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o : Phenobarbital sodium(PB) fE& 3-methylcholanthrene(3-MC)©] A& A carbofuran®] o] that EAl3} o]o] EAA
B3E 7RE) el OlES U w 2702 J7RAD F AY AEEL ZAHUL, AA  crbofun
o in vitro WAl WX JEFE FHE] st F 2t FEA) o]ES @5 EE £FOE AT F oMt
S AT #ol Wi carbofuran®] LDso96hrs)2 6.9 mgkgol i, F WAMHES] 5412 3-hydroxycarbofuran >
3-ketocarbofuran > 3-hydroxycarbofuran phenol &2.2 ¥4 yelyton, BaERtdE 1 S0 of$ with e A
£&& carbofuran 84 mgkehs FPE W 0%0] o1} carbofuran®} PB B 3-MC 20 mglkgs 427 285 A 60
~80%i =oAL, 60 mgkg BodAd= 100% &3t PB 2 3-MC9| carbofurane] thdt =477 A3} of¢ 2ok

7V FENAAM in vitro )AL DIEREE microsomal fractiono| A o] Fo} A1 UUth Carbofuran =2 A] F AR

B2 3-hydroxycarbofuran®] ] 0.1} carbofuran®} PB = 3-MC %383 g]A] 3-ketocarbofurano| 1t} 3k, 712 2 A&
ARAE o] WAES ZAMSE A3 microsomal fractionol] carbofuran ©% 2 PB £ 3-MCe}o) Z34e] 25 co-factor
24] NADP+G-6-P+G-6-P-DG A7} A|(phase I system) 7} &=, 105,000>< g AR Ao M= carbofuran TE2]E| 8] 7
S cofactorg+ NADPH+ GSH #7}A|(phase I system)o] 223 e 3MCY Z§A 2] 7A$- cofactor =
NADPH+FAD #7}A|(phase I system)o] 713 Egtch tiAats: 3*{}%8 carbofuran W= 2] Xt} carbofuran®} PB
= 3MC Z3A oA 2~38] =ck (1998 24 139 A<= 19984 79 30¥ 4:€))
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F bAE glovi(e, 1982, B8 BE AP 2
soke BAEY faAE P 25 ARS 3 32 Q8 woE F Asbsael e A4l

AN AANZA FQUNH P40 O8o Agge) 2 BE APES soke) 545 tiMatson 5,
ZE1 g AAoth sy AR E Foe pokg] 1958; Bull#} Lindquist, 1966; Bourke 5, 1968; Clemons}
ES A ARG Lo wel 2o Menzer, 1968; Casida, 1970; Yang 5, 1971, Neal, 1972,
=1 H=

Hol7|l&= &xwt oo FF3 Ez0) wWas] © Black®} Coon, 1973; Haugen %, 1976; Yoneyama$}
A2PAE F98 F 24 Ba - 2457 ¢u 19) Matsumura, 1981; Rao 5, 1984; 21 5, 1984)0] &k A
E e Wie 3¥E FHE A5, B € 54 59 oF2n Foe] FRELE FH UFE BRIy HF
AFste] 33 AE w9 ohlgt vEA HYET H3 AT W Hom weke &5 (MurphySt Dubois, 1957
£ £ & doH AdEAY FAE BS AFQYE Talor 5, 1965), AofeA phenobarbital sodium(PB)}
£33 AgAd JHBAZ o |¥ S5 YTHI, 1974). 3-methylcholanthrene(3-MC)o] A5 E A X (Z} ¢, 1997)
of Srel= 283 F& ol g A, 1978 v st AEZZ] Fel(dH &, 1999 viAe IF S
342 5o EHdE I el Ao g &4 4 A77E AFol FYdd FFHUE BE FHE 2
TE(H 5, 1970), 23 A FHoE S8F 9 A de d5A Al 83 979 9nd ¥
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°of 48] AHE ANHFTEL WRLHFTZAMENFH
SAAA WA ALS3 80~100g o SPF Albino Rat($4]
Sprague DawleyZA)E FYdte] 237 £3HA170 § 190+
10g9 AFE 717 WS HE3l 2FS FP39
th &34 ARLEE 2311T, $EE 55~60%, BE
VexHoE Yo4s ZM 12A7te 2 %xwiﬁl F

Q1 AA| carbofuran(£X : 99.9%)2 ZFHR
Aol A Bgutoton, phenobarbital sodium [5-ethyl-5-
phenyl-2,4,6(1H,3H,5H) pyrimidinetrione mon-osodium salt,
TE @ 97.5%]7} 3-methylcholanthrene (2-dihydro-3-methyl-
ben[flaceanthrylene, %= : 99%)-2 Sigma Chemical Co.(St.
Louis, MO, USA)IA Fh3tgch. Aol AH®
“C-carbofuran-® benzofuran ) 3% iy} “coz EH
B Aoz ZA Y8 7] (International  Atomic Energy
Agency, Vienna, Austria)Z HE] EFgtcl  Specific
280.83 MBg/mmoleo)] 0.1, TLC
radioscannerdl] 9Js) HAF A 9% o) Ao|qitt. HIE
A AN el ARSRE catbofuran(£E : 995%), 3-
hydroxycarbofuran (% : 974%) % 3-ketocarbofuran (4
T 5B EFEFS FMC Co(USA)SEE Rokdto}l A}
&35t

Carbofuran phenol, 3-hydroxycarbofuran phenol = 3-
ketocarbofuran phenol EFEF& 77} 393l carbofuran
9 1 fxA 9} potassium hydroxideE 1

2~ L
'T‘E\__

activity+=

: 1(mmol:mmol)

d8 A

o Hl&E2 2% methanold] H[oJX JlFRIYF I
0.IN HCl #8902 J4FAIN thg 7] diethyl
ether 20 m{S 715} F53 F, MgSOE AFAA o]
€ oAsta AgFHe Fon, #8747 88%,
83%, 12%°|ick. 4719 oz F&3% phenoly 31t
29 €28 TLCAAAM ©Y spotd S AT F ALS
8l4lt}. Bovine serum albumin ( BSA ), acetylthiocholine
iodide (AThCh), butyrylthiocholine iodide ( BuThCh),
5,5’- dithio - bis (2 - nitrobenzoic acid ) : DTNB, glutathione
reduced, 1 - chloro - 2,4 - dinitrobenzene ( CDNB ), ethylen-
ediaminetetraacetic acid (EDTA ), glucose - 6 - phosphate
(G-6-P), nicotinamide adenine dinucleotide reduced
form( NADH ), nicotinamide adenine dinucleotide phos-
phate reduced form({ NADPH ), nicotinam-ideadenine di-
nucleotide phosphate ( NADP ), cytochrome C, glycogen,
glucose-6-phosphate ~ dehydrogenase ( G-6-P-DG ),
adenine dinucleotide( FAD ), uridine diphophoglucuronic
acid( UDPGA ),
acid(TCA) 2 florisil( 100~200mesh) %<& Sigma
Chemical Co.(St. Louis, Mo, US.A)9|A], KEDTA,
p-nitrophenol %! coomassie brilliant blue G-250 52
Fluka Chemika AG.(Buchs, Switzerland)ol|A] 3,4-
dichloronitro - benzene (DCNB)¥} p-nitroanisole-2 Aldrich
Chemical Co.(Milwaukee, U.S.A.)ol| A, sodium hydrosulfite
9} potassium ferrocyanide:= Junsei Chemical Co.(Tokyo,
Japan)ol| 4, thin layer chromatography(TLC) plate:=
Merck Co.(Darmstadt, Germany)2] silica gel 60 Fpsq A
£&, CO gas(grade : ultra high purity)¥ Air Products
and Chemicals, INC.(Allentown, PA 18195, U.S.A.)ol| A,
bis - MSB (p-Bis-(2-methylstyryl)benzene),
lation cocktail for aqueous sample = Biosolv®:
Beckman (US.A)9A, J2|3 7|8} Aok A7) 3ALE
o BF B4E3 TLCE L SFE 42 FYsel A1S
3tk

7171 U.S.A), homogenizer
(IKA ultra turrax T-25, Japan), centrifuge(Du Pont Sorvall
RC-5C, U.S.A), ultracentrifuge(Hitachi 70P-70, Japan), UV-
visible spectrophotometer(Varian DMS-200, Australia), deep
freezer(Revco 13-989-12, U.S.A), shaking water bath
(Dongyang 2650, Korea), rat cage(Dacjong DJ-102, Korea),

flavin

sodium deoxycholate, trichloroacetic

liquid scintil-

L
=

pH meter(Fisher Accumet®,
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rat metabolic cage(Daejong DJ-301, Korea), operating table
(Daejong DJ-2412, Korea), mechanical convection oven(Jeil
C-DM3, Korea), scparatory funnel shaker (Jeil C-SFS,
Korea), shaking incubator (Vision KMC - 8480SF, Korea),
rotary vacuum evaporator (Biichi R - 114A, Switzerland),
TLC set (Toyo HC- 10, Japan), TLC radioscanner (Berthold
LB-2723, France), Highest Ultraviolet Intensity Lamp
(Spectronics  ENF-240C, U.S.A) 2 liquid scintillation
counter (Beckman LS-6500, US.A) 5& AR3l9 Tt

Carbofuranzt 1 CHAMANZS] SHATSA

Carbofuran®] o] thdt wWH=X|ALEHLDs)S T5}7] )
3 1 caged Sutel® 109}E] 5 1 X2 og 2 yhEsly
& AT 200te]e] FE AU GAFAE FE
MAY & 185+5 g3} 19545 go T AeFoz
o] S AN RSN FAFe LDy 3
¢l 8 mg/kg(Tomlin, 1994)7} 11 mgkg(Kuhr 5, 1976)e] =
A $F02 2,4, 6, 8, 10, 12, 14, 16 ngkge] Eojo}
Fo] FTE dimethyl sulfoxide(DMSO)E A}&3}e] stock
solution-& THE & DMSO 0.5 mio] Z+ze] %7} xd
HE = working solutiong 5] AFEAL FA|E
05 m4 A7 Fotden gzdE 05 nte DMSO
HE FAEAh 719 XAEL dAFA F 1, 3,6, 9,
12, 24, 48, 96A1Ztvlk 7158t oM, AAtE A 2t
2 cagedlM AANAL, thzrel st 5%0]4de
AAEo) vehd ASelE AAPS WA, Finneyy
(19710 23t probiti: A} © 2 carbofuran®] LDjo~LDesZt
g Pagich

Z AR HESQD 3 - hydroxycarbofuran, 3 - ketocarbofuran,
3 - hydroxycarbofuran phenol, 3 - ketocarbofuran phenol 2
carbofuran phenol ol thaleol= 1 caged 57lElE 1 A
dreg 2 yiadtd & X7 100l AS Akga
ATh FAFAE 195£5 gof FPe A, oFFS AN
3t T3t FAFL 8, 16, 32, 56 mgkgo) HE
3to] Aed cabofwranS A9 73¢9} FYUH Wby
Z ANt JEEE AR~

=S
=
o

PB & 3-MC7} carbofuran] S4 20| 0|x= A&t
F0{g : Carbofuran®] FfH0, 2.1(LDyg), 38(LDus),
6.9(LDs0), 8.4 mg/kg(LDss)]7 PB ¥ 3-MC2] Eojzk0, 20,

=]

40, 60, 80, 100 mgkg) S Zrzt 22 T3t 1 X7
2% 200249 80 Telalsic oA ZAA PBE
salineo), 3-MC+= com oilo] =4 stock solutiond =
on, 47t 05 wF Aed do] TFHEE
working solutiong ¥HE0] Tt Fouiye
T8 FAVIZ cabofurans Fd TS PB
IMCE FEE TP 5 AAs 4EHe 248
Aoz 3o TART BB ZAAGT. £
PBS} 3IMC AHAS =4 78 #&37] 913 100}
g 1 AeFOog PB9 3-MCTHE 100, 200, 300, 400 mg/
keS 47 ZFFolste A 54 ARE 2ARIYH

H ooy N
[ fr 44 N 2

Fo{AI7] & Fo3lg : Fo carbofurans Fg
v AN BAQ3l4E 9edld PB 2 3-MCE
AUt FANT & 5435 7247 108, 308,
T 13 F49 1083 308, 3073 608 23 Fo
1023 302 % 6029 33 Fo3ith. Foof
carbofuran®] 7-¢- LDes(96 hr)3t<] 8.4 mgkgs €] PB
g 3MCY 7% 20 mgkes FAHoH, FATEFE
1 e]wd 2002 2 3%k

fo wd & -Hn £

ofl

“C-carbofuran®| in vitro CHAIAIE
In vitro AL ME 7+ Z2Z Ao “C-carbofuran(1.35 ug)
3} PB(60 ppm) &= 3-MC(60 ppm)S Zgto 2 Hejate]
HAREA Y] AT o]d] viX& cofactore] HFFE AlY

) vh3-o 2 Hustgoh

84 ZM : Cabofurano] AlE]= 43} thata
o mX+< PB 9 3-MCY 92 in vitrod| A 2137
Al Fo 2 2 g¥S  cold room(B-4C)IN HI F
Dorough(1968)2} Donald 5(1989)9] W& o]&3ale] 3
W) 22|72 microsomal suspension #Hd < 7}
S 4C2 Yzte 1 mM EDTA &% 1.15% KClgojog
AHE & 2 &9 10 ntE 713k glass homogenizer
2 43 FA3d AR 9 2% JHE o3siy
10,000X goll A 2052t YA Re|dta NS A 23
£ AR 7oA 105,000XgE 6087 YaRg 5] o
& microsomal pelletS 4CZ WZH 1 mM EDTAS}
20% glycerol ¥ 0.IM Q4 $5EA0EH 74) 5 wE
7}sbe} glass homogenizer® w2 3IA7] EANE 1
o T AEe AFT H e 4

- >
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mM EDTA 3§ 115% KClgdoz AH3 3 4C=
Wz}E 0.1M phosphate buffer(pH 7.4) 10 méES Q0] glass
homogenizer2 $+A3] wlsle] A7 g 2% 7}
A oAFstn o]F 10,000X g A 3027+ YA s
FRAE BAdoE AL AuA HEEe A3
g o 7+ 4CE Yzd ImM EDTA i 115%
KClgdog A¥g & 4CE WYZ8 0.IM phosphate
buffer(pH 7.4) 10 mE o] glass homogenizer= 7 3]
uh FASAA 2% JHAZ A28k 10,000Xgol A 30

=7 d42YE AA9E A xas dARIE

st om zkz} bl gBlackst Coon, 1986)S 4] 3}
o 2 mgmt7} HAZ A AHEEST

B ¢ 25 meo] AZHETAI 4719 371R] W
E 329 4749 549 2utE Fsto] phase Iz} phase
o] 2§ tAE &2 A8S 33tct. Phase Io] <]
& dAIEEY AlFelMe  NADPH
system(20 mM G-6-P, 1.8 unit G-6-P-DG, 20 mM NADP
£ 0.IM potassium phosphate buffer(pH 7.4)] =ZlA %
At 1 mest 3719 370 AeEe] 5xds 747
B3k 37C FRANA 182 8jFF F o37]9) HC-
carbofuran(1.35 4g/0.2 m¢ DMSO) 3 PB(60 ppm/0.2 mé
saline) = 3-MC(60 ppmy0.2 mé comn oil)E& Z§ro.2 3
géte] 37CY RUAAM 2417 F A I3
Phase IIo] o thApt=3Q] AP 1 mee] 20 mM
NADPH =)2]Z3 20 mM NADPH(I mf) + 20 mM
FAD(1 m) A& 2 20 mM NADPH(I m{) + 15 mM<]
GSH (1 mt) HeETog Wrol 47] 3 M9 4
Ae g Egan 4719 W o WU F o
7loll  "“C-carbofuran(1.35 1g02 m¢ DMSO)+ PB (60
ppny0.2 mé saling) ¥+ 3-MC(60 ppm/0.2 m{ com oil)S
zFoz AP ghe WA WaslrE 183 ¥y
A7 37T FxeA 243t F ArE kst H)
WA 47 Age| 5 mee diethyl etherS Po] HkS
< FANL AAEG2IgY wgAg 20 me ¢

o =

Ageldl St T 1 e 3% 2549 5 nee)

generating

4

diethyl cther2 HZET}AIE P70 Y4iedo] §
S} 10,000 rpmol| A 20E37F AN EEF F FAAE 3

e

3}e] 100 mf separatory funnelo] &7 QAR T o
Al 2 mee] FF59 5 ne9] diethyl ether® 'go] vortex
mixerZ 587 283 AYAA A d4AET 3L E
funnelo] 37} the SE7F shaking® § FXAFH T
714 5S 100 mee] FAEefxAd FH3ta oA EF
£ 20 m89) diethyl ether2 33] whE F 23} 33 ch
E%2 ul2 liquid scintillation counterZ WAFsZEA&
P L, F718mFol EAle AdESLIde F
FHNEF 5 g& AY3 Ego] g% s
&7 &71n thA] 10 nle] diethyl ether2 F4+3
AMIEFS 33 dFo] 714 ettt Diethyl ether?:
EF3EF 1 g8 A $o] g5 A7EA I
AeE3 5 2 FL3 ojF 05 mE FHdH RV
i3] WAEE AU, UHAlE BATEE F
FHAFIEA A FF5AA 09 wle] benzene2 2 AH &
L in vivod| A9} 2 HPH(Q, 1997)2.8 TLC plated]]
AL diethyl ethern-hexane (3:1, vfv) EF&ojz A
AlA carbofuran E 19 tfARIES QI - A #Fa{ch

ek

=2

2n 2 1%

Carbofuran CHAMHAMSS] 54
574 F8 dARMEY] FA4ATFEA L LD E 7|
ZF0 2 carbofuran®} B]wE o F 194 HE vl 7o
carbofuranol| H]38)| 3-hydroxycarbofurano] 1/3, 3-ketocarbo-
furano] 1/4, 3-hydroxycarbofuran phenolo] 1/7 AL &
EAo] vA e o, 3-ketocarbofuran phenolz}
carbofuran phenol-& 1 FojzFQl 56 mgkg FolT-oA

= 100%9 AESS iUk
4, 4 dAREEY BAFRASF AatEed dEe
Azt OiAFERY ZA4A4%  vlEsle]  3-hydroxy-
carbofuran-& 50~70% A}olel|, 3-ketocarbofuran& 70~90
¥ A}loldl], 3-hydroxycarbofuran phenolS- 90~180% A}o]
of AAE QAT ol2]g Z#E Ko} carbofuran®] thAMF
& o= A S4o] AUAT carbofurane]] v} 3}HH
S $3t3, 3-hydroxycarbofurang 3-ketocarbofuransl] H|af,
3-hydroxycarbofuran phenol-& 3-ketocarbofuran phenole] H]
& =40l A JvEd RE e AYY AFAY
carbaryl®] WAMHE AlFelA 718 F24 (carbamoyl
moiety$} ester bond) & Ad 4-hydroxy & 5-hydroxy
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Table 1. Acute oral toxicity of carbofuran metabolites in rat

[}

Carbofuran metabolites

(Dn:g;;(g:g(; 3-Hydroxy- 3-Keto- 3-Hydroxycarbofuran 3-Ketocarbo- Carbofuran phenol
carbofuran carbofuran phenol furan phenol
Survival(%)
8 100 100 100 100 100
16 80 90 90 100 100
32 40 60 70 100 100
48 0 30 50 100 100
56 0 0 10 100 100

SA= carbaryld} frAkekAV 2318 723 AChE A 8
ol d=d H& 7ES)AHES phenolFE AChES]
Aol A9 ¢ thOonnithan®} Casida, 1968)= H1
of HFol & ul cabofuran®] TiAMIME A} AHEQ)
3- hydroxycarbofuran¥}  3-hydroxycarbofuran phenol®] 3-
hydroxy7]7} AChES] 84& As|A7]E Aoz Bd.

PB ¥ 3-MCZ} &&H carbofuran® SA0| Ojxl=
o
Soi2: B 2004 2 & gl ush 2o cubofurnd]
Fol WE LDsoA=  69mgkgo]A. 21 phenobarbital
sodium (PB) % 3 - methylcholanthrene (3 - MC)2] A-H| 54
Hke 9% PB 2 3-MCS) Fol3d A¥dA PB U
3-MC X% 400 mgkg FAT7HA] AEE] A5 g
< "AA stk

Carbofuran3} PBO] ZFojehd o A&&E PBUl

=]
=
FAR APTANY HEEL FRATY FU3 G,

ogk

Table 2. Effect of phenobarbital sedium (PB) on

detoxification of carbofuran to rat

carbofuran & Fo{3 AP To|M e MEEL carbofuran
o FE7t & #F AEE0] A3 it 1y
Y carbofuran} PBE Z@FAd ALY AES
& cabofuranPHS FAAH HPT R} FUTh E3] LDy
72 84 ngkg Tl A e carbofuranThe Eojdt A
79 AEE) 0% HlS) carbofurans} PBE 37 &
gt AY A= PB 20 mykg FololA 60%, 40mg
kg FoATNA 80%, 60 mgke TN 100%9] A&
&g Ueh PBY Fojzke] F718 8 AEEE F7t
s ¢ 5 Ak 39, carbofurans} 3-MCo}be] Z3HF
oo M2 #o AEES X 39AM Rt npe} o] PB
A9} HIS HETS B MCTE Fojd AP
o AEEE FHRATLH FYEHAL, carbofuran 3.8mg/kg
2 69ngkg Folo 3MC 0mgkes ZFFAA 474
100% 9} 80%9] LS Ho 22 Fo PBRAT N
Fe AEES Y

o

PBEU At AS

Table 3. Effect of 3 - methylcholanthrene (3-MC) on

detoxification of carbofuran to rat

Carbofuran PB dosage(mg/kg) Carbofuran 3-MC dosage(mg/kg)

dosage dosage

(mg/kg) 0 20 40 60 80 100 (mg/kg) 0 20 40 60 80 100

----------- Survival(%)----------- -=--m=—=-Survival(%)-----------

0 100 100 100 100 100 100 0 100 100 100 100 100 100

2.1 90 100 100 100 100 100 2.1 90 100 100 100 100 100

3.8 80 80 100 100 100 100 3.8 80 100 100 100 100 100

6.9 50 60 80 100 100 100 6.9 50 80 80 100 100 100

8.4 0 60 80 100 100 100 8.4 0 80 80 100 100 100
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NAF 4Y I @ F1%6)] oifol ae] A
3 carbofuran®] =417 7be] tig PB ¥ 3-MCe &3}
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Table 4. Effect of application frequency of phenobarbital
sodium(PB) and 3-methylcholanthrene (3-MC)
on detoxification of carbofuran(LDgs)* to rat

Application  Lapse time

Dosage(20mg/kg)
frequency after carbofuran ’

treatment(min) Untreated  PB 3-MC
--------- Survival(%) -------
) 10 0 70 85
30 0 60 80
60 0 20 25
5 10, 30 0 90 90
10, 60 0 80 85
30 , 60 0 75 85
3 10, 30, 60 0 90 95

*Dosage of carbofuran is 8.4 mg/kg.

- 984

FoAl7] Y E04B14 : Carbofurans} PB & 3-MC
o BdA7] 2 35 2§FFS gE F{Y YEEL
T 49jx HE upe} 7o) carbofuranthg Foig AFF
A9 BEEL 0%0)U1 cabofurans} PB EE 3-MC
o ZPFATANE  AEE] =A JEHReH
carbofuran Fo] F o]F ZAZHA Tzt WME FE,

2o 3471 BE 45 4220 B& AFE R
2o g5 Hlaste] 2] FHF Re BT Tl

%] Z7ld 7|98 Roz B £ AUtk

4

In vitro THA}

Carbofuran®] tAte] ®] X phase 1 2 I ciARAIA ¢
FS ZALEIRL ©]E AA F PBY 3-MCU} o= A7
of &3t carbofuran®] WAl FFE FEItE 79
371 A8 A9 o=zRE FF - ZAS microsomal
fraction®} 105000xg A4 = 10,000Xg AR Ao
“C-carbofuran, “C-carbofuranz} PB, "“C-carbofuran} 3-MC
2 13]6P a7)9] thA] cofactorZ A phase I systemo]|
J33l= NADP + G-6-P + G-6-P-DGS} phase II system
o aﬂﬂs}L NADPHS} FAD, GSHE ©% E: 230

g

Table 5. Effect of co-factors added to the microsomal fraction and the soluble subcellar fractions of rat on

metabolism after “C-carbofuran treatment

Type of Co-factor Carbofuran 3-Hydroxy  3-Ketocar-  Carbofuran  3-Hydroxycarbo-  3-Ketocarbo-
fraction added carbofuran bofuran phenol furan phenol furan phenol
%
R SR U Y 621 357 031 1.10 0.54
Microsomal NADPH 90.1 275 1.89 .0.40 041 0.50
NADPH+FAD 89.2 3.14 2.30 046 0.50 0.47
NADPH+GSH 88.7 322 2.53 0.31 0.76 0.57
None 922 2.58 0.76 0.25 0.39 0.39
NP EE 35 251 0.76 025 0.73 047
105,000 % g NADPH 929 278 1.84 0.44 0.57 0.48
soluble NADPH+FAD 87.6 401 242 048 0.94 0.51
NADPH+GSH 85.3 5.10 3.68 0.52 1.32 0.60
None 95.7 0.81 0.52 0.20 0.39 0.41
NOE P 159 10.7 5.58 1.33 287 0.64
10,000x g NADPH 87.8 3.19 0.68 0.86 1.96 0.75
soluble NADPH+FAD 833 6.39 325 0.60 292 0.70
NADPH+GSH 81.1 641 440 0.65 2.78 0.80
None 91.6 2.62 091 0.35 045 0.42
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Carbofuran F=H 2] (R 5)oNA Y tAIE LS
A9 B microsomal fractiono) A= phase I systemo] 3|
28l NADP + G-6-P + G- 6-P-DGE &35} cofactor
2 AYYS 9 e dARAES vehgen, 105000
xXg ANl 79 phase II systemol| 3)23H= NADPH
+ GSH EFAGTAN =& dAAES Yehhith
TS 10,000 g A Ao A= phase 1 systemol 3l
cofactor AgAl 74} F2 dAAES Jehisisd)
F ARHE-& 3-hydroxycarbofurano} 2] ).

Carbofurans} PBS] ZZFAT(E 6)oAe ARz
A3ES 48 HY microsomal fractionol A= phase I
systemol| 3@ co-factor A A], 105000 xg FAN
o| 4+ phase 11 systemdl] J@3}= cofactor & NADPH
+ FAD AgA #& AAES Yehlo] carbofuran
GEAYUFEE 9T A e FE Yedth

3 10000xg AgAo)X= phase T systemo] 23}
© cofactor AE|A] 7MY EL UARAES Ueith
WARME M T 2}o]& RE=u), microsomal fractions]

rr

£56%

]
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Table 6. Effect of co-factors added to the microsomal fraction and the soluble subcellar fractions of rat on

metabolism after combination treatment of

“C-carbofuran and PB

Type of Co-factor Carbofuran 3-Hydroxy 3-Ketocar-  Carbofuran 3-Hydroxycarbo- 3-Ketocarbo-
fraction added carbofuran bofuran phenol furan phenol  furan phenol
%
NADP+G-6-P
+G-6.P-DG 52.2 3.64 36.8 0.44 1.06 0.36
Microsomal NADPH 89.2 2.94 1.81 0.54 1.94 0.74
NADPH+FAD 742 544 8.06 2.38 2.25 1.31
NADPH+GSH 76.4 5.56 8.19 1.34 1.48 0.94
None 89.3 1.63 2.54 025 2.20 0.56
NADP+G-6-P
+G-6-P-DG 90.7 3.20 2.90 0.46 1.21 0.46
105,000 x g NADPH 88.1 3.10 176 0.62 2.10 0.84
soluble NADPH+FAD 78.8 4.50 3.01 2.06 3.10 1.54
NADPH+GSH 80.1 4.10 3.40 1.42 2.14 0.98
None 92.1 1.46 1.67 0.85 2.17 0.46
NADP+G-6-P
+G-6-P-DG 471 2.89 414 2.40 2.11 0.43
10,000 g NADPH 84.9 5.38 1.29 0.80 2.13 0.81
soluble NADPH+FAD 70.4 6.56 10.3 1.47 431 1.13
NADPH+GSH 73.1 6.06 112 1.41 2.44 1.06
None 87.8 1.39 2.74 0.50 3.16 0.83
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Effect of phenobarbital sodium and 3-methylcholanthrene on metabolism in vitro and toxicity of “C-carbofuran in
rat
Seong-Soo Han™ and Yo-Sup Rim' (Department of Agricultural Chemistry, College of Life Science and Natural Resources,

Wonkwang  University, lksan 570-749, Korea, and lDepaﬂment of Agricultural Chemistry, College of Agriculture, Sunchon
National University)

Abstract : In order to clucidate the effect of phenobarbital sodium(PB) and 3-methylcholanthrene(3-MC) on metabolism in
vitro and toxicity of “C-carbofuran in rat, they were administered by the chemicals, alone or in combination, and their
survival ratios and metabolites were investigated. The LDso(96 hrs) value of carbofuran to rats was 6.9 mg/kg The toxicities
of the major metabolites were in the decreasing order of 3-hydroxycarbofuran, 3-ketocarbofuran, 3-hydroxycarbofuran phenol
and were much lower than that of the parent compound. When the rats were orally administered by the dose of carbofuran
alone, 8.4 mgkg, the survival ratio was 0%, whereas that was raised up to 60~80% with 20 mgkg of PB or 3-MC, and
100% with 60 mg/kg of PB or 3-MC. Their metabolism in vitro occurred in the microsomal fraction. In case of carbofuran
alone, the major metabolite was 3-hydroxycarbofuran. When carbofuran with PB or 3-MC, on the other hand, was treated,
it was 3-ketocarbofuran. In addition, when the co-factor(NADP+G-6-P+G-6-P-DG) was added to the microsomal fraction(phase
I system), and a mixture of NADPH+GSH to the 105,000g supemnatant(phase II system) taken by carbofuran alone, each
metabolites were produced by the maximum levels, respectively. In case of the carbofuran treatment with PB or 3-MC, the
microsomal fraction of phase I system produced the maximum levels of metabolites, as in the treatment of carbofuran alone,
whereas the 105,000g supernatant supplemented with the co-factor NADPH+FAD(Phase II system) was brought about the
maximum production of metabolites. The ratio of the formation of metabolites was 2 to 3 times higher in the combined
treatment of carbofuran with PB or 3-MC than in the treatment of carbofuran alone.
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