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[5%] fREE (FLO) B—MIZERNRER, siSEMRAIM FIcERERBERS,
B34 FLC R AT S FAMNBIEIA R+ 2B R,

[E Y] 112 FLC XY A B AF4HRE BRL-3A BY S M /EB BTSN E

[757%] RAMPEBRMENERRMLEE (MTT/E) F20.1. 1. 10, 100 umol-L™* FLC
ZLE 24 h [EXT BRL-3A FFEARUE MRS, MERLIHKNESKREN 1. 10, 100 umol-L* K7
BB AR NFTARANEES (ROS) KFHEN, AR RESHERLN (RT-PCR)
BARNEBR NV LES (SoD2) AP E KT S YIES (GSH-Px) BY mRNA FRiKXKFE,
FRAFMEARENATFAMEAITE TR ROE T, F A Western blotting 3510 X & & 8§ -3
(Cox3) . AT EF Bax F B- HEBAHSE -2 (Bcl-2) EHMITIAKF,

[£55] #B3TF3IHR4A © 1. 10, 100 umol-L* JKEE FLC F55 AT 4HAE BRL-3A 5, HARRTEIEZER S5
79 (91.4#4.2) %. (73.5#13.1) % F (66.7+5.5) % (3 P<0.05) ; 10 umol-L™ Z225 4L A ROS 7K
Fi%EFE (126.2+¢12.4) % (P<0.05) ; 1~100 umol-L* BY FLC 2 3 [5 SOD2 B9 mRNA 3R i B& 1
ZF (29.842.1) %. (25.5+2.2) % (6.6+0.4) %, T GSH-Px BY mRNA FRIAFE(RE (63.624.2) %,
(49.9+4.1) % 0 (26.5+2.1) % (P<0.001) ; 10, 100 pmol-L* 3K FE FLC 93 BI{E 40 i A 1= =K
(2.2¢0.1). (12.520.8) &, Bax I E A RIKXIEH E (1.2¢0.1) (1.4+0.1) & (P<0.001) , Bcl-2
HEBRAFRRE (41.644.0) %0 (41.943.2) % (P<0.001) , Bcl-2/Bax {EFFIKZE (35.244.0) %
0 (30.9+3.1) % (P<0.001) , [EIEY Cox-3 BB FRATEZE (84.118.0) % (54.2+4.2) %o

[452] FLCXIAT4ARE BRL-3A R B PAR IS MM, FRENFA S MIER, HEMVIFIRI8E
RESELATAREHR G, HEEERET,

FKIEIE C AIREER ; AR ; |URDH ; ARRT ; ARSIt
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Abstract:

[Background] Fluorochloridone (FLC) is a widely used herbicide. Previous studies have found that
FLC has potential hepatotoxicity, but associated effects and mechanisms are rarely reported.

[Objective] This experiment explores the toxic effect and underlying mechanism of FLC on rat
BRL-3A cells.

[Methods] BRL-3A cells were exposed to FLC (0.1, 1, 10, and 100 umol-L™) for 24 h, then the 1, 10, and
100 pmol-L™ FLC showed significant cytotoxicity by methylthiazolyldiphenyl-tetrazolium bromide
(MTT) assay and were used for further experiments. The levels of reactive oxygen species (ROS)
in hepatocytes induced by FLC were detected by immunofluorescence. The mRNA expression
levels of superoxide dismutase (SOD2) and glutathione peroxidase (GSH-Px) were detected by
reverse transcription-polymerase chain reaction (RT-PCR). The mortality and apoptosis rates
of cells induced by FLC were detected by flow cytometry. The protein expression levels of
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cyclooxygenase-3 (Cox-3), as well as apoptosis-related proteins Bax and B-cell ymphoma-2 (Bcl-2) were detected by Western blotting.

[Results] Compared with the control BRL-3A cells, the survival rates of cells exposed to 1, 10, and 100 pmol-L™* FLC decreased by (91.444.2) %,
(73.5+13.1) %, and (66.7+5.5) %, respectively (P<0.05). Exposure to 10 umol-L* FLC increased the intracellular ROS level to (126.2+12.4) % (P<0.05).
After the 1-100 umol-L* FLC treatment, the mRNA expression levels of SOD2 were decreased to (29.8+2.1) %, (25.5+2.2) %, and (6.6+0.4) %,
and the mRNA expression levels of GSH-Px were decreased to (63.614.2) %, (49.9+4.1) %, and (26.5+2.1) %, respectively (P<0.001). The FLC
exposure at 10 and 100 umol-L" significantly elevated apoptosis rates to 2.2+0.1 and 12.5+0.8 times and the protein expression levels
of Bax to 1.2+0.1 and 1.4+0.1 times of the control group (P<0.001), while decreased the protein expression levels of Bcl-2 to (41.6+4.0) %
and (41.913.2) %, the ratio of Bcl-2/Bax to (35.2+4.0) % and (30.9£3.1) %, and the protein expression levels of Cox-3 to (84.1+8.0) % and

(54.2+4.2) % respectively.

[Conclusion] FLC has a significant toxic effect on BRL-3A cells, and the effect increases with a higher FLC concentration. The toxic mechanism
of FLC is to induce oxidative damage of hepatocytes, and then promote apoptosis.

Keywords: fluorochloridone; hepatocyte; oxidative stress; apoptosis; cytotoxicity

#.18 E #f (fluorochloridone, FLC) &= — = il iE
BEFEURERY, #ARETHEH T ZERY,
EXNESMERAER. RIE2010FMNERLERE
(European food safety authority, EFSA) FYiR &, FLCE
BigMEESEUNRONERAS S, THEEES
M. BUEERHEREED, FICHBEEES VL
FIES R AT - E AR A Rk A4
AT IKTE, M EBmSEHRE ", ARt &
FLCXTHEE € RONE MR NN BB R ESE ., B
IR Z RARR FLCSMIERNIRE, HEEH ARSI
FEEM. X rici@MSsLRAIE ] SH AR
AE &R %0, M&AS R R AEKFEET I, FLCXTAFREIR
HBRFMEREE—EFm, EN—EFSHE, B
i B2 T ARART AR AT 89N R 3T3 4BRE AT R B 14K
7, ZRFICAMANAEBEEREXN FIT3HAREN, &
MFLCAR S EIE M, RAFLC RFFREGE, 5%
138 10, BIHBAISIA L5 R R TN 500 mg-kg & FLC
EBEBRBEARREBTEERE. HEE. KA. RER
F2AHMEXAEHYERE, SRVEEER SR
&, REAFLCS M T RE S IFlitsEE i TheE R B8
xbEu MEIMFSME, BFCEITFFARMNSE
ERMRERDIRE, Ft, RAFTRAARESET
YRR BRL-3A ENIRSIEEY, MABREE 4. |ILI(A AN
MR T FAEER FLCXTATARERS M ERFIA S,

1 #MEl5A=*
1.1 M#¥

BRL-3AFTAHRE R B R ERI Fi M E, T2
F iR IIB 2 R A /RIZFFE (Dulbecco’s modified
Eagle medium, DMEM) St 2 #F &, BRI L HRK
(phosphate buffered solution, PBS). B& B&. B8 4 M
/& (fetal bovine serum, FBS). BB & - S HZ Wi

(% [E Gibco) , FLC (fZ [E Dr.Ehrenstorfer GmbH) , [
W & (methylthiazolyldiphenyl-tetrazolium bromide,
MTT ; [ Sigma) , — B E X (dimethylsulfoxide,
DMsSO ; FEIEHKANZEAFERARE), EHESR
(reactive oxygen species, ROS) W MIIAFI & (FHEHE
TREMZABIRAE) , ZEMEE (bicin choninic
acid, BCA) EHEEWFIE. MFRBINEE (radio-
immunoprecipitation assay, RIPA) 4l i 24 2 /& (&
Thermo Fisher) , eBioscience FREXZEH V (Annexin V) - &
Bt &R "X J¢ & (fluorescein isothiocyanate, FITC) £ A
BT FIE (ZE Invitrogen) , BHEZRREIE -2 (B-cell
lymphoma-2, Bcl-2) $if&. Bax Fif& (Z&E Abcam) , &
&5 -3 (cyclooxygenase-3, Cox-3) ik, HIHEE -3- 5%
B i S B8 (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) Fi{A. IZERRIBEEUAFIE. REFR AT SN
1#iX 5 & (£ E Thermo Fisher) , B R LI L ES
(manganese superoxide dismutase, SOD2). & Mt H
it id | 1% ¥ &8 (glutathione peroxidase, GSH-Px) #01
GAPDH SI¥HETEMTEBR AT EMK ; 96 FLIR.
6 FLIR. 15mLE OB 25cm*EF . 75ecm? B
(32E Corning) , ZIERE. 1%k (& Bio-rad) ,
1.5mLEOE (32E Axygen) , KB TUIESS (0.45um,
REZRELNEERABERAE),
1.2 %28

FEMNEE : O, 1T (EE Thermo Scientific) «
DMI3000 I & B (FEE Leica) « 4HAEITEN (EE
Bio-rad) . ;R TLAHAEIX (32 BD Biosciences) . BEHRIY
(3t Tecan) « ZKAEBAIY (3EE BRANSON) o
1.3 BRL-3A4AfEIEZ5F

1% BRL-3A AR R RREEH 1L & 70% FiiS% , IINIETR
HZIEEN. WITRSBFUSx10° 1 - IEMTF 5 1%
X7, 10% FBS B9 DMEM 3 FE A, 37°C. 5% CO,IFB
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157, 48h FfE
1.4 MTT 4RRaEME T

BYNE A KHAARRR M, WL 1x10° - FLP B ERER
fhF 96 FLIR, BT 37°C. 5%CO, 157 24ho FISFHE,
SFUIMAN 0.1 mLE 0.1. 1. 10, 100 umol-L* BY FLC 1555
H, R FF24h, 8 NREIRILI0DNETFL. 5T
FfE, SFLI0AN 20uL MTTAW (5mg-mLY), 37°CiEE
4h, FEEFE, NI 150uL DMSO, eGSR EIRIE
ERIKARE, FZINEEEEIRUNE 490nm b EE,
1.5 ZARATEM

BN SR A K HAAARE, LL1x10° - FL B EER T
6 FLMR, & F37°C. 5%CO,iEF 24h, MMAE 1. 10,
100 umol-L* BY FLC %t 25 24 h, 3% BB Annexin V-FITC £
AT EHFSNEMBTE, BREEAR, B
RIS IR FE 2 FITCBY Annexin V FIHE1Y B IE (propidium
iodide, PI) Zt&, KAMIVAMRICNE ML ATKTF,
1.6 ROS 7K

BB E 15 RERANAMAESE, FHMEXTR
FLARIN 4- TEI RS (Rosup) 1EAPRMESTER, Z
F24hfg, XARFZNELMA ROS KF,
1.7 SOD2. GSH-Px B9 mRNA Rix1&;M

BEBAELS REHENHBEES 240G, K
BN EHAPHTRERINERNANRERGE, 75!
St GAPDH. SOD2 Hl GSH-Px 1T REB S HE R [
(reverse transcription-polymerase chain reaction, RT-PCR)
g, SIMFEYINERL PCRRVEHE : REAMT 4
95°C 10min, T4 95°C 455, IB N 60°C 455, FEfH 72°C
50s, fEIF 408, S RRAZR 10uL,

&1 5I¥IFFIFIR

Table 1 Primer sequences

2H EMA35I1# (57-37) k514 (5-3)

S0D2 GCCTCAGCAATGTTGTGTCG ATTGTTCACGTAGGTCGCGT
GSH-Px GACATCAGGAGAATGGCAAGAA GTGGGATCGTCACTGGGTG
GAPDH ACAGCAACAGGGTGGTGGAC TTTGAGGGTGCAGCGAACTT

1.8 Bcl-2. Bax #1Cox3 &R T XM

BT HAAAAR, LA 2x10° 1 - R P B E M T
75cm*iEF R, B F 37°C. 5%CO,1EF 24h, IIAE
1. 10 100 umol-L* BYFLCZ 5 24 h, A T2 BY PBS Jk
w318, MMARPAREHAER, 4°CTHEE30mIin [T,
12000xg B0 10min, BX LB R, ABCAZEATEE1R
FIERHTEAER. T+ 2RERBRK - RABTR
&% B BB 7k (sodium dodecyl sulfate-polyacryamide gel

electropHoresis, SDS-PAGE) BB 5, B IIBRAL
1% (polyvinylidene fluoride, PVDF) f&, £2 5% i RE4E1
HHF1h, ION—3#1Bcl-2. Bax# Cox3 #ik, 1£4°CT
FEIE®R, 20.05% Tween20 W=F HEFE B IRE
JF& (tris buffered saline with Tween 20, TBST) 3% ;
=REBEZH1h, TBSTH 3R, BHUFRIERE,
KNEXENUENE 2,
1.9 #itESR

SAHARKNEEIR, ERXAFEELINEER
s RIT DI SPSS 18.0 RIF#HITIE, Z4H[8]
LR R R A E S E 2D (One-Way ANOVA) , A
BIEFLL IR LSD-t 1030, ZRERITERN,
12387K /E a=0.05,

2 2
2.1 4HREIEM

ME1FAR, EREFN=EN0.1umol- LB, RFE
A53TERLE 7 B BRLBAAME M ERHERITFER
X (P>0.05)0 1. 10, 100 umol-L™* 28 40 it 7& 14 35 3 FR
HBAE TP (P<0.05) , B EMMERENFA ML
B,

120

— #

100 . —
80 -
60
40
20

SYER  0.1pmol-L? 1pmol-L? 10pmol-L" 100 umol-L?
FLC
[E] * . S3484A4ELL, P<0.05 ; # : 5 10pumol-L*#ELL, P<0.05,
1 MTTEMRE FLC X4 BRL-3A 4ABTEERAIENA (n=3)
Figure 1 Effect of FLC on the survival rate of BRL-3A cells
by MTT assay (n=3)

MpENE D /%

o

2.2 ROS, GSH-Px. SOD2 ¥y mRNA 7k F

40 Bl P ROS 45 SR 9N &) 2A Ffi 7o BB X BR 28 ROS
IREE (270.4130.4) %, REARXF EE . £F K
FE 1 umol-L* BY ROS & 2 A XTBRLAAY (110.3+15.4) %,
100 umol-L* B/ (98.4+16.8) %, EREHAEEFHITE
BX (P>0.05), 25 /KE I 10umol-L* BFfROSEE
S EXTERAM (126.2¢12.4) % (P<0.05) . 5XTERZHH
bb, BRF LT GSH-Px 1 S0D2 I mRNA RIAEE
T, Z2EBESITFENX (P<0.05) (ILE 28),
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fm 200 ﬁ
I8 150 x @
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4\\@%2 0\'\’ o\N o\'\/ q_):\g‘)q
& & F ¥
N KN AN
FLC FLC

[F] S3FERLAHMLL, * : P<0.05; ** 1 P<0.01 ; *** : P<0.001, ### :
510pmol-L* #8LL, P<0.001,
2 FLC#3E BLR-3A4HAE" ROS 7K E (A) 1 GSH-Px (B)
fSoD2 (B) ¥ mRNABXRIAEE (n=3)
Figure 2 The levels of ROS (A) and GSH-Px (B) and SOD2 (B)
mRNA in BLR-3A cells exposed to FLC (n=3)

2.3 AT
MRA T MIZE R A0E 3A~3D FiR. FEREFE

o

TF, AR TEREMF A SR | SWERAL
5%, 1. 10, 100 umol-L* B FLC RFAMMIL TR 9 5/
ASE (1.640.2). (2.740.1) H (4.740.3) 1Z ; L H
X (REATKIEEAT ZM) b EF (B3E) 1 5
STERALLR, RFAHADFNABE (2.320.2) (2.2¢0.1)
N (12.5:0.8) 1%, SAMEEMTTEREL —K,
2.4 Bcl-2. Bax#1 Cox3 BEARIEKE

ERESERNERNE 4FR. SXTERAMELL,
10 100 pmol-L* R EA (R AT E B Bax WEHFRIAIE
= £ (1.2¢0.1) # (1.4¢0.1) & (P<0.001), Bcl-2 Y &
BFRIAPERZE (41.6:4.0) % H (41.943.2) % (P<0.001) ,
Bcl-2/Bax fEFEIRZE (35.2+4.0) % #0 (30.9+3.1) % (P<
0.001) , Cox3 ZRIATE 10, 100 umol-L* RH R ENTE
Z (84.1+8.0) % 1 (54.214.2) %o

10°r 10 - 10 E 1 L
a1 Q a1 Q a1 Q a1 @ . |[=oam
0.50 0.42 0.81 0.85 1.37 0.91 2.33 2.53 o 8 o QBRI AT+
10} 10} 10°} 10°} *ﬂ' 6| cawmAT
< : < < < 4
= 102k = 102k = = =
102 5 102 5 102 5 102 a
a . a a a H
" 0
10t ; 100t 10t 10! SR
a3 Q a3 a3 3 4\@ & & &
0.22 9 0.62 0.16 5.47 S & L
0 bomnct L L 100 k= L | ) e o L | 0 L L L | \'\} QQ' QQ\}
10° 100 10° 10° 10°  10° 10 10 10° 10°  10° 10* 10® 10° 10°  10° 10' 10° 10° 10° NS
PMT 3 PMT 3 PMT 3 PMT 3 FLC

[E] A :XFH84H ; B : 1umol-L* FLC ; C : 10umol-L™ FLC ; D : 100umol-L* FLC ; E : 4BRASET-FA T3, Q1 : 3L40RE ; Q2 : BREAAT ; Q3 : REAAT ;
Q4 : JEA, SXIMRLAARLL, *+ 1 P<0.01; **x 1 P<0.001o 5 10umol-L* AL, ## : P<0.01 ; ### : P<0.001o
3 FLC =% BRL-3AAMAT KR ArEE K
Figure 3 Effect of FLC on apoptosis of BRL-3A cells by flow cytometry

Bcl-2 Bcl-2/Bax COX3
=0 I 1 pmol-L*FLC
0 10 umol-L*FLC [0 100 umol-L*FLC
UE] A BIXEKHE ; B BWKEERITE, SXERAMLL, «: P<
0.05 ; ** : P<0.01 ; *** : P<0.0010 5 10pmol-L*4H4BLL, # : P<
0.05 ; ## . P<0.01 ; ### . P<0.001c
4 FLC#3 BLR-3A4HAEH Cox3. Bcl-2 1 Bax #ExEHTRIA
Figure 4 Relative expression of Cox3, Bcl-2, and Bax proteins in
BRL-3A cells exposed to FLC

Bax

3 iTie

FREEAGRSSECEYNEERE, T4
FOATHEMNE EARHARBRGNEZERI
SRATHEEATARBET, V52 YUENIKREEF™
S RBHATP TS HAMINEE=RIBMSET, M ROS

5| &AW RS ARG EE R, KIMNF
RULRIFCAIERANZF-ERAREIERER
P EAEE. BEUYELE. SRaERE
SYES T MERR R AE T KRB ES 1 Bax. Cyt-c.
Caspase-9 1 Caspase-3 9 mRNA KX F 5 5!, ZA<HF
R AKRFHARFITCRE, ZRTANWMEM
SR TR A K IR B MM, 53R REA, FLCATHD
FIARRESE M, (BHARET, BEMFERBIE H
FE 7= 100 umol-L™ FLC R E 7] LU HAT4AET,
P 1K Bcl-2/Bax U FRIA LL 5], P& SOD2 F GSH-Px BY
mRNA &KX,

EEBEBRT, LB RS BEIENIER K IEEIE
IngE, BEESUHHMEYBREN, KEFEBHROS R
fEARREA T, Bel-2 EE A LGSR E 5 R
AT, BEEIET, 1E5RMAEXT DNA IRAE FHVIRN
%, Bel-2 BERBIFRIA S IEBRERT SR T
3B M Bax BERERTBHATER, geiEinscd2&
R RIPHUR, (REHAMAT, Bc-25 BaxHEREZ
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BBYELBIR B2RE T AAEA TR, Bel-2/Bax {Hilk
=, MEIARE T /ERMER, AARERELIN, FLCH
%5, BLR-3A 41l Bax FiA 1 N Bel-2 A # 0,
WiRA FLC HSERENS S B ATARIA T,

ROSERBEEFBAAGMSMANIERLE, &
MR R MNRE, FEXREENFEFY, K
MESHARHH. SoODEVBRPSFEHEE Y
REMTENE, EVAECSHatTFEhERE
XEENER. soD2 TEEFHETFEAGERP, HER
KU RGE RIS S BT RN~ ENBR S
FHYBPRIERBRE, MMSEBEEALIR DNA YT E LR
. GSH-Px @—MHEENS EHY 2 EES, X GSH
TRHEVESHER, FESNIEUYERRT
ENEELEY, RIPHARERENSEHRINERZT
SUYHTFIRIRE, AARER LK FLCRSE,
BLR-3A iR ROS & 2 F+ /=, SOD2. GSH-Px mRNA R
KPR, 2RPA FLCREMB R AT AR N AW ROBUIR T,
SRR, Cox-3 @—FhHTE! cox WL BZEHY, AFIF
SEBEMTENEEmMESE, BEAMAER, Ak
1 ROS SIREMI R IR, RIS SApET 125, &
IR 40 & I FLC 255 /5 BLR-3A A B A Cox-3 7K F IR 1K,
H—HIESR T FLC A] 5 | R2AAR 2 EH Fo

4R b, NIRFAITE 100 umol- L' I FLCHIE R E
BY, AR AFARRERARAIE MR, MARSETRFAT
ERHE, 8UREBKTEAS, RAFCHFARAER
MRS (e, MG sEREE 5| T4
|, H—PEHEMARBTHIET,
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