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Abstract; The aim was to assess the effects of temperature and photoperiod in immune system of fish after
exposure to chloroaetamide herbicides. Zebrafish embryos were acutely exposed to lethal concentrations of
chloroaetamide herbicides (including alachlor, acetochlor and butachlor) for 72 h, in order to determine their
LC50 values. Further, exposures at sub —lethal concentrations of chloroaetamide herbicides under different
temperature and photoperiod were carried out to investigate the influence and differences on the transcription of
genes related to the innate immune and system. The results showed that the order of 72 h acute toxicity is
butachlor> acetochlor > alachlor, and temperature and photoperiod significantly influence the mRNA levels of
interleukin—1 beta (IL-18) , interleukin—8 (IL-8), CC-chemokine ( CC—chem) and CXCL-cc, which are
involved in the innate immune system in embryos. In addition, two—way analysis reveale a significant interaction

between temperature—photoperiod and concentrations in /L—18 and IL—8 mRNA expression in acetochlor and
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butachlor treatment groups, respectively. These results demonstrate that temperature and photoperiod could inflect
the effects of chloroaetamide herbicides on the immune system of fish species.

Keywords: temperature and photoperiod ;innate immune system ; gene transcription ; zebrafish embryos
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1.1 K Fadr A

AL (AEE :97% ) LR (2 >98.5% ) FIT Fiffig (2% :98.5% ) ¥4 H 3 [ Sigma—Aldroch 23 H].
R R AR S U T C b (HPLC 20) WP Gk B2 2 000 mg/ L (i3, T 4 C yKAGEREGIRAE i FH I 1
i BE LT Wk B, HLYA75) DMSO RV B Ry 0.5% A 5256 v i {1 P Ay L e iR 34 kg 43 .
12 WREEMRFEHENIKE

HAE I BE S 0 b ERRE B KR AT I (RO |, FFFEFRATT S 90 3 25 A T SR GE F0 BE0H. B 1 £
TSR E—MMEERE (281 C) , BROGI R A 12 h : 12 h /KGR RS B D a5 R 2
ARMR. 7 O ETHE 10 S5AEVERN S A5 METE AR B fU5CE T OB EAR O B YK G TR, kit 32 1 el
W, IFHE =00 0 N SR S WL Westerfield 7 RIS 45 A7 1.
1.3 WEaFRNEEIR

FELBE L o IR B AL 55 T3 A A )k B2 Y Rz (70,105, 140,175,210 pumol/L) | £ B (20,40, 60,
80,120 pwmol/L) 1] Hi}#% (4,6,8,10,12 pmol/L) [ 24 fLA ( Costar, Corning Inc, NY, USA) .31k 24 fL,
By 20 ALK [Rl—SEgR vk B, Hogr 4 FLOARTIRAL , Bl InA 2 mL 339, 808 — DRG0 BR A1 &
0.5% DMSO [¥J Hank’ s % ¥ (137 mM NaCl, 5.4 mM KCl, 0.25 mM, Na,HPO,, 0.44 mM KH,PO,,
1.3 mM CaCl,,1.0 mM MgSO, ,4.2 mM NaHCO,) . B MR EEBEE 3 N F4T.24 LI E T 28+1 C, BREHR
JABAEE R 12 h 2 12 h A TS 532 2 72 hpf (hours post—fertilization ) . 455 24 h B 50% 1) 5 85 14
WS B Ao R A8 i ) W 35 ( Leica Miicosystems, Wetzlar, Germany) 47 WL4E. #5585 i #2 v, SENIR
Jif/ &y £ R i Stk i

R T RS RIRLRE A R 25 AT, Bk g S B3 30 390 o) B 5 1 506 K F 02 AR e R 52 ), 20 > B 5 £ iR
JEFEHL 5> B ) & A 50 mL A [R] ¥k B2 0 R B (1 1S pumol/L) \ L FE e (1 F1 S pmol/L) F1 T B fi
(1 F15 pmol/L) BB %t BEZH Jy & 0.5% DMSO f) Hank’ s 35 BHBEprh /0 & T 18 C-10 L,24 C -
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12 1,30 C-14 L X 3 AR I EREE A1 T 19 AN CAUBAR 5 95 28 72 hpf B VR EEHEAT 4 ASPAT 5550, f
24 h HEIRFRER TR 1 K BRER AT ARG R 20 15 RPE Dyl Ry 1 AT R R 3 S0 i, It 5 A
1i7E-80 C.
1.4 B RNA WIREL, R BERMEMEE PCR

$z I8 TRIzol 17 ( Takara Biochemical , Dalian, China) (]3¢ BH B3 B AL B 3% 5L RNALE T 1% B8R
&%@ﬂ%m%mmmwﬁﬁtAﬁ$$mmmﬁﬁ# TRl AR T RNA 3 260 nm (1473
HOHH AT B MR8 S e sk ) & U B A3 6 1 500 ng & RNA 5 398 4% 55 i i 7] & ( Takara Biochemical
Dalian, China) JZ W & ¢cDNA.IL-18,IL-8, CC—chem , CXCL—cc 1 3E 5 3o F 2 3% BE LI 4548 1 10 pl 1
SYBR F iR A WIS 5 X e PCR X (Eppendorf, Hamburg, Germany ) #EAT ). 520 72 9§ 4 72
J#:95 C 1 min DIPLIEREWE, 325 95 C 15 sec,60 C 1 min 17 40 MEIR.B-actin VERiEFILH , FXT
SEHZE K BT 2T 5 TL— 1. IL-8 , CC—chem , CXCLce FVEF5 LA (B-actin) 031407 51 W2 1.

k1 E8EF PCR A T A5 457

Gene name Sequence of the primer (5=3") GenBank accession no.

F:5-CATTTGCAGGCCGTCACA-3~
1L-18 AY340959.1
R:5-GGACATGCTGAAGCGCACTT-3"

F:5-GTCGCTGCATTGAAACAGAA-3-
IL-8 XM_001342570.2
R:5-CTTAACCCATGGAGCAGAGG-3~

F:5-TGCAGCTCAACCAGAAGATG-3"
CC—chem BC162421.1
R:5-CTTTGACGCATGGAGGATTT-3"

F:5-CTGCTGCTTGCGGTAGTTTA-3"
CXCL—cc NM_001115060
R:5"-TCAACTTTGTCGCAGTTTGG-3"

F:5'~ATGGATGAGGAA ATCGCTGCC-3'
B—actin AF057040
R:5'-CTCCCTGATGTCTGGGTCGTC-3'

1.5 HESH
FIIH] Origin 8.0( Northampton, MA, USA) X4l #4770 A1 45 R LAV S(E £ R i 22 (SD ) BB XK.
T VAR BE T EE - BRI A% B 6 BE S IR IR S R e RS2, LSBT Z AR A AR ZE A EAR
g% E ] SPSS 19.0(SPSS, Chicago, 1L, USA) Geit# A7 AUA 2R 05 26 70 A (A4 3 VR E/KF-F
3 AR B - CRREIH K ) .o FR p<0.05, %+ FIR p<0.01, 22 7 %
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Bl LA L 3 Bl S R 70 0 o B2 55 S0 T R Z 1R W S A9 790 - 00 e Rl ik S 7Yl 2% [l )9 5
P ORIV RN | £ B FT R X BE S A IR R 72 h fY o BOAE vk BE (LCSO) {43 1) Oy 148.8,44.6,
8.5 wmol/ L, #i MR A2 AR 2YFRBE L AN SR vE ) rp 5 T2 A 24 %) 0 STV E AR G0 3 i, Horh &
BN T R TR TEAR S, T R T R Y.
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4 GeNorm (http ://medgen.ugent.be ) FF /3 M KR AERE S IRfiG Hh , B-actin & 5 I FHY
NZ:,rpl8 (ribosomal protein 1.8) ,B—actin, elfa ( elongation factorl —alpha),18 s (18s ribosomal RNA) ,b2m
(beta—2—microglobulin ) H 5 A5 5E 1. RUHCASBIFFE Y B-actin BEHEAE KL

TEAN )R BEFIOG BRI A0 T K B S IR iR 24 68 T 3 FhERE R BRFLR h 72 hpf, 5 58 KM A5G
FW IL-18,1L-8 ,CC~chem ,CXCL~cc 12355 WL E 3. NEH AT LA Y, 78 30 C-14 L &4 T, B kb
B v IL-18 ek &N, M 18 C =10 L #1124 C-12 L 254 T34 B & 048 ;76 18 C-10 L 130 C
—14 LEMFT , CFFRAL PR b IL-18 KRR BFEWG I 72 30 C-14 L &N, T R B T 1L-18
FOAE W ERIN, T 24 C-12 L &0 TR 2 TRECE 3A) X T IL-8 JEH AUFE 18 C-10 L &4 F, T
TN AL R v A AR B 3 TR AR B A LA S Tl | SR e A PR B8 % 781k (&1 3B).
5 IL-8 BRI FRGRFHEM AAE 24 C-12 L ZRAF T, T R AL B v e B SR8 5 1B 2 1 o, T R B 2R A
HE 2 PR S BR AR AL PR X AT 25840 (181 3C) .18 C =10 L 2504 F, 3 Tt e S BR 25 b PR L
CXCL—cc W)FRIB R0 2T M, MR E A0 T A 2522k (&13D).

[ control

[ZZ2 alachlor 1 yM  BXXH alachlor 5 uM
[ acetochlor 1 pM [ acetochlor 5 uM
butachlor 1 uM EEEH butachlor 5 uM
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CC-chem,(D) CXCL-cc 3 B %5 %

2.3 NEHEFEHH

SR YRR ) B PR A S A R ) ) v L B — G R R B R A s T LB S A IR 5 S R S A OGS
()RR FRATTXT 3 AN ] P Foie 288 [ e 0 AE AN W)L — ' BRSO RI MR B2 45 T 175 5 1 S R P Sy A DG B T
() ZIR TR 2R 5 25 7341 (two—way ANOVA) | ZERLULER 2 00K 2 75 25 /3 A 6 W« F B e Ab B vy | vk 32
IR B -G RE SR WX IL-18 JE Rk i B3 HA 3 5200 (p<0.05) 5 SR T B A Ik i 5 56 R S s 4
ORI PR 1 23R 1 T I R B0 I 255 0 R 5 Rk B2 — 16 U] 91 2 18] B AH B A D (p>0.05) . L B e b P20
o VR FE R BE -G BRI IL-18 BRI 3RaA 4 B B 252 0 (p<0.001 ) , HL vk B2 Rl B — ' B R 41 22 [i)
FETE R E WA VE R (p<0.01) X F T EREAL IR, We BEXF T CC—chem F1 CXCL-cc FEH 35 HAT I
E52m (p<0.01) IR FE -G IEJEIHXT T IL-18 F1 IL-8 JE N £k BA W& (p<0.01) , H ¥k E R
= BR SRR T IL—8 A ) 3Rk i A7 i 2 5 /E T (p<0.01) .

A2 BLEMIIERE TEEERIN T, BERKE BE-LRBA YL R IR RAY ey 3Tk

F(P)
Chemicals Faclors
1n-18 -8 CC—chem CXCL~cc
Concentration 3.711(0.045) *  0.205(0.817) 2.785(0.088) 3.038(0.073)
Alachlor Temp and Photo 16.865(<0.001) * * *  0.280(0.759)  7.725(0.004) * * 0.553(0.584)
ConcentrationXTemp and Photo 1.407(0.272) 0.841(0.517) 0.828(0.525) 1.157(0.362)
Concentration 15.090( <0.001) * * *  0.855(0.442) 1.664(0.217) 0.605(0.557)
Acetochlor ~ Temp and Photo 29.004(<0.001) * ** 0.982(0.394)  4.012(0.036) * 0.316(0.733)
ConcentrationXTemp and Photo 8.103(0.001) **  0.918(0.475) 1.448(0.259) 0.496(0.739)
Concentration 2.697(0.098) 0.298(0.746)  8.223(0.003) ** 15.455(<0.001) * * *
Butachlor ~ Temp and Photo 17.066( <0.001) * * * 6.745(0.008) * *  0.836(0.451) 0.043(0.958)
ConcentrationXTemp and Photo 2.174(0.118)  5.052(0.008) **  0.832(0.524) 2.669(0.070)

“Significant differences are indicated by * for p<0.05, ** for p<0.01 and ** * for p<0.001
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AT S0 0 2 B B gk e IS B 0 70 X B 5 e IS 1 K A 33 5 TS AN IR B —E R R 2510 T
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FERNE G RGeS BE D 0 P A W BOSHT S ARG (4 M — BB A A2, PRI A %o T L fa 4 #0017 3, 24
RE L 4~6 I PATE R RGEATE AL, TIREA IR M, FL41 B B B 2 0 A BIF 9T S8 R R
GE ) — A FRSEL R FE DG IR R E (28 iy AR K R Bk R bl s B VR . — e, BR8P 3 .26 1Y
FGH L L T o IR— R—E AR (HPG i) ) X T 5 0 2 | U 51 B o 393 2 o e i 1 FR A, T A A iR
W2 E R R A R ORI 5 2 W , P05 DR 27 0 ) PR 30 - 0 e 5 T B A 1 P 4%
WA RGN 2R 8 Z A AR MU BV E T MR RIS B A, 5 85 AR SE i b2t ol o5 S sl o] 5 06 K
RE R SIEH R FRAN TS AT AR T 220 4405 Lt IR 255 T 3 FPBIEERR 50 f 72 hpf 3%
DR J I S0 255 W) B6E 5 £ JVR I 5 500 R Pk A g A DG S R ) 3k . A A B - i IL— 1B, IL -8, CC —chem.,
CXCL=ccf—2HARBUAER 1, B A A oo, T TR 15 T e 00, SO NI I AE 24 "C—12 L 260 F, T3
JHe S A IL— 18 HYFIE ARSI Oh 2 FhARAET B R BR R R B % Bl IL-1B Wik IL- 1B TEfefl
7 W2 3 07 e 5 208 S AR T AV PR S v AR 40 R 5 s 4, e T B e LR i,
TL— 135 K o i 33K 5 080D S B AR DG A L R B RS A FH A DG 18 °C—10 L 284, 3 RIBRFLF 1y 1 241 i
CXCL—cc (3R, CXCL—cc HATWE 5| RS s PRI 40 ML T 52 me & A TV S E A B AT ). Rk, 3 b bt e S B
A T RETS SR B Y B B £ ) 3 S 7. Jin ' Al FETULER 2505 25 20 AT A BB T 48 B R T 178
estradiol (E2) rf YR BEFDGHREIIE A S HFIE VIGL il ERoc REPR 2654 /i B B A VR T FEAR I I, FRAT
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A IR FOERE T AT O RG] IL- 18 FRak AN T s T IL-8 Rk ARG VEH , SR M7 H Bl 4k
FRZH AT A Au] AH ELAE R AR B 0 R A RN, 7E — 8 R Y L, KRB BE N 10 °C S HG g 2~ 3
ST R e, BP0 DR AR AT RE LML 2 SR WSO RIHE AT S 05 e e AR 5 4, S0 40 £ S R

4  ZEi

1) PSR 50 BAT i iR K AR T, 22 5 1B R IR R A6 T A — BB AR Beam 1 1 % B T, HL 3R 1R/
KEN T RG> LR PR

2) P S B #5022 5 5 B B £ 5 S R R AR OGS N s , ELAN Rl B2 — e BRI 2% 1 1 A7 A
255 5 HLBR BRI 5 IR e BRI 2Z IR 77 e e 5 1 .

SE

(1] WIS FRIEA LY TV R BUIR 5 & T [ ]. 424, 1998, 37 (6) :7-10.

[2] Kalkhoff S J, Kolpin D W, Thurman E M, et al. Degradation of chloroacetanilide herbicides; The prevalence of sulfonic and
oxanilic acid metabolites in Towa groundwaters and surface waters[ J]. Environ Sci Technol, 1998, 32(11) ;1738-1740.

[3] Tu W Q, Niu L L, Liu W P, et al. Embryonic exposure to butachlor in zebrafish ( Danio rerio) ; Endocrine disruption,
developmental toxicity and immunotoxicity[ J]. Ecotox Environ Safe,2013, 89. 189-195.

[4] Ahmed S R. The immune system as a potential target for environmental estrogens ( endocrine disrupters) : a new emerging field
[J]. Toxicology,2000,150(1/3) :191-206.

[5] Milla S, Depiereux S, Kestemont P. The effects of estrogenic and androgenic endocrine disruptors on the immune system of

fish: a review[ J]. Ecotoxicology,2011,20(2) ;:305-319.
[6] Jin Y X, Shu L. J, Huang F Y, et al. Environmental cues influence EDC—-mediated endocrine disruption effects in different
developmental stages of Japanese medaka ( Oryzias latipes) [ J]. Aquat Toxicol ,2011,101( 1) :254-260.

[7] Westerfield M. The zebrafish book: a guide for the laboratory use of zebrafish ( Brachydanio rerio) [ M]. University of Oregon
Press, 1995.

(8] Blity, HEAGH, WAt , 4. SEARTFINHIBE S AL R E R G MM [T ], WIRRH A4 ( B AR FHARR) L2015,
30 (1) :116-120.

[9] Nayak A S, Lage C R, Kim C H. Effects of low concentrations of arsenic on the innate immune system of the zebrafish ( Danio
rerio) [ J]. Toxicol Sci ,2007, 98 (1) :118-124.

[10] Jin Y X, Chen R J, Sun L. W, et al. Photoperiod and temperature influence endocrine disruptive chemical-mediated effects in
male adult zebrafish[ J]. Aquat Toxicol ,2009, 92 (1) :38-43.

[ 11] Breton B, Billard R, Reinaud P, et al. In Effects of photoperiod and temperature on plasma gonadotropin and spermatogenesis
in the rainbow trout Salmo gairdnerii Richardson[ J]. Ann Biol Anim Bioch Biophys, 1977, 17 (3A) :331-340.

[12] Eder K J, Clifford M A, Hedrick R P, et al. Expression of immune-regulatory genes in juvenile Chinook salmon following
exposure to pesticides and infectious hematopoietic necrosis virus ( IHNV) [ J]. Fish Shellfish Immun, 2008, 25 (5):
508-516.

[13] Jin Y X, Zheng S S, Fu Z W. Embryonic exposure to cypermethrin induces apoptosis and immunotoxicity in zebrafish ( Danio
rerio) [ J]. Fish Shellfish Immun,2011, 30;1049-1054.

[14] Caissie D. The thermal regime of rivers: a review[J]. Freshwater Biol,2006, 51 (8) :1389—-1406.

[15] Reid S, Dockray J, Linton T, et al. Effects of chronic environmental acidification and a summer global warming scenario;

protein synthesis in juvenile rainbow trout ( Oncorhynchus mykiss)[J]. Can J Fish Aquat Sci, 1997, 54 (9) :2014-2024.





