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Sulforhodamin B(SRB) assayS 433} benzimidazole#] A-FAlol gt kAl NETEAL
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B71E A ABE ALgstnzt sith A8 A7 LDHE AL carbendazim 4.0, 160 L 32.0 ug/mLL 24417+
e ge W SAYERT HE TEEE NI EAo] Zt7 216, 294 T 2.648) 7+3HA Urelsith  DNA
A @A = carbendazim 2.0 pgmL FXO|A oF 45% DNA XS &8t 0.1, Giemsa assay$} MTT

assayoll =  A|X ¢  mitochondria®l)
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Aoz JElygth Giemsa assay9] ICsp

thiophanate-methyl, benomyl, carbendazim % A thZ A9 captafolol] A 242+ >125, 1.2, 300 2 0.3 ug/mL
°|21%, MTT assay?] ICsp& thiophanate-methyl, benomyl, carbendazim ¥ captafololl 2] Z+z} >125, 187, 204
2 26 ugmlol ek 222 AX ZA0] e GFE ZA) ste] +HH SRB assayd] Pro(B5AEE

A F )| AT thiophanate-methyl, carbendazim, benomyl %

2 23k o4 ArE FHEACl BL bendimidazoler]) HFAT} FHEA

captafolo] 74z} 174, 53, 1.5, 2 0.5 pgmLo
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Benzimidazole] 2+d-Alx= u©|= DuPontA}e) 93|
1969  S2F o (Tomlin, 1997), Zuje|AE
19753 benomyl 50% A7} HE SE2HUA
A F 3FE] TEHY T, benzimidazoleA] At
A AEIH % (benomyl, carbendazim, thiophanate-
methyl 2 thiabendazole & 4%F)9] A&z dzk
1,000 MIT(I999)A S & 2 AFA AF&o] 12.4%
of sjggict

TEE 59 AFEAHL 30FEC] LDy 500~

_]
[o]
5,000 mgkg o]Ao =z FHE Ao, thiophanate-methyl
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40% SCrto] LDso 416 mghkgo 2 REEAo|AtH%
FEAE, 2000. AF7HR] LR benzimidazole)
diAe) ASEE FAFAo] e, T, wet
4, 71854 59 NOELo| 717} 80~12.5 mg/kg/day,
8.8 mg/kg/day, 10~30 mgkg/daye|a, FHEAL
QUANFAGAN FHolge e, WA
¥ APFRAN FUSE Aoz %A Ao
(Heyes, 1982).

wetA B AFelXs CHL AHEo thgh benzimida-
zoleA] A9 AEFAE H71817] 9938t Giemsa
stain assay, Lactic dehydrogenase activity, MTT assay,
DNA synthesis inhibition test 3 Sulfothodamin B assay
£ F%3t benzimidazoled] Aol thak okxE
NESAHE B7reln AgB7tE A% g2y A
87Fs3S ARz Sk

W2 U by

=]

A2l benzimidazoler] FFAAE FU Fo
AZINAE 5 VPHERE FFu0l A
o, o]& ME9 +£E+ benomyl 95%, carbendazim 90
% 2 thiophanate-methyl 93%°]t}h =z Foko)
captafol>- FHAT7|Edol] HHFQ EXE FFE
S ALY, £5F 9.0%0 Tk ATk ujA)
+ Eagle’s minimal essential medium(EMEM, Gibco)<
ALBROT, T W Aok NFAN Fdste] A}
35t

NEMZ 3 HISZTAH

AMZ=EJA G AMEE A EE  Chinese hamster
lung(CHL) fiberoblast cell2 4], AR = 257)0]H,
AEXEE F7)= 1547019tk wjekd o 59 feral
bovine serum(FBS, Gibco, USA)Z} 1%9] antibiotic-
antimycotic-8-A(100X £, Gibco)E T3 EMEM
(Gibco)E AHESt] X3} FR3lollA 5% CO7t &F
e 37T wjokr)(Vision, Korea)ol|A] wjjoka}dc).
MdE AEE 3~59 oitd 005%  trypsin-EDTA
(Gibco) &85 o] &3td Arh wieksle A3kt

Lactic dehydrogenase(LDH) EA=S
LDHZ4L CHLMXE 1X10° celymLg 24 well

culture platesl] HE3te] 3U7F vjkst & carbendazim
40, 80, 160 2 320 pgmLS 24X7+ H2)5hed w)or
H 50 pLE LDH reagent(Gilford Diagnostics Reagent,
USA) 1.0 mLol Z3F3}e] automatic analyzer(Gilford
System 103, Ciba Coming, USA)E &A2 &A3}4ch

DNA SdXial A&

1x10° celymLe] CHLAEE 24 well culture plateo]
A Z38}3, 24A17F vjok3t & carbendazim 2.0, 4.0, 80,
2 160 pgmL} *H-thymidine 5 1 Ci/mL(Sigma, USA)
EFEA st 2A7F labelling 3}Ath. 100 pg/mLe)
sodium azideZ DNAFAS ZA|A)7|3, Ca¥'9} Mg™
7} Q1= phosphate buffer(pH 7.1)E 33 AA3 )L,
025% trypsin-EDTAS A3ldle] HIE RGA)7) 1,
25 10 mLg liquid scintillation cocktail(Beckman,
USA) SmLol) 83|AlA AP EES liquid scintillation
counter(Tri-Carb TR 1600, Hwellet Packard, USA)Z &
Attt

Giemsa stain assay

CHLME 1X10° celymL-& 24 well culture plateoi]
HEdte] 3zt viokst ¥ benzimidazoleA] A 3
£ 9 SRR kA9l captafol S 8.0, 16.0 32.0, 64.0
2 128.0ugmL-S 24417 A 2)8te] ul9F3}ar, phosphate
bufferpH 6.8)= 23] AHT F well T 05mLe]
methanol 2 5E7F A A7) ©+2 5% GiemsaZ 1587
QAT 9N T ATAESHL A2

MTT(3-(4,5-dimethylthiazole-2-yl)-2,5-diphen
yltetrazolium bromide) assay

CHLAE 1x10° celimL& 24 well culture plated)
HEsle] 3Y7t vidslt & thiophanate-methyl 2 beno-
myl 8.0, 16.0, 32.0, 640 = 1280 pg/mL, carbendazim
1.0, 2.0, 40, 80, 160 % 320 pgmL, captafol 0.25,
05, 1.0, 20 2 40 ugmL& 247 Aelste] wjokst
i, FA Yl 50 pg/mLe] MTT(Sigma, USA)7} X3
HA 2AS wiAZ wA st 37CAAN 4A17F )3}
1, WAE AAT ¥ 10 mLe DMSOE 75ty
A E formazond £33t v]A8 A (Shimazu UV-2201,
Japam)Z 570 mollA FHEE FAsY dlF2FH )
w3tk
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NIEZSAAT A& (SRB assay)

CHLAZ 1X10° celymL& 24 well culture plateo)
3E38te] 24417t w3l thiophanate-methyl 8.0,
160, 320, 64.0 % 1280 pg/mL, carbendazim 1.0, 2.0,
4.0, 8.0, 160 & 320 ug/mL, benomyl 2 captafol 0.25,
05, 1.0, 20 2 4.0ugmLe )3} 427k w)okstm,
50% trichloroacetic acidE well 3 500 LR H7}5}a,
N2 E<H 4TAM G2 by 58 FREE A4
3}, 35 A3 10 mmol Tris(pH 10.0) 2.0 mL
H7vetel 83A71 ohE  HlAA(Shimazu UV-2201,
Japam)Z 490 oA FHEE =Aste] 2T b
WEA.

o o nF
Lactic dehydrogenase &4

Carbendazim®] CHLujFAM| X o] ti3t HEEZAS 2
AFet7] 913 LDH €48 £33t} LDHEA &
AUz, SvltlZ=ZOMSO : dimethyl sulfoxide)3}
carbendazim A 2L 02 o] Al@IG oM, ST
ET 2 DMSOFH2 wiA e 05%8 23344 ¢
2 40 pL/mLE X284, cabendazime 2.0, 4.0,
80, 160 2 320 pgmLg wWj=jo] 32|35l LDHEA
& 2048 2% E 1048 2] 27} gzzg 175,

216, 229, 294 2 264%E EoET oA A|ELEA0]

o
h=]

HREUT AEete] &AEHAY Az dojuyw
432 4 o) LDHEAo| F7iex, Axytoz
FEH] iR Jo] LDHEAFC] S7iHe Aoz
&2 2 ATHShell, 1973). Alachlor, chlorpyrifos %
fenitrothiong PC-12 A|¥o] 100 nmolZ #)2)8}9 S
] LDH @Ao] Zzt 28, 3.1 2 348 Z7AATT
B 313} 2 (Baguchi 5, 1995), Fisher 344 A= A1AHA)
XE 0|43l chloronitrobenzen] A|EZAA QAT
LDH] &Ajo] F71E]%l o H(Hong 5, 2002), =3
NG2A FFS o]&e A= INEIFHAFANE
chlorothalonil, captan 59 FoFo] LDHEAS 7}H51A|
S7MAH T Ra1EtiSuzuki 5, 1997). A= A
EAXEE 0|83 Jl=F 10 gmol?} 50 pmold A
& FEAA dizTed vlF) 2zt 1399 282%9) F7}
& Hol(d T, 1993) £ A7 AR fAbskath
Suwalsky 5(2000)& benomylS /N8 AAAIAE
of =Z2AAL w 001~1.0 mmole] XA o)
UAATAL Baste] AEDg E4AE F ASS &
F St LDH SA4Z4Ye @FYE g A=
AAPHOREE T Bo] o]&FH: glon, &
LEE A3 FANEY €9 LDH 84
Aol QL AAEE 2X3}7)T SrHAsztalos, 1986).
Benzimidazole7] A8 MEFAHL HAFE ol&
& SANEAE €2 CHL wiFA XM= HA o
738 et o m, Borenfreund 5(1988)0] AAI3H Al

A oy Jh

Table 1. Effects of different concentrations of carbendazim on lactic dehydrogenase (LDH) activity in culture fluid of

complete cultured CHL cell

Treated concentration(yg/mL) LDH activity” (Mean+SD) % control
DMSO 31.53+0.87 138
0.0 22.81+3.74 100
2.0 38.914.08 175
4.0 49.31+6.35 216
8.0 o . 52.29+2.46 229
16.0 66.95+3.84 294
320 60.28+3.11 264

“The cells were cultured in CO, incubator for 3 days and incubated after treated with carbendazim for 24 hours.
LDH activity was measured by automatic analyzer(Gilford system 103, Ciba Coming, USA). Each value represents

mean +SE.
AA/min X TV X 1000

LDH activity(U/L) = 622 X SV X LP

AA/min = Change in absorbance per minute at 340 nm, TV = Total reaction mixture volume,

SV = Sample

volume, LP = lightpath, 1,000 = converts units per mL to units per liter.
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Table 2. Effects of different concentrations of carbendazim on DNA synthesis in cultured CHL cells

Treated concentration( z g/ml) *H-DPM( X 10°" % to control
00 3.34 100
2.0 1.85 55
40 1.36 41
8.0 1.47 44
16.0 0.95 28

“CHL cell were cultured in CO, incubator for 24 hours and DNA synthesis inhibition was measured by liquid

scintillation counter(Tri-carb TR 1600, Hewlett Packard, USA) after 24 hours treated with carbendazim and after 2
hours treated with 5 4 Ci/mL 3H-thymidine.

EEATEA g3 =40 B BAWCK<I0 p F HEEA B 2HH ol ek zlo.2 vt DNA
mol)o| | F3}Rct. FEY AZEGo] DA dojdg ¢ 4 AT

8% JIEFS AE ARAEC 70 M} 60.0
DNA &M Kol AIE L ME XEEEe W thRTo] Hlete] zzk 90 @

Tl Z, RNA, 2 DNAS AtiEAe] “Smethionine,  50%¢] FASL B
*Huracil @ “H-thymidines} 2o Ao WAINES 10 xM3} 100 M2 %EOM 77} 86 2 5%, 2.0
HAE labelling 3o AEAR FAAHNES o] &3} mMol| A} 45%9] 34 &8 HARH 5, 1993 4 5,
ATERS ST 5 Jdda L8 gltiMayer, 1995), ¥ AFelM et Aol fAEE Aol
2000). BenzimidazoleZ] A9 DNAZAlo] mx|= o1, carbendazimo] 7IEFo|Y HHT 6.0~208]E
GES PA8Ly]) 8] *H-thymidineo] labelling® 24} DNAZAL Adlske Aoz Uehyr.

A FALAE o83t AP A3 R 2044 BE

upel o] SAWERTY WA 334x10° DPME Giemsa stain assay

100% =2 3512 W] carbendazim 2.0 pgmlLo)A)E 1.85 Giemsa stain assay= 2Hol9le A|¥9 S
X102 2o 55%°) SFSAOT, 40 pgmL  of, AT BHS ZHI=2 B NZEHS
e 1.36x10°02 279 41%, 8.0 ug/mLol|A] 7bahe YubE 9 Al@y o]t} Benzimidazoles) A A
B L4TX10°02 29 44% 183 160 pg/mLo) 2 ok okAQl captafolo] e MEEZAAIF S
A 095x10°0.2 thaTel 28%0) s)2sle] DNAT 438 A% T 3904 RE ©pgl 20| thiophanate-
AA 7 2.0 pgmLoA ok 50% W24 LDHY| 2] methyl, benomyl, carbendazim % captafolS Z}z+ 8.0,

=2 17

A= Ao TN Fe

Liﬂé%
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Table 3. Cytotoxicity results measured by giemsa stain assay in cultored CHL cell treated with different
concentrations of benzimidazole fungicides for 24 hours

Treated concentration Cell viability(%)”

(1ug/mL) Thiophnate-methyl Benomyl Carbendazim Captafol”

0.0 1000 1000 100+0 1000
8.0 80+£7 36*5 98*5 30+14

16.0 86+ 14 15+4 65£6 25+8
32.0 8614 1040 30+0 30+12

64.0 7619 9+3 143 2843

1280 6014 9+3 100 23+5

"CHL cells were cultured in CO, incubator for 3 days and thiophanate-methyl, benomyl, carbendazim and captafol
were treated to the cultured CHL cells at concentration of 8.0, 16.0, 32.0, 64.0 or 128.0 yg/mL. Cytotoxicity were
measured by Giemsa stain(5%) assay to investigate cell viability

b)Captafol was used as positive reference.
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16.0, 320, 640 T 1280 pg/mlLe] EE 2 H]oku)=| o
247)7F 2)2)3}91S uf thiophanate-methylx) 2]o] ]38k
AZYEE S HET(100%)9 vla] Hels=EZ 80,
86, 86, 76, @ 60%Z 50% MIEAYZ¥FE7} 125 pgmL
o]A}oll o™, benomyl-& 36, 15, 10, 9 L 9% 50%
AMFNZEE7} 124 pgmLo] Q). Carbendazim 98,
65, 30, 14 ¥ 10%=Z 50% MXAEFE7} 287 pgml
o]tk A9 captafole 30, 25, 30, 28 L 23%
2 50% MAEREFT7} 025 ugmlo|¢t)d. Giemsa
stain assayol] ©}3} benzimidazole#d] A7) 2 captafol
of g MEEA BluAIgeM NEEAL captafol >
benomyl > carbendazim > thiophanate-methyl=0. 2 7}
aHA vehd,  Z¢4(Tamano F, 1990; Kim 5,1997;
Perocco &, 1995; Tsuda %,1993), %= 4J(Rahden-
Staaron 5, 1994), SEFL BAASo =, 1996),
DNA, RNA#d7|8|(Rodriguess} D’Angelo, 1994) =
BiHoz Ao S4E Yo Aoz ¥
FANZE AL captafold] A EZAe] 74 AL
o, K3 benomyle] =X4o] ZaA et R
benomyl2- W2 A|7h el carbendazim¥} butylisocynate
2 Fdded, ol A49H butylisocynateo] 25} 7]
A== ASE oA, butylisocyanatet= carbendazim
BT} cytochrome P4509] £4& o ®o] Adsle A
o2 43 rhRadice 5, 1997). Thiophanate-methyl
< &4 A cabendazimeZ AT EE 7)7ho)
benomyl BT} Ho(F, 1998) EAo] Aujzgoz e
Ao g HeE T

MTT assay

MIT assayo] 2|3} benzimidazole#] AgA o
captafolo] CHLEjYU A Ed] mXE Z=AL
$8Fd  mitochondrial dehydrogenase &A1&
t}. Colorimetric assay®l MTT assaye= 4% zl
S dAFoz HAAYseH ol$HE WY Yoz
vl YA (National cancer institute)o)| M % 3
A T4 AAES A% BHeR A e oHCami-
chael &, 1987). Mitochondrial dehydrogenase7} ATP :
ADP H[& o 23] MTTE formazonel & wH3}A|F]
= dgE o8 ANFYELES ZHI=(Meyer,
2000) AE 28 A EF2E(Greenman F, 1997), X
4 5, 1993; A 5, 1995; Ponsoda 5, 1995) &
& d7she APHoR Wol ARHTL Yok MIT

3
23
o

assay AZE 2T Hwdo 50% As:E A
e, ICxol] WE A4S FE3d S4F=E &
A7) % Foh(Borenfreund 5, 1988). Benzimidazole)
AR 2 F9E FAR] captafol S oz MTT
assayo] & AEZZJARE P A 27 14

<= dl9} Zo| thiophanate-methyl-S- 8.0, 16.0, 32.0,
64.0 = 1280 pgmle] FE=Z wjoulx]o] 24417k A
2l5}9€ wl mitochondrial dehydrogenaseo] 2]
formazon AAd-&o] A2 ZRTH(100%)e) uls} 147,
157, 136, 153 2 120%2 probit &£-A]o] Zek3}go.n,
50% MEAE FE7) 125 pgml ooz 1)
f718HA B8t

9r

Probit
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6} . A
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Fig. 1. Probit analysis of the MTT assay results obtain-
ed in CHL cell treated with different concent-
rations of benomyl, carbendazim and captafol.
CHL cells were cultured in CO; incubator for 3
days and different concentrations of benomyl,
carbendazim and captafol were treated to the
cultured CHL cells. Mitochondrial dehydrogenase
activity was measured by MTT assay using
spectrophotometer(Shimaduz UV-2201, Japan) by
monitoring the change in absorbance at 570 nm.
@ Benomyl, ¥ Carbendazim, A Captafol.

Benomyl§ FUFEE ARes wWe A7 77,
58, 21, 11 2 23%2 probit BAAT AW 311, 7)1&
7] 14824 50% NIAEFEE 187 pgmlo]Qich
Carbendazim< 1.0, 2.0, 4.0, 80 2 160 pgmle] E%
2 X338 W mitochondrial dehydrogenased]] 2]3%h
formazon AA&o] Z+z} 100, 84, 80, 73 W 68%=
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probit A A3} HH 341, 7)&7] 1.002.Z A, 50%A)
E AEFET} 204 pgmlol k. W PR
Q) captafol g 025, 0.5, 1.0, 20 2 40 ygmlLe] %5
2 A73t%-S W= mitochondrial dehydrogenased] <]
& formazon A§Ad-&-o] 247t 81, 89, 81, 60 ¥ 31%E
probit FAZA2} HA 452, 71&7) 11709, 50%A] £
BEFE7} 2.6 pgmlLo] Yt

Staub 5(1998)2 benomyl©] mitochondria dehydro-
genase A4S AHalslng AIEANL Jozitky ®
sk EAR] Aol FYSHT. MITT assayol A
% giemsa stain assay®} A}t A2 Ao, AE
%/9& captafol(ICso 2.6 pgmL, 74 M) > benomyl
(ICs 187 pgml, 644 M) > carbendazim(ICs 20.4
pgml, 1070 M) > thiophanate-methyl (ICsy >125.0
pgml, >3650 uM)y&oZ 78A uehydth  Thio
phanate-methyl®] 7-¢- M| E=4Jo] <=9k, benomyl,
carbendazim % captafol & M| EE=Alo] 7slAl UERG
o},

NZSAMATAIE(SRB assay)

Benzimidazoled] A A9} GAHHZ A captafol
of s} SRB assayoll 93 HZZAAAANHG 4
B3 A7 O 244 BE nleh 2o] thiophnate-
methyl 8.0, 16.0, 32.0, 640 2 1280 ugmlLe] %=
s Ale] 493 M)A e u AZYE o] Z7
o) 27 (100%) 9 Bla) 86.6, 33.7, 23.5, 19.5, 9 81%E
probit A3 HH 276, 7|&7) 1.822 A, 50% A
FAEEEE 174 pgmL 0908, benomyl 025,
05, 1.0, 20 % 40 pgmle EE = 497 22819 &
W AEAYFEE] 247 1010, 97.5, 84.5, 142 2 94%
2 probit BAA7} HH 424, 717 43124, 50%
HNE BZFE7} 15 pgmlo)dth Carbendazim 1.0,
20, 40, 80 ¥ 160 ygmLe] L2 497} Aty
S ol AEAYELo] Zt7t 990, 808, 362, 248 L
16.5%% probit +A23 HH 356, 7]L7] 2210]%
o, 50% MEHEFEIL 53 pgmLolUtt A
ThZoFAIQ) captafol S 0.25, 05, 1.0, 2.0 2 4.0 yg/mL
o) FEF 497 Ade w AZAEEo zZF
78.8, 48.0, 157, 13.0 & 82%= probit ¥4 A7} AHY
559, 71€7] 1952, S0%MENEEE7} 05 ygmLo)
Ak AE 2 549 FEE Yegie 7129
AHE AHKEE, 7]87]= benomyl > carbendazim >

captafol > thiophanate-methyl &= o|glo®, AH2
captafol > benomyl > carbendazim > thiophanate-methyl
£02 %Ytk Captafole] 79 7]27]%E benomyld]
wa) o Ado] a7) W) S40) 1A e
dehge 94 9go FE9 37k Be 549
7= benomyle] 7}F3tHTh

10r

-1 -05 0 05 1 1.5 2 25
Log Dose

Fig. 2. Probit analysis of the SRB assay results obtained
in CHL cell treated with different concentrations
~ thiophanate-methyl, benomyl, carbendazim and
captafol. CHL cells were cultured in CO; incu-
bator for 24 hours and different concentrations
of thiophanate-methyl, benomyl, carbendazim and
captafol were treated to the cultured CHL cells
for 4days. Cell proliferation was measured by
SRB assay using spectrophotometer(Shimduz UV-
2201, Japan) by monitoring the change in absor-
bance at 550 nm. @ Thiophanate-methyl, ¢
Benomyl, W} Carbendazim, A Captafol.

N
—

Ao

AESHAALEE FH4ske dEZHA A
SRB assay®j 0.2 A@g TR A v gAEo
Aoz EAHE {3 capafolo) 71 B =
S HYendlo F, 1996 Rodrigues®t D’Angelo,
1994), benomylS  carbendazim® c} HEEAJo] ] 7}
A UElhsed, oledt Avte benomyle] tjAp A
Z<] butylisocynate”} carbendazim® t} cytochrome P450
o 245 © Bo] AMslstHthe Radice 5(1997)9)
AT A7e Yx|stAth §HH Thiophanate-methyl & &
] 3EQl carbendazim©. 2 ZFEE= A|7to] benomyl
o Zoj(3, 1998) FhH o =A4o] gt o=

ox dE ¢

ke
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A2 benzimidazoled] AHAlE Yuka
S8 FAFAHe] g EA=Z geA ou, o=
% benomyl¥} carbendazim& AN EZ=Ajo] HlwA 73t
Ro g Uehgth 4U7F bezimidazole) A7} 22
H AEZAAAAH M NOEC(no observed effect
concentration)+= benomyl 04 pg/ml, carbendazim 1.0
pg/mL, thiophanate-methyl 4.0 yg/mL 2 captafol 0.1 ug
fmLolgitt. o|9} 2 A AMNE benzimidazoleA At
TAY Sz W in viro Ao HHd T B}
o 489 & Y& Aoz Ao

olge

rak
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Risk assessment on cytotoxicity for henzimidazole fungicides

Je Bong Lee, Pil Nam Sung', Mi-Hye Jeong, Jin Sup Shin, Kyu Young Kang’(Pesticide Safety Division, NIAST,
Suwon 441-707, Korea, "Livestock division, National Jeju Agricultural Experimental Station, Jeju 690-150, Korea,
"Dept. of Enviro-Biotechnology, Gyeong Sang National University, Jinju 660-701, Korea)

Abstract : To assess potential risk of the benzimidazole fungicides, their cytotoxicities were evaluated. Activities
of LDH(Lactic dehydrogenase) in the culture fluid of CHI(chinese hamster lung) fiberoblast cell treated with 4.0,
16.0 or 320 pg/mL of carbendazim for 24 hours were elevated 2.16, 294 and 2.64 folds compared to the
control, respectively. DNA synthesis was inhibited by 45% at 2.0 gg/mL of carbendazim. Benzimidazole
fungicides showed high toxicity to cell and mitochondia of CHL cell by Giemsa and MIT
(3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium  bromide) assay. ICs, by the Giemsa assay of
thiophanate-methyl, benomyl, carbendazim and captafol were over 125, 1.2, 30.0 and 0.3 pg/mL, respectively. ICs
by the MTT assay of thiophanate-methyl, benomyl, carbendazim and captafol were over 125, 18.7, 204 and 2.6
pg/mL, respectively. Inhibitory concentration of cell median proliferation by SRB (sulforhodamin B) assay for
thiophanate-methyl, carbendazim, benomyl, and captafol were 17.4, 53, 1.5 and 05 pg/mL, respectively.
Accordingly, benzimidazole fungicides inhibited DNA synthesis, mitochondrial function, cell proliferation and

induced cell necrosis.
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