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Cytotoxicity of Paraquat or Bentazone and Compensatory Effects of 3-Methylcholanthrene
on the Rat Liver
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ABSTRCT : This study was carried out to investigate cytotoxicity of paraquat or bentazone on NIH 3T3 fibroblasts,
toxicity of paraquat or bentazone, and compensatory effects of 3-Methylcholanthrene(3-MC) on the rat liver. In order to
MTT assay, the 5.0x10* celymL of NIH 3T3 fibroblast in each well of 24 multidish were cultured. After 24 hours, the
cells were treated with solution of paraquat or bentazone(l, 25, 50, 100 uM respectively). After the NIH 3T3 fibroblast
of all groups were cultured in same condition for 48 hours. MTT assay were performed to evaluate the cytotoxicity of
cell organelles. Paraquat or bentazone MTTs, were 1668.97 4M and 1506.97 1M, respectively. These ICso of paraquat or
bentazone were decided low cytotoxicity by Borenfreund. In order to observe the toxicity and compensatory effects of
paraquat or bentazone on the rat liver, Sprague-Dawiey male rats were used as experimental animals and divided into
paraquat or bentazone only treated group and simultaneous application group of paraquat or bentazone and 3-MC. At 30
min and 1, 3, 6, 12, 24, 48 and 96 hrs interval after each treatment, the animals were sacrificed by decapitation and liver
were immediately removed, immersed in fixatives, and processed with routine method for light microscopic study. Paraffin
sections were stained with H-E, PAM and Best Carmine. Under the light microscope, degenerative changes of hepatic
lobules were frequently observed in portal area from 3 hrs after paraquat or bentazone treatment. All hepatic cells were
induced degenerative change at 12 hrs and more severe degenerative change at 48 hrs after paraquat or bentazone
treatment. Especially, hepatic cells of bentazone only treated group were distinctly showed pyknotic. Glycogen granules
were increased in portal area at 3 hrs, all hepatic cells at 12 hrs and remarkably increased at 48 hrs after paraquat or
bentazone treated group. But hepatic cells of bentazone only treated group were regeneration at 48 hrs from portal area
and glycogen granules of hepatic cells of paraquat or bentazone and 3-MC combination treated group showed in central
area only at 48 hrs. The results indicate that 3-MC may be decrease paraquat or bentazone cytotoxicity on the rat liver.
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a@ FAHES 43 AEAZ(renal failure)E Y0720 9
o Ao} Wz MRS Yo EF XA ol2A ¥
n, Bentazone(3-isopropyl-1H-2,1,3-benzothiadiazin4(3H)-one 2,2-
dioxide)& Z @MY A2ACGHEAY A2 EYol ez
A$HT glon R (sorption)o] W', AF4el7] g
AHgskeE lolM F7h 1Rt FUEL HA 44T 5+ AR
T @739 e dF¥L 3 & & Qi

3-Methylcholanthrene (3-MC)& X A-F )4 monooxygenase
o FHUEE FEde A FRARA AFdNE IMC} #
AH2Z monooxygenased] ¥& ZAEHI?, ILHFEINE
polycyclic aromatic hydrocarobons(PAH}& #5& 4 & ¥y
@l A(hemoprotein) 2  £53 1 ). Statham E7& PAHES
ojfol x&Al7]™ monooxygenased] 4E 45A71% W
Cytochrome P450 B47)9) %= A4ACT Husgn F2
ol 3MC7t 83 29 cytosolo] EAj3E 54-KDa Did g £
A F7PITE Basdn .

ojo MR paraquats} bentazone®] MEEAE Lolr 7] ¢
3}o] paraquat®} bentazoned] pMFLE A7A ¥ NIH 313
AREME 2L F AESHH7}e go] o] &&= MIT ¥
FEAYOE HEEAYE 2439 £§ paraquat9} bentazone
€ B34 A7z 54 F ANHoZ 71Z2Fq) Yehe
A4S g@v7or B IMCE FAY FosEM 7t
Z3d Yele SARZEAE BE8 B vlolch
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AlY ¥ A2A paraquat (1,1-dimethyl4, 4'-bipyridinium
dichloride, £ X: 99%)9} bentazone (3-isopropyl-1H-2,1,3-
benzothiadiazin-4(3H)-one 2,2-dioxide, &%: 9%)8] EFF S
Kanto Chemical Co.(Japan)olX, 12]3 MITA#o| AHE3H Ajo
£ Sigma Chemical Co(US.A)o)A, HEuFelo] A8 Eagle's
minmum essential medium (EMEM), fetal bovine serum (FBS),
penicillin G, streptomycin, 3 fungizone2 Gibco Chemical
Co(USA)AIFS] GREE, 7]et Aloke EFAoke FYste] ¢
& #Yagth. 7171 CO; incubators} Turk® F7A7)e
Shellab Co.(USA)# &2, well multidish®} microplate reader
(Molecular devices)= Nunclon Co.(USA)AIE-&, =PH|AL
(inverted microscope, Olympus Co. Japan) HFE Al88H2
MTITA & ELISA reader(Spectra Max 250, USA)E AL&3}%iT)

HE2LY AHE (/n vitro)

M Y

Zt AZA AESHE A7) A8t dFudw oFHd g
28 mAoA 29 uhe NIH 3T3 4] E(mouse skin fibroblast)

€ Y8725 cm’ flask, Nunc)oll o )gala] AR89} A|E
B ¥} & EMEMo] 10% FBS$} penicillin G(25 unit/mL),
streptomycin(25 pg/mL) 9 fungizone(25 ug/mL)& g0} ZA|
AAL, HEE &5 7T, §5 B5%, B27lA =5 5%8 23
& H27)(CO; incubator)uiel | wjdsiglon] wjde 3dnic}
2@t HEE A% MERRAL 13 vjUd flaske] HE
€ 025% trypsine2 Azjdte] Turkd HTANIE o] &3
HAEF7L 20X10* cell/mL7} S|52 ST, o] HLEGAL
A Zej L well multidishol] welld 2 mLY ¥ Z35ha] u)okaty
o}

MTT &

Mosmann®] 6] 9)ajed, 4Nt AEE WIS 2 wello)]
2x10* cell¢ QI FAo] MGE FEH(1, 25 50, 100 sMZ
e wigdolM 48A1% WSS ¥, Y 99 ZAS MIT
(Sigma) 50 pg/mL7} E3HE wUYde wellg 1 mL4 2o} 34
T etk Wi F wgdE W)z, dimethylsulfoxide
(DMSO)E 2 mL/welld Yol 5§t d2 Wx3eq MTT
formazang &8 ¥, ELISA reader(Spectra Max 250, USA)Z
MITS ER=E £33 d=23 vln 2ASYTH

ICso 2Y

Paraquat$} bentazoned} ICsx AAE ul%E9 NIH 313 A
RAES 7 welld 1, 25 50, 100 pM9] A2XAEE H7hso
4827 WjS & MIT AL st A2A7} o= Zzto] s
0% AAFEY 1o FAHHYT) ) Fagct

ML HE (/n vivo)

4 58 L HED WE

£ ¥4 AHEE 4EFES HRHEFEAE (FE2A) o
A #4 A&F 80~100 g9 SPF albino rat(34 Spraque-
DawleyAl) & 75j3td 484 A0z 237 ¢33 &
AF 180~200 go] FwHE sl FAA, AzxA 1F3%
FAEZT 5749 487 F A2A LDs $992, 3methylcholanthrene
(3-MC) 60 mg/kg FAFH AzA + IMC 272 Uy
o dzT R 74 4879 AR AEwsE AAFHez (05
1,3, 6 12, 24, 48, % hr) 2A}5}17] Q8] 2 AYZ 2 8vjely 3
B0 g wiyste] AzA 157 1000t2] 4 200v}] 9} oul g
50viElE @ate F 250viele] #FHE AMRSHT. AzATE
AL AYTAMY AAlE Ae FA AAT T AET UL
Agd AHgsla AEd 2L &5 BEIC, §5 55~60%, %
T UF 2YE wYE 747 RATLE ZFEn ARFE
H3E ALR(A 32243)9} 13 FFHFE YABY FFe AF
2ol 4AY 4 ST E 3Y3 2R 3Yg FUIE aAEY &

HE2 Qg 2EH2E WA
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Tabel 1. The cytotoxicity of paraquat and bentazone by MTT
assay in NIH3T3 Cells

Group Paraquat Bentazone

Concentration MeantSD. (% of control) Mean*SD. (% of control)

control  415£000  (100) 416000  (100)
1 415000  (100) 4161000  (100)
2% 4131000  (94) 4131005 (999)
50 4101000 (986) 4061013 (977)

100 4031011 (97.0) 4031016 (97.0)

1Cs0 1668.97 4M 150697 uM

Cells were incubated for 48 hrs. The cells were harvested with
trypsine-EDTA. The values represent the mean I standard
devitations for triplicate experiments.
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ztzte) AxAQ LDs7} He @ dimethylsulfoxide(DMSO)
05 mLol, 3MC%: com oil 05 mLo] Z+zt £3A]7) working
solutiong AEAstd AXAog zAbslgon Az} 3-MC
9 9= Edge 47 A7% 05 mLe SFHE FPFAE
FA|Z 18 AT7FA 31 2§ FAFL A2A 5o I F
3MCe] z+7 A& JFL 13 AFAs AAHoE ZA)
Qon, 27 =7l DMSO8 saline®:= com oil& zHz}
UE g 2§00 # 05 mLyE AT E93Hck

BEXNZ

BT 7t PP FEE HAHOE HFHdtA ether2
A7 o 879 vjle BYe Adse & A%2E H
4~5 mme FAZ Ak 4T9 10% NBF(nertral brffered
formalin) Qo] 48X17F T & B2 Bo 8A7 A

AR 238 FE ASEoR 50, 60, 70, 80, %0, 95, 100%
o olg ¢F godo A2 BT B4 F xylene AHEH
EguY e AXT parafilmo] waxE #¢ £38 utEo] (L)
WEAA ALLstgch ¥ojE 23S microtome(5Y LeitzAhS
ol& 6 me FAZ AL thS gelatino] 5o gl 48~50T 9
oszo] B & slidez WA 0T AA7AM ARAIZ =
2AN-L hematoxylin-eosing 4§} PAM 4 ¥ Best carmine$
A Xejstal B3td v 3(YE Olympusih 02 A&

I

oE 79

AzxAe 4T 3MCY 4 AREAE DI A8l o
HMEx BAY 93E Bo] wE Aoz ded 9 Uag
(hepatic lobules)2- #&3} o

Fig. 1. Photomicrograph of control rat liver. Normal
arrangement of hepatic cells and some Kupffer's
cells were shown. PAM stain, X 200.
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v Hog A2 Az MIToE bentazone 313881 M,

Paraquat 150697 ¢MoJUTHE 1). o] Borenfreund 59 A
IEA BH7FA st ASH oz BPHU

ALY 4" (n vivo) 21t

Monooxygenase®] FEA1¢1 3MC7} AZAQ] paraquatet pH
ZAA Q) bentazone?| EA4E ATAE & Y& EFUNE ¢l
H7] 93} Sprague DawleyA SPF albino $#¢] paraquato}
bentazone, 3MC ©% % paraquat$} bentazone ™73 IMC
g BEFdE ¥ 7“13433 ZHLiver)g H&3l =AEEE
Thgo] PAAn Ao Aty o 22 ARE AU
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z7e 2A& F44Y(central veinjo] FYo A o
Z+go] 7tAY(hepatic lobule)Eo] YHFY A7 FAHIoH,
HEe ZHaduds dabge R wase #F EE 759
AL Hcellular plates)e A5t QA3A WjA=AT. AZH
Atole] E71¢1 7 FRUEA(liver sinusoids)S EFAsHA A4
o} 93, SYPBe H¥Hde HZFHZ(Kupffer's cells)s
o] Risim giglon 7t AYFER HFHUG. V4SS
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Fig. 2 Photomicrograph of 3 hrs after paraquat administration.
Most hepatic cells around portal areal were included
many glycogen granules. Best Carmine stain. X 100

Fig. 3. Photomicrograph of 12 hrs after paraquat administration.
Most hepatic cells were included many glycogen granules.
Best Carmine stain. X 100

29 AACEe 2H2AH} DdZ(portal triad)E o}F= HMES
o] NWatAl E¥FHT o} AAZ FRAPLH 4 2ALole
T3 F@d F - AN do] BFHUHFg. 1).

Paraquat®} bentazone FO0{F
Paraquat LDxs(250 mg/kg)$} bentazone LDxs(1197 mg/kg) ©
E Eo F AR AR o] £He] Ji THNE

Fig. 4. Photomicrograph of 12 hrs after paraquat administration.
Most hepatic cells were included many glycogen granules.
Best Carmine stain. X 200

wo] wido] FaitA ke FEFEHY U= UEUA
ool A% wAo] doju e ¢ F AT AR A
Ae o $5% #8520 Best Carmine2 2 FHMF o)A
€ Z939|(portal area)®] 7H4|XE0] glycogen HHPE Ff3l1
AATHFig 2). L2AAN = FAFH] P AT &)
yepgon 29 909 TS WAl st Aol o
AT 3 FEHE o] FR3}ATE Best Carmine FHZH A&
EAZEYo N FAAR oj2& tifEe] HAE glycogen 7}
#ol FFHT UNATHFig 3, 9. BATANE FAAY @
do] 7152 Fe P FRFEFo] HolA Fgton A EAL]
of Az FHol FRIAT FEFYe] FAIHH AME
o] v AANY BATHFig 5). Best Carmine FAZ oM
TAHE A o9 glycogen o] g5 UTHFig. 6).

Paraquat®} bentazoned} 3—MC SA|F0Z

Paraquat®} bentazones} 3MCE FAlol £4% F 3A7HA 9
124t Aol & paraquat$} bentazone THEFATH FARGE 2H&
7o) vehskolFig 7, 8), BAAdE FAAW] & #
2390 F4FY FA TAEEL AFEFF WAl H3He

FOF9 HHEEL WAl Faso] HEKE F40] F8i3t
ARe AEo|tHFig. 9). Best Carmine FHLZAIME FHF
e HEEL glycogen AYE oHF T3 ARH
B9 HAEEL glycogen o] ZaHE AFolHHFg
10).

Paraquat$} bentazoneo] F-EA o] vXE 54& dotdr] ¢
dto] AZAEQ NIH 3T3 AfEAHE &3 F MIT FFE
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Fig. 5. Photomicrograph of 48 hrs after bentazone administration.
Blood cells were fulled in central vein and sinusoidal
sinus not showed. Most hepatic cells showed pyknotics.
H&E stain. X 100

Fig. 6. Photomicrograph of 48 hrs after paraquat administration.
All hepatic cells were included much more glycogen
granules. Best Carmine stain. X 100

Mo NE=HE £A% 7 paraquate] 1Cx 1668.97 #M
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Fig. 7. Photomicrograph of 3 hrs after paraquat and 3-MC
administration. Most hepatic cells around portal area
were included many glycogen granules. Best Carmine
stain. X 100

Fig. 8. Photomicrograph of 12 hrs after paraquat and 3-MC
administration. Most hepatic cells were included
many glycogen granules. Best Carmine stain. X 100

2 ASY, B0 Mo|4Y WE FEHdog S4ELS #47|
& AAEdEY. o 7]1Ed 93 } bentazone¥} paraquat=
ICogke] EF 1000 xM# 2000 pMAtold] glo] A=AHo=
A 4= gk ARy FEHn A FErHANAE bentazone
3} paraquats T W& stk A9 Itk

o]9} 20| paraquat®} bentazoneo] HEEAL AZAoE
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Fig. 9. Photomicrograph of 48 hrs after bentazone and 3-MC
administration. Most hepatic cells around portal area
were reduced degeneratic changes comparied with Fig
5. H&E stain. X 100

ER}T paraquate HlA€ oz AMA 1307)Zo)x ok AR
3112 91e™ bentazoned EYo o] %3}y W&o AL
FY Fado] E ¥ o} HzERoR AL goz
Afel 7A gL 44 S L Aotk ojd] AREL
paraquat$} bentazoned] £4& AAY + e BAL L
& 712 AT E paraquat¥ bentazoned} 3-MCE #Hd| FA|d
Fof3t ¥ IMCY SA4AENE 349 A9 3IMCe ADH
B wet Age] 2ARH MAE g B ope} X
o F3H< glycogen BPFT AIZHAR) mel W E e
o & ATAdE F959 FHEE glycogen Bol, 124]
TAde AY AAY Ao, BATHANE T4 FH9
THEET] glycogen Hg& FH-3l U™ paraquat F
¥ %A E ZE AE glycogen o] thak iElo] gl
Ao paraquats} 3MC FA FAFMe ZE M EolA
glycogen #g& FohE 4 gtk & 02 #Fol carbofuran
34 3MCE FA9 R cytochrome P450 AAA o) Z&s)
o carbofuran®] AL A 4 dotr Bustgen, 3-MC
© monooxygeraseE FEIHET 2 FAAITI FUlslAY
3IMCol 93l A & TAHAEFE F7A2 4 Aokl B3
3tk

Best Carmine G ¥¥E F paraquat$} bentazone THEF A
Alto] Aol wel glycogen o] F718ka 3MCE FA
Fo3E 12278 7A S7E8chrE 48217 Ao AR AT A
o g 275 o 299 Autel Y3ty 3-MCE paraquatsh
bentazoned] ¢Jato] WAIE = glycogen & #HAAE F Sle

Fig. 10. Photomicrograph of 48 hrs after paraquat and 3-MC
administration. Most hepatic cells around central vein
were included many glycogen granules. Best Carmine
stain. X 100
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