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Q ©F : Cabofuran 2 N-dimethoxyphosphinothioyl carbofuran (PSC)e] AChEd| ©i3t o]&z} Al &EA(bimolecular
inhibition rate constant, k)& WHEIATE. Cabofurane 7.7X10° M'-min'02 =& AHEAAES Holw Q& uh,
PSCE 12X10° M' - min" © 2 carbofurand] Hl3}e] AChES] tj3t Aajgo] 6008) A= B2 A3HS 23 e A

2 #EEo] SALES st 843 AFo] g Ao AU AChE/mixed function oxidase(mfo) couplin;
systemS- ©]-8-3} microsomal oxidative activation A& oA PSCe] AChEd]| thst s o] controle] B3l NADPH/} 3
7HE oxidase A 2]FollA 8008} © Z8}A VlERG o.M, cytochrome Pisp2] H3NAIS 718 oxidase+PBO AT AE
control®] A3 7z} FAMSATE F3 A3 ¥ AChEY] tigh PSCY IS 28 mgkedl W PBOE AX Y 3
4 Tso2 57 mg/kg 2 2 Vel cytochrome Pusp A A2 <15ted PSCY Aaigo] 2u) A% 74" AL 33T 4+ AN
7, PSCE S4LEE skl 243 B¢ ARk siv), o) BN cytochrome Pl FETE HAT F Yk
PSCS} MCPBAE WHAIA A3 #A& Foto A4d SAHUAES EA8 A uhgAbE oF 55%7} carbofurand)
€ AT F Yok & AFE F3ld PSCe 43 HAS §F A LA cytochrome Pisoo] T3 FFHE =
AAYE AT & AT, PSCY 4314 A3 A4S 3 FH SAUAEC] cabofuran & FAFE 5 USATH

P

M @ |0

Key words : procarbamate, bioactivation, inhibition, acetylcholinesterase, cytochrome Piaso.

N B2 Procarbamatet 21 IFTEY Az 9 73
Aolg o] g3le MAYEAS FEAZ FAZ, 2F A
YutH o2 N - methylcarbamate] A% acethyl- YolMe HA0] 733 N-methyl carbamate® 3%,

cholinesterase(AChE)ol| w3t 73t AHs|A 2 F&3le = THEE AWelME procarbamate EARY ester o]
AE Bdsle Ao2 ¥9¥A gtk dEAY methyl- oA E5gHe Ao FAHN glon, 197 T
carbamated] 2FA|Q) carbofurang Fitele} o) gl = & carbosulfan®] 893} HA | cytochrome Paspo] o3t

Aol Zvzt 67 gy (LDs, 2323 56~11 mgkg T A& I3k
(LDs, FATNOZ, EFo] Y& 4L $58 W, Procarbamate 7]} A@efA|<] N - dimethoxyphosphi-
4R OEINE 28 =4S Hol: ©dg AUz nothioyl carbofuran(PSC)L T30 thE E£42 carbofuran

ACHKriger 5, 1977; Fukuo, 1988). olgis Z4fol o A9 FABIAT (LDso housefly, 13 pglg), EAFol

de 4 B4 M) 93 dTAEe  UE SAHL cabofumich 10-208 FE R2(0Ds,
cubamate P29 A2PA] P& F4U% YA mowe, 150~190 mgke) SHAlolth Fukuo F, 1970,

dand

alkyl, arylthio, dialkylaminothio 28] 3 N-sulfenyl S €} Fukuto -5, 1983). ¢]2jg MHAS Ad PSCY 28717
& A7E B T3 g FHe agE FAsE & TFAME At sheia A8S wol PN 2R

ME ZHF) dsMe A3 procarbamated] 7S o] AR % cabofuran®. 2 HFE o] A4S WA
A % 3}¢]CHFahmy %, 1983; Fukuto, 1983). g, EFEEAME esterase Tol dte) WA phenolA]

ALE 52 AEH AR wjdEHs Ao A
* AgA 2} go] YcHKriger S, 1977; Fukuto, 1988, 18 1).
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dA7EA PSCO| e HedE4 81T thso
€ AAAQA d97t AYEHA g3 gl A7 o
ARoln, Nel=A 7|2 gig ojsys} goz ALy
AMEF S BAAN T80 2 AR 7|dgrh

& Q< procarbamateq] PSCO A tjAt#H &
T A5 AAo FAG 7H5Aol YT cytochrome
Pisooll <3t A3} AFE in vitrod} in vivo systemE ©)
Bato] FQsba, 3 oledt Atg} 24l 9dte] A
g 54 dAES 7AAsY pSCY E4WE e
& FTCERSF LA ST

A= o

AEotR)

Cartbofuran  HA|(76%)S () ZAFAM Eopiol n-
hexane®} 232 ethyl acetate® A AA S £& 99% o]
ol HA A AMgst4

N-Dimethoxyphosphinothioyl carbofuran(PSC)& A A4
A §HA38k 3, o] = silica gel(70~230 mesh, Merck Chem.
Co., Germany) 50 go] %2 ® chromatographic column(\
74 3 cm, Z0] 50 cm)o| ¥l n-hexane : ethyl acetate(13
23, vy ERRUE ANEME o] 83te] FAH
AAE oA+ HPLC(Waters, US.A)S o] &3l 99% o]
Aol £ES BT T ALIAT

AESE U microsomal CHEZE! x|
NEEEZE AlZ Institute of Cancer ResearchA|(ICR

mfo ?
0 Il _OCHy
” /P\
] AN —
o) CHs
esterase ?
—

Fig. 1. Proposed metabolic pathway of “Procarbamates”

1988).

Al) 18~20 g, % Sprague DawleyA|(SDA)) 160~180 g
TRE YU FEAFHEAN, 1) de4E
TEMAESA, T3 U F AP HAA 2~
39 #3A2 F AHEEIAT Cytochrome PusoS 313t
I 9)F microsome TR A o ZRE 10,000 g
o} 105000 gollA FAEE S AYAHwr T, 1992),
microsomal oxidase= 7 @(Bradford, 1976)3 & -77C 4
FAA 3NERA BEEHA A AL

N-Dimethoxyphosphinothioyl carbofuran (PSC)2e| &t

Carbofuran  phenol(2,3-dihydro-2,2-dimethyl-7-benzofuranol)
0.1mmole ( 16.02 g )3} phosgene 0.15 mmole ( 14.84 g)-=- 1t
L AlA carbofuran chloroformate(2,3-dihydro-2,2-dimethyl-7-
benzofuranol-7-yl chloroformate) & §+4d 3} tH(Clay, 1981).
285t dimethylchlorothiophosphate 0.1 mmole ( 16.1 g <
methylamine hydrochloride 0.lmmole( 6.75 g)3} WH-A]A
0,0-dimethyl N-alkylphosphoamidothicatesE ¥HA] 8151 0.,
SIE=2 carbofﬁran chloroformate$} ¥-2-A]7A PSCE AZE &
A8uchBaker 5, 1966). PSCS TZAAFE 'HNMR
(Jemini 200, Varian Instrument Co., US.A))¥} mass spectro-
scopy(MS-QP 10004, Shimadzu Instrument Co., Japan)&

o]-gsta] FJsgltt

ACheo] chst ol 2t KXol S=4(k) 5F
Carbofuran 2 PSC&] AChE(electric eel AChE, V-S type,

1,00Cunits/mg _protein, Sigma Chemical Co., U.S.A)ol w3t

AdHE A7) At oA ARLT AFk)E

I H
O—C—N,
CH
O 3 0
i /OCHS
+ Nu:0—P_
OCHj
Carbofuran
OH
0 O ”/OCHS
Il /P\
+ Nu:0—C-—-NZ_ ~OCH;,
: CHs
non-toxic
metabolite

in insects and mammals (Kriger &, 1977; Fukuto,
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2435tk AChES] &4 Z4& Ellman(1961)9] W<
°0]-§3}991, AChEQ] A =& Aldridge(1950)9] &
o] &3t kZ YR AHY 5, 1997).

7| microsomal oxidative activation @}

Cytochrome Pusodl] <3+ 84138 A= acetyl choli-
nesterase(AChE)/mixed function oxidase(MFO) coupling
systemol| 4] Ellman(1961)9] W¥& ol43le #Esgct
(Wing 5, 1983; Hur &, 1992; & 5, 1997).

Microsome ©¥ A 0.1 mg, cytochrome Pisp2] cofactor$]
B-nicotinimide adenine dinucleotide, reduced form(NADPH,
Sigma Chem. Co., US.A)(#)(-) 67 UM, cytochrome Py509]
Ael A A A9 piperonyl butoxide(PBO, Fluka Chem.
Co., Switzerland)(+)(-) 100 pM, AChE 4 units®} methanol
o =9 PSC10'~10° M) 5 @S Y1, 01 M sodium
phosphate  bufferpH 7.6)Z 3 m %3S WS
Carbofuran®} PSC 8] 37°ColA 27 3083t uhs
AR F, W3 100 E F3te] Ellman(1961)] ¥ o
Z AChES] S4& 243t

)

] 47 S AChES] SHYSH

Cholinesterase #]3] 2] FH ]E‘] > AChEd| t)gt A
A ZAS] PSCY EAEE AFS FAsy] 95t
propylene glycolJ. T. Baker, US.A)o] =<1 PSCE 0, 20,
50, 70, 100, 150 mg/kge] FF: o2 AFd ElEosiy
. Bd 147 & A9 Y2 39 100 mgF 0.1M
sodium phosphate bufferH 7.6) Im(E Y1 7AW 3

T 2000 goll A 15EZE A4dEelEon, dQds &
A Akl (Bradford, 1976)2.F AChES] &4
St Cytochrome Puso®] Ao w& PSCe £
A%e AWR7) 95t PBOZ 200 mgkeo2 B}
s 143 ¥ PSCE oAl R ¥, 99 59
WHog HE FE5a ACEY] 48 ZA34 chHur
5, 1992; % &, 1997).

A

ol
ot
g 274
HEE

o?i: e m[o

L o rBL o %

m—-Chloroperoxybenzoic acid (MCPBA)of| 2|5t Ats}
AA W] mixed function oxidases(mfo) 2o 23 Ak
31y AMIES in viroo] Al 315HA Wl oz Al
At {71 A3AQ m-chloroperoxybenzoic  acid
(MCPBA, Aldrich Chem. Co., US.A)S AMg3te] Absho

S kS e

S PSCO) MBS AU

PSC 345 g& CHCl, 10 mie] %9 3, 37CoA 14]
7t ¢ MCPBA 058 g3} wk3-A)ZHch WRSE-S 50 me
239 &7l AY ZYFR7IE SWE AAT
95 HF CHCL 2 meo] %9&1:]—. o]& silica gel TLC
(20X20 cm, n-hexane : EtOAc = 1 : 1 (vv)llAl A
ﬂ@ﬂMAm%Eﬂ@mmrmmi%@
918 3l¢ 1 HPLC/UV(285 nm)E A ZFE XS et

2n o 7z

ACEOH T3t O|A} Xfo) SEAS 5

® 1& catbofurand} PSCY] o]Bzl A &£EAFS
Uetd Aotk PSCY A4 ki gkol
min' 02 F3FEQ carbofurand] BlSke] ACHE A 34|
249 ANZES 600u FE Witk 0@ ABE

Fukuto ~ 5(1933)0] ®xud uje} o]  PSCe
dimethoxyphosphinothioyl §-3#0| delay factor® 2230
EN AsEzrt =8 Rolgke A A= AL
2, PSCY] HutEje] g LDsoo] 13 pgfgo 2 B A%
gS Holg A& nddd, PSCe F4E =ds)
A8t w=A] SAo] g EAZR AdHE @43 3

A& AAomt gty Aoz JHYHIth(Fahmy F,
1970, Fahmy &, 1974; Kriger, 1977, Fahmy %, 1983).

o

Table 1. Bimolecular inhibition rate constants of PSC

and carbofuran as an inhibitor of AChE”

Concentration 9 2 i
Compound M (Slop)b” r M - min)
Carbofuran  1.67X107 01290 084 7.7x10°
PSC 1.67x10* 02080 091 12x10°

9 Acethylcholinesterase obtained from electric eel.
®Concentration of inhibitor in incubation mixture.
I(Slope)b = 1n[Ac)/1n[AJ.

AChE/MFO coupling systemOllA] PSC2} carbofuran®]
microsomal oxidative activation %}

1% 2% control, oxidase, oxidase+PBO 3]2]TelA
PSCo] AChE A 8|29 cytochrome Pysool| 2}8F A
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3t &7E Jehd Rolth AChEd| Wi PSCY AaH

g InE 71F2E £ v control, oxidase, oxidase-+PBO
A TN 42 469x10* M, 375%107 M 223 1.94
x10° Mo]¢ith. Oxidase systemo]A) PSCe| AChES] uj
& A#E controld} Hlmale] o 800u] Z7lE YT,
cytochrome Piso®] A  As|AQ PBOES el
oxidase+PBO systemol} 2] AChEe] t3t #s)2le] oxidase
systemol|] H]3] 2008) A% 7+A3HE )

Cytochrome Puso®] cofactord] NADPHE %] 2]31%S oj
PSC| Asjgo] sl x, PBOS Helslge W Ay
of ¥A= AHE Fdlo] PSCY BAHFH FHAo
cytochrome Pisoo] #AZTHE A& FAY 4 Ak

100

—e— Control
-0 -- Oxidase + PBO
80 4| —¥— Oxidase A

%

Inhibition of AChE,

— Log PSC conc., M

Fig. 2. Microsomal oxidative activation of PSC as an
inhibitor of electric eel AChE.

M7 x| AChEO] CHEH X{f

In vitro systemo]| 4] &91%¥ PSC] cytochrome Pysoof )
& 25 FAE in vivo systemol A Q1317 3o
¥ AChE @443 ZAFE A8 19 32 PSC
£ 0, 20, 50, 70, 100, 150 mgkgd] FFEOZ AFo =
Z5AER S o , 247 A PBOS g3 PSC+PBO
279} PSCT A28 Control 2] 7oA brain AChE
A AZA PSC 5487E Yehd Aojt}. Controlo]
M I 28 mgkgo] 3, PSC+PBO el Tol A Ino] 57
mgfkg © & cytochrome Pssool] 9|3+ A3} 3 & PBOS
Axestal AsjatAS W PSCY AChES] g A3

o] 28] A& ZrAH 0] in vivo systemo] % cytochrome

54 ¢4 13

Pioo] PSCE} B3} o] Fofstn &S AT &
AR

100

80 -

psc. o
60

PSC + PBO
40 A

20 +

% Inhibition of Mouse Brain AChE

0 20 40 60 80 100 120 140 » 160
Dose {ip, mg/kg) of PSC

kFig, 3. Inhibition of mouse brain AChE by PSC.

Oxidation systemOll 2|5t PSC2| SACHAIE MM
Cytochrome Pusodll &}3+ PSCO| 3 FAUYAIES &
o18}7] Y3t in vitroo) A cytochrome Piso?] €3e B

uhshs A02 W MCPBAE PSCY uhg-AlA Aks)
of 9 PSCY HHEAHES 9159 th(Fahmy 9} Fukuto,
1972; Wing, 1983, 1984; % %, 1997).

HSAYHEES TICE AAE %, 'HNMRZ 722
A An ASALE F cabofurano] BEH)OH,
HPLCEA o)A} PSC7} carbofuran® 2 55% AEH AL
e 4 YUK 2), carbofuran phenol(7-OH) 19% 2}
NEER 5oz o 26% AFHE AL FEIHU
MCPBA$} PSCE] F+8 WH-3-4HE0] carbofurang] S &
o, AAHAMNE PSCY Abstol] oJate] EXAulAL
cabofuran©. 2 AFso] HAE WAy F%
Ak

it

oL
ok
I

49

Table 2. Formation of PSC metabolites in a chemical

oxidation using meta-chloroperoxybenzoic acid

Metabolites(%)”
PSC Carbofuran ~ 7-OH” Unknowns
5 55 19 20

YPercents of total applied amount.
¥2,3-dihydro 2,2-dimethyl benzofuranol.



14 P -

£ F5to] procabamaie AF] AFAA b
A PSC= SAWAN 43t BAHE F3lo] AChEY o
o] A% HIEE A= ojolt 548 WY
o] #AA cytochrome Pso] 523 o
& s &% FAE 4 Uk AW mfoo] g}
22 &3 MCPBAS} HH-g-A|A
PSCE AtghA7l 23 AChEY] tig AsiFe] 733
carbofuran©] 55% AAE A& AT £ AT Uyhz
o2 FII9A Fe EAUY @) YAt AgE o
AE BS) YATE FLO0)E F3hE ] oD )7L HolR
Whe 3ol oJste] AChEE Adshs Aoz gEA
Ak
& A7 AFHAIQ PSCY FAE HAR 1Y 49
2ol 1 Aol ZAYH e F YA cytochrome
Pyl ojate] A4 AAZ X3E T A A
of ¢stel EHEAQ cabofuran® 2 ABE o] EAS

Wi Aog yj4sd B & 9k odd dF
Ay 843 BAHL B LolalA o|gE & 9=
A0 74 AFESY REAES AASE 7)RoE
02 28Y F U A2 Al5HT
S
o I_ocH
|| /p\
0—C—N_ ©OCHs

Y
CHy

PSC ; Poor inhibitor

o)
o [OCH

1
O—t N’ \OCHs

Ty

H,0 or Nu:

Carbofuran ; Strong inhibitor

Fig. 4. Suggested scheme for bioactivation of PSC.
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Toxic action of N-dimethylphosphinothioyl carbofuran by oxidative activation process

Kyew-Wan Yang, Seog-Jong Lee', Songmun Kim', Jang-Hyun Hur'" and Dae-Sung Han' (Agricultural Technical Research
Institute, DongBu Hannong Chemical, #175-1, Botong-ri, Jeongnam-myun, Hwasung-gun, Kyungki-do, 445-960, Korea, and
'Division of Biological Environment, College of Agriculture and Life Sciences, Kangwon National University, Chunchon,
200-701, Korea)

Abstract : The bimolecular inhibition rate constants of carbofuran and N-dimethylphosphinothioyl carbofuran(PSC) to
acetylcholinesterase(AChE) were 7.7 X 10° M' - min' and 12 X 10° M'- min”, respectively. These results showed that
PSC required a bioactivation process for its toxic action because it didn’t inhibit the target enzyme effectively. The potency
of PSC as an inhibitor of AChE increased when PSC and AChE were incubated with microsomes fortified with NADPH
compared with microsome alone. Piperonyl butoxide(PBO) addition to these coupled systems greatly reduced the inhibition of
the target enzyme by blocking the bioactivation process. In vivo inhibition study of mouse brain AChE, Isy value for AChE
was 28 mg/kg for PSC and the value increased to 57 mg/kg when PBO was pretreated. This result showed that cytochrome
P4so would also play a role in the bioactivation process of PSC in vivo. And conversioin of carbofuran from PSC was 55
% in a chemical oxidation system using meta-chloroperoxybenzoic acid. The oxidative activation of PSC to carbofuran was

shown to be essential for showing its toxicological action and cytochrome Pysp was identified as an important enzyme which
participated in this process.
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