#4545 5J2 &% | Journal of Environmental and Occupational Medicine | 2019, 36(10)

909

TE RARBNRERSE

Special column: Health hazards of pesticides exposure

IIRTCEX S S BEXT AR{ARY H295R 4R & _E AR
R B 53 b R R I T H R R,

THUL W, RCE, XS, B, S

ATRESHEI DS, AT F 310013

DOl 10.13213/j.cnki.jeom.2019.19502

I

(B2 FURARED FENPEEFEFRONREGLEY), @B —WHEWEHREXR
BIXTBRF AR (BFRXTBRIZ) o IRTVEX K S EE (cis-bifenthrin, cis-BF) & ZHRIMBIRATZHY
—MF IR RFEERZ, &8 1S-cis-BF F 1R-cis-BF Fi MTBRIA, cis-BF @ —FBTENA S
WFHAY, BHRFTKI, cis-BF T M- K- 5 _EBR (HPA) 353 BONER PUSR A Z R B
BERZAABEAEHIBENMEL, BXTF cis-BF STBRIAXT HPA MR S R 2 W IR ZESEF I
R R BB EBAT o

[EE ] SITFHRE cis-BF XTBRIANT A S _ERRRZ B (H295R) S FRREBUEER (KR
FEFBEEIRE) 59 KRR R E 53 F 5%,

[ 7575 ] FIBBRREEIENIT cis-BF #ITF 4R 7, AEZ &K BT (15-cis-
BF/1R-cis-BF) 9 BY T E , A SEEIEXT BN ITBRETREFH T O M. AIMNETR H295R 4R,
PUARESRE (00 1x10°, 1x10°%, 1x107. 1x10°, 1x10~° mol/L) 1S-cis-BF/1R-cis-BF % 4A i,
FEARIEM= (MTS) tb&IEKMIEIGTEE Y, RERSRE. UTHABRSHERE (0.
1x107°, 1x10%, 1x107mol/L) 1S-cis-BF/1R-cis-BF RN IR 24 h, RAL R ES - BEEEHE
R (real-time PCR) #21E AR FZ SR & BB X BB R R RIANKF, FAESER G & KM
5236 (ELISA) MEMEARIFBEERARE (cAMP) 22N LERP R REE. BEEKE,

(455 ] FIAERURIE BB ST cis-BF X BARIF 73, FEFRSTBRIA 1S-cis-BF A 1R-cis-BF 4
E A=K 99.5% F1 99.2%. MTS RIER B R, SXTERAMLL, 1x10° M 1x10™° mol/L K E
LALMREIBTESE Y FHE (P<0.05) , T 1x10°, 1x10® 1 1x107 mol/L 1S-cis-BF/1R-cis-BF ¥} H295R
AR IBTESEME TR R 200, PCREER B, X T XIHELH, 1x107 mol/L 1S-cis-BF 7] FIAZEEES
BRAMATER (StAR) . 4RG3 P450 ABERRNIFEXARES (P4S0scc) . 38- FREXERER S
f§ (3BHSD2) F 17a- 21k EE (CYP17) B9 mRNAZKTE (P<0.05) ; 1x10°%, 1x107 mol/L 1R-cis-BF B]
i 38HSD2 mRNA 7K S (P<0.05) , B 7E 1x107 mol/L 7R [ £ StAR. 3BHSD2 #1 CYP17 mRNA 7K
FEBEXNMRAEER, 15-cis-BF FINEIVER 5 312 1R-cis-BF B9 2.23. 2.04 #15.00 fZ (P<0.05),
cAMP E L5 R B 7R, 1x107 mol/L 1S-cis-BF 2 S M A cAMP Z 22X F X RA T T
8.10% (P<0.05), T 1R-cis-BF S BRAERLHITFENX ; B 1x107 mol/L7REH cAMP &
EEHENIREER, 15-cis-BF FINFEIER ST 1R-cis-BF (P<0.05) . MEMNELERETR,
S53BBLAMELL, FIEREL (1x10°, 1x10%, 1x107 mol/L) BB REE S /K FE19BE B FEME (P<
0.05) , 1x10°, 1x107 mol/L 15-cis-BF 5z 1x107 mol/L 1R-cis-BF £H B [E|EF 93 3 7K FBA S FE 1K (P<
0.05) ; EA7E 1x10° mol/LREELR, S BYSTBRIRSY 7 B2 23 8 7K RN HIVE R 2 R BT AR A
B91.68 1%, 7 1x10" mol/L /R E A, S BYNTBRIATIELEER 73 78 K RN (EFE 2 R BT BR{ARRY
21615, ZERHUERITFENX (P<0.05),

[ 4518 ] cis-BF X BRI PR cAMP 7K, T3 cAMP 1R $i 14 25 (Bl B2 3 &= & AR BB mRNA Y
TR EI H295R 4 A (A 52 Ba B2 N BE B BR Y 0 w2k 2, B 1S-cis-BF TN PAE =
1R-cis-BFo
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Abstract:

[Background] Chiral pesticides are pesticide compounds with chiral centers in their molecular structures, containing one or more pairs of
enantiomers which are mirror images of each other. Cis-bifenthrin (cis-BF) is one of the most widely used chiral pyrethroid insecticides,
containing two enantiomers: 1S-cis-BF and 1R-cis-BF. Cis-BF is a potential endocrine disruptor. Previous studies have found that cis-BF
exhibits an antagonistic effect on the receptors of glucocorticoids and corticosteroids secreted by hypothalamic-pituitariay-adrenal (HPA)
axis, but limited evidence has been available concerning the enantioselective disruption effects of cis-BF on the hormone synthesis and
secretion of HPA axis as well as the potential mechanisms.

[Objective] This experiment investigates the effects of enantiomers of chiral pesticide cis-BF on the secretion levels of adrenocortical
hormones (cortisol and aldosterone) as well as the potential molecular mechanisms in human adrenocortical carcinoma (H295R) cells.

[Methods] Chiral resolution of cis-BF was carried out by high-performance liquid chromatography. The configuration of the individual
enantiomers (1S-cis-BF/1R-cis-BF) was identified by circular dichroism, and their concentrations were analyzed by gas chromatography. H295R
cells were cultured in vitro and exposed to different concentrations (0, 1x107°, 1x10%, 1x107, 1x10°®°, and 1x10° mol/L) of 1S-cis-BF/1R-cis-BF,
and exposure concentrations were determined by testing the cell viability via 3-(4, 5-dimethylthiazol-2-yl)-5(3-carboxymethoxyphenyl)-2-(4-
sulfopheny)-2H-tetrazolium assay. Then the cells were treated with non-cytotoxic concentrations (0, 1x10°, 1x10°®, and 1x10” mol/L) of 1S-cis-
BF/1R-cis-BF for 24 h. The expression levels of genes encoding enzymes involved in adrenocortical hormone synthesis were determined by
real-time fluorescence quantitative polymerase chain reaction (real-time PCR), and the level of intracellular cyclic adenosine monophosphate
(cAMP) as well as the levels of cortisol and aldosterone in supernatant were measured by enzyme-linked immunosorbent assay (ELISA).

[Results] The enantiomers of cis-BF were successfully separated by high-performance liquid chromatography, and the purities of 15-cis-
BF and 1R-cis-BF were 99.5% and 99.2% respectively. The results of MTS assay showed that the cell viability was elevated in the 1x10°®
and 1x10~° mol/L groups (P<0.05), but the 1x107°, 1x10°%, and 1x107 mol/L 1S-cis-BF/1R-cis-BF had no significant effect on cell viability
compared with the control group. The PCR data showed that, in comparison with the control group, the 1x107 mol/L 15-cis-BF significantly
down-regulated the mRNA levels of steroidogenic acute regulatory protein (StAR), cytochrome P450 cholesterol side-chain cleavage enzyme
(P450scc), 3B8-hydroxysteroid dehydrogenase (38HSD2), and 17a-hydroxylase (CYP17) (P<0.05); the 1x10°® and 1x107 mol/L 1R-cis-BF
significantly down-regulated the 38HSD2 mRNA levels (P<0.05). Moreover, there were enantiomeric differences in the mRNA levels of
StAR, 3BHSD2, and CYP17 in the 1x107 mol/L group with 2.23-, 2.04-, and 5.00-fold higher inhibitory effects of 15-cis-BF than the effects of
1R-cis-BF (P<0.05). The data of cAMP revealed a decrease of 8.10% in the intracellular cAMP content in the 1x107 mol/L 1S-cis-BF group
compared with the control group (P<0.05), while there was no significant difference between the 1R-cis-BF group and the control group.
A significant enantiomeric difference was found in the cAMP content in the 1x107 mol/L group, with higher inhibitory effect of 15-cis-BF
than that of 1R-cis-BF (P<0.05). The results of hormone determination indicated that the cortisol levels in all concentration (1x107, 1x107%,
and 1x107 mol/L) groups as well as the aldosterone levels in the 15-cis-BF (1x10° and 1x10” mol/L) and the 1R-cis-BF (1x10”7 mol/L) groups
were significantly decreased compared with the control group (P<0.05). In the 1x10®mol/L group, 15-cis-BF showed 1.68-fold higher
inhibitory effect on cortisol level compared with 1R-cis-BF, and in the 1x107 mol/L groups, 15-cis-BF showed 2.16-fold higher inhibitory
effects on aldosterone levels than 1R-cis-BF, and the differences were significant (P<0 05).

[Conclusion] The enantiomers of cis-BF could inhibit the secretion of cortisol and aldosterone in H295R cells via reducing cAMP level and
down-regulating the gene expressions of cAMP-dependent enzymes related to steroidogenesis. Comparatively, the inhibitory effects of
1S-cis-BF is more potent than those of 1R-cis-BF.

Keywords: chirality; pyrethroids; cis-bifenthrin; adrenocortical hormone; H295R cell

FURARIED FEHMPEEFEFONREY
ey, HEE—WHEWERBXANNREN
K (AITIRIK)  EHSHIKRATHIZHP, FEHEKRAH
&5 25% Y, MAEFEF RGN GIEE 40% 2, I
PREFEEN—LHESHHFEERRS, 28E
HFEMARZ , Hf, BRAREL HFINARZ M
BRARFEERANZ—. BEIHENRINNEEEEEE (cis-
bifenthrin, cis-BF) 9MNEIEA, & B 1S-cis-BF M 1R-cis-
BF AR BR{AR BT, SEBRIAEL B 1:1. BRR AT, cis-
BF X EEAR A AN EEBAT £ BV S M4 F 7 BA & BIXT BR
RER, KEEE Y KIW 1R-cis-BF ITELAREYR B HB
F M Lb 15-cis-BF 58 300 5 LAk, 0 15-cis-BF X3 A FF &

ZAAE (human hepatocellular carcinoma cell, HepG2) B9
FHEE KT 1R-cis-BF, Ba, IMPFEFEXRANA
TR R ST B ASER S IR T T2 R0 57

ELERADBARAARENE=ZKRNDBERAR
Z— XTHMFRE A T AR R R M X 5
BB, Eo NS EBRERER (BEEEREE
MEBEFHER) TESSHAESERE. KEH K
MEBERRTENAY, EETEM-FE4X-5 LR
(hypothalamic-pituitary-adrenal, HPA) 1iEZER T,
HEEEREREXEE GRS METER (steroidogenic
acute regulatory protein, StAR). 4 i €& 2 P450 BB [&
E2I5E34f2ES (cytochrome P450 cholesterol side-chain
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cleavage enzyme, P450scc) . 38- 5 B K & I2 it S B8
(3B-hydroxysteroid dehydrogenase, 38HSD2) #1 17a-
21K B8 (steroid 17a-hydroxylase, CYP17) 2K [E 28
RERBIERTER", ARLM, cis-BF AEHEE
BIIIE R BUR R ISR R BUBER R >, BB RIX
TF cis-BF XTBRIAXY S ERREZ BRI E S 2 MW TFIL/E
ARERAENFEIDAERT. A5 EREREAR
(human adrenocortical carcinoma cells, H295R) &R
FASLRERE, BZRE. BRERE. IRERL
R, ERAFMERERBEENEXEY, H5EE
BN S LBR R BRARREsT SYI0 = Rk F—E 2, 2Hf
RISFEYEE R ETIEE B AN EIMEE, 26
5% LA H295R AR 79 bt 53 AR BE T2 S BRAK /K T R 3R cis-
BF XS FRRE B E (R REEAEEEER) &R ey
FIHRL, R @S NEE SRS REXEEREE
(StAR. P450scc. 3BHSD2 ARz CYP17) BYZRIKIKF LUK,
M RIFBEERRR E (cyclic adenosine monophosphate,
cAMP) NEERFAEX D FHE, HFMRANIFE
TR KIENSE N E,

1 MHE5R=*
1.1 FERAFIFNZE

DMEM/F12 (1:1) IEHFR. F/HBREER
(HyClone, £ E), L& £l DMEM/F12 3F 75 R, M 75&
BAY. BB E-¥% % ZE B - (nsulin transferrin
selenium, ITS) (Gibco, 2 E ), B & H B -EDTA
(Cellmax, H[EH), cis-BF (4 E>98%). — HE LM
(dimethyl sulfoxide, DMSO, %3 #74li) (Sigma, E[EH),
CellTiter 96 AQueous 4 f8 1% 58 1t ¥ & (Promega, 3%
[E) , Trizol {7 (Invitrogen, E£E), AEREE. EE
BE) F0 IF Bk B2 AR BB BX 298 TR B SR 38 (enzyme-linked
immunosorbent assay, ELISA) X7 & (FMREREY T
ERRAT, PE), RERAFIE. K EE PCRIGHK
ZL# (SYBR Green Real-time PCR Master Mix) (TOYOBO,
HA), B2, I[EC)%. 28 (JTBaker, £[E) .

= M % 18 B 3 (high-performance liquid chroma-
tography, HPLC) X (Waters, 3& [F ), Lux Cellulose-3
& #8 F 4 £ (Phenomenex, EFH), | HEE (gas
chromatograph, GC) &4t (Agilent, EE), B &%
3 (circular dichroism, €D) {¥ (JASCO, HZs), co,4HkE
18RIBFHE (SANYO, HA) , iZEREH 271X (Thermo
Scientific, € [H ), 3E BY %% ¢ & & PCR 1Y (Applied

Biosystems, X[E) , 1R (-80°C) 7k#a (FEE/REB
BERRE, RE), KESRB O CHEHNE DL
HUNZBERAE, FE), KFEERE O CHEAIK
BONNERBRAE, PE), ZITHEEREIRY (Biotek,
ESJE)N

1.2 cis-BF XIRR{AR I & SHEBERE

K SMARAEEIENH Lux Cellulose-3 R AEF 1%
¥ (4.6 mmx250mmx5um) X cis-BF #TF MR E, LA
EREZ 7K (90 : 10, {AFREL) 79 mah4E, 1mL/min BY7TER,
UV AN 28 K 79 220 nm, R 25°C, D FRIE
NIRABLECSKEER, FRERABFHERENENS
MHEIERZN RN IREHITEED . AFIEE
BT ECKENMEERER, FESKEAWKREET
BERZEERA, BFIA CDIE 2207420 nm EKSEE
A, F3E RN RE AT ZAERY co & El, NFRAT
B CDERE, FTEMITENT AN E LT, cDY
BI3FEIRE 9 100 nm/min, 3 1nm,

1.3 H295R 4HpEE s+ 51 EEMNE

H295R 4 AR B 3 [E] 81 2 & A 4R & /0o H295R
MIEAFEEESE1%MEERY. x5 /BEEH
REARM 1% ITSEIDMEM/F12 SHERE 7 &, IBFTF
37°C. 5% CO, NIERIZFFEF, RRER—IFFTRK,
FFHRRIETE E 80%~95% =, FH0.25% FRE B ES -EDTA
BB ER, EREEFIRL 3,

H295R ZHRE LA 1x10° 1 /mL M T 96 FLAR A, 15
F524h, B LEI £ DMEM/F12 3Z 7= R IV B AL TE 24 h
&, UARRME (0. 1x107°, 1x1078, 1x107, 1x10°,
1x10° mol/L) %3 BRIAK 1S-cis-BF/1R-cis-BF R H 12, 1R
IES4H 0.1% DMSO, XHRZH790.1% DMSO JA FIXT BE,
FHIGINFITH, HEE3ALR, £524hf5, &
FLOON 20 pL BBA R IEM = [3- (4, 5-dimethylthiazol-2-
yl) -5 (3-carboxymethoxyphenyl) -2- (4-sulfopheny) -2H-
tetrazolium, MTS] 1R 7, M5B 4h, FAESIRONE K K
490 nm L ENFLHARE (D) B, FHItEABAERT
FFEZR (Dswa/Dsymax100%) o
1.4 SEBFRIETEE PCRAQT

1 X3 04 K HA A AR LA 3x10° N /mLIEFR E 24 7L
R, B IE 240, BUARRBRE (0. 1x10° 1x10°%
1x107 mol/L) BY 1S-cis-BF/1R-cis-BF I {TREZ AR, &
FIXTBR4H /9 0.1% DMSO. FFE 24h G URE 4R, A
Trizol I FI4R BN S mRNA, AR RIAFTIZ S L cDNA,
$AI5 FB SYBR Green Real-time PCR Master Mix 11732 B¢
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KA TE = PCRIQI,

FrEe5 YR SR EMRIFERATGHK (R,
= B4R % 79 20uL, B FE cDNA 5pulL. SYBR Green PCR
master mix 10 L. _E 55514 (10 umol/L) & 0.5 uL LA
F2 K& ddH,0 4ulo RNIZF /9 : 95°CTNZE M 1 min,
95°CZE M 155, 60°CE M4 155, 72°CHEfR 455, EE 40
MEW, xEHITRFZL DT, L B-actin AIAEE
A, R 2" ETEZENERNENRAZ,

&1 ERRATEE PCREISIYIFT!

Table 1 Primer sequences for real-time PCR

HE 595! (5-3') (Primer sequence) KEE (bp)

Gene 1EM (Forward) A (Reverse) Length
B-actin - CACTCTTCCAGCCTTCCTTCC  AGGTCTTTGCGGATGTCCAC 100
StAR GTCCCACCCTGCCTCTGAAG CATACTCTAAACACGAACCCCACC 168

P450scc  GAGATGGCACGCAACCTGAAG CTTAGTGTCTCCTTGATGCTGGC 137
3BHSD2 AGCATCTTCTGTTTCCTGGCA  TCTCCTTCAGTTCCTTCTCTTC 142

CYP17  AGCCGCACACCAACTATCAG  TCACCGATGCTGGAGTCAAC 134

1.5 AN ARBEERIRES SR

53T EAE KEAA AR LL6x10° N /mLiEF F 12 7L
iR, E AL 240, LLARERE (00 1x10°, 1x10°%
1x107 mol/L) Y 1S-cis-BF/1R-cis-BF #{TF IR, AT
XTERZH 79 0.1% DMSO, BREZLE 24h T, BREEFRK,
FH 0.9% NaCL ;& 4B R, BBEFLIN01.2mL 0.1mol/L
HCL, TEE R MU TR 20min, WWEMABRBKRT
1.5mL BOEH, IERE G, 1000xg B0 10 min,
R ARBER AR E ELISA IR SR EAVIRER ENE
HE 2, FHTESAENMEXT cAMP KFE (23048 / 38R
2H x100%) o
1.6 4R &R RAKTFEM

1 3T EUAE K EA L AR DL 3x10° N /mLIE TR = 24 7L
R, NELIE 240 FUREIRE (00 1x107°, 1x107%
1x107 mol/L) 1S-cis-BF/1R-cis-BF 2SR, JATIXTHRLE
790.1% DMSO, #2524 h g, WEARRIER KT 1.5mL
BB, 1000xg B0 20 mine SABWE EERTH
B15mL BOEBHR, BFHREQN, BIEARZREN
BEEF ELSA I FI SIREAVIRERZNEHEE, H
TTEZARMEXTHZEKT (LA /XTHRLH x100%)
1.7 HKirESH

TERRERAIYGHLIFEE (xts) Rno A
SPSS 16.0 X FIBHITAITFE DT, ZLREBIEE
FHLBRERBBERRAED, AEFAMLLIRAG ETT
BY XA LSDHR LR, 75 ZE AT KA Dunnett-t K250, &

197K =0.05

2 4
2.1 cis-BFHIF RN SHMEBEE

NE 1FR, EIRERNRIEEIEERMNGT, cis-BF 1
Lux 3u Cellulose-3 F 1 EBEIB LD H. ME2HY
CDIEEIR LUE Y, 72207420 nm FKSEEA, cis-BF
AT BRAER) CDEER E ARG X R, XTEEE 1, HPLC
EERE—PNE ZNERN D IR 2R EMH IEFR
TR N AN A RN, B LiuE B WS, A8 1E
IR (1€ 1) B 15-cis-BF, B8 AR (1% 2)
8979 1R-cis-BF, TEXTBRAGIFZMMELEELIZR, &
BXMAEERVIIRAE, GCAEDITERKHA,
1S-cis-BF # 1R-cis-BF 2 73 5!1553X 99.5% 1 99.2%.

500

9.894

400

300

21.745

200

100

=& (Abundance, mAu)

O A‘\ Il Il Il

0 10 20 30
BY 8] (Time, min)

1 cis-BF #4453 BRI HPLCIEE

Figure 1 HPLC chromatogram of cis-BF chiral separation

8.0
6.0 1S-cis-BF

4.0 /

2.0

—— &1 (Peak1)
---- &2 (Peak?2)

0.0 =
-2.0

&% (Circular dichroism, mdeg)
&
o

11 %01 1Rcisar
-8.0 ‘ ‘ L w w
220 260 300 340 380 420

JEE (Wavelength, nm)

B2 1S-cis-BF/1R-cis-BF 7£ 220~420 nm BJ CD i [E]
Figure 2 CD chromatogram of 1S-cis-BF/1R-cis-BF at 220-420nm

2.2 X H295R RIS E IR RYE MM

MTSER TR, SXTERAMELL, BIRRER 15-cis-BF
(1x10°. 1x1078, 1x107 mol/L ) A 1R-cis-BF (1x107°\
1x10°%, 1x107. 1x10°mol/L) HHREIETEE4HIITEHE
1, =R E R 15-cis-BF (1x10°°, 1x10° mol/L) 0
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1R-cis-BF (1x10°mol/L) AREIZFEEEBEE S (P<
0.05) (E3),

120 o,
100| ™
2z
v = 80
8
ns >
{ = 60
= O
oo
E £ 40
(1]
o
S
0 Il Il Il L L L
0 1x10-° 1x10® 1x10-7 1x106 1x10-°
SREE (Concentration, mol/L)
[ XF88%H (Control) M 1S-cis-BF [ 1R-cis-BF
[F] = : 533884AM8LL, P<0.05,

[Note] *: Compared with the control group, P<0.05.
3 1S-cis-BF /1R-cis-BF 3} H295R 4B E 55 14 HI R 0
Figure 3 Effects of 1S-cis-BF/1R-cis-BF on the proliferation activity
of H295R cells

2.3 35 _EBRRZ U R 4 B XES mRNA K F IR I

533 4A4E L, 1x107 mol/L 1S-cis-BF 22 25 £H 40
B PN StAR. P450scc F1 cyP17 B[R 3R IX B B FR 1K (P<
0.05) , i 1x107 mol/L 1R-cis-BF Z2 35 X¢ £ 1A 3 Fh E5 Y
HERARKXLHEEF M ; BTE 1x10"mol/L4H, StARF
CYP17 B9 mRNA 7K 75 BE B B9 X BR{K & =, 1S-cis-BF
BYHNEIVER 9 312 1R-cis-BF 89 2.23 #15.00 15 (P<0.05)
(B4 A.B. D), It 4%, 1x10°, 1x107 mol/L 15-cis-BF
0 1R-cis-BF 35 ATl 3pHSD2 B B E R FRIA (P<
0.05) , BTE 1x107 mol/L A B BRI BRIAE R, ST
S RRIAAY NI (EFE 2 R BV 2.04 1% (P<0.05) (B4 C),
2.4 3 cAMP & EMRIM

533 BB 4AAELL, 1x10°, 1x10° mol/L 15-cis-BF I
1x10°, 1x10°®mol/L 1R-cis-BF 3 7~ £ Ml H295R 4
A cAMP FYE £, 1T 1x107 mol/L 15-cis-BF 2 E 2 ARE
N cAMP & £ F X IRA T T 8.10% (P<0.05),
1x107 mol/L 1R-cis-BF & 5 N cAMP & E 5 X1 HR
AESTARITFENX ; B 1x107 mol/LIRELH cAMP &
SEHBPERINMAER (P<0.05) , 1S-cis-BF AYINE]
YEFALL 1R-cis-BF 38 (B 5),
2.5 ¥+ H295R 4R 7 BaEE AN BE EER 53 K F AT

RRENELERETR (Bl6A), 15-cis-BF F1 1R-cis-

BF 2 55 34 AT #) I 40 AR B PR B2 89 29 3 7K T, 1x10°°,

1x1078, 1x107 mol/L 1S-cis-BF R EFHFE RES =7 7
B 3T B A T BE T 59.79%. 64.65%. 69.89%, 1x107,
1x10°%, 1x107 mol/L 1R-cis-BF Zx3&H 5 B IR XT BBLA T

B% T 40.21%. 38.52%. 67.26% (P<0.05), ZRELHS
BN BRIA BV EIE A 2 51 2 R BUSYBRIARY 1.49. 1.68
10413, HEF1x10tmol/LIRELHEFREXKFEER
SYRAZER (P<0.05), BREFNEERE T (Bl68),
53tiE4AMELL, 1x10°, 1x107 mol/L 1S-cis-BF Ze254H B
& B 7K S 53 51 T & T 29.48% F 37.80%, 1x107 mol/L
1R-cis-BF 223540 % 17.54% (P<0.05) , EH 1x107 mol/L
AREE 28 15-cis-BF XY EE [EIER 73 348 R VEFA =2 1R-cis-BF
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