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ABSTRCT : This study was carried out to investigate toxicity of insecticide carbofuran and com-
pensatory effects of phenobarbital sodium (PB) in vivo and in vitro. Sprague Dawley male rats were
used as experimental animals and divided into carbofuran only administered group and simultaneous
application group of carbofuran and PB. At 30 min and 1, 3, 6, 12, 24, 48 and 96 hrs after each treat-
ment, the animals were sacrificed by decapitation. Kidney were immediately removed, immersed in fix-
atives, and processed with routine method for light microscopic study. Paraffin sections were stained
with H-E, PAM and PAS. 5.0x 10* cell/ml of NIH 373 fibroblast in each well of 24 multidish were cul-
tured. After 24 hours. the cells were treated with solution of six groups; control group cultured in media
only, carbofuran MTTs, or NRs, group cultured in the media containing carbofuran MTTs, or NRs, and four
experimental groups cultured in the media containing carbofuran NRs, plus various concentratins of PB.
After the NIH 3T3 fibroblast of all groups were cultured in same condition for 48 hours, Tetrazolium MTT
(MTT) and NR (neutral red) assay were performed to evaluate the cytotoxicity of cell organelles. Under
the light microscope, atrophic change of renal corpuscles were frequently observed in 1 and 2 days after
carbofuran treatment. The increase of the mesangium was apparent in 1 and 2 days after carbofuran
treatment. Necrotic changes of the epithelium and loss of brush border of proximal tubules were most
severe at 2 and 3 days after carbofuran treatment, respectively. In contrast, there were no evidences of
the toxic effects on renal tissues at 48hrs in carbofuran-PB treated groups. Carbgfuran MTTs, and NRs,
were 78 uM, 82.5 uM respectively. MTT and NR quantities were significantly increased in carbofuran-PB
100 uM treatment group and carbofuran-PB 100 uM treatment group. On the basis of these results, it is
obvious that PB has compensatory effects against carbofuran toxicity.
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2 Al A" AYFES ‘Hf?} A
5, 40l A AR 80~100
(%A Sprague Dawley#)E 7-9]3}o
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carbofuran(2,3-dihydro-2,2-dimethyl-7-benzofuranol
methyl carbamate, $=%.: 99.9%)2 3 B 7AYol A] &
ofulg) © vy phenobarbital sodium{5-ethyl-5-phenyl-2,4,
6(1H,3H,5H)-pyrimidinetrione monosodium salt, <X
97.5%}2 Sigma chemical co.(U.S.A)el|A Fale] A
P& SRR Uo7 Aok SFAGE T3]
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BoAlof] ARE-l ZA]eFA|Q] carbofuran 3.8 mg/kg
< dimethylsulfoxide(DMSQ) 0.5 mlel|, PB 60 mg/kg-2
saline 0.5 mloll, 7+zF Ab7] <fkatE S8 A17] stock
solutiong Fo|AH FA|ste] Alslgdond, car-
bofuran, PB ©t5-5oi 72 717k 0.5 mle] A}7 l"—F%k“&%
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Mosmann(1983)2] Hpwol] we} MTTE-S #akssd
o, AL 6wt o g PRl wiokrte 2 vy
okt & R, 7h2he] MTT;F2] carbofurang: &
7}gh wjekel o wjokdlt & MTTy -, MTT, =]
carbofuran®} o] (1, 25, 50, 100 uM)°] PBE 7t
Zh uljoFeel] Yol wioksl & Ao R dlo] 484
Zb wlekslodict. viok 3 Akl FAg MTT(Sigma)
50 pg/mi7} 35wk S welld 1 miy Fol 34
R R TR B A LE
dimethylsulfoxide(DMSO)S- 2 ml/well#] Jo] 55-7F Al
& wbx]sk & &)%) MTT formazan$ Elisa reader
(ETY-96, Japan)y& ARg&3led 550 nmell A
density(0.D)E- &3} sbe] of 2373} v]arstsict.
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Borenfreund2} Puemer(1984)H}=] o] 2}3te] A E-5
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UM % 100 pMEXx2] carbofurane| E3HsEl wljofey o
2 a8sta, 48A17F E)b wietst ol 50 ug/mie]
neutral red(Sigma)’} F3E viok& 37°C of 73
o] 4] overnight A]7] %, welld 1 ml¥] o 347t &
oF wjoFstoirh. whoy SHEE wiopal Wl phos
phate buffered saline(PBS) 2.2 2-33] | 3&}o] 1% for-
maldehyde-1% CaCl,E& 3o ALl v}x]a}o] 3A|7F
ok Sl Aol 4% NRE §Z319c} 459
NRe] &35 Z Elisa reader(550 nm)& Z*sle] o
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S) SAHIX2
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1) H-EZGME Z0|[A =T

A1 4> Al (renal corpuscle)y= o2 & v & (cortical
labyrinth) Afolell ¥-E3}7 2F 100 umA 2] 3]
o, Al =] (Bowman's capsule)2} Foiriu
ez ol ol 29lek(Fig. 1. AP Wksfol =
A (mesangium)-S- 2 A E|#] ¢kgk o} PAM & 4ol
M= A AE 5 o)l (Fig. 4). A ¥H(renal tu-
bulesy& -9 A 3o 9]g-& At} el JHa
Heled 9

I
E]
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border)7} glsl.om] o] & <late] Algte] vpo] ofiza}
A Fatsiek(Fig. 1. 4. 7). flglgAlate] Aale s
FldE R ZelareAlte] Wbl wlste] oz
8151 WA BAE I ch(Fig. 1). PASH M F R4 = &
flaredate] Eref 7pAte]7h PASH IR o
sdch(Fig. 7).



Fig. 1. Light micrograph of the control gorup. One renal corpuscle Fig. 4. Light micrograph of control group. The mesangium in the
is surrounded by proximal and distal tubules. Luminal surface of di- glomerulus was dark brown (asterisks). PAM stain, X 400.

stal tubules (asterisk) is more smooth than that of proximal tubules.

H-E stain, x400.

Fig. 5. Light micrograph of 1 day after carbofuran administration.
Note that the amount of the mesangium was increased in com-
parision with that of control group (Fig. 4). PAM stain, x 400.

Fig. 2. Ligh micrograph of 1 day after carbofuran administration
Note that the glomerulus is shrunk as compared with that of con-
trol group (Fig. 1). Some vacuolizations (arrows) are showed in the
epithelial cells of proximal tubules. H-E stain, x 400.

Fig. 3. Light micrograph of 2 days after carbofuran+PB ad- Fig. 6. Light micrograph of 2 days after carbofuran+PB ad-
ministration. The glomerulus and proximal tubules were similar to ministration. The mesangium in the glomorulus was similar to con-
control groups (Fig. 1). H-E stain, X 400. trol group (Fig. 4). PAM stain, X400.
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910 (Fig. 2), 4841 HAell = Fo1] W7ol sl
Sy Wzde] Welx GEA WS A% 248

R od i Eigabvia )

PAMAA E R 24x7b e Aldade g
ojFAlo] F7kstelom (Fig. 5), Alxko| 7 h3hel met
9 Z7Hlelct. PASHAERAIE 242
PAScFAuES-& A o] & 4 ¢lgich. w3t carbofuran
o 7 2005l 2SFL AR AT AE ) ok
o) 327} RAEI 2 (Fig. 1), ARbo] AHR4Z
2% 9 B A A E) debeder.

3) CatbofuranT} PBEE £0{2
H-E9 M 2 o]|A] carbofurany} PBE %-A|of| SFof&l

3 308A12) AlAF A9} A P2 carbofurantHE-5-of
Z 30882 2AF AR o A zko] A 3glel w}
2} carbofuranHE-Fo ol v|ske] ] A& Aye| T3}

Fig. 7. Light micrograph of control group. Proximal tubules show-
ed strongly PAS-positive brush borde. PAS stain, X 400.

Fig. 8. Light micrograph of 1 day after carbofuran administration.
The PAS-reactivity of brush border of renal tubules was extremely
reduced as compared with that of control group (Fig. 7). PAS stain,
X 400.
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Aov] ATl HETe) FEsh fAEdT
(Fig. 3). PAMS ol 4} 3hajo] 2210] 48417k ol
= WA zhasle] WEFEFie 9% FAEAed
(Fig. 6), PASHolA| = F2AlRe) &2odrbanle]
7} 48 Aol ETH HALSHA PASH S-S
vrehich(Fig. 9).

2. Al EBHH A8t

Al AFz2) o] 2 (framework)}-f-2] o] Fod 8= Al E <]
NIH 3T34 2 A E| v|x]+ carbofuran®] A EE-A]
7 AlxE5Ade] gk PBe| SARAAEANE FAR
f13ked MTTEAH I NREAHE AR A=
Table 1, 29} 7t}

N HESY

wlok NIH 3T3 Adf-54| Zol carbofurang HF2 o2
ZAAF7HA] NEEAE 23 A7} IC(inhibitory
concentration)2 Table 1ol v}e}nt ufel} 3ro] MTT0]

Fig. 9. Light micrograph of 2 days after carbofuran+PB ad-
ministration. PAS-postive brush border of renal tubules were sim-
ilar to control group (Fig. 7). PAS stain, x400.

Table 1. The cytotoxicity of carbofuran on cultured NIH 3T3 fi-
broblast

NIH 3T3 fibroblast

Group
(concentration) MTT quantity NR quantity
Control 1.73140.04(100) 1.922+0.059(100)
Carbofuran
1 uM 1.778+0.05(102.7) 1.94240.046(101)
25 uM 1.772+0.06(102.4) 1.879+0.107(97.8)
50 pM 0.481+0.07(28.8)***  1.985+0.025(103.3)
100 uM 0.268+0.05(15.5)***  0.407+0.175(21.2)**
ICs, 78 UM 82.5 uM

The date are mean +S.D(%)
Significantly different from the control : **P<0.01, ***P<0.001
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Table 2. Antitoxic effects of phenobarbital sodium (PB) on cul-
tured NIH 3T3 fibroblast

Group Phenobarbital sodium
(concentration) MTT quantity NR quantity
Control 1.70+0.066(100) 1.96+0.069(100)
1Cs 1.19£0.003(69.9) 1.06+£0.073(53.9)
1Cs,+PB

1 uM 1.16+0.005(68.2)  0.97+0.123(49.6)
25 uM 1.08+0.003(635)  0.93+0.11(47.3)
50 uM 1.06+0.003(62.3) 1.28-+0.312(65.1)
100 uM 1.41+0.034(82.9)**  1.5240.365(77.5)**

The datc are mean +S.D(%)
**Significantly different from the control: P<0.01

78 UM, NRy©] 82.5 pMo]eict.
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HlrhRoss et al., 1995). A1z 752 032 tleko]
=i A oAsta AMEsI s E4E Ae]A
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‘ﬂiﬂ“c?% uhaflgbcl . ghoh(Brenners}
Rector, 1986).

b o g 7dFEoFl  carbofuran®] 65-75% =
244170 ol 32 wlE kAl ==t o] ZFAellA] ARt

radical) =
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yh 7ﬂﬁi AZEEc), CarbofurantlE-Fo] 3 244]7)
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o7 WAEl o AR ol HAFE#H] eyt
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AEA 2, 7l=F, 4 Y Tel-
lurium-5-ol] oJslo] fritx]= FAd M b3 Alell EE
M 5L(Zager, 1988; Emeigh Hart et al., 1991; z =
1996)e} A x| &l= 47405 AlAFe)| &t carbofurans}

o] of - whe i alehis 21& A Aabel,

Carbofuran®H5-F0| & H-E A o)A 2447
of A% A7} thas 9159 1 wapo] MaE gt of
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A @ A3 Mste rislel, PAMT ol
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(Bulger and Dobyan, 1987)- 72]&tul A A|2] w}oir]
o] shtpz A "akapo] MlEr) 44 ol 3patH S B
TEHE dEe Ao Az 3 5(1996)2)
BelAE Wealo) 2To] A3 5209 PollH £
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Carbofuran®} PBH-&-%.o] 3 482 7t#o|¢] H-E]
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bofuran®] 541§ Z7kAI7) Aztel A7kE =Y 1 7]
AE A7A ) B ZdolA] wei 5= gck

Carbofuran-& AChE(acetylcholinesterase)2- target en-
zyme & 3fo] A1 AS] AR 2Fbo 3
cetylcholine®] 7}pE-sllof] Fod3}i= o] F40] AL
A3l ] Abel] o] 24| 3}ud(Reiner and Al-
dridge, 1967) glutathione S-transferase+ glutathione ¥}
Zul A conjugationg- o] 3o H|ZFA] o] B AL 254]
2.2 37] witel] BE AEolA o] A ] ‘H*VJ Bl
Holl F23% MHEEALFE deix] ¢lvk(Boyland and
Chasseaud, 1970). =8} UDP-glucuronosyltransferase+=
UDP-glucuronide?] 6¥ ®&4E AHuA#A mu-
copolysaccharide7} =8 7441 #-<] glucuronic acid-Z
A A E=d] o]+= alcoholic3} phenolic3}ahE-2] 3 %-7)
& 7FR| 2L gl3(Isselbacher, 1965), cytochrome P-
4508 A= 5AAEAL a5l 7P F23 ol s
&l a5 & 4-9) monoxygenase M3 Zufdli= T4
Towa F4ul olwudel wapl molshs mi
crosome A A o] FHEAbst 4w ARA Aol E
22) 714 E AAA 23 20s B3} 2T o)
AP 353k A7)k,

Al s Agl MTTEA A NREAH o) 23k
Ao A % carbofurankh-=F0J A] MTT3} NR,°e] 7+
7} 78 uM=} 82.5 UM E Borenfreund 5(1984)ol] ©)3}F
A HA 7)ol o3} carbofuran& TEA] AMZz||
2 343 4 ol=d PB 100 uME 28 FA o Fofs}
w olabAl B4 AR 4 i Ao wof 4|
PN E PBi= 844 Zwlolx] carbofurang -
55 A2 i Aow 23u0.
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