6 10.6

The incubation mixture consisting of 3-5 mg protein of the
microsomal pellet, 5 x 10-6M-1 x 10-3 M of EPN and 1 mM
of isocarboxazid as a substrate in 0.2 M Tris-HC1l buffer
(pHB.0) was incubated at 37°C for 30 min. Each value is
the mean + 5.E. from three experiments.

— 9 —



<EBRER> |

Table 1—2 13, EPNIC X% CEase EHMEECHT 5k, Hhk> »
F FFCytosol IRIMDPEEZRL T %,

EPN(1IX10™°M) MM T, EREH®EDOHEI % Liso/CEaselX, %
hicHEHMs Cytosol ZRMTABRIOHI OEHMELLH, EPN K X
% CEase EMMHENED LR I i, —FH. & Cytosol FiNTI,
ZOBEEHBERIEDORLL 5 1,

Table 1-2

Effects of rat liver cytosol on EPN-induced inhibition of liver microsomal carboxylesterase

EPN Cytoso!l added Carboxylesterase activity
- — 63.7+ 3.6
¥ — 56.6x+ 3.5
- non-treated, fed 66.9+11.8
+ non-treated, fed 5.8+ 0.5"
+ non-treated, starved™ 62.0+ 3.6

Carboxylesterase activity is shown as nmoles benzylhydrazine formed/mg protein/30 min. 1) Rats were
starved for 16 hr prior to sacrifice, and cytosol was prepared.. The incubation mixture consisting of

2-3 mg protein of the microsomal pellet, 1x1075 M of EPN, 0.5 ml of cytosol (protein approx. 10 mg)
and 1 mM of isocarboxazid as substrate in 0.2 M Tris-HCI buffer (pH 8.0) was incubated at 37°C for 30 min
followmg 10 min-preincubation in the absence of isocarboxazid. Each value is the mean=S.E. from 7-8
experiments. *P<0.01 vs. the EPN alone group.



1-1-2 NADRK LU ZDHLUERES » P OFTEBEHEESTIN
D &t

<EKBRHE>

EREY. FEE, Ms ¥ L0 Cytosol FHME, CE ase [E I B iE T,
1—1—-1K%> TfFo o 6~AN(Sigma) (ZAEFEAKKICIMEEEL |
=3FYT7$F (N.A, MIXME) 8L OB -NAD(NAD, Sigma ) (1458
BBKCEBR L, TnZhSer bisbik, BB, 15m kg, 60 ng kg
BIOTI3M kgl T b B 16 FRERIAT (AR CHEERNES L
2o

<ERER>

Table 1—3 1%, EPNW X % CEase EHEZKNTANAD ¥ L 0% D
FUERES » b FCytosol IRIMODEERRL T\ 5,

1—1—1 TRLEBAS v b F Cytosol RMTEBDOLN o7 CEase
EHEOHEEEBIERIL, 6 - ANBEHES v b FCytosol DHmMI LY, F
BEOKHOFOEELILVHEERARE DO N, —FH., ZOMMIINAD
BIUN. ARETERREL IR o,



Table 1-3
Effects of liver cytosol of rat administered N.A,

6-AN and NAD on EPN-induced inhibition of liver

microsomal carboxylesterase

Addition Carboxylesterase Activity
None 63.7 + 3.

+ EPN ' 56.6 + 3.

+ EPN + Starved Cytosol (N.A.) 70.2 + 2.0

+ EPN + Starved Cytosol (6-AN.) 5.6 + 0.4*

+ EPN + Starved Cytosol (NAD) 72.6 + 9.4

Carboxylesterase activity was shown as nmoles BZH
formed/mg protein/30 min. N.A:nicotinamide(60 mg/
kg, i.p.), 6-AN:6-aminonicotinamide(15 mg/kg, i.p.),
NAD(73 mg/kg, i.p.). Each value is the mean + S.E.
from five experiments. *p< 0.01 vs. the none
addition group.

1—1—3 NADR L O ZDELBERMED AL EF VN AT S
— EEME OKE

<EBREA E>

FHEY., 8L, Ms BRERS X CEase EHHEIE HFEE, 1—1—1
KHRE>TF o, CEase FHHAICHERKE, 1—1—1 KT % Cytosol ©
ROKNADB IO ZDOEPE S EHRML %o NAD, 6 -AN_ N. A _
ATP{ MI¥ME ) B IUD-Y K- -5—- VY v (Sigma )X, FTEDE
BELRZ2RCKCERZEL, EEAEABERC T v, v¥a N—v a YRICH
mu 7o,

<EBER>
Fig. 1—4 1k, EPNIK X 5 CEase [FEAELCX T HNAD X X DI
RN OEBHRL T5b, |



NAD®DS5

X 107 M#AB M TCEase DHEHEBERBOOL N, 1 X 107 M

TR7Ib—tltofce —H, 6-AN_N. A ATPB IV D-Y & — A —
5 -V VBORMTRZOEREADLN T, HFIKNAD L 6 -ANDOER
., 1—-1—20&Es B 5Tz,

100

50

CEase Activity (% of control)

0

Fig. 1-4

m: EPN alone
®: EPN + N.A
O: EPN + 6-AN
A: EPN + NAD

o: EPN + ATP
A EPN + D-ribose
~-5-phos
phate
B A A 2,
o7 6 5 4 3
-log M
Concentrations of N.A, 6-AN, NAD, ATP and D-ribose

~5-phosphate

Effects of N.A, 6~AN, NAD, ATP and D-ribose-5-~
phosphate on EPN-induced inhibition of liver
microsomal carboxylesterase activity

The incubation mixture consisting of 3 mg protein

of the microsomal pellet, 1 x 10-5M of EPN, 1 x 10-7M
- 1 x 1073M of nicotinamide(N.A), 6-aminonicotinamide
(6-AN), NAD ATP and D-ribose-5-phosphate and 1 mM of
isocarboxazid as substrate in 0.2 M Tris-HCl buffer
(pH 8.0) was incubated at 37°C for 30 min following
10 min-preincubation in the absence of substrate.



£28 FUFEESBEMCLIANAFINIRTI—ENE
B AL EMICL B E DOEBER SN TIRY B
RROBE

1—-2—1 5 v F FABEHEIFOL Y vz LtF FEOK
g\—‘[‘

<EBRFAE>

EFE R & U Cytosol BB, 1—1— 1K >TfT ol NAD, 6—
ANBIUN ADERER 1—-1—2 LARCITV, BERIBEHRN 16 RML L
7o Cytosol HOY Y PR 7 VA FF ORER L UCHIEIX, Klingenberg
(1974) OHE TFTo o IH, NAD(P) ixHC10, fiHL, NAD (P)H
7ra—u, KOH#H L, NADE=#% /-2 %, NADP X7/ =a—
A=6-VVYBR(A V=V EAER)ZEHL L, W“Thb340nm KHT
LNAD(P)HDERERHFEL /oo o, NAD(PIHIX, 7V tuo—n —
3 - Y vEBFe e fﬁ*——-!z‘ ( Boehringer Mannheim ) & A5\ X%, Z A & 3
YBT e Fu s 3 —+ (Boehringer Mannheim ) W TE(EHE & Lz, NA
D (P) L RI#RICHEIE L 1,

<EBRER>

Table 1—4 (X, #&d 52X A5 » b FFCytosol FDOVY Y v =22
VAFFEL, N.A, 6~ANKIUNADEBEDEERZRL T\ 5,

FFCytosol DO Vo2 2 4+ FOR, BEAKEIHRIERDIDIT
NADH tNADPHTH . HFCNADPH ORBALWIEE TH oo & DKL
X 6-ANDRBRER I VHFIZI N, 6 —~ANERELEVEEARECEY
2IEDERTR LI N. ABIUNADBRE CEE XL, ZofRiT1
—1—2 DFEE—F L 7,



Table 1-4

Effects of nicotinamide, 6-aminonicotinamide and NAD on pyridine
nucleotide contents in rat liver cytosol

Pre- Pyridine nucleotide contents

treatment NAD NADP NADH NADPH
None(fed) 8.4 +1.2 7.1 +1.1 1.8+ 1.3 22.4+ 2.7
None(starved) 7.0 + 0.9 4.8 + 0.5 0.2 + 0.2 4.2 + 0.6%*
N.A(starved) 7.0 + 1. 3.6 + 0.8% 0.8 + 0.4 8.9 + 1.3%*
6-AN(starved) 5.4 + 0.6* 5.7 + 1. 0.5 + 0.4 9.0 + 1.6%*#
NAD(starved) 6.1 + 0.6 6.2 + 0. 1.1 + 0.8~ 6.1 + 1.3**

Rats were starved and concurrently administered intraperitoneally
60 mg/kg of nicotinamide(N.A), 15 mg/kg of 6-aminonicotinamide
(6-AN) and 73 mg/kg of NAD, 16 hr before sacrifice, respectively.
Each value is the mean + S.E. from 7-10 animals. *p< 0.05 and
**p <L 0.01 vs. the non-treated, fed group. #p<0.05 vs. the non-
treated, starved group. Pyridine nucleotide contents were shown
as nmoles/ml of cytosol.

1-2-2 AIBEHESRNEOR 720V — 2 RRBEBERIEKE
D &

<RBRFE>

B Ms ¥ L UCytosol AL, 1—1—1KH > THo ko EW
REEERE®RE, EELLT73/ €Y (AM, Aldrich Chemical ), ==
AENALER(EM, MIXME )R IV 7 =9 v (AN, FIHME) % B,
AM* X O'EM N-Jix F AL BERIEET, BILBB 2 5 A qbic X o THER
Lk A a7 A5 e FiNash (1953) OB LY, ¥/, AN KER{LEE
FEMEER L -7/ 727 —A%, Imai et al. (1966) DHE
CXH, T ZhBIE LI, ZhbOEEAIEAERE., Ms BEBKR ( EH
B2—-3m) 01nf, EPNBR( HMKBE1 X107°M) 025 nf, FiHEkS
v b fFCytosol (BEREM4m) ¥/ 115 %KC1EW 03nl, SKF 525
~A(REEE 1 mM) (Smith Kline & French ) £ X7k 0.1 mé% , 0.2



MbPYA—tHEE BEKE (pHS80) KTO0IN L L, 37°C, 104 Fv1 v
Fa—vasvli, TOH, BFEHE( %r‘é@%éﬁl mM) 0.1 %Nz, &8
1mee L, 37°C, 15 DHMRIEE T, B, FERIICEase FHEK K X
3 Cytosol RMOEL Y, EPAHBRFELEOCE I LB THELEN L
THE,L, EHpH, BEHRAL L, —HEBEEERIEE (Nash, 1953 ;
Imai et al., 1966 ) LR S5 Twb, NADPH-generating system b,
HEMREZER - TML Tk,

<EBRER>

Table 1—51%, CEase EHAIERHT ICIs\T 2 Ms KW RHERIELK
3 XIETEPN, Cytosol X O"SKF 525-ARMOEBELRL T\ 5,

XPRREEC T 5 AM¥s SO EM N- s A4 {EEEREE I L O AN KERML
BREEI, ThZh 05, 06 % L0°0.0nmoles /my protein, 30min
T, VTR ERBLE I N T35 NADPH —generating system 221z bh
T\ 5 f#E (Pessayre et al., 1982 ; Kawabata et al., 1983 ; Matsubara
et al., 1983 ; Horie et al., 1984 ) X VRV METH o 7, EPNEHEMIC X
HIND3IEOBEEE LT, —FH., FEERS v } FFCytosol RN
Tk, AM N-BAFALBEFEE 2 HS5EKEML, EMN- A5
ICEREELENER YT . i, EPRBBEROBEEH TH 5
SKF 525 -—-A (Matsubara and Touchi, 1977 ; Lasker et al., 1982) %
7S5 &, Cytosol BB CRED N BERFEEDO ERIHEEL &,
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1—2—3 B &M% E 24 NE O EPNoxon 4 i D # &t

<EBHE>

TERABW. Ms 3 L O Cytosol BABEIX, 1—-1—1K>TfTok, 6 —
ANDOREE, BEEL X, 1—-1—-20KR > Tffoke O—=F L O—s%
FJ—=teweT=z=A Z7z=AT7+A7+5—+ (EPNoxon) £ HREREH
BWIE, 1—1—1 TR/ CEase EUHAICHEREERL 1, TERE
DER»O5/ED Ry — & L, EPNORBEIX15X 107M & L1 K
10 A &L A,

EPNoxon DEEIL, 1 vFax—vavyEORBKEXTEDCKES L, FERFE
CARBREYWER7 7vy (BRAZE) 2 EEFTH=F L =—F AL 5nl %N
Z, eI, BAOSBE(4CT) 2 2ERVET, BAFHEF V) v & TH
K, —ERBO=—FAEEHRL, $3 0 COKBETREF ALK ERA
BRIV EER LA, TOREWL 100pL D7 ookl adilzs CTHEL,
ZD1IplaHAs = 2574 JHBANE (GC/MS)KEAL, = &
777 A v/ 574 (MF) %2%Tot, GC/MS /MF OfIESHEES LV
MF D#ENc s a< bt 75 a%, Fig. 1—5 CRT, &, EPNoxon ®
BRIEEMIX, Neal and DuBois ( 1965 ) D Fkx EFKkH L, EPND=%
—ABWCEN T e aKEMZBRILL, n -~y il BE7e~<
774 (TLCHO KX 2HBHUYKRIVETHEC L VB, TLC k (Fig.1—5)
WxFT%HREMEIX, EPN 069, EPNoxon 044 (BEBEHK ; n—~F
vigzwewakA AR —=A=T7:3:1, Kieselgel 60 Fgg,. Merck,
ER)THD, MER, 9985% (= A= ABEKTHIT) THb,



Apparatus: Shimadzu-LKB 9000B GC/MS
Shimadzu-PAC 500 MID

Column: 3% OV-17 Chromosorb W HP
(80-100 mesh), glass column
(3 mm x 1 m) o

Column temperature: 240°C

Injection temperature: 24020

Separator temperature: 245 g

Ion source temperature: 290°C

Electron energy: 70 eV

Acceleration voltage: 3.5 kV

Trap current: 60 pA

Carrier gas: He (30 ml/min)

Ionization: electron inpact

o ———————

O-_

N —————

[}
]
i
i
[}
1

EPN PENoxo

0 1t 2 3 4 Time(min)

Fig. 1-5
GC/MS/MF conditions, typical chromatogram of EPN and EPNoxon and thin layer chromatogram

< EBRER>

Table 1—6 %X, #AkR LUHHEES v + DFMs BERMBLL. 6 —
ANEBE®F T o575 v P FFCytosol /IMBEDA vF a X~ 5 YIEKEPTD
EPNoxonZERBERL T\ 5,

ATy P Ms BULERICK VT, EPNENO % T2 EPNoxon
DERIRD LN T, ThCIHEAES v F FFCytosol EIRMTAER XD,
WML EPNICSH LTH 19 % D EPNoxon L fi%E Bidt, 1, HART v
b FF Cytosol DUSII TR, M4 % LA VERETH o ko —F, OMR
Z v b KG-—AN%&’%T% &. EPNoxon&EHEIH I3 Lh, ZThid
SKF 525 -ADRMC LV EEBBERUT Lok, ThbOHEKL, Bk
5y FMs ¥EBEEHBL LARRCISCTHREKRTH - 122, 2EMCE
fExRL g



Table 1-6
Effects of liver cytosol on the enzymatic formation of EPN=0 from EPN added to fed or starved
microsomes of rat liver in vitro

EPN=0 formed EPN=0
Ms EPN Cytosol added (x10-% M) % (mded)
+ —_ N.D. <0.1
+ non-treated, fed 2.80+0.55 18.7
Fed + non-treated, starved"’ 0.64£0.40" 4.3
+ 8-AN-treated, starved? 1.99+0.88 13.3
+ 6-AN-treated, starved+SKF 525-A . N.D. <0.1
+ _ N.D. <0.1
+ non-treated, fed 1.99+0.26 13.3
Starved + non-treated, starved" 0.23+0.02*" 1.5
+ 6-AN-treated, starved?® 0.83+0.26" 5.5
+ 6-AN-treated, starved+SKF 525-A N.D. <0.1

The initial concentration of EPN added here was 1.6x107% M. The concentrations of cytosol and SKF
525-A used were 6—9 mg protein in 1 ml of incubation mixture and 1 mM, respectively. Y Rats were
starved for 16 hr prior to sacrifice, and cytosol was prepared. 2 6-Aminonicotinamide (6-AN) was
administered intraperitoneally to rats at a dose of 16 mg/kg 16 hr before sacrifice. Each value is the
mean£S.E. from 3 experiments. N.D.: less than 0.13x1077 M. *P<(0.05 and ""P<{0.01 vs. the non-

treated, fed-group.

EHY kA HD 1 2 THBHEPNIKK L D FFMs CEase AHES N5 HE 1
?@nﬁf—gv@i}m&tﬁs. ZZTRAERRECK T HEPNOEHRBE # _E
THARDFEBEYEW L (Table 1—1), TDFKEREM» DL, Cytosol DER
REDHL NPT WCEase FE* LT ICHEETSH1 X 107°M%, EPN®D
ERBE L L,

Table 1—2 %, HHEOMEL L o BBETH 5, BB, EPN K X b
10 %PHEXNSF » + FFMs CEase (I, 3E#&Z v b D Cytosol & /N
CEhEHLL(H91%)EES K, #&L K Cytosol TX, ZTDHEEHE
BBED LRl ok, TOELPD, 7 v+ FFCytosol f DFEERD B,
CEase /& EMME LT 2 WaEEINRE S N, & PHEEHBETFE,
AfFHAR THH, EPNOAHAER|ESE ( Johnson and Dahn, 1966 ;

Nomeir and Dauterman, 1979 ; Nomeir et al., 1980 ; Lasker et al.,



1982) DHEMRL EEHREELLER, €IV VY22 LAF FEZOER
WEL#EEL, £Z T, NAD L X0 UG YEES v b K®REL, TD
Cytosol % CEase IE#HIEABERCHRML 1zo Z DR (Table 1—3 ),
NADK L UN. ABRETRRALEEYROhdr oo, 6-AN #ETIR
CEase DHEHMER DI, ZDO6—-ANDERIX, Pig. 1—4CRL =8
i CEase IEMERIZE ABKIC, in vitro THEMLBCIBDL LT, 7 v
PCEELEBAECD L, 6-ANDOERAIREDL NERTH 5,

—. in vitro CHEWMBRIERZBD O NI NADDOER LD TIL, &
SMBLOEARMCCHERTAELL, 2 Z TER6-ANDERBLD2EYT
RN 5,

6-AN B E L7#ik S v b FFCytosol FOE VL VYR IVAF FE
T, FRE-FRAR, FRE—MABKSIONADRE— Al L HBL
THiz (Table1—4), AR INVLAEOL YV VR I VFAFDR,
NADPH®Z B LB L, FNiZ6-AN BREK IV EECHM L. =
DIEMDZH CNADPHEKEMF + 7 2 —4a P—450 (Cyt. P-450) R X
%5 EPNDOBILAIB 5L Kt ( EP Noxon @4 AL ) ( Johnson and Dahn,
1966 ; Nomeir and Dauterman, 1977 ; Nomeir et al., 1980 ; Lasker et
al., 1982) %, TNCHHAT B LR EZSBEN RO N DT, RICMs
AR C O THRE RN 2 7,

Table 1—5 %, FFMs 3% (08 B % 5 1 % T 5 Cytosol {iM DR %
FRLIHDT, AM N-fiA F L {LEREE O, Table 1—6 WKRL
72 EPNoxon £ B IC ¥ X3 Cytosol ImIMDEHE, Fic, zhbkwtds
SKF 525 -AWRMO#R, 7 &%, WTh $ EPNICX 5 CEase fEICH
T % Cytosol DIERD, Ms EWAHBRROELSTH5EPN O [ HFHWIEMKE
IR DER THHERXTREL 12,

PEDREER X UEREI I, EPNK L% CEase EHHESZ R T % fF
Cytosol IfNiC & % [HEHRIEMOBF & L Tk, Cytosol DFFD Y v
X7 vAFF, B, EPNOBIHBFEILRIGICE ET % Ms Cyt. P -
450 ( Casida, 1961 ; Neal and DuBois, 1965 ; Yang et al., 1969 ;



1971 ; Hitchcook and Murphy, 1971 ; Wolcott and Neal, 1972 ;
Lasker et al., 1982) D EFH# 54 TH 2 NADPH P, T ORMEF O
AHETHYH, TONADPHD# N2 CEase DEPNIC X A HER HW S 21
LHEERRL 1o,

—F. 6-ANBES »  FFCytosol RN X % CEase B OHEMMAC
ST AVEREE L, BRE L L TCytosol PONADPHE O¥ N, EPNoxon
EREDCHEMB LV SKF 525-AIsZDEkr@Boicbon, PR
HEAOERTHABECIZZI LTI,

6 —AN DEMAHBERR~OBELECEL TEHE» L7 < (Ackerman
and Libman, 1977 ; Chawalit et al., 1982), K7, KRAOLEHFTH S
LEL B, FLTERETIE, H2R/EE VT6-ANDS » + FFMs &
REBER~OEEXHRE L, ZORBRIC, FOTERICET 56 - ANRE
5 » b JF Cytosol RN OB O TEBRFT 5o



o 6-FI/aAFUTINOFIIOV—LERRBR

~DF

BIMICT, 6-73/=3FY73F(6-AN) 25 »  FUBEES
(Cytosol ) # ONADPHE %X #MI ¥, £ X HEPNoxon £FEYH
MERHHBREEREL o 6~ AN Y V¥ 27 vk 5 FEGR O
WMETHYH, T, AIEWETLH S ( Johnson and MeColl, 1956;
Dietrich et al., 1958 ; Ammon and Steinke, 1972 ; Prakash and
Baouer, 1981 ), Rib, 6—-ANXAEKAN THAIREDO 7Y 2 F o yr—
Wk O NAD(P) CHA £, 6-7 : / NAD(P) 7 9 (Kaplan,
1954 ; Brunneman et al., 1964 ; Herken, 1971 ; Kolbe et al., 1971 ;
Ammon and Steinke, 1972 ; Ammon et al., 1973), NAD(P)L BE&H
RIG% £C 52 (Brunneman et al., 1964 ; Coper and Neubert, 1964 ;
Coper et al., 1966 ; Ammon and Steinke, 1972 ), EK, Z OFAEEH
NAD(P) ik, BEF#E54L L TCOEA%H &7\~ &# (Brunneman et al.,
1964 ; Schlauder, 1971 ; Prakash and Baouer, 1981 ) 7 ¥ 234156 h CTus
%

—F. 6—ANDOEHPMAH R CEL TCOHE T <, Ackerman and
Leibman ( 1977 ) % X U Chawalit et al. (1982) (X, 6 —AND JF § 7
oy — A (Mé) DF b7 uw—AP~-450(Cyt. P-450) BlcEEx 52k
WEHE, ~FY A2 —A (HX)DERRMYERIRLE, b7 3/
Y (AM) N—BAFABEREEYLTPCETIR2EREEZHREL
TWBH0D, REZOHSBFLCET BHEFHE T WHIRE G,

ERTE, BIRCTHB L6 - ANDODERBEY—BHELIDOL
THEHMT, 6-~ANOMsEHRBMRICH LIFTRRICOVTAMES XOHX
DFy P MFERE., L OMs EPABBREEOE L & DRI EAT oo



CE1E FUEYVBIU ARV SLES—LORBIHEET
6-7I/=aF LTI OHE

2—1—1 73 /Y vyOMPEBERE-STS®E

<EBRHE>

KEBR T, KE 170—220F OWistar RS v P 2 FEAL 2, AM¥
T zoREMTHL B4 -/ AFALT I TvFe )y (MAA, Goromaru
et al., 1976 DHEEICTAK ) L 50m kg, F/, 6—ANIZ20m kg %
AM(MAA)REDI5RMEATIC, W bEEAEKCAER LEBRES L
o RMXFTEORMOLIKS v b=~ T A BRB T CIREHIKE X 0~
AN VIRMEMEE LT, BOLSBBEOMMT L., AM 5 XU Z ORBE D
EEIHA LT, MTEPAMS L L ORBYWOEEE L, Matsuyama et al.
(19812 ) DHFEKHE N, GC/ MSKTfFot, XDHEHEYR, Fig.
2—1 kKR L, £/, AMOMHEE (Goromaru et al., 1981 ) * Fig.
2—-21kRT,

EYBESZ7 A — 2 —ThHhHOTEBE—FMBETEMR(AUC) &, 00—
180 DM HEE X » A% (Gibaldi and Perrier, 1975 ) iIK TR o,



Standard(AM, MAA, AA, AcAA and FAA in CHCl3y)
Evaporated at room temp.
Résidue

0.5 ml of Plasma L—O.S ml of watwer

2 ml of 0.1 M phosphate buffer(pH 7.4)
1.8 g of (NH4) 504
10 ml of CHClgz

Shak?n for 15 min

Centfifuged at 2500 rpm for 10 min

Aqueous'layer CHC131layer
Nap50y4
CHClz layer
EJaporated at room temp.
F Internal standard *
Measured by GC/MS

*Methyl linolate for AM and MAA assay; Dicyclohexyl phthalate for AA and
AcAA assay; Dotriacontane for FAA assay.

Fig. 2-1

Assay procedure for aminopyrine and its metabolites in plasma

AM MAA AA AcAA
HJC\ N HGC\ N HyN HSCOC\ N
. =0 0 M o __, o]
HiC” l N-Ph H’ H N-Ph i N-Ph H’ N-Ph
HiC/ NN~ HiC/ AN/ HiC/ AN/ HiC/ AN/
]
EHy EH, CH, EH,

HaC\ 1 OHC| l

N—~—j=o N———1=o
H\C” “ N-Ph Hs ” N-Ph
HOHiC/ N/ HsC/ AN/
CHs CHy
AM—3~CH20H FAA

Fig. 2-2 Metabolic Pathways of Aminopyrine in Rats



< RRFER> |

Fig. 2—3 . Fig. 2—4 8 X U Table 2— 11X, AM¥ L UMAAREHD
AM, MAAB IO ZOREWDOS » + MEDBE X I VCAUCK 3 LIFT6
~ANREDEZEXRL TV

AMEE (Fig. 2—3) BOAMB L OUMAA O MIEPEE X, 6- ANKRS
CIDAUCT25% B LI WAL, EL_  4—KAL AT I/ TVvFVE
VY (FAA) DAUC $ 53% R L oo

{pngsml)

Plasma Concentratyon

0715 60 180 0715 60 180

Time after AM Administration { min)

Fig. 2-3 Effects of 6-AN on the plasma levels of AM and its metabolites in rats after intraperitoneal
injection of AM. Rats were pretreated with 6-AN (20 mg/kg, i.p.) 15 hr prior to AM (50 mg/kg,
i.p.) administration. 'Vertical lines represent S.E. from at least 4 experiments.

—H, 4=-T 37 7vFEIV(AA)B LIV 4 =T 2FLT 3/ T V/FE
VY (AcAA) BB, ThZhAUCT26%H L0405 ML 7o

MAA®E (Fig. 2—4)BDAADAUCH., 6 ~ANEER X bh 23 ¢
ML. FAA G 20 BBALIco



smld
(pg{mll (g%

]
o; MAA
40 8
- o; 6~AN-+MAA
E {20 mg/kg, i.p} 9
H
R} MAA §
L3
<
= 5
2 20 4
S
§ 3
z 10 2
1
0 a —

0715 60 {min.) 180 0715 50 {mia.) 180
Time after MAA Administration{ 50mgskg, i.p)

Fig. 2-4 Effects of 6-AN on the plasma levels of MAA.and

its metabolites in rats after intraperitoneal injection
of MAA
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2—1—2 ~AFV AL — LOMBMEBEICET LB

<EBRAE>

EREW. 6 -—ANOREFES JUBMEIT., 2—1—1 Ko TT o 7
HX ((FEME2) X, BHEDOIN NaOH CEBLEH, EEAEKTE
WL 100m kgl ERESHL 7o, MBHPHX BIOZORBYOEER T, Fig
2—5 ICRL R ERICRE . MDD DEEBR=F L, £ 5 1 Bk
e EDORME %R T, Fig. 2—6 W/RL7AGC/MS/MF D&k CtEEL
too MFOREW L2 o= + /5 4% Pig. 2—6 WAL, i, HXD A
fEBE (Toki et al.,1962 ) %, Fig. 2—7 KKFRT,

HX, 3-0H-HX and 3-keto~HX 3-0H-HX-Conjugate

33 % (w/v) Brain Plasma, Plasma, 100 nl

homogenate, 2 ml 100 pi -Glucuronidase/arylsufatase in
10 % Trichloro- 0.1 M acetate buffer (pH 4.5)(13100),
acetic acid, 2 ml 2 ml

Centrifuged Incubation (&6 hr, 3700)

Supernatant, 3 ml Water, 1 ml

Adjusted to pH 7-8 Ammonium carbonate, 1 g

Ethyl acetate, 10 ml
Shaken (15 min)
antrifuged
Ethyl acetate layer
ELaporated

HX Assay 3-0H-HX and 3-keto-HX Assay

Phthalic acid LMethanol, 100 1
diisobutyl ester

in methanol, Diazomethane, 200 nl
200 pl Stand (15 min)

Phenyl trimethyl Evaporated

ammonium hydroxide
: Benzyl n-butylphthlate
in methanol, 50 ul in chloroform, 100 ul

GC/MS GC/MS

Fig. 2-5 Assay procedure for HX, 3-OH-HX, 3-OH-HX conjugate and 3-keto-HX in brain and
plasma of rat by GC/MS.



(A) (B)

f | 1) Apparatus
Shimadzu-LKB 9000 B system GC-MS
H Multiple ion detector
\ :
1

) Operational Condition
I Column : 3% OV-17 chromosorb W HP (80-100 mesh)
} glass column (3 mm i.d. x 1 m)
! Column temp. : (A) 200 , (B) 220
i Injection temp. : 260
Separator temp. : 260
)» Ionization source temp. : 290
Carrier gas : helium, 30 ml/min.
1‘ Electron energy : 70 eV
Acceleration voltage : 3.5 KV
} Trap current : 60 A
Ionization : Electron Impact (EI)
)
r

i

i T [

: /|~ mp 238
,,.,..IL m4-223 "o ] "
Rt - m/z 233
e~ @R 235 ~ o N miz 289
i e ————

0 1 2 min 0 1 2 3 4 min

Fig. 2-6 Typical mass fragmentograms of HX and its metabolites obtained by GC/MS after
intraperitoneal injection of HX into a rat.
(A) N-methyl-HX (m/z 235) and phthalic acid diisobutylester (m/z 223). HX concentration
in plasma was 16.4 pg/ml.
(B) N-methyl-3-OH-HX (m/z 233), N-methyl-3-keto-HX (m/z 249) and benzyl n-butyl
phthalate (m/z 238). 3-OH-HX and 3-keto-HX concentrations in plasma were 50.7 ug/ml and
43.2 ug/ml, respectively.

- HO 0
NADPH+0 (_\>\ - . @\
<3>\ /CONH 2 /CONH. C’CONH‘CO

\ \
C : C CO a—— /
CH\CON/ microsomes c/H\CO’}‘ /7 oluble CH;CO’?‘/
8 (lZHs : CH; fraction C H3
Hexobarbital (HX) 3~0H~HX 3~keto-HX

Fig. 2-7 Metabolic pathways of hexobarbital

<EBRER>
Fig. 2—8 # X U'Table 2—2i%, HXREHBOHX K LU0 X DR B D
Sy P ARPBERSITAUCKRIIET6—ANBEDEEYRL T\ 5,
6—ANEE I X h P HXBEZAUCTH 409 RS L, —H, 3 —
EFefva®y ALea—n (3-0H-HX)., 3-0OH-HX#AAK (3 -
OH-HX Conj. ) BEV 3 =4 F—~F VK Z— (3—Keto—HX) @
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Fig. 2-8 Time course studies on alteration of HX metabolism by 6-AN treatment in rats. Rats were
pretreated with 6-AN (20 mg/kg, i.p.) 15 hr prior to HX (100 mg/kg, i.p.) administration.
Plasma levels of HX and its metabolites were determined by GC/MS.

Table 2-2 AUC of HX, 3-OH-HX, 3-OH-HX-Conjugate and 3-keto-HX
) after injection of HX in rats

AUC (ug-ml~! hr)

3-OH-HX
6-AN HX 3-OH-HX . Conjugate 3-keto-HX
- 509 + 6.1 121.5 £ 4.4 99.2+ 4.5 1310+ 5.3
+ 327+ 71 130.1 £ 4.5 1310 £ 11.9(Y) 138.0 £ 8.3

HX was administered intraperitoneally to rats at a dose of 100 mg/kg.

AUC was calculated by the trapezoidal rule from time zero to 3 hr.

Each value is the mean + S.E. from 5 animals. ('): Significantly different from HX alone
group (p < 0.05).



9 1-3 AFY AR — LOERERMICBET A®E

<EKBAHE>

FERBYWR LV 6-ANOHEEFEX, 2—1—11K, HXDHKE Hks LU
A, miEFHXBEORHIEFEIX, 2—1—-2LFALTh 5, 6-AN DL
B (X, Ackerman and Leibman ( 1977 ) K 35m kg b T ot %7,
BERREGERMRF OHEG LEE X CORMEHEIE L TRDL,

<ERFER>

Table 2—3 (%, HXK &5 5 v } OFEERM S L OEEROMA, miEF
HXBERKRIIET 6 -ANBREDOEBEYRL T\ 5,

HX I X 2BEREMMA 254 5 ThHO KT LT, 6-AN20m kg £#5 T
(13234, ¥, 35m kg ETIE 4262+, Thbd 6-AN KX E
BEMOEESPRBODONI, T, RERKITHIBMAR IOMEPHX I
IV ZORBYWEREZL, 6-ANBRER IAEBELR RN ok,
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FoE 6-FI/ZaFCTIFRESYMTIZOV —-LEY RS
BRROBE '

2—2—1 EYRBEBEZREE ORE

< EBBE> 4

FERHSME LV 6-ANDOREFEE, 2—1—11C, Ms BR ks L %K
MAHBREEAESE L, BIHRCE > TfTolt, FER TR, AMBIT
MAA N-fi»xFAbBEREEY. 2—1—1CRGC/ MSERLL>TH
AL oo BHAIEAEREO MBI, Ms BBH ( EHEN 2m ) 04 nl,
02MV VB BEW(pHT74) 03nl ( WMEER TIL6-AN% &), EDTA
( B#BE1mM) 0.1mé, NADPH- generating system 0.1mf¥ X U0ZE
(BREE1mMM) 0.1k S A TWA,

<EBRER>
Table 2—4 %, 1 mM® 6-AN*EHHEHAERCEHEML D, Ms
AM N-BiAF L BEEEERS JOANKBILEBEZEEY RL TW5,

6 —ANIL,. in vitro BEERCEV UL, WThoBEEHECLIEEYE L
ot

Table 2-4

In vitro effects of 6-AN on hepatic microsomal
drug metabolizing enzyme activities in rats

Addition Aminopyrine N-demethylase Aniline hydroxylase

(HCHO nmole/mg prot/min) (p-aminophenol nmole/mg prot/min)
None 3.39 + 0.18 0.73 + 0.07
6~AN(1 mM) 3.36 + 0.21 0.78 + 0.09

AM and MAA were used in a concentration of 1 x 107 °M.
Figures represent the mean + S.E. from 4 experiments.



Table 2—5 X, 6 -AN%RHEL %5 v } FFMs # BV BA4 0L KR

HEBEREEHECODVT, EES vy VFMs D Zh B L OHEYRL T35,

6—ANDOEEWL X b, AM N-Bisx 5 A {kEREZE T, 15—16% (G C
SMSER IAFERELEIr ). MAA N-BirxrF A {LEEEE I, 28—38%
() & wThd FH LA, ok, ANKBLEBEEEE L, 6—AN #50

BBERRLAERTIED o,

Table 2-5 Effects of 6-AN treatment of rats on hepatic microsomal
drug-metabolizing enzyme activities in vitro

Enzyme Control N 6-AN N
Aminopyrine N-demethylase () 3.47 £ 0.13 14 4.02 £ 0.20 (%) 9
(HCHO nmoles/mg protein/min) 4.09 £ 0.28 (M) (" 6
Aminopyrine N-demethylase () 2.35+£0.14 6 2.71 £ 0.15 6
(MAA nmoles/mg protein/min)

MAA N-demethylase (%) 3.27+0.24 10 4.18 £ 0.17 (%) 8
(HCHO nmoles/mg protein/min)

MAA N-demethylase (%) 2.72 £ 0.22 6 3.74 £ 0.16 () 6
(AA nmoles/mg protein/min)

Aniline hydroxylase 0.67 £ 0.03 10 0.76 + 0.06 7

(p-aminophenol nmoles/mg
protein/min)

Rats were sacrificed 15 hr after injection of 6-AN (20 mg/kg, i.p.). Each value is the mean
+ S.E., and N is the number of animals used. (*): In this case, rats were sacrificed 24 hr after
injection of 6-AN (35 mg/kg,i.p.) according to Ackerman and Liebman (1977). (%): Deter-
mined by Nash’s method. (%): Determined by GC/MS. (%): Significantly different from the
control (p < 0.05). (%): Significantly different from the control (p < 0.01).

Abbreviations: MAA,4-monomethylaminoantipyrine; AA,4-aminoantipyrine.

2—2—-2 37 VL BEFEERZT~DEED KR

<EBRFE>

FHEMR LIV 6-ANDHREFER, 2—1—1K¥E>Tf T, Cyt. P
— 450 BDOHIZE X Omura and Sato (1964 ) D HEk. Cyt. by B D Hl E &
Takesue and Omura ( 1970 ) D FEL > THF., FRLFRDHFR KR



HELTOImM™ - em™ HELTI185mM~" - em=' %M CHEHME L 7o
NADPH Cyt. ¢ BITEZ S #(X Phillips and Langdon (1962 ) D Fk
R, FEREAEBERE,. 005M Cyt. ¢ (Sigma ). 1 mM KCN, 50
¢M NADPH (A V=V 2L BB ) $LU0Ms (BEEHS0pS) 25 %,
0.34 MV YBE—» VY & BEKR (pH76 ) L TL2E® % 20mL L L, 550 nm
CEFTHBRAELXBEL TRdio NADH-7.2 ) &7 741 F (Cyt. bs )
BB HRIEM X Mihara and Sato (1972)D HEHE N, 1mM 7=z IV 7
vEA Vv A (FIXMIE), 003mM NADH (#V=v 2 LEER) . Ms
(BEEHENL0OpG )2 EaHh, @B%01MY vB— Vs E&K(pH
75)TC20mbe L, 420 nmIK BT HABRAELZHIE L TRD 1,

<RBER>

Table 2—6 1%, 7 v P FMs BEFEERC B L ET 6—ANREDOEE Y
FLTW B,

Cyt. P-450 BiX, 6 - ANBREC IHYMBEBICH LT 145 MBES R
7o, Cyt. by . NADPH~Cyt. ¢ BTEBEEE®ERS X OUNADH~-7= v
T4 FBREBRBEEEE/L LD o,

Table 2-6 Elfects of 6-AN on hepatic microsomal electron transfer sysiem in rats

Item N Control 6-AN
Cytochrome P-450 11 0.74 + 0.03 0.84 £ 0.02("Y)
(nmoles/mg protein)

Cytochrome b, 6 0.25 + 0.04 0.25 + 0.03
(nmoles/mg protein)

NADPH-Cytochrome c reductase 6 0.12 £ 0.01 0.13 £ 0.01
(#moles/mg protein/min)

NADH-ferricyanide reductase 6 1.93 + 0.16 2.06 +0.27

(umoles/mg protein/min)
Rats were sacrificed 15 hr after injection of 6-AN (20 mg/kg, i.p.).

Each value is the mean + S.E., and N is the number of animals used.
(') Significantly different from the control (p < 0.05).



2—2—-3 73V ryrORBRICEE CETAHHEH

< EBEAHE>

FREHBS XU 6—ANDOREFEIX, 2—1—11K, AMB X UMAA N-
Bt # F VAL BEREHREEL 2—2—1 K> TfTo, Km¥ X ' Vmax &
DE WX, Lineweaver —Burk ¥ w v b ( Lineweaver and Burk, 1934 )<

THTo e

<EEBRER>
Table 2—71%, AMELIIMAARZEE & LBEON-i 2 F L {LRIGIC

BOAKnfER IO Vmax ECWT5 6 ~ANBREHD VIR MOBEX/RL
TWb,

6—AN#EWK X H, AMOKm{EIX0.81 mM2:0.64mM & #30% B L.
MAA %EEVCLf:%%%%*ﬁ@Km{Ef‘&oto Vmax ik, wTho
BLEWTORERLEBHRI D o,

— . 0.1 mM#*x X1 mM®D6—-ANFHMN T, WTROFERCHT 5KnfE
B LU Vnax B S LR RDT,. T D in vitro TOFHFERIT, 2—2—1 1T
5 6—ANDERE—FH L T\ i,
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HBIE £ B

6 ~ANWXH ==3F VBB IO =3Fv7 I FEE%E L (Johnson and
MeColl, 1956 ; Ammon and Steinke, 1972 ; Bielicki and Krieglstein,
1976 ), ¥/, ERE, OBHL LY OESEEEWE (Landauer 1957 ;
Chamberlain and Goldyne, 1970 ; Kroger et al., 1980 ; McLachlan,
1980 ; Chamberlain, 1982 ) 2 LCHM bR TV BHHETH B, 6—AND
BEHEIEBNBRL,. FRRLLTTo%5 »  DLD,, E (Wistar 5 B,
BERESR., THEEH) . 103m% kg (FHERBA87—12.2m kg, P
<0.05) Thole LOLEMRSE, AHMARCBSTHRERIS - 16 HE
TOFTIL, 15m kg ETRIRD LN T, 20m kgT 1,/8PFET-L 1
BETHH, ZLORTHLIBE~TEECRDON VbR HBEMD
BEHETHo ko FHRRCKT 26 - ANORERE (15—20m,kg) KL T
tX. Ackerman and Leibman ( 1977 ) %, 35 M kDB EEXF T35
ELHVBRABECEHH 300, HICHE L IELR - EHE L,

Fig. 2—3 . Fig. 2—4 % X U0 Table 2—11ICH VT, AM#& L OMAAD
7y POEFBEP6-ANKIORDL, —F. AA. AcAA B %R
L73hs, 6—AN, Ms Cyt. P—450 KEAET 5 AM—MAA. MAA
— AA D ( Bast and Noordhoek, 1981 ) % {BET HEIFPRBE E N, [{
BOBE L, Fig. 2—8. Table 2—2 /R L HX ¥ Bk MEHEESE
BRcd@Bobh, 6-ANE, Ms Cyt. P-450 0B 53T 5HX~>3-0H~
HX D (Toki et al., 1962 ) X {BELIDD LEZ DT, Matsuyama
et al. (1981a;1981b)iE, €& —F + Vo aBBREL L. 5
y PP AMBEIZETL, MAABEIHEML, Elc, AA, AcAA_FAA
DEABEIE LI CELYHREL TR, 6-ANDERAL AL -1 D
ERLIZ, ELORLDIBETH D, LT, BYWRBRERBIIET 6-AND
ERZHRE L 7oB#& 2. Table 2—4, Table 2—5 ¥ X U'Table 2—6 THh
5o 6—ANIX, 5 v FFMsDAMB X OCANRBICH LT, TN in vitro
THRMENRCIER%2RIT. 6-ANOERIEEMRIER Tk <



TTCERBOEREPLOMONTVDRIC, £KNT6 -7 3 /
NAD (P) ( Kaplan et al., 1954 ; Dietrich et al., 1958 ; Brunneman
et al., 1964 ; Coper and Neubert, 1964 ; Ammon and Steinke, 1972 ;
Ammon et al., 1973 ; Prakash and Baouer, 1981 ) KAEEK I h-EH
DVERTCHHER*TRB LI, FI%®,. Brunneman et al. (1964 )ik, 6 ~AN
ERELES v PFCEBWT6~7 3/ NAD(P) DELSHIT6 ~8 B T
-7 WCEL, 18KHBIIE6 -7 3 V NADEBIENADD 20%, 6 — 7 3
/ NADPEWINADP D 40 ~80 % 5 H2HEFHEL T 5,

—7F. 6-ANDOMs KWRHBREE~OIER OFHIT,. Table 2—5
WRLIEAMB I OMAARZBEE L LI N-iA F L (LEEEEDORES L O
Table2—7 Ik T 5 AMRRBOKmfE /s ¥ 25, AM—>MAAD S & b
MAA—AADRHBIK, X V8B BEELTW5HETHD, & DHEIL Iguchi
(1981) ¥ X O'Matsuyama et al. (1981a ; 1981b) DAL &2 —A I &
5AM—MAA~DORHOKmfE, Vmax EEZE(LLAcd DD, MAA—AA
CEL CRE8EZTT 2o L THHE. Gram et al. (1968)ICL57
= /AN EE—LETRE TAM—>AAD Vmax [ER 3—4 fF1C/ b, Km fEIX
T Lol LOBELIRITLIBETH o7ce AM N— Bi 4 F A (L EE
Rk, 2BEOTAVFAABS), 2200 KmERF-> T5 L ORE
( Pederson and Aust, 1970) ., 74 Y ¥FA AX3ETHH, TORD
2HEEDDT CHHEEINBY, O 1 BIT 4 A ¥ Y vy ThIrHFEX
h5e 0 (Aust and Stevens, 1971 ) dbH 5, 6—ANDOMs R H
BERE~OBEE X, WThELTHAINLEDOAALEZ2—A B IDFHEIN
LEBRLIBL STETAV YA APEELT53DLBRbhb, 2D6 —
ANDEREC 2 WT B HE &Nk o ® %, Table 2—3 WK/RL&EF v b
CRTHHAXK I 5ERFECK X1IET6-ANDOEETHE, —FKK 1
€5V BAC I 2 RYRBBRFEOKE. HXOBBRRELY, HXO&Y
FHUERPPERETHAEIRMOETH S, 6- ANOREWCISHHX
DERBHEIERL, ~RNOTEDRFERFEORBR LB > HET
B ot TDEILX, Ackerman and Leibman (1977 ) 3 &£ O Chawalit et



al. (1982) D & —B LTk Y, Coper et al. (1966) PR TW 5
BRIC, HXCH T LD REFEN 6-ANC LV BOONiERETH D, HX
DRBEPHEINCBELC IS LD TR VL EL bRt

MEDRERK IOCERICLID, 6- AN FMs ORyAB R L T, -
NEE—NIRETRT OLBFC CEREEL 2SO ERHL 2 L5
o 6 -ANDERBF L2V TL, Flzid6 -735 /NAD(P) 2 57
EORCHEMITEET 2175 LEPH B, FIBWOLSHE (AF) RNE# T
HLEPL, ThHUEOBRFIFABEECIATETS 5,

BT, BIMCTCREHONAEPNIK X 5FMs CEase EMHEECHT 5
6 - ANFGRF Cytosol ZRINIC & 5B MM, FMOKE X b FMs Zipft
HR, BCAM N-fiAF bR % LR S 255 5EDCyt. P-450%8
ZNADPHODOEMDOHERLE L TC6-~ANDP LR X R, ZDOEFEEPN— EPN
oxon DRIG A EE Eh, CEase DEEMBEANKBRLALLDLOREHY
Bize



FIR AR ALEWIIBNLFEFIINIXTFS—HIE
EENADRMO B E

EHY) Y RERED 1 2CTHBH0-=F1 O0-~F-=turz=1 7
=7 AT+ FAZA P (EPN)RIBDHAAFRF LT RTF S — &
(CEase ) HE®, HAKI U6 -7 /=35 73 F (6-AN)#Ei
&Sy b DFAEEES (Cytosol VIMIC X W WEREN, ZDOHWHF L L T
Cytosol TONADPH EAEBEF TH 5H, LONADPHYEFHE
HETEHI 728y —A(Ms)F b7 8 —4P—-450 (Cyt. P—450 ) 2%,
EPNOBRILKBRBI(ERIGEABE L, Thic X b EPNoxon DA BETS
BB 1IR/BIVCE2RICTRN 1, DR, 6— AN 5 Cytosol
RN CTRHSN7EPNWK X% CEase FHED#BEAN, NAD £ L Cyto-
sol T RELNIEhrokE, NADERMLAEBEKIXXLDOBRERNLE
bhicH, BEic, NAD DEALK TR X DEAVEL R o B M
NAD DfEFHCER L 72,

BamDZ e, NADEMs Cyt. P—450 T NT 5 BEFHEHEK L LTD
ER XL, BF4E5%5 L L TINADPH t NADH2 &b AT\ 5%

(Sato et al., 1965 ; Oshino et al., 1966 ; 1971 ; Hildebrandt and
Estabrook, 1971 ; Iyanagi et al., 1981 ; Hodgson and Dauterman, 1980

; Reinke et al., 1981), A# Y v{bk&¥%X. NADPH S FREBEEDOFHF
ET. Ms Cyt. P-450 KX h RBWEBLRIG 2% T, 54 2 (P=8) &
mH7 A7z — b (Oxon) BICRHESNEE (REH) 2HT5
(Murphy and DuBois, 1957 ; 1958 ; O’ Brien, 1959 ; Neal, 1967a ;
1967b) o ZDOxon HWAEH U v LE&WE P=S&EL 0P o REFHEL
M. 3V VYx2ARATS5—% (ChE) OFEEHFLLEFEAE LR T (BHRS .,
1972) BALAM X D B\ Me— OIEERB W C©H 5 (Nomeir and Dauterman,
1979 ; Abou~-Donia et al., 1983 ) H L 1AL N T\ 5,

IRDDHELVEFTE, HHY vLEWIC L 5 CEase ME KT T 5
NADRMOEE R SO ZOERBEYAM ELEMNLL. B0 BHY v



1LEMOEEL NADDOIER L OBk, CEase K TH 5 FMs DFE 4 DFf
MEBOEBI L U CEase LEHMY VL&MW L ORKAT L DT #HE 2 FT

o

E1E NADBEMEFCALNBEEY ALEWIcEdhIIEES
WIAFS5—EDHEHEERER

3—1—1 INAFVILZRATS—F¥LIa YV vyr=AT5—+DEH
VvikEe&., EPNIKXAHE L NADRMOESE

<EBRAFE>

AEBRTE, KE200—230 gD Wistar FHEES v V¥ FERL -, BT
EdkUMs BREIE IRCHS Tf ok, Ms CEase R EIT. A
VALERY Y (ISOC) #EBE L L7 ISOCKMEEEL (1S0Case ) &
7uh4 v (PROC, Sigma) ##EL L#<PROC=2A55—+ ( PROCase)
2TV, ISOCaselIfE 1 MO FERKE > CHIE L, PROCase
iX. PROCOKBIKIOVERT 2p-7s VEBEFBR(PABA) X HIETH
Ting et al. (1949) OFEXEFH R L /= Satoh and Moroi ( 1977) @
F IS THF o700 & hb D CEase 58 BISE A R O MBI . Ms BEBR
(ZEHE #3m) 0250/, EPNBW® (H&KEBE 1 X 107°M) F/130.2
M byR-tEER BEW® (pHB80) 025, % XUNAD ¥ %Xk 025 mlw |
0.2 M bV RA—IER BEK (pHSO ) K TEB 1m 2 L, 37C. 104/
TVrvMvFaX—vavlL, x0% EZE(KKEE InM) 05n 2%,
B30 AMKIL %,

2Y vz R75—+ (ChE) {E¥iX. Voss and Sachsse ( 1977 ) DF &
CETFHBERIMZ 7= Moroi et al. (1976 ) ® FHrl fEv, EFHL o+ =
Yy v%&5, 5’- VFFER-2~-=bofEER (DTNB)K K (Ellman
et al., 1961 ) THAEHE, 412mmC TRAEXFEL TRdl, vk, B



WIENADDEREBE X, 1 X100"M—5X 10" MTh 5,

<EBRFER>

Fig. 3—1X, EPNWK X % CEase /&% X O'ChE {FH DM ECHT 5
NAD RN DE &% 7R L T\ %,

ISOCase ¥ PROCase DEPNIK L 5[HE (EPNHERMEDO K 6 % )
X, 5 X 10 MONAD K X 0¥ Ih, 1 X107 MTF5 b—CEL I,
I S0Case & PROCase Ixi$ % NAD OFEFIEEMBIL TV i, —FH. ChE
TEMEE S X 10" MONAD T IERMEEDO 9 25% DEERBICE £ 9,
CEase & ChE & TIINAD K X AHEHRIEACER RO hic,

100

~e~ |SOCase

+O- PROCase
-&- AChE

80

Inhibition Percent

NAD Concentration (-logM)

Fig. 3-1 Changes in the liver microsomal carboxylesterase
and acetylcholinesterase activities as a function of
NAD concentrations

- Concentration of NAD added was ranging from 1 x 10~7M
to 5 x 1079M. Carboxylesterase and acetylcholin-
esterase activities were shown as percent of control.
Vertical lines in each point is the mean % S.E. from
four or more experiments.



3—1—2 L DEHBY) VILEWICL A I LEF VLT AT
S —Y[HEL NADR MO Z &

<EBAHE>

A&, Ms CEase (I S0OCase 3 X U'PROCase ) ¥ X U'ChE 75
HERAIEERE, 3—1—1KER->TfT o, AL, NAD DEKEEIZ5X10~°M
Ll AV EHBY v 1keWELL ZoBER Y, Fig.3—2kx7,

Fig. 3-2
Chemical structure of organophosphorus compounds

Organophosphorus Structure Rl ﬁ
compound SP—R
R, 3
Rl R, R3 X
EPN C,H.O O -0~ )-vo, s

Surecide cig0 O -o-{-cn s

Parathion C2H50 CZHSO —O-{Z%;NOZ S
. . 3
Diazinon CoHZO  C,HGO _o_miéy_CH<gg3 S
3

Methyl- CH,40 CH,0 -o—@—mo2 s

parathion

Fenitrothion CH.,O CH,O -0 CH ]
3 3 N023

EPNoxon C,H:O A -0~ }-no, 0

Paraoxon C2H50 CZHSO —O—{ }—-NO2 0]

Methyl- CH40 CH40 —O—Q—No2 0

paraoxon

Fenitroxon CH,0 CH,0 -0 CH 0
3 3 N023

DDVP CHBO CHBO -O—CH=C—C12 0




< RERER > »

Table 3—1iX, P=SEHEH Y LWL L% 2D CEase & ChE &
HHEECH T ANADDEERRL T\ 5,

I SOCase TONADHRMIKC & 5HEHEBIERAIE. EPN, v =7 %4 ¥,
RZFFYTHEELCRON, AFALA5FFY, 7Zz=buFtvyBLIOH
1727 VTR, FRPNE»ro5t, PROCase KT 5 NADDEAIX,
FATY /Y %EBECTISOCase TOEAKHEML TE D, CEase DEE
CEHNADDERDE T IREALYEb N o7,

—7#. ChE TONAD DR, £ 4 7V ./ Vi B\ TLEHNK CEase
3 EPEECIIRHO N T, CEase » ChE & CENADDEARHR K =414 K
b,
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LCBHLAT (Fig. 3—3). £#. M1 Oxon MA MY » LEAWICH -
T4, NADDEHIZ, CEase IV ChEDVTHhE B WTL DB i
» o #o (Table 3—2 ),
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3-3 Effect of NAD on the inhibition of liver microsomal
ISOCase activity as a function of EPN or EPNoxon
concentrations
Concentration of NAD added was 5 x 10~°M. Each point is
the mean of three experiments.
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3—1-3 BHAINLAF VYL RTS — ¥ ICEHT 5

<EBRAE>

ERABWR L V'CEase (4B D AT, TCISOCaser b )
BEEAEERL, 3—1—1 K> Tfiok, RERTIT, BEABLL TS »
FRMs L BB RT 5 - ( AAEFV L AT AKEREE. E.C.
3.1. 1.1, JKFFM. Boehringer Mannheim ) % fA\ 7,

<HERER>

Table 3—3iX, Z vy PFMs B I UORBHR=R 575 — ¥ DEPNRK IBHHEEL .
NADHMOE B RL T\~ 5,

Ms # VW7 BE RO NINAD OEEMBRIERL, BMzR55 —v
TRECBDHL T, NAD DERAIERME L LTMs ¥ AVkBacon
BOONLHABRTHHERAL b Lk o1,

Table 3-3

Effects of NAD on EPN-induced inhibition of rat liver microsomal carboxylesterase and pure
esterase in vitro

Addition CEase activity Pure esterase activity
None 65.7+2.8 122.1+6.3
EPN 61.0+£3.3 100.1+4.1
EPN+NAD 9.2+4.6* 101.0£4.6

Activities of microsomal carboxylesterase (CEase) and pure esterase (from hog liver microsomes, E.C.
3.1.1.1) were shown as nmoles BZH formed/mg protein/30 min. The concentrations of EPN and NAD
were 1x10-5 M and 5x10-% M, respectively. Each value is the mean=S.E. from three experiments.
*P<0.01: statistically significant difference from the EPN addition group.
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<EBRFE>

ERBWR L VU CPlase EHAIEER, 3—1—1KR>THFo ko, MEL
HIX, Ms % EMAIERBEBRCHEMT 801C 40 TH L V80 CT, 5 A&
ME L, 7o, 80 CTitMs CEase iIEEZ D A D DEET 2B A FHE
THOLNRTVER, TORCXFEEAERCER= 275 -+« (E. C.
3.1.1.1) %, 0.083U,/ Tube ZHEfIL 7,

< EBRER>

Fig. 3—4X, MBLEMs ¥ H A HBE& D, EPNIKX 5 CEase fJHERK
X35 NADDEA %2 RL T\ 5,

40 C BILEMs €835 NAD DEAEFEMNEMs L HRCAZE th o &
b, BOCHRIMER X ) ZDEAEEEL L,
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Fig. 3-4 Effect of pretreatment of liver microsomes
by heating on the NAD-induced potentiation of
anti-carboxylesterase action of EPN
Rat liver microsomes were pretreated at 40° and
80° for 5 min. The concentrations of EPN and NAD
used were 1 x 10-5M and 5 x lO"5M, respectively.

3—2—2 I — LB LARENADOESE

<EBRAHE>

EABWI L U CEase EHRAITER T, 3—1—1KH 5T fTolko FMs®D
At Imai and Sato (1974 ) D HExEFH A L. 0.IMY v B E6E
% (pH7.6) 25 mrhic, Ms BEW (EHE #2m ), 1 mMEDTA,
207V —n, 1mMYFFRAVS F—ABIOFEED 3 — LB I
YUY A (Sigma) ¥ FUERBYFEEL, 0C, 30 0HKEEBEL, ZOB
105000 x g, 0°C. 60 4EELSBEL, ~v v + (ppt) & E&E (sup)
B,



< EERER>

Table 3—4iX, = — A BRI X VI HEIL LIcMs (ppt & sup) RERMH
L, #DCEase EHDOEPNR L 5AECHTHNADDOEAR R L T W
o ppt TiX, = — A ERIEMER L U00.05 WME ¢, NADK & % CEase
FEEEBERAIBD DN, 02WBL V10 a —LBILEIC XD ZD
fERWEHEEL 2,

—FH, sup T 1 MDD =2 —LEBNER LHOINADDERMNE L, NAD
X%CEase HEERBERCEETHAMs EERS B, = —LBC IO ITHE
1IN HHEREBL,

Table 3-4

Effects of treatment of liver microsomes with cholate on the potentiation of EPN-induced
inhibition of carboxylesterase by NAD

Carboxylesterase activity

ﬁé};gte (nmoles BZH formed/mg protein/30 min)
(mg/mg ppt. sup.
protein)

Control EPN EPN+NAD Control EPN EPN+NAD
None 52.2£3.3 48.6£2.5 12.0£1.4* 27.9+ 9.8 18.5% 7.1 13.2+ 2.5°
0.05 50.5£2.6 46.8+2.3 11.6+1.7° 53.6+ 1.6 335+ 6.3 33.3+ 6.9
0.2 40.1+8.8 37.4£8.1 28.1+5.8 103.3% 4.7 86.1% 3.5 821+ 4.2
1.0 9.9+35 7.9+3,0 7.0+£2.3 135.9£11.5 132.1%10.0 75.6+15.0°

The concentrations of EPN and NAD used were 1x10-% M and 5x10-% M, respectively. Each value is
the mean=*S.E. from five experiments. *P<0.01, statistically significant difference from each EPN group.

3—2-3 ZEN OER

<ERAE>

FHBWR L U'CEase IERFIEREIZ, 3—1—1CK>TfT ok, Ms®D
EHIL1LI5AKCIBRKKBEB LtMs% v —4A VAT —AF 2 —7F
( Union Carbide Corp. ) WAMN, 4°C. 18 REHFEL 1o



< EBRIER>

Table 3—51X, FEBN B LOFHTMs A\, CEase EHDEPN It I

HHFCHTHNAD DERA%RL T 5,

FEHIC LY CEase EHEZDO DB 30%4%FELI-, NADK X 5 CRasefd
EWBERE, FEBENEE (73 %) CHANTHROED (67.2%) LT5%
DO, TOERATIEERHEL D50 Bhbhnl,

Table 3-5
Effect of dialysis on the NAD-mediated potentiation of
anti-carboxylesterase action of EPN in vitro
Treatment Addition Carboxylesterase %
activity
None - None 70.2 100
EPN 65.7 23.6
EPN + NAD 5.1 7.3
Dialysis None 47.5 100
EPN 44.6 93.9
EPN + NAD 31.9 67.2

Carboxylesterase activity was shown as nmoles BZH formed

/mg protein/30 min.

The concentrations of EPN and NAD

used were 1 x 10~-5M and 5 x lO—5M, respectively. Each
value is the mean of two experiments.

3—2—4 NADase IiinnE &

<REBETE>

F s LU CEase [FHRIEH T,

3—1—1 ¢FL ¢th b, NADase

€ X2aTAMEE, 0.4mMONAD S X U'5—50m D NADase (NAD % 7 v
v F—+¥, B.C. 3.2 26, fF4EE. Sigma ) /01My vB& £EK
(pH7.6) 0.5m%37°C, 20 ARG SR, D 0.5 0 ¥ EHERIEHE



WCNADBEHR L L THRML 7o

<ERER>

Table 3—6 (&, CEase DEPNIC X 2% Icxt 3 % NADase fij4LE NAD
WmOERZRL TV %,

NADD e, NADase DFEMEBCHAIL THEL, 50D NADase
METI282 %D CEase FiEE THEL 2, ZOKERIT. NADOF LK%
EHEATHRBECHEMLEENADDERALE DL T, NADTD 4L X
DERARBOHLNTCE IR, 1—1—-3ORBEXIXFTHHDTH S,

Table 3-6 Effect of NAD nucleosidase on NAD-induced
potentiation of CEase inhibition by EPN

CEase*
* %
NADase added Ratio
(mg) NAD (=) NAD (+)
0 55.49 + 6.37 9.92 = 0.84 0.179
5 54.48 = 7.67 10.11 * 0.93 0.186
10 55.40 * 5.10 12.40 £ 1.11 0.224
50 58.74 + 6.39 48.24 * 3.00 0.821

Carboxylesterase (CEase) activity was assayed using ISOC as
substrate. * nmoles BZH formed/mg protein/30 min.

Figures represent mean * S.E. from five experiments.

*% NAD(+)/NAD(~).
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<EBRFHE>

FERE W L CEase EHHAIELE R, 3—1—1 ¢ ELCTHB, £V v
FEOMREFELLTCT v{b 7z =LA FA ALK VE (PMSF, Sigma)
(Sultatos and Murphy, 1983 ) & fi\>, FTEBE Lk 25k CEase THEHEH
ERREK., 7vA4vFa—vs YELEKML, EPNX LUONADDOE
MREBEWX, ThZfh 1 X 10°M, 5X107°MTh 5,

<EBREBER>

Fig. 3—5iX, NADW X % CEase DHEMR I JIFTPMSFOEE
ZRL TWw5b,

CFEase {E# I PMSFORMEBE LG L TEEL P . NAD L X 3
FE =R e L Tk, CRase EMAIZ L ALHEELL 1 X107 MICEk
T2 BB EE LR o, TOHT, CBase DRTEL NADCLSH
EREER L NEBR THHE, BIOMsHOEERBDE v ) vEBEXR
TRECERRBEL T,
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Fig. 3-5 Effect of PMSF on the NAD-induced potentiation
of anti-carboxylesterase action of EPN

3—2—6 SHEMHEFCL HEE

<EBRFHE>

FREWR X O CEase FERAIERE R, 3—1—1 K> TiT > SHE
BEHE. N-xzF A< (s F (NEM, ¥#%), 45 /oo BAE
BR&E 27kéR (PCMB., MIEME) X 00%, 3 — FERBR (I AA. FIEMSE)
AV, WTFhd02Mr)R-EHR ZEE(PHSO)KFEERHEL., 7
VA v Fa—vas YRCEML 7, £/, Ms DEPN» %\ i3 SHZEHE
Blic X 5aiMlEOER I, HH60UMs (EHE #3m) %, EPN(1
mM) A5\ SHEMEA (3mM) £ 37 C. 10 HHRIEZ #cE, 3—2
—3KHESTHEWNL, TRODEEBR ¥ BREL I, o, B CL OKREL

— 57 —



72CEase FMZH 5 &/, BM=x75—-% (E.C.3.1.1. 1) %2 01250

/ Tube FEHEREREFCHRML 72,

<ERER>

Table 3—7 X, NADW & % CEase [HEB#EEHAIC & X 1¥ T NEM,

PCMBB XU TAARMDOERE®RL T\ 5,

NADHmMKC X b, EPNEMEED 522 DiEHN 35 C ¥ CHEIX R

CEase [FfiX., 1 mMDONEMT34.2,

0.1 mM®DPCMB T45.6 D E#: I

¥ CHEL, NADDEAHIEEAL LA, T4, TAAX 1uM%AnL T & NAD

DYERC ER%® B2 T 5,

Table 3-7

Effects of sulfhydryl reagents on the NAD-mediated potentiation of anti-carboxylesterase

action of EPN in vitro

-Sulfhydryl reagent

Addition None NEM PCMB IAA

0.1 mM 1 mM 0.01 mM 0.1 mM 0.1 mM 1T mM
Control 58.0£3.5 53.2+3.3 40.6%1.7 57.4x50 52.7+47 546+27 51.3+3.5
EPN 52.2+3.4 49.1+£3.2 38.6+1.4 52.3%x4.7 47.9%47 49.8+3.0 46.5+2.8
EPN+NAD 3.5£0.6  3.8%0.4* 34.2%1.7 6.9+£2.7* 45.6+5.4 3.3+0.5*  3.3%0.6*

Carboxylesterase activity was shown as nmoles BZH formed/mg protein/30 min.

The concentrations of

EPN and NAD used were 1x10-% M and 5%x10-5% M, respectively. Each value is the mean=S.E. from 3-5

experiments. NEM: N-ethylmaleimide.
acid. *P<0.01: statistically significant difference from the EPN alone group.

PCMB: p-chloromercurbenzoic acid.

|AA: iodoacetic

Table 3—8 X, EPNK SO SHEMER CRIME L/ Ms ¥ AV BEs

D CEasefEEIcTANADDERALX R LT\ 5,

EPN# JUEPN+ [AAK X 28 ¢, NAD I X 5[HEBEI/ERE
Table 3—7 X VXA LI dD D, txBH b, —F. EPN+NEM
¥ EPN+PCMB X 5800E Tit, Table 3—7 DK # & AR CNAD D
TEAEMEL ., AL, EPNK X587/ % (CEase DfH%E ) iXNADD fE
BrEExZ 2l B, NEM& I OPCMBXEE8r 52 2HIRE S hi,

— 58 —



Table 3-8

Effects of pretreatment of liver microsomes with EPN and sulfhydryl reagents on the NAD-

effect
Carboxylesterase activity (% of control)

Pretreatment

Control EPN EPN+NAD
EPN 100.0 95.6+5.6 35.0£171.2**
EPN+NEM 100.0 92.8+13.3 93.4+13.3
EPN+PCMB 100.0 92.2+27.3 92.9+26.6
EPN+IAA 100.0 96.0+5.9 71.1£8.9*

The microsomes were pretreated with EPN and suifhydryl reagents for 10 min at 37°C. The concen-
trations of EPN and sulfhydryl reagents used in the pretreatment were 1 mM and 3 mM, respectively.
After dialysis, 0.125 U of pure esterase (E.C.3.1.1.1) was added in the incubation mixture of these experi-

ments.

significant difference from each control group.

H. Ms CEase X T2 NEMIK X 2HEFIHBEMNTH Y.,

The concentrations of EPN and NAD used in the assay mixture were 1x10-5 M and 5x10-% M,

respectively, Each value is the mean=S.E. from three experiments, *P<{0.05 amd **P<C0.01: statistically

TAAK & %

FRI, BEW LD THY (Fig. 3—6 ). MEDOHERER IR - T,

Fig. 3-8

EPN .
104
Km(mM) Vmax(absorbance) =
0o mM 0.117 0.325 <
1 mM 0.279 0.258 =
3 mM 0.308 0.231 z ‘r“—"—’.”',____.
5 4] -1
N EM 1/701s0C]) (mM™ ")
— 20y
(=]
Km(mM) Vmax{absorbance) 14
O mM O0.117 . 0.325 vt
1 mM 0.142 0.187 : <
3 mM 0.185 0.102 1ol
W
5 2
|AA 1701506 (mM™ ")
o} )
Km(mM) Vmax(absorbance) =
0 mM 0,117  0.325 <
1 mM 0.123 0.323 ~
3 mM 0.140 0.318 Z
/l
0

sourse.

S

_.59 —

1701s0C] (nwh)

Inhibition profile of carboxylesterase by
EPN and sulfhydryl reagents

Pure esterase(E.C.3.1.1.1) was used as an enzyme
Incubation mixture was incubated at

379C for 30 min with inhibitors. )
ordinate are shown as absorbance of BZH at 495 nm.

Values on the
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3—3—1 NADZIMIC X5 EPNoxon & O &Ef

<EBRFE>

B L U'CEase FERIEEE. 3—1—1 1K, EPNoxon D &E B &
. B1IHBICRKS TfTo70 EPNoxon iIMs D7 4+ A7 7 &—K I 8D
A-=AF55—+ (Aldridge, 1953 ) K X b —F A X h ( Lasker et al.,
1982 ; Abou—Donia et al., 1983 ), F 7, —IPiL CEase D) v E&E L
EETHAC, ERLEPNoxon B ERCERT 5 BH THERR TI,
CEase Dt Y vE&EX < X7 T5PMSF (HEKEBEImM) LA-=R73
— ¥ DEEHTHLHEDTA ( HAMBE 45 X 107° M, BELELZEHR)
( Shishido et al., 1972 ; Sultatos and Murphy, 1983 ) %, RIGEHKK
mInTARBI M 7,

<ERER>

Table 3—9 (X, CEase FEHRIEAREF TO EPNoxon R BIIET
NADWRIMOESE &, *DEEDCEase FEXRL T\ 5,

EPND %L T, RIGF s\ % EPNoxon £ BERXERRFALUT THo 7
DEXF LT, NADZZHMT % & HWIWEPN®D 2.3 % EPNoxon D ERL 7,
Z DOBED CEase FHEiX13.3 $ CET L%, PMSF tEDTADEMIE,
EPNoxon EFB%* 3.1 $ L BEFE L L1,



Table 3-9

Effects of NAD on the enzymatic formation of EPNoxon from EPN and carboxylesterase

activity
- EPNoxon % Carboxylesterase
Addition (M) (EPNoxon/EPN) (% of control)
None — — 100.0
EPN N.D. — 85.9
EPN+NAD 3.56%x10°7 2.3 13.3
EPN+NAD+PMSF+EDTA 4.7%10"7 3.1 _

The concentrations of EPN added were 1.5x10-8 M in 10 ml of incubation mixture for the EPNoxon
assay and 1x10-% M in 1.5 ml of incubation mixture for the carboxylesterase assey, respectively. The
concentrations of NAD used were 7.5x10-% M for the EPNoxan assay and 5x10-8 M for the carboxyl-
esterase assay, respectively. PMSF and EDTA added were 1 mM and 4.5x10-% M, respectively. N.D.:

less than 0.5x10-7 M. Each value is the mean of two experiments. EPNoxon was determined by the
GC-MS method.

3—3—2 I AAEFVIZRATFSI—F¥E EPNEOES LK L
(9 NAD (P) & In D&

<EBRAHE>

s L U CEase EHHIEEE, 3—1—1 K> TiTofk, HmER
TREYLYR72VFFFELTNADDMINADP (£ Y = & BER)
bEAL, RKBEX TR 1 X107°M—1X 107*M& L7,

EPN: CEase L DA T 7 = =)L -4 C— EHEPN(*C-EPN) %
A\ . CEase EMHIEAEKD EPNTH K L% 10000d.p.m. KHRL
THERLE, BAEBDOAEICEase EEHAIETARIGERY 37 C. 10 4/
A vFaeya L. ISOC(EH))RARMETEDILCIS S A2 Y YR
2 M CRIGHE L, 3000r.p.m. 10 SMHELSEEE. LERDCED
FAHRErmMz., BE 5. BLOAEE, TORBHC A&/ - 2%z,
TDAE—ATOWEH, FOHBEESERIEL, 2 5/ —LBORSE
BRDONIE D T THBIEL TRONULBEYE. 1 N NaOH 1 £ T80
CIMBBEBEL I, D05 mMKK1mnis L0727 YA (New England
Nuclear ) 10 ¥ Nz, EY vF v —v 3 v » v v & — (Beckman,
model SL-100C) I CHHERERXHIEL &,
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Fig. 3—7A13, EPNIK k%5 CEase {E#HEK K LIFTNAD & XU
NADP O #f%R L. Fig. 3—7Bik, CEase £!*C—EPN (oxon) &®
HEBICH XIETNAD S L UNADP OEEXRL T\ 5,

EPNK & % CEase {4 EEX, NADPWK & o T BB I h i s, ZDORE
EINADIENL/, wE % o,
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Effects of NAD and NADP on the EPN-induced inhibition of carboxylesterase and binding of
T4C-EPN to microsomal protein. Inhibition percent of carboxylesterase activity and amount of 14C-
EPN bound to microsomal protein (pmoles '*C-bound/mg protein/10 min) are shown in A and B of the
figure. The concentration of EPN used was 1x10-% M. Each point is the mean of three experiments.
—QO—: NAD, —@—: NADP.
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Fig. 3-8 Effects of sulfhydryl reagents on the NAD-
mediated potentiation of anti-carboxylesterase
action of EPN and binding of C-EPN to microsomal
protein. Carboxylesterase activity and amount of
T4C-EPN bound to microsomal protein were shown
as nmoles BZH formed/mg protein/30 min and
pmoles "4C-bound/mg protein/10 min, respectively.
The concentrations of EPN, NAD and sulfhydryl
reagents used were 1x10-5 M, 5x10-5 M and 1 mM,
respectively. Each column is the mean%S.E. from
three experiments. *P<0.05 and **P<C0.01: showed
a statistically significant difference from the none
added group.
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Table 3-10

Binding of NAD and nicotinamide to microsomal protein

Addition Binding percent

(radioactivityppt/radioactivity )

initial

NAD (Carbonyl-+4¢) 0.30 + 0.12

+
NAD (U-14¢) 0.30 + 0.13
Nicotinamide(Carbonyl-14c) 0.24 + 0.07

The concentrations of NAD and nicotinamide used were
5 x 10-5M. Each value is the mean + S.E. from three
experiments.
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Chemical structure of NAD and its analogs
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Table 4-1 Effect of NAD and its analogs on the
EPN-induced inhibition of carboxylesterase

Addition Carboxylesterase activity
Control 67.7 + 2.0
EPN 63.5 + 2.3
EPN + of~NAD (5 x 1075M)  63.4 + 2.1
(1 x 107%M)  62.2 + 1.8
EPN + B-NAD (5 x 107°M) 4.4 + 0.6%
EPN + Ac-py AD (5 x 10™°M) 4.3 + 0.4%
EPN + py-Al AD (5 x 107°M)  63.4 + 2.4
(1 x 1074M) 62.5 % 3.1
EPN + Am-py AD (5 x 1075M)  63.7 + 2.4
(1 x 1074M) 64.4 % 2.4

Carboxylesterase activity was shown as nmoles
BZH formed/mg protein/30 min. The concentra-
tion of EPN used was 1 x 10=°M. Numbers in
parentheses represent the concentrations of
each NAD analogs used. Each value is the mean
+ S.E. from three experiments. *p< 0.01l:showed
a statistically significant difference from the
EPN alone group.

Table 4-2 Comparison of aldehyde dehydrogenase
activity in the existence of NAD and its
analogs as a cofactoer

Microsomal aldehyde

Addition dehydrogenase activity
L—NAD 0.0

A —NAD 48.9 + 1.2
Ac—py AD 19.9 1.2
py-Al AD 0.0

Am—py AD 0.0

Aldehyde dehydrogenase activity was shown as
NADH nmoles/mg protein/min. Concentrations of
NAD and four NAD analogs used were 5 x 10—4M.
Decylaldehyde was used as a substrate. Each
value is the mean + S.E. from three experiments.
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Fig. 4-2 Effects of N-ethylmaleimide on the NAD-
effect and microsomal aldehyde dehydrogenase
activity. Activities of carboxylesterase (CEase) and
aldehyde dehydrogenase (ALDH) are shown as
nmoles of BZH formed/mg protein/30 min and
nmoles of NADH formed/mg protein/min. respec-
tively. The concentrations of EPN and NAD(H) used
were 1x10°% M and 5x10-% M, respectively. Each
point is the mean of three experiments.
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Table 4-3

Effects of NAD on the enzymatic formation of EPNoxon from EPN in the supernatant of liver
microsomes after cholate treatment

Addition EPNoxon formed (10-7 M) %(EPNoxon/EPNadded)
EPN N.D. —_

EPN+NAD 1.28+0.15 0.85
EPN+NAD+NEM N.D. —
EPN+NAD+PMSF+EDTA 1.48+0.12 0.99
EPN+NAD+PMSF+EDTA+NEM N.D. —_

N.D.: less than 0.5x10-7 M. The initial concentration of EPN added was 1.5x10-%8 M. The concen-
trations of NAD, NEM, PMSF and EDTA used were 7.6%x10°5 M, 1.6 mM, 1 mM and 4.5%10°% M in
5 ml of incubation mixture, respectively. Liver microsomes were solubilized by addition of sodium cholate
(1 mg/mg protein) at 0°C for 30 min. Each value is the meanS.E. from four experiments.
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Fig. 4-3 Effects of disulfiram on NAD(H)-mediated
potentiation of the anti-carboxylesterase action of
EPN. The concentrations of EPN, NAD and NADH
used were 1x10°5 M, 5x10-5 M and 5x10-% M,
respectively. Each point is the mean of three experi-
ments,
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Fig. 4-4 Effects of cetylalcohol on the NAD-effect.
The concentrations of EPN, NAD and NADH used
were 1x10°8 M, 1x10-% M and 5x10°% M, respec-
tively. Each column is the mean of two experiments.
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Table 4-4
Effects of SKF 525-A on NAD-mediated potentiation of the anti-carboxylesterase action of
EPN
Addition Carboxylesterase % of
Preincubation Incubation activity control
None (control) None 52.4£7.2 100.0
SKF 525-A None 46.7 (n=2) 89.1
EPN None 46.2+6.0 88.2
EPN+NAD None 9.4+£0.8" 17.9
EPN+NAD+SKF 525-A None 45.8+3.4 87.4
EPN+NAD SKF 525-A 7.2+£0.6" 13.7
EPN+SKF 525-A NAD 47.2+4.0 90.1

Liver microsomes were preincubated at 37°C for 10 min with 0.5 m! of Tris-HCI buffer (pH 8.0) plus the
addition listed in the table in a total volume of 1.0 ml.. At the end of preincubation, 0.5 ml of the substrate
solution (isocarboxazid, 3 mM) was added. The incubation was continued for a further 30 min at 37°C,
and then enzyme activity was assayed. The concentrations of EPN, NAD and SKF 525-A used were
1%10°5 M, 6x10-% M and 1 mM, respectively. Carboxylesterase activity is shown as nmoles BZH
formed/mg protein/30 min. Each value is the mean%S.E. from three experiments. *P<C0.01, statistically
significant difference from the EPN-added group.

4—2—2 KSCNILL B+ b2 o —2£P—450BDRAL &
“NAD - %R ” + OBERK

<EBAHE>
Cyt. P—450 ENHIZX, Ms BER (EEHE H3m) 0.1, EPNE
W (RKREE 1X107°M) 0.25m6, NAD (F 5 X 10-5M) 0.25 M3
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B BEHR(pHT4, 2087V Le —A6L0V02%=< 1y 913 %%
CHICT, BHEPH 1M,/ n it 5BCHERL, O3y F. 52§
DHECH > TfTotc, 7. CEase FHHIEERIK 813 5KSCN OFEM
R, FvavFaR—v a3 BT 1o,

< EERIEER>

Fig. 4—5iX, "NAD-%/£” £ Ms Cyt. P—-450 B 1 i¥ T KSCN
DEBHRLT5,

" NAD %R ” S KSCNAMBICHEL > TH%LL, 025MAEMTCE ase
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Fig. 4-5

Effects of KSCN on the NAD-effect and cytochrome P-450 contents. The concentrations of
EPN and NAD used were 1x1078 M and 5x10-% M, respectively. Each point is the mean=S.E. from
three experiments.
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EEEHIEIHTC., EPNoxon PEERE IRECKE > TFT o1,
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Fig. 4—61X, EPNWK X % CEase /EMMHEL . FHACTHERF TD
EPNoxon £ I # X ¥4+ NAD, NADP, NADH ¥ X U'NADPHFEMDE
EBHRLT\W5,

EPNE & % CEase {E#HEZICH LT, NADH® XO'NADPH I 3\ [
EWBMARL, 1 X 107°MTIRIF100 $FHEL 72, NADIXHIZE L D H o
LDOD1X 10T MEM T, BIE100 BEEL %, L L, NADP 2 ZD
TEANRHEL5X107*MTH#H505DAETH o1,

—7%5. EPNoxon £l BT hbafBovv Yoy 2 vas FNOER
it., CEase B T 2EA L RFCHIEL Tk, EPNK X%CEase
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carboxylesterase

EPNaxon formed { M )

Fig. 4-6 Cencentrations of pyridine nucleotides {~log M)

Effects of pyridine nucleotides on EPN-induced inhibition of liver microsomal carboxylesterase
and formation of EPNoxon in vitra. The initial concentration of EPN added was 1x10°% M in 1.5 ml of
incubation mixture for the carboxylesterase assay and 1.6x10-5 M in 1 ml of incubation mixture for the
EPNoxon assay. Each point is the mean of three experiments.

BIMICHCTHELL “NAD-R” tdT %, FMs REGER#E T«
Feyrr—vDBEOTEEC ST, ZRIC CTECKRELAKR., RO
B, BB, 1) “NAD-%R” LFFMs R$ET7 A Fe ¥ TelFayr
— €T 5 NAD BPE DO REERE L WL RIFIC— T % (Table 4—2),
2) NEM X377 F FeVForr—wiEEoffEs, “NAD -%R”
DML TEFC—HT5, 3)FeFesr+—w%4T5NAD» 5NADH



~NOERE BB LISCNADHORMOR TR, FeFeryr—v AEO
Eg8vRT v (HE Fig.4—2), 4) Ms REER#E 72— Fe Ko
Fr—¥OEBERMC L ONADDEAIECHER I, NADHD X T
REAPBEDL I (Fig. 4—4 ), & THB, ZhdbizvThid

“ NAD - #9” ~ 0 Ms REBERFETAV2—ARITATFe ¥ FTelaysr
—EDEEXBFABRTELDOTH 5,

Fig. 4—31X, “NAD-%R"CNTHL AL 745 FTMOEEY R
RADThHB, VALZ7 4 T4, 4—1—3 TRRAEBEFT e Ve rr—v
DEEH THD 2 H#IC, Cyt. P-450 FOHEH T H 5 ( Stripp et al.,
1969 ), BElt, Fig. 4—3 DTt { CEase {EHIEALL {HEX L TkH,
ChOoBEBOBERBEEDCR. “NAD-HR” OHLEBHECR N 5 HixH
R oledbDD, NADBRMORK BT AL AL T4 53 AKED “NAD-
BR” OWEABREXNADHRMORCE AN ThTHL 2R TRVENPL, ¥
ANZ 4T ALCIS“NAD - R ” HEL, £ 1K Cyt. P-450 FDOMAE,
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L7 NADH%ZE FHt 564 L TERT 5Cyt. P-450DEE & “NAD -
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NADH®OCyt. P—450 R~DEF EH L L TO/EAIE. Cyt. b; ¥ &
HBI5RLLTTITCLALR T HETHSP, ZOHEAINADPHOZLR
£ D 20—60 %47\~ ( Nakatsugawa et al., 1965 ; Leeling and Casida,
1966 ; Morello et al., 1968 ; Hitchcook and Murphy, 1971 ; Shishido
et al., 1972) #, %% X% ( Casida, 1961 ; Agosin et al., 1969 )
ThoHLTHH L., MCNADHOEANADPHI WV AR THS &4 5 HsE
( Johnson and Dahn, 1966 ) 7% &', — B L T\ 7o,

Cyt. P~450 D[HEH|TH % SKF 525 -A1k, “NAD -HE” 254
W& (Table 4—4 ), FCyt. P—450 % Cyt. P—420 CEB 25
( Imai and Sato, 1967 ) KSCNOHEM b Cyt. P—450 B # R L X 2,
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Endogenous Substrates NAD EPNoxon mssss XCarboxylesterase

Microsomal Cytochrome BZH
Dehydrogenase P—450~coupled
Monooxygenase

Metabolites NADH EPN

Fig. 4-7 Speculative diagram on the potentiation of
EPN-induced inhibition of carboxylesterase by NAD.
ISOC,Isocarboxazid; BZH,Benzylhydrazine;
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