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Carbofuran Cytotoxicity on Rat Fibroblast Cells and Compensation Effects of Phenobarbital Sodium
and 3-Methylcholanthrene on Its Toxicity
Seong-Soo Han and Yo-Sup Rim(Dept. of Agricultural Chemistry, Wonkwang University, Iksan, Korea 570-749)

Abstract : This study was carried out to investigate the effects of phenobarbital sodium(PB) and 3-methylcholanth-
rene(3-MC) on carbofuran cytotoxicity and to develop antitoxic agents based on the effectivness. Experimental
groups for carbofuran cytotoxicity were divided into five groups ; medium alone and four treatments of carbofuran
(1, 25, 50 and 100uM), and those for compensation effects were divided into six groups ; medium alone, ICs
carbofuran and four combinations of carbofuran and PB or 3-MC(ICs carbofuran plus 1, 25, 50, 100uM of PB
and 3-MC, respectively). After incubation for 48 hrs under the same conditions, MTT(Tetrazolium MTT), NR(Neut-
ral red) and SRB(Sulforhodamine B protein) assay were performed. Fifty percentage inhibition of MTT, NR, and
SRB against carbofuran in rat fibroblast cell were 60.7, 82.5 and 87.0uM, respectively. At the combination treatments
of ICs of carbofuran and 100uM of PB, the significant compensation effects were observed from the results of
MTT and NR but not from that of SRB absorbance. And at the combination treatments of ICs of carbofuran
and 3-MC, the relatively significant compensation effects were found at 50uM 3-MC from the results of MTT
and at 100uM 3-MC from that of NR and SRB absorbances, respectively. From the results of light microscopy,
combination treatments of carbofuran(ICs;) and PB or 3-MC showed good regeneration in carbofuran toxicity of
rat fibroblast cells. These results suggest that PB or 3-MC can compensate the cytotoxity of carbofuran insecticide
in rat NIH3T3 fibroblast cells.
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oke] Q3o i ¢tAA Hrie AR HHE 938
SH|ARE B QTP PR gon oHF =¥
B gozx A&=ojol & Aotk FEEHY A FF
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W o) A7 A &F o2 o] R 1 glon} Fofe] HFg
HREES AFEo ¥ &AM B4 dF Aoz oF
oA UMY ok HEA Q] AL g J1xARES} B
£ 4oz o Y A7 AFH 4ol B 4
BN ASF AANEE S40FE 438 98 v ¢
HI(NCholA o183tz e WYPEEMW  Tetrazolium
MTT MTT)E4 ¥ Sulforhodamine B protein(SRB)¥
ARPe AEurgd o8 £4388 2R Ugeln
Neutral red(NR)EA 4% A X3 g5 &3] L) W3
28 PHoI o1F MITENHY A% MXe) B43

glole] Futit B F 4 (succinyl dehydrogenase)dl] 2] 3l
@A) &34 MTT7F Ao 884 MTT formazan® 2
ga=5e 7]Ad 71231 o9 SRBEA Y& sulforhoda-
mine B @¥3AE oj&3e= PRz AXUd A==
g ae] Foj o3 4% 4 e WPz SRBEA )
st FHE 723 vk NRAZFYL GAAE o4
8l A28 S 4Ae] T4 23 Aoz ST
geA A ] A EEHS Hrtsted o A8 H2 Qi) g
2 d7e T 54 AAEANLY N2AEE AN
Iz Pl el FABTEH(LCw)ol 0.52ppmel L FHoll
W& F937S54(LDw)ol 69mg/kg” 22, FAJo] WaH
g Aoz 48 A carbamate] 4124 carbofurano] # ¢
NIH3T3 HAfR2Axd 71X 54& A3 carbofu-
ran®] o3 Jeld MFmAxe =4 Y BAFEA
phenobarbital sodium(PB) ¥ 3-methylcholanthrene(3-MC)
o BAEFHE HESN] A3t EAEAY JFL Bol
we 71f8ez geA HEEAEE agd A 99
=9 carbofurang A ]3] MTT, NR, ¥ SRB A3 H &



150 LRl

o] & ztzte] i § carbofuran®] IC;(MTTs, NRs, ¥ SRBs)
€ 3§ F, IC,3 PB ¥ 3-MCE 2¥AFsld HHE
AEY BAEIE HA - BYHAD v 940 = AHE
A7l B s ulolr),
A7 19968 % 93U E auldTe Ahe o3
FEAon oo AleE HFTH

ME Wy

ZAIfH o Al

CarbamateZ] 4% 4] carbofuran (2,3-dihydro-2,2-dime-
thyl-7-benzofuranol methyl carbamate, &%= © 99.9%)2 =
YR ALY A Bofulo} 21831 25 phenobarbital sodium
[ 5-ethyl-5-phenyl-2,4,6(1H,3H,5H)-pyrimidinetrione  mo-
nosodium salt, &% @ 97.5%], 3-methylcholanthrene(2-dih-
ydro-3-methyl-ben[jlaceanthrylene, €X' 99%) 283
MTT, NR, SRBA zd] A}4§ A2} Sigma Chemical Co.
(US.A)oN A, Aok e] A8-§ Eagle’s minmium essen-
tial medium(EMEM), fetal bovine serum (FBS), penicillin
G, streptomycin, ¥ fungizone2 Gibco Chemical Co.(USA)
AE GRFEE, 71et AN G2 EFAGE 7Y 48E
SR A=

A7

CO; incubator$} Turk® ¥-7A4t7]& Shellab Co.(USA)
A &2, well multidish®} microplate reader(Molecular de-
vices)¥= Nunclon Co.(USA)AI &L, =€ r]7-& Olympus
Co.Japam A F-& AHE-319 2 MTT, NR, SRBA )] AH&-&
UV-Spectrophotometers= Pye-Unicam Co.(Model SP-8-400,
USAA&& AME-3tA T

Mol 2

Carbofuran®} PB ¥ 3-MCY MESAAEL A3l o
Fopsta o Ao e s 58 wAA £9de NIHIT3HE
(mouse skin fibroblast)& ¥} %8 7](25cm? flask, Nurc)ol) A
stock culturedt ¥ 3~43 Aju)dste] A}&31gc) AlE
v e EMEMol 10% FBS$} penicillin G(25 unit/mé),
streptomycin(25ug/mé) ¥ fungizone(25ug/mé)-& o ZA|
BET, MEE 2% 37C, §5 95%, BA7IA 5 5%E
28 3-27)(CO, incubator) oA Wi Fstdon vk
2 3Yvitt wEEH A8E AT AEFRFALS 13 b
% flasks] MEE 025% trypsine® Xel& Turk¥
YA E ol &std MESFIE 2X10%ell/mlrt HEE
TEAL, o] AEHE-FAE ME|SE well multidishol
welld 2mé¥ B33t wj @At

ICe HWE EME /F

Carbofuran?] I€s, 23 & w3 NIH3T3 AFAMX

Jde i

9] 7} welld 1, 25, 50, 100uM2] carbofurangd d7}3}
4877 93 £ MTT, NR 2 SRB A &2 89 carbofu-
rano| °ol& Zzto] di¥ 50% A F =L ICMTTs, NRy
R SRBs)S 3 A A4 o3 AR BFEH} ZH L
o 7)ol A % carbofuran®] IC, s ¢} o g %:—59] pheno-
barbital sodium(PB) =+ 3—methy1.cholanthrene(3-MC)%
wioFe el 242t 2§o 2 Hriste 48A17F whokd F MTT,
NR % SRB AFE HA3o oL Edz BFEIH}E
Yz Ha - HESAH )

MTTA ZF(Tetrazolium MTT)2 Mosmann®] HHg!e
mal FEslgen, 482 carbofuran®} PB £ 3-MC
A F o2 FEHSG A7 6302 JYrAed, vlgy
g ol Wi #& tRE, MTTo%9 carbofurang
H7ek Wjgg oz wigg #& MTTsd, MTT:(IC) %
carbofuran® 92 ¥%9 PB 2 3-MCE Zz v
ol uigs 7€ AP T L2 3 24 well multidishol A
48M 7t Wi Fatch Mg BAFY ZA ¢ MTT 50pg/mé
7 289 FAE wellF 1nlH Wol 317k wiFsidch

Wg GEF WFdE el dimethyl sulfoxideE 2mé
fwell#] Fo] 583 A2 ¥X3te &ad MTT formazan<|
F34 =+ well multidishell microplate readerg& ¥ 23 o}-&
UV-Spectrophotometer(550nm)2 2338} yz77 ¥R
3ttt

NR(Neutral red) A %2 Borenfreund9} Puerner ¥§'?
of wa} NEE YL 7]F 5X10° cell/mlo] HEZ wellF
imé¥ 24 well plated] #3531 2417 g3tk MTT
A 3 F43lA UERTE, NReoT, AUT2E 3l 24
A BT HREAZ AEE A F 48717 wiF
ok MYFE FY =4 § NR Sopg/mért £33 wjgd e
welld 1Imé® P& F 37C o5& A overnightAl ]

&, welld Iméy ohA] F713ted 34| 7F whokatglct. vk
a8 d 9)gAL B2l phosphate buffered saline. & 33]
M 331, 1% formaldehyde - 1% CaCl, 0.5mé/well & ol
AEE 33N F 1% glacial acetic acid - 50% ethanol-2
welld 2mé¥ o] 1587 Ao WA A5 &
2Ad £49 NRE 8233tk £3€ NRY F3E&
well multidishol microplate reader® 3% t}-& UV-Spe-
ctrophotometer(540nm)2 A3l Y273 v wago}.

SRB(Sulforhodamine B protein)®3 #& Skehan 579
Puo] whet AXE 50X10° cell/wello] xS =ste]
1mé4 24 well plateol] #5513 48417 <t Wl ¥F Y27,
SRBs 7, A 8723l ANEE A F 7] 50% tri-
chloroacetic acid® welld 1ml# RF3to] 4ToA 147
T4 et i ¢ F WY ven 53 ARG
™} 0.4% sulforhodamine B(SRB)E 200p€4 H7lste 1
A7 B¢ AL wrx§ ¥ 1% acetic acid= 53 A F3tn
A3 AFAH) 10mM Tris base [tristhydroxymethyl)
=9} SRB ¥

aminomethane] 2 bound protein stain&
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#%+= well multidishol microplate readerg 33 o}
UV-Spectrophotometer(510nm)2 A3t dl2F7 vl
st h

MEZo| HEisty i

Hed Z ATsd 3% @n33 #3FS 918t NIH3
T3 AHEMEE MIT B3P A2 $£9% o
MTTEHS &A% AAMd =g#Av|A(nverted micros-
cope)e 2 #HE3A}

SAXE]
A8 A2 A+ Student’s paired t-test2 313 31,
p-valuezb 0.059] Y ¢ frol@ Aoz AASA.

do H o

Carbofuran®| MES4
MTT(Tetrazolium MTT)&2¢

NIH3T3 A-f2AM ¥ 2] FX2 carbofurane A%t
I MTTEAYS 33y 23¢ MTTEE=E ¥ 194
BE ute} Po| 25yM7AAE & A gtevt 50uM
e Ygz=%o) vl 34, 100uMAME 66 A= FH3
A3t dz27d FBEE 100%2 3592 1 carbofu-
ran HgTo FR=E HEEZ G F o] g Ediz
3to] FARMY oz A4gF AFH carbofurano] MTTH
50%% ZAaAFle FEAC)] MTTsS 60.7uMOIATHE
1). Borenfreund 57& MTT2] $3 58 d=H ¥ st
HE EAL 7] AFslE 28 MTTH(IC )2 2 3lx
A 2L v 258 MTT(ICs) o2 AR F MTTs
100puM ] 2ke] A§ =4, 100~ 1000uM He = TUFA,
1000~2000uM H9+ A =4, 2000uM o)L FEAHJoz
4 B3 7128 AA A gt B QY] AHEF car-
bamateA] 24%AQ) carbofuranS MTTsol 60.7uMZ %43
o] HliA EA Jehdch AAZA FkE 4¥F 4¥6n
vitro)o]l &t MIEEHE FAHT Huvt glo] vng
FE gou 359U A=) FF AXsHE AN
P99 R & Fug 39 v 59 NIH3T3 4§ 24 X
Wd Fl=F 9 MTTxe] 27.99uM, 3 59 FoA 2
sl Wi HARAEY o FF=ES MTTol 60.0
UMz B3dxn o

NR(Neutral red)&2¥

NREFZE+ ¥ 194 Re vk} Zo] carbofuran 50
uM7EA = NRFO 93-S |22 ggtort 100uMF =4
7438 #Zastgon, MTTRZAA g Zo] FF=E &3
3l 2T B HF BE&E 7T g I
A2 o g MAE A} carbofurano] NR#H 50%& 4
A71E =20C2 NRypd 825uMoIATHA 1).

Borenfreund £ MTTY F3=8 e dhyosz
NREFZ =) @ 54L Hristyen, sl=fo] NEEA
< 23T ¥ 9% A BY0) Ft=F el Fo] S wet
v H ez MTT#ZH3 NRZFo] FAldl Fishe Aol
theti B wiel o] B EAYe % AYPAME car-
bofuran®] o] Fr1ge] ulgl NR#Fe] AsE Aem
2o} carbofurané] F4d¢] ¥|iLd Ate A& ¢ 5 UKk
a3y MTTA ZFol = NRAFE T carbofurans] =4 0]
A veEhd A3 Ho} carbofurang A ¥47]1 %<l mito-
chondria o} & J&o] §aA B} 6 & Aoz FHH

Table 1. Cytotoxicity of carbofuran on NIH3T3 fibroblast.

Concentration Absorbance
of
carbofuran MTT NR SRB
Untreated control 1731+ 0.04® (100)® 192240059 (100) 1913+ 0.03 (100)
1M 1778£005(1027) 1942+ 0046 (101) 1878+ 0.4 (982)
2%5uM 1772+ 006(1024)  1879X0.107 (978)  1.799X002 (94.0)

50vM 0481+007(288)* * 1985+ 0,025 (103.3) 1139X0.19 (595)* *
100vM 0.268X005(15.5)* * 0407+ 0.175 (21.2)« » 0.233X0.04 (122)* * *

a) Data are meant S.D(%)

b) Values in parenthesis are percentage to untreated control.
Asterisks of * and ** are significantly different from the cont-
rol at P<0.01 and P<0.001, respectively.

SRB(Sulforhodamine B Protein)d &

SRBEHEE E 194 B+ w9} o] carbofuran 25
uM7HA = SRB#el 43S wAA] ¥gtot 100uMs =0
AN 43 Zastgden, MTTAZAA S o] FHEE
£33ty dzFd dig MY PReL 77 os A
AZAd o2 XA} ZAFA carbofuran®] SRBEHS 50%E
ZAEANFE FE2(0Cx)Q SRBsxpS 87.0uMoIATHIE 1).

@)l FFE Lowry 599 Wb o] Bo] o] 8o o}
ZAgko] BT AR WY Bt AEATY Q2
AE 7 3101} Skehan F'90] 7 SRBEAUYEL &
q&xrt vty Az7Es AgAuzt AAse el o
o] 4] 1990 ] o] F-of MIZEG HAAWFo 2 Fo] o} =
glo] o] whgo g AAF Ay} SRBy 87.0uM2 H{ =
Ao ohFgt AFR 7 g Hnyg £ o MTTs,
NRwogtol vl tid EA et 54 ddF ez 34
ey, 154 71X 100pM o])E] Aol FHHIA
oo 2 carbofurand FAo] i w2 ZHoz IddADh
watx) A7) Al carbofurane] MTT, NR, SRBA o
nxe A7E B4 B9 carbofurane A-{FEA T A
2285 v EZ=Z oK MTT)> F(SRB)> &3] 2 #(NR)
o] 42 EAo] Jeh} carbofurane F2 n|EFE = gl o}o
Zgshe Aoz 4 € £ A



152 HASE -

24z o AlE
MTT(Tetrazolium MTT)&2¢

NIH3T3 A2 M F o] MTTx(ICs)) 60.7uM 2] carbofu-
rang A28ty Jeld MTTs T FFEE 48.7%9 69.9%
HAKATHE 2, 3). NIH3T3 A-FEA X 60.7uM <] carbo-
furan(ICs)st 43 % %o 3-MCe PBE Z#A sty
MTTEREE 243 A3E ttest 30+ W 3-MC= 50
UMA A RE fFId0e EAEIN UYEgos(®
2), PB= 100pMAE A Ho4 e BAEAST vE
HeH(E 3).

Table 2. Compensation effect of 3-Methylcholanthrene(3-
MC) on cultured NIH3T3 fibroblast.

Absorbance
carbofuran(ICse) +3-MC MTT NR SRB

Treatment of

Untreated contro) 1346+ 001 (100) 1.870X0.064 (100) 1.754+ 0.06 (100)

ICs0 0656+ 0.001 (487) 0.886X0.077474) 1190+ 0.01 (67.8)
ICso+ 1yM 0680+ 0.006 (50.5) 0.840+ 0.069 (44.9) 1255+ 0.02 (75.6)
ICsot25sM 0673+ 0018 (50.0) 0813+ 0.049 (435) 1.295+0.08 (738)
1Cso +50uM 0.740+0.025 (55.0)* 0933+0.035 (49.9) 1344+ 0.09 (766)
[Cso+100uM (.886X0.12 (65.8)* 1034+ 0.044 (556)* 1385+ 004 (79.0)*

a) Data are meanz S.D(%)

b) Values in parenthesis are percentage to untreated control.
Asterisk *) is significantly different from the control at
P<0.05.

NR(Neutral red)&zf

NIH3T3 A-#2A4Zo] NR(ICs)Q! 825uMe] carbofu-
rang A&t vebd NRoT o F3=E 47.4%% 53.9%
HAAHE 2, 3). NIH3T3 A fr=AEe 82.5uM2] carbo-
furan(ICs)™ o8] ¥%9 3-MC¢ PBE = asld
NREZES 3% DS ttest e vt 3-MCS PB
25 100pMA A fFo49 s BA4EFHT Ve THE
2, 3).

SRB(Sulforhodamine B Protein)&zt

NIH3T3 A f5A Xof] SRB50(IC5)2! 87.0uM2] carbofu-
rang A 23t Jebd SRByZ o FHFEE 67.8%9 53.7%
HATHE 2, 3). NIH3T3 A=A E 87.0uM9 carbo-
furan(IC)3 o8] ¥%9 3-MC$ PBE z@x sty
SRBEFEE Z4F AHE t-test 3 v 3-MC= 100
pMA A FAMEEH fodde BAEIAIT vepd ¥
PB= BAEFH7F vYehtA] gt o3 744 E4E4Y
ANEELE AN B0 o3yl SRBAFIPS MTT
A ed Rtz @2 FYo) Uvka HHod B
A 22o] carbofurantl TEA o) 3§ PBY BAA
371 A JehA &2 B3 gl wekbA PBE NIH3T3
AfrAEd Huyo) vXe P Bildes 3 AL
dAsojol & et o3 BARET A|FF SRBA Fl
A PBY BARIN7E YeRGA gk 3-MCE 100uM

a4

FrAYTAA KA e BEAEAE JeEhEE ¢ F
AT

Table 3. Compensation effect of phenobarbital sodium({PB)
on cultured NIH3T3 fibroblast.

Treatment of Absorbance
carbofuran(ICso) + PB MTT NR SRB

Untreated control 170+ 0.066 (100) 1964 0.069 (100) 1964+ 0.034 (100)
ICso 119+0.003 (699) 106+ 0.073 (339) 1054+ 0039 (53.7)

ICsot 1pM 116+ 0005 (68.2)  097+0.123 (49.6) 1029+ 0.05 (524)
1Cso+25uM 108+ 0003 (635)  093+011 47.3) 1.040+£ 0033 (530)
1Cs0+50pM 10610003 (623) 12810312 (65.1) 103140024 (52.5)

1C500uM 141+ 0.034 (82.9)* * 152+ 0.365 (77.5)* * 1045+ 0.036 (532)

a) Data are mean+ S.IX%)

b) Values in parenthesis are percentage to untreated control.
Asterisk * is significantly different from the control at
P<0.01.

HEeo| Hatdo|HY mEAAH

2ol oA vl 24 THA 2 H wellnpetol] T2
W3 o] NIH3T3 H-/FEAE7 B2 gllon, 484
7R o= monolayer®] A|EEo] vl=S 93 Sl oK Fig.
1) carbofuran®t& A &g A PF A& carbofurand] F%
7t F718FE XS 2R 5P AEs €8
L2 2 ¥y 5)¢tHFig. 2). Carbofuran®] MTT, NR ¥ SRBo)
i ICod AT FAMe MESF7 243z, AxY
Feivl ¥ 0.2 Wi He FFE BAHFig 3). IChs =9
carbofuran® 3-MCE& EFA AL Ho] MEEL car-
bofuran ICss % +3-MC 1uM M THE A7} 3257
A &8t (Fig. 4), carbofuran ICy% % +3-MC 100vM 9
Ao 44 dEEY AX/t Z4A A& #FL 5 3l
AtHFig. 5). £§ carbofuran® PBE T #Aelst Ay
M carbofuran IC,EE+3-MCE EFAMe e Agzd
A&} AR A2t HE e AL #EE 5 AN Fig
6~7). metr o] A2 Bol Fxe ztole dout

PB&} 3-MC 2% carbofuran®] A X 5L AN 2 F A=
398 ¢ $

AR

Fig. 1. An inverted photomicrograph of NIH3T3 fibroblasts
cultured in control media.
All cells had normal spindle shape and cytoplasmic process. X 100.
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Flg. 2. An inverted photomicrograph of NIH3T3 fibroblast
cultured in media containing 100uM carbofuran.

All cells were severely damaged and necrosis was observed.
X100.

Fig. 3. An inverted photomicrograph of NIH3T3 fibroblast
cultured in media containing 60.7uM carbofuran.

Most cells were severely damaged and necrosis was observed.
X 100.

Fig. 4. An inverted photomicrograph of NIH3T3 fibroblast
cultured in media containing 60.7uM carbofuran and 25uM
3-MC.

Many cells were similar to control. X100.

n H

E d7e AAAC F43td {3 sFE A she
Fluluo|EA 4+ZA| carbofuran®] =417 carbofurang]
£A4e] PB 2 3-MCE Hasld Jeld SA4AZEAE
ANg#d A¥(n vitro)}g F3te] FAH B S5 d¥e
28 1 & MTMetallothionenin)e 2] A1%ua A

Fig. 5. An inverted photomicrograph of NIH3T3 fibroblast
cultured in media containing 60.7uM carbofuran and 100
uM 3-MC.

All cells were normal. X100.

Flg. 6. An inverted photomicrograph of neuroglial cell cul-
tured in media containing 60.7uM carbofuran and 25uM
PB.

Many cells were regenerated. X100.

Flg. 7. An inverted photomicrograph of neuroglial cell cul-
tured in media containing 60.7uM carbofuran and 100uM
PB.

Most cells were normal. X100.

Margoshes 5 o] dAE AEA @2 T35
59 EAER @ 2eg 2 A XHE7)A(Celluar adapta-
tion mechanism)ol] T3t} S E A3 MT2 thionein?
AFAA dAMARIE Kagi 599 Bugt EHEH] |
A38-& FEATE AXo AFRAI R MTee] 238}
o] @] W EQEH] HAUA FU=IBE MT7t 5
AEAE FEAE AYAA SRS ST o
7 Fol Qo ojy i 7)Ho 9y o5 E4E ¢35
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A7 ertel g A8E 71Ae ofy FHA AA X2

A g, MT9] 54844 ti@ Bo] 82 MT7 S4&23%

DAHA APHoan FEHH Gl Fojste o 54
9 gjdo] EAEAN AP A& ADAUGE A0
AujHolth®, melA ol E AFAAETN £ dFEAAE
vlas] 29 carbofuran BEX 279 7§ carbofurand]
E4g ARA A AL 3= MT7L carbofurang] £/ s
FAEA B3AA S8R9 Aol o]} carbofu-
ran®] £4J0] Al Lo Jeh}A 3= Aoz FHE 28y
carbofuran® PB ¥ 3-MCe| Zz¥#x 279 A% PB € 3-
MC7} carbofuran®] =4 77 #ASso ohFe] MT7t
AAHNEE BZEEL 3l AU FYH carbofuran?]
B dEE Ao 47" E3 3-MCY 4% 9§99
Axzd AN AAEY FA7 dLoe B3l £
A% A BAAES AP MTTHFNA PBY 44
Qe BAED $EQ 100uM Ho 28] Ax v FxQl
S50uMolA fo4 e RAEAE dehd Ze= Ho} 3-
MC7} AZERE 34 ¥& F Jd& EAYe] #FHNL
22 3-MC A7 71X e 2L 4 5 e 478
A&for F A2 AGd. ¥ PB ¥ 3-MC7 nEE
=go}e] succinic dehydrogenase (MTT A #)9} &3] A 4)
el E2NR AP RAGHEE =9 A RFEH
£ yegd Aoz Hol o V) o7 FoAe LR
A =)o) B o carbofuran®] S 2] acetylcholineste-
rase(AChE) £ Zt 239 gle ChEE As|AlA A 73vlu]&
Ao F|A s=EM HAl ojzA AT PB4 3-MCH
A% 7+9) cytochrome P-450 dependent monooxygenase,
UDP-glucuronosyltransferase, 5= glutathione S-transfe-
rase 59 AL FEAA 0|8 BEL2E 28 carbofurang
AT AG AstE EHEAE ®a2A BAAZoEH
Azo] 7153t dle AL FAHEH, AXd Y F
2% carbofuran< W EZE=Eole] succinic dehydroge-
nase%} £3aANY Eix Fo M= IFE WA
AEERE 22N ez AF4dn

a o

Carbofuran®] 2J3le] &44¥ NIH3T3 A2 A Z(mouse
skin fibroblast)& B3A1E & e 248 MEsy) A
71248 E A A8+ A} carbofurano] NIH3T3 4 -f-2 Al X ol
nAe ANESAHE A, carbofuran®] HAo) ¥
phenobarbital sodium(PB) ¥ 3-methylcholanthrene(3-MC)
o) BAEIE w24 &g} Carbofurang] ICs, A3 &
#loF&<l NIH3T3 A=A 2+ welld 1, 25, 50, 100
uMe] carbofurang Hriete] 48A13t Wl ¥d F MTT(Tet-
razolium MTT), NR(Neutral red) ¥ SBR(Sulforhodamine
B protein)d F& A3t o]Eo] i F4e) ICe T
slg.on, a7)olA F3 carbofurang] ICoEsxst o2 &

4984

%9 PB £ 3-MCE wigdo] H7etod 4843 Wi Fd
¥ MTT, NR ¥ SRB A %& 4A8ty 350§ F335ta
FEv| P FFE YA Carbofurand] A EEA
AYAx}E ¥ MTITEFEE carbofurang] FEZF7ho
mal Zadgen MTTyS 60.7uMo)li, NREZE=E
100uM s ol F733] 243G en, NRo2 82.5uMol R
31, SRBEFE & 50uME = A G2 3] ZH2de ] SRBy
£ 87.0uMEM 50%9 AEXEAHE Jeldch BAER 4
M carbofuran IC5034 PBe] Z2&Aey ZA¢ MTIT
AFs NRYFNAE FA3HA PB 100pMA 2] ol A 5 &
FAdde BAEAG7E Jelg o), SRBA ZFME BAR
7t AASHA gkt

Carbofuran ICs3 3-MC2) 2&A8]9 3¢ MTTA L
3-MC 50uM A& o5&, NRYZF3 SRBA & H¥e
FYdA 3-MC 100pMA oA RE Fd4de B4R
371 debgeh A X FdnEAR F24A AN
carbofuran® PB E& 3-MC XA 48T EF94
A X7} 3Esle A4S BEY + A o9 AN
PB¢} 3-MC 2.5 carbofuran?] M EEA L 214418 4 e
E49¢ ¢ F AAh

HFnEH

L A5E1974). 3 F&, dTA$HYA, 170D -
45~51.

2. AF1978). R71AA Fez AR Hs, v
H3A, 21(5) : 359~364.

3. o)A, UHEY, x=FT(1984). Tt FA o543
A ugel) g 549 s, §5FHFHA, 3(D -
45~51.

4. 984, BAAF(1995). T 7 Fdol & ol2ggd
oo FAEAG v, FZRAFEEA, 14(2) © 163~
170.

5 A, vtgd, AU, AT, FAA, 9 7Y,
HEF, £278(1993). FEEF F1=%(cd)e] HAE=4
@ AT, B 59 A, 9(1) - 45~49.

6. ¥, 87, 19%, 235, Yo, FF4(1995).
P4 Aoz RE NSEAMNYATE) F23 A
& Y9 Fl=f AESA AT A5, R¥T
e A, 19()) © 167~171.

7. Borenfreund, E, Babichi, H and Matin-Alcuacil, N(19
88). Comparisons of two in vitro cytotoxicity assay,
The neutral red(NR) and Tetrazolium MTT tests, To-
xicol, In Vitro, 2 ! 1~5.

8. Dudley R.E,, Svovoda D.J., Klaassen C.D.(1982). Acute
exposure to cadmium causes serve liver injury in rats,
Toxicol, Appl, Pharmacol, 65 : 302~313.

9. 984(1996). &4%A Carbofurano) 2% o F4E



10.

11.

12.

13.

14.

4% A Carbofurano] #¢] NIH3T3 HfEAM ¥ 71X+ 54 2 Phenobarbital Sodiumd} -

A&} Phenobarbital Sodium % 3-Methylcholanth-
rene] HE71F 79, AFUSRD ALY =E, p
29~51.

NG, FAE, M Ep, 019 THI9Y). 71 2P EFAE
A9g AAHHA, FEAL p. 176~198.

Mosmann, T(1983). Rapid colorimetric assays for cel-
lular growth and survival . application to proliferation
and cytotoxicity assays, J. Immunol, Methods, 65 :
55~63.

Borenfreund, E and Puerner, J.A(1984). A simple qua-
ntitative procedure using monolayer cultures for cyto-
toxicity assays(HTD/Nr-90). J, Tissue Culture Meth,
9:7~1L

Skehan, P., Storeng, S., Studiero, D.,Monke, A., McMa-
hon, J., Vistica, D., Warren, J.T., Bodesh, H., Kenny,
S. and Boyd, M.R.(1990). New colorimetric cytotoxicity
assay for anticancer-drug screening, National cancer
institute, 82(13) . 1107~1112.

Lowry, O.H., Rosebrough, NJ., Farr, A.L. and Randall

15.

16.

17.

18.

19.

155

R.J.(1995). Protein measurenent with folin phenol rea-
gent, J. Biol, Chem, 193 . 265~275.

Margoshes, M. and Valle, B.L.(1957). A cadmium pro-
tein from equine kidney cortex, J. Am, Chem, Soc, 79
: 4813~4817.

Kagi, JHR. and Vallee, B.L.(1960). Methllothionein,
a cadmium and zinc containing protein from equine
renar cortex, J. Biol, Chem, 235 . 3460 3466.
Cherian, M.G. and Nordberg, M.(1983). Cellualr adap-
tation in metal toxicology and methllothionein, Toxico-
lgy, 28 : 1~15,

Yamane, Y.(1981). Toxicology aspects of environmental
pollutants, faculty of pharmaceutical sciences, Chiba
University, p. 1~7.

84, §44(1997). 437 Carbofurano] ] ZH o]
b X = ¥eid 83}e} Phenobarbital Sodium ¥ 3-Me-
thylcholanthrene] 21§t AN &3}, §Z84 %3 x),
16(1) : 61~66.



