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Cytotoxicity on Fibroblast Cells of Several Herbicides
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ABSTRACT : This study was carried out to investigate cytotoxicity of several herbicides (Bentazone,
Butachlor, Paraquat and Ethalfluralin) in cultured mouse NIH 3T3 fibroblasts. Tetrazolium (MTT), neutral
red (NR} and sulforhodamine protein B (SRB) of the colorimetric assays were performed to evaluate the
cytotoxicity on cell organelles. 2x10* cell/ ml of NIH 3T3 fibroblast in each well of 24 multidish were cul-
tured. After 24 hours, the cells were treated with solution (1, 25, 50 or 100 uM) of each herbicide. After the
NIH 3T3 fibroblasts of all groups were cultured in the same condition for 48 hours, MTT, NR and SRB
assays were performed to evaluate the cytotoxicity. The light microscopic study was carried out to examine
morphological changes of cultured NIH 3T3 fibroblasts. The MTT;, of Bentazone, Butachlor, Paraquat and
Ethalfturalin were 1560.97 uM, 56.15 uM, 3138.81 uM and 1301.82 uM, respectively. The NR5, of Benta-
zone, Butachlor, Paraquat and Ethalfluralin were 1763.93 uM, 45.98 uM, 1030.85 uM and 1808.29 uM,
respectively. The SRB;, of Bentazone, Butachlor, Paraquat and Ethalfluralin were 1913.38 uM, 65.30 uM,
1860.73 uM and 1086.93 uM, respectively. The morphological changes of NIH 3T3 fibroblasts showed
severe degeneration in Butachlor 50 uM and 100 uM concentrations. These results indicate that Butachlor
has high cytotoxicity, Bentazone, Paraquat and Ethalfluralin very weak cytotoxicity against NIH 3T3 fibro-
blasts.
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Bofol] At A7 Fast AAo|e. ofo A= AHlxA)
2] =477 At 7|2 A5 H8l 2 A AR e
AzA7t AESAe 2= Jeks FAsax £ A7
E #3E%. et 2 dFe SEvEis ax
LAl o AZAZ @o] AM-E I e bipyridylium?|
Paraquat(Z22}H5-4®), chloroacetanilide”] Butachlor(@FH|E.®),
pH Z3A| Bentazone(8A}18+°), dinitroaniline”] Etha-
Ifluralin@}3H%)S NTH 3T3 AF2M1Eo 243 F A
EEAE AR Al MESA AAUHO R dofs)
A AM-ET glE MTT, NR, ¥ SRB A4S o4 47
o) t3 A ZA =2 IC,((MTTs,, NRy, al SRB50)'% 43}
3 7} A zAle) gt M Ee] FEEn|AA g A}
o ot AFE A%7]el| E = vle|oh

IL X3 3 2y
1. AleF & 2)7]

A& 52kl A)l=2A] Bentazone(3-isopropyl-1H-2,1,3-ben-
zothiadiazin-4(3H)-one 2,2-dioxide, <~X=: 99%), Butach-
lor(N-butoxymethyl-2-chloro-2',6'-diethylacetanilide, <~
98%), Paraquat (1,1'-dimethyi-4,4'bipyridinium dichloride,
£X: 99%) & Ethalfluralin(N-ethyl-o., o, 0t-trifluoro-N-(2-
methylallyl)-2,6-dinitro-p-toluidine, <=5 99%)°] ¥FE-&
Kanto Chemical Co.(Japan)*|#], 28] MTT, NR, SRB
ko)) AR23F A2 Sigma Chemical Co.(U.S.A)lA],
MEdFY o)) AF8-3F Eagle's minimum essential medium
(EMEM), fetal bovine serum (FBS), penicillin G, strep-
tomycin, @ fungizone2 Gibco Chemical Co.(USA) A&
9] GRu<, 7Ie} Aok EFAIRE T3] AEE 5
8)5}aic}. 7)7)= CO, incubator®} Turk® &TAA )=
Shellab Co.(USA) #|E-&, well multidish®} microplate
reader(Molecular devices)® Nunclon Co.(USA) A|E-£,
E3138r)7L Olympus Co.(inverted microscope, Japan)
AFE AHE3IKRT MTT, NR, SRB A &2 ELISA reader
(ETY-96, Japany2 AME-slsie}.

2. MIZHHQ

7 AzxAe) AESAE A A5t dSEE
osst R8st wAlA ¢ ¥2 NIH 3T3 AE
(mouse skin fibroblastyZ wWloF-87](25 cm’® flask, Nurc)el]
A stock culturedt F 3~43] Aliufoksled ARg-sldct. A
Eujekl-e EMEMel 10% FBS®} penicillin G(25 unit/
ml), streptomycin(25 ug/ml) 2! fungizone(25 pg/miyS- ¢
o] ZABIGAL, M= 2% 37°C, FE 95%, eI 5

. 5%2 243 327](CO, incubator)MjollA] wiokaled S
o kel 3ok msleh. AdS g Al 2R
2 (&} wjokt flaske] AEZS 025% trypsinSE. A 2s}od
Turk®d FTAAIE o]&ste] HMES7L 2.0x10*cell/ml
7t A5 R, of MEFFA-E AEWEE well
multidishell well"d 2 mi¥ B3l uljoFaleic}.

3. IC, &®

7} A)zA) (Bentazone, Butachlor, Paraquat 2 Ethalfluralin)
9] 1Cs, BA-2 wllokE<] NIH3T3 AFEAME2] 2 well
1, 25, 50, 100 uM®] AZAISE H7Fsle] 48412 woFst
¥ MTT, NR ¥ SRB AL 3ted A Z2A7} o5 7o
W&k 50% GAIFEQ IC,(MTTs, NRyy I SRBy S 3]
AAAN A &, 1991l 23] T3kt

4. MTT B2

MTT A= (Tetrazolium MTT)2 Mosmann(1983)2] ®}
ol e} MEZS wjok87]} 4.0x10%cell/ mlo] HES
24 well multidishol] FF3}eq4 24417k viF 5 0 uM, 1 uM,
25uM, 50 uM 2 100 uM F=9| 25 A x2AlE s}
o 4877 wiekalsdct. wick F BAMFY ZAISE MTT
50 ug/mF EFE wikdS welld 1 mP Pol 3417
wjoksiaicth. miok k8 ¥ uljoFlS W] dimethyl sul-
foxide(DMSO)S 2 ml/welld ol 53E7F AL HEx]s}e]
235 MTT formazan®] 45> well multidishe] mic-
roplate readerS- H-2H§F ELISA reader(540 nm)& 333}

o g2z v - HESIIC
5. NR M

Borenfreund £(1984)2] Hhiell 2Jle] A EZ wjoks
715 4.0x10° cel/mie] == 24 well multidishell 253}
o] 24A17F ¥iSkF F OpuM, 1M, 25uM, 50 uM 2 100
UM FEo] 7bE AZAE 2elsle] 487 wiFaisict.
wjey ¥ wre)l 2A3 NR 50 ug/mlt EZE wiklS
wellld 1 mi# 9 F 37°C o]5F% FollA] overnight 2]
7] ok, well B 1 mA ohA] 3H7lsle] 3A)171 wiekslsict.
vk ek= F wiokd-S- we)al phosphate buffered saline
(PBS)2 &2 33] A&l 1% formaldehyde - 1% CaCl,
0.5 ml/welltg Yol AEZ TAAIZ ¥ 1% glacial acetic
acid - 50% ecthanold welld 2 m¥ gol 1587 Al-&o)
HEx)sle] 3A|7FERE SallAAllol] 4% NRE 85310
4235 NR®| &=+ Elisa reader(550 nm)2 24 3}e]
FAE] d2T3) vl 2ARE



6. SRB ME

Skehan $(1988)2] whiell wlel MEZ 4.0x10°cell/
welle] H =2 A3t 24 well plated]] B3} 745 A
ZA)Z X0, 1, 25, 50, 100 uM)E #}2] 3+ & 484
7F Bt HH‘Z} F od7]4ll 50% trichloroacetic acid® well
I Lm BFoke) 4°CoIA IXZEEE weksilet. e
SRF okl S w1 53] A -3} oHg 04% sulforho-
damine B(SRB)Z 200w A7}sed 1A7F 5]t Al
HEAEE ¥ 1% acetic acid® 53] A2k HA3] A=A
Zc}. 10 mM Tris base[tris (hydroxymethyl) aminomethane]
2 bound protein stainS ¢! ¥ ELISA reader® 520 nm
AN FHEES sl 2T vlwslin

7. MZEe| Zatsn|Edy 24

AnAH BAL skl NH 313 AFEAES
wells] £} 24417 wieFaE F A2AE A2 48
A7} wieFste] MTT, NR, SRBE A{2|8}7] Aof) =3 3in]
Aoz sl
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1. MTT
HNZz=SY

2AMHo0l| o8t NIH 3T3 ]2 M=o chst

NIH 3T3 A-5-2AE A 47FA] (Bentazone, Butachlor,
Paraquat ¥ Ethalfluralin) Z5-9] #A|ZAE «J2] T2 uM,
25uM, 50uM E 100 uM)E &3 F MTT FRHEE
24313 2T FHEE 100%2 3l ol s
FAEE v R AT F, FEs AzAY T
o] w)#sled 7FAs}ed=sl Butachlor?] 7% 50 uM=}
100 uM oA Al ZFasledet. 4% AzAle) o
3t MTTs2 Bentazone 1560.97 uM, Butachlor 56.15 uM,
Paraquat 3138.81 uM, Ethalfluralin 1301.82 pMe]it}
(Table 1).

R EM¥0fl o8 NIH 3T3 M2 M=ol Cigh A

=y

Hi

NIH 3T3 AF-2AEA 47}A] (Bentazone, Butachlor,
Paraquat % Ethalfluralin) £72] AZAE 48 5= (1

8. SAXz2| uM 25uM, 50 uM @ 100 uM)E Z-43F F NR 4=
£ A3 dE2Te] FHEE 100%2 3] Fxo o
Al A7 EA A= Student's t-test® 3T, P- 2 F3 == ngd o2 AFE3st A3}, Bentazoned} Ethal-

valueZ} 0.05 vjstd 73 I3t ez sAsisic) fluraling %ol vldsted 7443811 gk}, Butachlor=

Table 1. The Cytotoxicity of Bentazone, Butachlor, Paraquat and Ethalfluralin by MTT assay in NIH 3T3 Cells

Group Bentazone Butachlor Paraquat Ethalfluralin
Concentration uM Mean+S.D. (% of control) Mean=S.D. (% of control) MeanxS.D. (% of control) Mean=+S.D. (% of control)
Control 4.16x0.00 (100) 4.15%0.00 (100) 4.,150.00 (100) 3.7340.23 (100)

1 4,16:0.00 (100) 4.15+0.00 (100) 4.1520.00 (100) 3.77%0.09 (101.3)
25 4.13+0.05 (99.4) 4.15%0.00 (100) 4.1540.00 (100) 3.80%0.29 (101.8)
50 4.06+0.13 (97.7) 2.09£0.02 (50.4)*** 4.15%0.00 (100) 3.35%0.33 (89.9)

100 4.0320.16 (97.0) 0.18%0.01 (4.4)*** 4.08%0.11 (98.3) 3.33%0.12 (89.4)
ICs, 1560.97 uM 56.15 uM 3138.81 uM 1301.82 uM

Cells were incubated for 48 hrs. The cells were harvested with Trypsin-EDTA. The values represent the meanzstandard deviations for triplicate
experiments. Significantly different from the control value: *#*P<0.001 (Student's t-test).

Table 2. The Cytotoxicity of Bentazone, Butachlor, Paraquat and Ethalfluralin by NR assay in NIH 3T3 Cells

Group Bentazone Butachlor Paraquat Ethalfluralin
Concentration pM Mean+S.D. (% of control) MeanxS.D. (% of control) Mean=S.D. (% of control) Mean=S.D. (% of control)
Control 3.60+0.05 (100) 3.57+0.11 (100) 3.87+0.06 (100) 3.52+0.08 (100)

i 3.55+0.07 (98.6) 3.26+0.15 (91.4) 3.85%+0.00 (99.6) 3.5020.12 (99.5)
25 3.62+0.06 (100.5) 2.82+0.44 (79.0)* 3.78+0.02 (97.8) 3.650.06 (103.9)
50 3.62%0.06 (100.6) 0.78+0.43 (21.7)*** 3.73+0.03 (96.3) 3.58+0.08 (101.8)

100 3.68+0.04 (102.2) 0.31%0.05 (8.8) 3.68+0.02 (95.1) 3.62+0.08 (102.9)
1Cs 1763.93 uM 45.98 uM 1030.85 uM 1808.29 uM

Cells were incubated for 48 hrs. The cells were harvested with Trypsin-EDTA. The values represent the mean+standard deviations for triplicate
experiments. Significantly different from the contro] value: *P<0.05, ***P<0.001 (Student's t-test).
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Table 3. The Cytotoxicity of Bentazone, Butachlor, Paraquat and Ethalfluralin by SRB assay in NIH 3T3 Cells

Group Bentazone Butachlor Paraquat Ethalfluralin
Concentration pM Mean%S.D. (% of control) MeanxS.D. (% of control) Mean=S.D. (% of control) Mean=S.D. (% of control)
Control 3.02+0.01 (100 3.00+0.02 (100) 3.16£0.02 (100) 3.17 £ 0.01 (100)
1 3.01+0.01 (99.8 2.99+0.00 (99.8) 3.08+0.01(97.4) 3.11+0.01 (98.2)

25 2.9 +0.02 (99.2) 2.954+0.03 (98.3) 3.08%0.02 (97.3) 3.10 £ 0.01 (97.9)
50 2.95+0.00 (97.7) 2.58+0.13 (86.0)** 3.05+0.01 (96.3) 3.03 = 0.02 (95.6)
100 2.94+0.01 (97.5) 0.1320.03 (4.4)*** 3.05+0.03 (96.2) 3.01 = 0.02 (94.9)

[ (O 1913.38 uM 65.30 pM 1860.73 uM 1086.93 uM

Cells were incubated for 48 hrs. The cells were harvested with Trypsin-EDTA. The values represent the mean+standard deviations for triplicate
experiments. Significantly different from the control value: **P<0.01, ***P<0.001 (Student's t-test).

o] wheh A 4IRS0 UM 100 uM FE
A oS Aslsdct. 452 AxAlel A& NRyZ Ben-
tazone 1763.93 uM, Butachlor 45.98 pM, Paraquat 1030.85
puM, Ethalfluralin 1808.29 uMe] v} (Table 2).

3. SRB 20| 2/t NIH 3T3 A2 M=ol cheF M
sy

NIH 3T3 AA-5AZA 4714 (Bentazone, Butachlor,
Paraquat ¥ Ethalfluralin) 79| AZAE 8 =
uM, 25uM, 50 uM % 100 pM)E. 483+ F SRB &%
=5 A5 dE&TY F5E 100%2 3le T
W FHEE vlEHeE A A3, FEEE AEA
2] Fxo) vjgslk H431EH Butachlor?] 7-%- 50 uM
7 100 uM =l AsHA FFasidnt. 452] AlzAel
3 SRB,> Bentazone 1913.38 uM, Butachlor 65.30
UM, Paraquat 1860.73 uM, Ethalfluralin 1086.93 uMo]
©}(Tabel 3).

4. Mzl ZeHolEY HELH

Nzl AdeIr e wiekg7)e] niee] gag] ulgg e
A EEo) F2=o] 919127 (Photo 1). Butachlor 1 uMZE
23t A M= M Eell v oFdFe] 2kert(Photo
2), 25 uME A B]qt M E H XS] Al HH
R AEFe)7} 59 FFE 2327 (Photo 3), 50 uM
ofl Al TR gH Al Ee] ZhA g A3 A 23] o 2
25912 (Photo 4), 100 uMel| M= A E3] e st} 32
Holol(Photo 5). 23} Bentazone, Paraquat % Ethal-
fluraling #2j3k MEAME Mgt BE FxoM AE
Fo} FeolM Algk W3E BT T U

E Ao A8 AR 5471 AAE 99
u)=- 418 3)(National Cancer Institute)o] 4] ©]-8-3k1 Q=
v E2 8 Tetrazolium MTTMTT) 493} Sulforho-
damine B protein(SRB) 4 (Mosmann, 1983)-2 A3}
5ol 23 §428-8 EA 3= uPHel3 Neutral red(NR)
A4 (Borenfreund 5, 1984y M| ZA ukg- 5 23l AA

w

¥

Photos. Inverted photomicrograph of NIH 3T3 fibroblasts treated with MTT for an additional 3 hrs after incubation in 1. unmodified medium
(control), 2. 1 pM Butachlor containing medium, 3. 25 UM Butachlor containing medium, 4. 50 uM Butachlor containing medium, 5. 100 uM

Butachlor containing medium for 2 days. X200.



o] W3lE 2Ashe vhgoR MTTEAW S A4 Az
A FAAEE FAT 5 ot s whgeE Ak
A ZA o] 7F53lct. MTT BAHPY-2 A2 n|EZX

o}o] ZubAl 'l FA(succinyl dehydrogenase)el] 2]3}ed
=gk el 234 MTTZF A9 B84 MTT formazan®
2 FEE 71A-e 7] &3k 912w 3AEE= formazan
9] ok AE M E2] ol wiFE. WA MTT 242
formazang o] FAsle) FREr) F4F MEY B4
E7F S8l & 4 9lvk SRB A2 ) ok
uiale] sulforhodamine B $HA& 251wl oz A
X ol AT A ofe] wom M xe] Aa S
Alo] F71gicka & 4 gloem, 1A} YO R o] 4
=} B vlsle] o o ook BRI &
FHe]al SRB @Ae] <M= S za Qo
(Skehan 5, 1988). NR A ghj-2 JUAE ]85} M X
o] LA EAE E2AF s Ao tekl 338t
Aol MESAE FHrlsl=de] AMSES w231, Zho
A, Ak, ubEA o] gl Aol 9l ME whiizl
< 0.1 M sodium hydroxide -8-efof] 9)3}e] g-sj=n], o+
o] kg AR 4 ot Al x2S S A" A
H A kS SAsiedE o] W] It , W
wll¢F(Monolayer culture)*] 53} 28t MEFEE )
T XA Q= Aol glod ) Al W] mho} ok
9 ylcke] W3lEg o] el Ago] Besh,
ghie] AgA] 2 717k] wiekr|zle] B aE} o] g)
71+ 3} (Borenfreund 5, 1985; Borenfreund 5, 1998).
webr wekel A E2EA HAAubE 5 7 wigtska of A
Q] Wil MTT AFEAY, NR 3244, SRB A
FEAUS ol83te] wH F72] AzA A3t IC,,
(MTTs;, NRy;, SRBy)) %2 A3 2w} MTT A4
o] A= Bentazone 1560.97 uM, Butachlor 56.15 uM, Par-
aquat 3138.81 uM, Ethalfluralin 1301.82 uM°]%l3, NR
A 2R ol A= Bentazone 1763.93 uM, Butachlor 45.98
uM, Paraquat 1030.85 uM, Ethalfluralin 1808.29 uMe]$}
2w, SRB AR M= 1913.38 uM, Butachlor 65.30
UM, Paraquat 1860.73 uM, Ethalfluralin 1086.93 uMo]%]
©}. Borenfreund 5(1988)2 MTTE] &J=E dixEw
vlwste] HE7F A4S ) AR B =S MTT90S
2 3k, Ag SAE T EE MTIT, 2% 243 F
MTTy°] 100 uM w2 afE 254, 100 uM} 1.000
uM Ateld W& F7HEAY, 1.000 uMs} 2.000 uM Ake]d
W& 254, 2.500 uM oAl W& FEA o EAEA
2] IA7EE AABIE. o] 715l sh 471A] AlxA)
% Butachlor= MTTy, 56.15 uM, NRy, 45.98 uM, SRB,
65.30 uM2Z. NIH 3T3 A-FEAMZo]] dsle] TFA o2
#4438 4> 93, Bentazone, Paraquat ¥ Ethalfluralin
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IC,, Fkel B 1000 M 2000 uM Alolell 917w} 2500
pM o|Afeleir] AEA oA FEAe R B 4 gl
MEe F33v|A A FAAHNAE Butachlorshs 52
7} 713l wel AESe) eje} Wil Asidd ot
Bentazone, Paraquat ¥ Ethalfluralin® %ol o}& ¥3}
7k A9l gt B A8 A 1A AZAE 100 uM
A delA F8E AfoloM EEe] AEAS
AREE 79 YEbd 4 Qs sl tisleds AlG3ed |
77t 28% FHod.

#HAtel 2

o] T2 19989 % AW FEAA S TH]e
Asdel] 2)ste] $RE AFAo]0] 2] el] ZHAL=H .
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