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ABSTRCT : This study were carried out to investigate cytotoxicity of paraquat and bentazon that is scat-
tering to_farm products were essensial for human diet and compensatory effects of 3-methylcholanthrene
(3-MC) in vitro and in vivo. In vitro, The 5.0x10* cell/ml of NIH 3T3 fibroblast in each well of 24 multidish
were cultured. After 24 hours, the cells were treated with solution of paraquat and bentazon (1, 25, 50,
100 uM respectively). After the NIH 3T3 fibroblast of all groups were cultured in same condition for 48
hours, Sulfohordamin B Protein (SRB) assay were performed to evaluate the cytotoxicity of cell organelles.
Paraquat and bentazon SRB;, were 1860.73 uM, 1913.38 uM respectively. In vivo, Sprague Dawley male
rats divided into paraquat and bentazon only administered group and simultaneous application group of
paraquat and bentazon and 3-MC. At 30 min. and 1, 3, 6, 12, 24, 48 and 96 hrs. interval after each treat-
ment, the animals were sacrificed by decapitation and kidney were immediately removed, immersed in
fixatives, and processed with routine method for light microscopic study. Paraffin sections were stained
with H-E, PAM, and PAS. Under the light microscope, atrophic change of renal corpuscles were frequently
observed _from 3 hrs after paraquat and bentazon treatment. The increase of the mesangium was appar-
ent from 12 hrs later after paraquat and bentazon treatment. Necrotic changes of the epithelium and loss
of brush border of proximal tubules were most severe at 48 hrs after paraquat and bentazon treatment,

respectively. In contrast there were no evidences of the toxic effects on renal tissues at 48hrs in paraquat
and bentazon plus 3-MC treated groups.
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W3] dojuiar el @3t T4, 1999) elell wE
ALE1H FARET ohet ulekst w&e] HAHATE
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Ae AAE ol Bkl 5, 1997, & %, 1997, & &
1997) v} glc}. o} EHE AxAle) dAFAA B 7A
ME o2 AzAE He &2l v g 3-MC
o} FAE w|w- FAse] Foke] BA4S AR 4 o
E S5EANEe] 7ZA8E IE %Z%_i Sl
A8 5 AZAZL oF AEHT gler &8 Fow
Abs)1H EAl7F =3 9lE  bipyridyldiyliumA  paraquat
dichloride (Zeh54%3} pH Z4A] bentazon(HHAL1EH)
3} o] EAe] F4AGEAZ deA 3-MCE HAFle o
59 5AE FYsle Y3oZ ofF A2A7} NIH 3T3
u%:iﬂlioﬂ 7= AEEAAT 7 AR 24 o|"
oJ3kS 7| =7} A E I 3-MCU} A Z2A|9 Al EEA 9]
EA AZEIN) JAE FHEH R b ste] fo
3 AAE g7l sk wielch

I 2 % gy
1 AleF & 717

A8 5kl 24| bentazon(3-isopropyl-1H-2,1,3-ben-
zothiadiazin-4(3H)-one 2,2-dioxide, &% : 99%)% Par-
aquat(1,1'-dimethyl-4,4'bipyridinium dichloride, +X
99%) 9] ®5F-S Kanto Chemical Co.(Japan)ollA], 18]3L
SRB A& /\]"%—?5} A)ek2 Sigma Chemical Co.(U.S.A)
oA, A|ErjoFelo]] A183F Eagle’s minimum essential
medium(EMEM), fetal bovine serum (FBS), penicillin G,
streptomycin, 2! fungizoneZ Gibco Chemical Co.(USA)
AFES] GREL, 7Iek Aok SRS T35k AdS
305199t} CO, incubator®} Turk® 7447 1% Shellab
Co.(USA) AE-&, well multidishe} microplate reader(Mole-
cular devicesy= Nunclon Co.(USA) A& E"d?ﬂﬂ]% S
Olympus Co. (mverted microscope, Japan) Xﬂ & ALg-3}
9337 SRB A2 ELISA reader(ETY-96, Japan)——- ARE
3ldet.
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1) Ml=ofet

7 AzAe) AEEQE AR S5kl ARHEm
ojpa)st sjrsl wAlo|A] EoF wke NIH 3T3 AE
(mouse skin fibroblastys- HH°J~%-7] (25 cm’ flask, Nurc)ell
2] stock culturet F- 3~43] Afufjckste] ARSI Al
okl EMEMe]] 10% FBS$} penicillin G(25 unit/m/),
streptomycin(25 pg/m/) 2 fungizone(25 pg/mis ol &
AR, MFEE &5 37°C, F= 95%, BRI 5%
5% 28 3-27](CO, incubator) WA vl F3}s] o

vjokl-2 3dnlel walslieh g S8 M2
12} wiekst flask®] MEE 0.25% trypsinSE Az}l
Turkd FFAAIE o]&3le] MESTL 2.0x10° cell/m/
7} HES e, o] MEF-FAS MEuickE well
multidishel] welld 2 mPd EF3)ed wjokslelc)

2) SRB Mzt

Skehan 5-(1998)%] Hhol| wel MEE 4.0x10°celV
welle] X5 243le] 24 well plateel] ¥5313 2 A
ZAS FEH(0, 1, 25, 50, 100 uM)E X 28k o}-5- 484]

7+ St vk F o 7)ol 50% trichloroacetic acidE well
g 1 mP B3] 4°ColA 1A17F B}E wiekslsdet. ok
SaF wjoFd-S W] 53] A3 o5 0.4% sulforhod-
amine B(SRBYE 200 pA A7isle] 1417 F3F Al
v}x| 8l & 1% acetic acid® 53] A3t A3 AFA|
Zc}. 10 mM Tris base[tris(hydroxymethyl) aminomethane]
2 bound protein staing =<l F ELISA reader® 520
ool FHEE Sgele oz} w)msield.
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A ZA] bentazon, Paraquat®] 1C,, A2 wljokz=<l NIH
3T3 MEL] ZF well 1, 25, 50, 100 uMe] A Z2A1 52 3
7ksle] 48412 st § SRB A#FS o] AZAI7} o]
S el gk 50% AAEES] ICs AN 5
1991)ef] 23] 73kl

3. AN HEUIn vivo)

) A =58 ¢ "‘E?:H HHJH
E Aol AME AYTEL AP S ENEN G
A3y olA WA] ARSEE 80~100 g«] SPF =47 Spraque
Dawleydl A=) & Fste] AGPA 2702 257 &3}
A7) F AF 180~200 g&] FuhE AHsle] FAI5P, A
z2A 159 FAEH 309 APF 5 A2A LD, F
of <7, 3-methylcholanthrene(3-MC) 60 mg/kg 33} A
ZA19 3-MC W87 23202 vt g2 3 24
Alg o] AAe] MEHEE HAH 2205, 1, 3, 6, 12,
24, 48, 96 hr) ZAFP] &) 2 A o gule]¥ 39HE-
o2 wjAsled AxA 129 100012] 4 200 vlelg} =]
4 5005 sl & 250018] 9] R=F ARSI A
éﬂl'ﬂa— 2|5t AggollAe] XA A=r FA) A7
3 F AEF P ke Ao AMEl A 2712 2
X 23+1°C, §E 55~60%, FEE ¥ PR Pgrs
2 1247k R 2 AlRAE APEEES AlRE
322-4%)¢} 13} SF4E AN FF8 AR A
& ¢ UEF s 2 39S FVIE TAFe] F)
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2) AHEF0

Ztzte) AlzA9] LD, HE k2 dimethylsulfoxide
(DMSO) 0.5 mpll, 3-MCE corn oil 0.5 mpl] ZHz} 8- A]
7] working solutions Fo{2]% ZA|sle] AMSEIC} A2
A9} 3-MCo] =5 Fof- 22 4713t 0.5 mie] et
< ATFHE FAPIE 13 AT A 2% T
2 AlzA Fof 302 F3-MC 2 Ae3t oFFS 13] A
Foidled AAIH LR FARP, FA7] P ZTel: DMSO
o} A2 B com oils A B E=e 2R
0.5 mMAE AT F315iH

3) EEX &

SRR T F 7} AT FEZ AAALE AF )
Ether2 w2171 v H=0] weje} 53-8 Arlsie] o,
A%, M A& § 45 mme] FAZE 2l 4°C9] 10%
NBF(neutral buffered formalin) T2 ol] 48417t 714 ¥ &
2= Bl 4827 FABIGITE FAIEE 242 s
250, 60, 70, 80, 90, 95, 100, 100%2] o= &FF -Zoho]] 2}
2 g gt & xylene— ARSRE FHE A S AR
parafilmel] waxE 29 E5-8 ko] (@) WFAIA A%
slget. EZol® 242 microtome(EY  LeitAhE o)&
6 ume] FAZ AE S gelatine] 5o S 48-~50°C2] &
2570 BE F slideZ WA 60°C2] 4l A7|olM Z1ZA]
71 28 hematoxylin-eosin IS AJef3le] F&Hdu]
73 (Y- Olympusih) 2. #3313t} Hematoxylin-cosin
AL AFAI ZAEHAE xyleneol| 208 H F 5%

74222 100, 95, 90, 80, 70%2] ethan01°ﬂ 2 30271
‘#?01 paraffire A 73}, T2= FoM 582 PR
+ 0.2% solochrome azurine 8o 2087t FZ F &
2 o] pAEdel A8 221 -8 Nuclear fast red -5
Holl Pof 3587t thx QMg vgf FEEE pHE &
FAFIH FE A5OSR 70, 80, 90, 95, 100% ethanolel]
21| 2 17 F1E gl A EAIFE 2R 2
H-E carbonyl xylene $eYol] 2~387F HF v, oA
xylene I, II, [ 8ol 5324 33] ©Z F oJa}=x]e) o} 2
ZA)1Z] T8 Canada balsam®& 413l slideS 2HE3}

4) HFH T2
=

|
AZA1S) 545 3MCe) 54 AYEANE B 9

6}04 UubEA] Aol oJekS Wol Whe o2 deixl(e]
2, 1994; 2 2, 1994; F 5 1996) AlARS- A &s]e] m]AL

J]’;‘a]‘jli(comcal labrinthl] $=Z]31= A3 (glomerulus),
4155 F(proximal convoluted tubules) 2! Y&
M| Z(distal convoluted tubule)d Falgic).

125
. dat s o
1. SRB £AH{0f] 2[FF NIH 3T3 M=Z0ff Cist MEZSA

NIH 3T3 Aol bentazonZ} paraquat A ZA5 i8] %
E(1uM, 25 uM, 50 uM B 100 uM)E H-£3+ & SRB
FAEE S d2TY FHEE 100%E 3l =
o M2 FHEE vHH R AES A, = AX
A} sxol vl#Ele] 743} EE SRBy bentazon
1913.38 uM, paraquat 1860.73 uMe]$i=H(Table 1). °]+=
Borenfreund 5-(1984)2] A XS4 HA 7S] ojshd A
5422 #AEY. o|9} o] paraquate} bentazon
UM FEo|A] 2 FA0)7] el AA] 1307HFellA] wiA
P03 AR glot Aol ogt FUESH v
Ay xFFe] FEAAUE FUF] diel sisEEE
g dert glual AR,

Table 1. The cytotoxicity of Paraquat and bentazon by SRB assay in
NIH 3T3 cells

Group Paraquat bentazon
Concentration Mean+S.D. Mean+S.D.
uM (% of control) (% of control)
Control 3.16+0.02 (100) 3.02+0.01 (100)
1 3.080.01 (97.4) 3.010.01 (99.8)
25 3.08+0.02 (97.3) 2.99+0.02 (99.2)
50 3.05+0.01 (96.3) 2.95+0.00 (97.7)
100 3.05+0.03 (96.2) 2.94+0.01 (97.5)
1C;, 1860.73 uM 1913.38 uM

Cells were incubated for 48 hrs. The cells were harvested with Trypsin-
EDTA. The values represent the meanzstandard deviations for
triplicate experiments.

Fig. 1. Light micrograph of the control group. One renal corpuscle is
surrounded by proximal and distal tubules. Luminal surface of distal
tubules (asterisk) is more smooth than that of proximal tubules. H-E
stain, x400.
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Y=ol paraquat?} bentazons Foi¥ F e =4
7} paraquat®} bentazon SAdell ti3t FAAANEAE 4]
wajshx o7 #Has)lr] 98] paraquat?} bentazon A=
paraquat®} bentazonS- 3-MCel] F-Alell Foi8t F 51
2] 3ofo] FFH ol D3l 8~1247 2717
JEsted AAAH (0.5, 1, 3, 6, 12, 24, 48, 96A17H2E 4l
-8 HZ3le] H-E 94, PAM g4 2 PAS 94& A3
slod B3ten|7 oz PR A= Figs. 1~99F et

Ntz
FEaA (renal corpuscle}y= SE E]é‘“]i(cortical lab- Fig. 4. Light micrograph of 3 hrs after Paraquat administration. The
yrinth) Abeloll HEZET 2F 100 um Az F3olglom mesangium in the glomerulus was dark brown (asterisks). PAM stain,
- ’ x400.

Fig. 2. Light m_icrograp h of 48 hrs after Paraquat administration. the Fig. 5. Light micrograph of 48 hrs after Paraquat administration. Note
that glomerulus is shrunk as compared with thaF of control group (Fig. that the amount of the mesangium was increased in comparision with
1). Some Red blood cells (arrows) are showed in the glomerulus. H-E that of 3 hrs group (Fig. 4). PAM stain, x400
stain, x400. e ’ :

Fig. 3. Light micrograph of 48 hrs after Paraquat + 3MC administra- Fig. 6. Light micrograph of 48 hrs after Paraquat + 3MC administra-
tion. The glomerulus and proximal tubules were similar to control tion. The mesangium in the glomorulus was nearly similar to 3 hrs

groups (Fig. 1). H-E stain, x400. group (Fig. 4). PAM stain, x400.



Fig. 7. Light micrograph of 3 hrs after paraquat administration. Proxi-
mal tubules showed strongly PAS-positive brush border. PAS stain,
x400.

Ez]F ] (Bowman’s capsule)®} FHUWZFOE o] Fo]
A UKATHFig. 1). AFAM 3 3Abe] 2K (mesangium)>-
zF A =R ekgkor) PAM Aol = A AEE 4
iThFig. 4). Al%A|H(renal tubules)y> THHFEAH
o] AHFEAHTET} o] FFFNEH ITFEH A2
A A duitE R 29 HE Fotel $X38)
IS A AL Bl B AFESell s W &7}
A2l (brush bordery’} SIsiew] o2 <Qlzle] AT
o] wZskA] EaldtHFigs. 1, 4, 7). AFEAH 2]
A= S guAtE] 2] SFSAI Y] W7kl Blsled
WSk A BAESHEFig. 1). PAS G EEA]
= 2UFMTY £713R1E7) PAS RduRE-S w itk
(Fig. 7).

2) Paraquat and bentazon THEF0{=

H-E A FEo|A paraquat®} bentazone] YEplE= =
AT 273 ARl FRAA T AATE oe]
HAE77} 2350 12210l E F24aA7} B ¢
FHAL Befe] W EGI oM (Fig. 2), 48AZHelE
Y W7ol siAY FHY Wide] HelAe EA Wls
Mgt 223 W} FaEgle

PAM A EeX] 482171 2] F24A = HHAte] T
o] 7kl o™ (Fig. 5), AlZke] 73 33tel] whe} o) % F7}
315ict. PAS FAEEAAE 482171l PAS Huke-E
AL B 4 ¢AH(Fig. 8). =3} paraquat®} bentazon F-
o F asx7bel] Z9FEA T A M E e oF7he]
TE7} HAEoH, A|Zbe] AHELE 3 $5 3 A}

B AA)Z7} Jepd(Fig. 6). AR Aol A=
A9l paraquate} bentazone] WA ZA|EA o] E o]

e A Foigh o] W] dlEoE Agdn.
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Fig. 8. Light micrograph of 48 hrs after paraquat administration. The
PAS-reactivity of brush border of renal tubules was extremely reduced
as compared with that of 3 hrs group (Fig. 7). PAS stain, x400.

3) Paraquat and bentazonZ} 3-MC #HE F0{Z

H-E gAY FEA paraquate} bentazond 3-MCe} FA4]
off Foiqt F 3089 FoAA| 9} AAMB-L paraquat
9} bentazon THEFoIF 30E-A ] 27T frAlslel ot
A|7ke] 73 3gtell whe} paraquat®} bentazon THEFof 7ol
H]sle] 2R e] T35l o 48R o= W 229
T2 719 FAIATHFig. 3). PAM |4l ME HaAt
ojufo] 484 7bjol = ThA ZhAsle] w7 (Fig. 4% 7
o] frAksl2m (Fig. 6), PAS AAlel M= F&A| e &
7PgARR] 7} 48217 ol 317 (Fig. T)k LS PAS
oFAuke-& el oh(Fig. 9). Phenobarbital sodium@. 3-
MCe} 72 upg o2 A§slg] 2y} paraquat?} bentazon
o W3t FAALEINE AT o A

AR RS Tl L AN JyHN

Fig. 9. Light micrograph of 48 hrs after paraquat + 3MC administra-
tion. PAS-postive brush border of renal tubules were similar to 3 hrs
group (Fig. 7). PAS stain, x400.
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HolEo]7] Wl dFe] FAdEA ] 4lAte] S0l oA H
] o] F)Ae| fiiEe] TRl AL A T
2A) F A7) 545 vEPNA B9 Ross 5, 1995).
1742 71545 ool B9 AES A3 Qg5
= Bst ARl 715 Wil Fageht ok 2
AAFAAE-AN7} 2 ARG G4A 2E2He, YA o
=532 Akx A E = A3 (electrophile) ¥
2]7|(free radical) 5 F7H= A E] ANER)] -2
slod A ME715-S Wslighela 3k} (Brenner, 1986).

Paraquat®} bentazon TH5-Fo] F 48*|7bdjHE] AlA}e]
P AL FE Ao R WHAEg o AAu] e
AdEYol veldsd ol 4% 54U 5L, 7=
H, BlA 2 Tellurium 5l 98t == FAAIAA)
Al A’ BoLF F, 1996; Zager, 1988; Emigh
et al., 1991)} PA3= AZdolt AR el wste] FAd o)
w27 7t el carbofuran(§t 5, 1997) 2=
paraquat®} bentazon® §9H4, ZA3PH FAdo] g1
u)oFsiA Vel

Paraquat®} bentazon T-5-Fo] ¥ H-E A FEoA 3
A M Fo) R38R 48X 7 ¢l FEAA)7) ok
AFHT 2ol WYY ol AMFA zAIRS
$E A7) paraquat®} bentazon®] SAdol w2 ]3]
H3l2 AZEE pPAMGA S g3Ate] 230 S}
3l o) HAAlo| M EIT Hiate] 7L AT
o] FAE EAEI, AAHQl $EAE0Z Ao 2
55 ZATE B (Bulger er al, 1983)3 & v
QA ) wlel7)A o) shiza] FdAol | E7} £ o35}
S Bt dFe AASeE AAEd. & 5
(1997)2 carbofurans Foi3hH HHAle] EAeo] 24431
AR Srkgn ¥ uslg]on, 2 5(1996)2] XileA
= d3rpolto] AF 520 FollM FAle] oS Feis)
= U e

Paraquat®} bentazon?} 3-MC HW-E5o] F 48]7tHel]
9] H-E 94, PAM 94 2 PAS 9 E &AM paraquat
9} bentazon Aol &g FLAA 9 AN He] 5 &
FAbolte] Zhar 9l &7kakAle]e] PAS M9 s|E
2 3-MC7} Paraquat®} bentazon®] 545 A7A17] A
Ft A4 2 7)1 BEEA] kot BAvd S
A ar2d3ebE 3-MCPt glutathione S-transferasedl] 2183}
o] glutathione?} Zvlj3 conjugationS- |7 v]FA o]
AL APALZ 3] wiel] EE AEIA o] B
AP el Fad 842 delA iokBoyland and
Chasseaud, 1970). Paraquat®} bentazon®] AW )=
AREEE Fol] oo o) FoiA7] ditel] AlAe] sl
ZAE FAL ofsl Zlow A7wnz ko wo| 2
Z)&e W 3lof| disled Al AF7) o] FeiHof & Fojet.

r)"

Paraquat®} bentazon®} M E%5A3} paraquat®} bentazon
o] SAlel| digt 3-MCe| BAIEIAS okotR 7] $18}ed par-
aquat®} bentazon B paraquat®} bentazond} 3-MCE =
o o) AT F A2 FHRR B
o{8H= NIH 3T3 A Xl #-8-3le] M EZAS- SRB £4
WMo AT HAH LR A1) ZAE e W)
£ FA3IT. vk NIH 3T3 A2 Fef| djst paraquat
9} bentazon®] M| EEA]-E paraquat?} bentazon2] SRB.,
o] Z}7+ 1860.73 uMa+ 1913.38 uMe| e}, paraquate}
bentazon THE-Fo] F- 487kl FEAAE= ¢=FUR,
AAApe| 2X L Z7lslgen &rbgAlE]e] PAS AN
& 734319 21} paraquat®}t bentazon®}t 3-MC 33 F
o F A= 2T AY fAHA AR 3§
EH .

o|Ae] A2 3-MCE paraquat?} bentazon®] HA1S
A7 4 e EEYE o & Ak

2Atel 2
o] TE-L 19994 % LA FAe] dFule] et
o A7 A7e) Y¥oln Aol 7HA} SALTHKRE-

99-003-G00024 G3001).
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