o 2
2018 4F 4 13 % A & B B - i Vol. 13, 2018
#3M,12-121 Asian Journal of Ecotoxicology No3 112-121

DOI:10.7524/AJE.1673-5897.20171226001

JE I, FERIAT, B, A5 AT IR AAEE AT R B AT ORI R X 75 0 BT LR R B G TR ERE T[], AR AT I, 2018, 13
(3): 112-121

Zhou HY, Tang L L, Lu Y, et al. Study on the combinatorial toxicity of deoxynivalenol, aflatoxin B1 and zearalenone on Caenorhabditis elegans [J)]. Asi-
an Journal of Ecotoxicology, 2018, 13(3): 112-121 (in Chinese)

REERRINEKE . ZHESE B MEXRTEHN
X FMERTLROEKESERR

AR EAA, B FT, BEAS, ALV, ImAY g

ILHAF ERFR/ESHAFERAEBRELALEE, T 214122
IHAF R RLAERKASRE, LY 214122

CHEAE RAFEEE, EK 400716

CEEHRBT A R ERAE R EE K5 T HE L 30602

CHER RS &K, LT 100050

TN R ER N R B AR AE, TN 510630

5 H H#5 :2017-12-26 P HHA :2018-02-06

AN W AW N =

TE . PAAT SN HEE(DON) i &7 R B,(AFB )M E KRR EGE(ZENERCH 7 W B LW H R, 5L A
gy iakl i E RGBTSR D BRI R A2 —3, HERFE DON AFB, Al ZEN WA BEMEAE A, 4518
SCUATE TR BEATLE 1 (C. elegans) JA6iTL AriTAL TR &9 AFB,+DON AFB,+ZEN DON+ZEN #1 AFB, +DON+ZEN X C. ele-
gans WAE KRB (IR K)FVLERLIAE (P 0B FFEVE T, 3£ Chou-Talalay BRI 3 E f R IR W A ILAE IR, BFckm,
AFB, .DON F1 ZEN BSl Y5 C elegans I, HiF5AE 5855 AFB,>ZEN>DON, BE&YLaEnT, AFB,+DON %} C. elegans i 4= p[]
YRR, i DON+ZEN 7= A= FE4T/E H s AFB, +ZEN SHA K (24 h)FI7= B O3 1E A R 3 R gR Wk BT A3 | i 58455148 Wb R VE R,
MTERE 2 B 87 48 h J5 XL AWK K & U EIVER ; AFB, +DON+ZEN FR7E ECyy-24 h il EC,5-24 h XA A B W iy 14
BESRAE FHAL , i e P RSP UME T . itk B ,DON AFB, Fl ZEN %I C. elegans & 25 P -5 70 A T AH G
KR WA S SRR WM B R E B, TORIREIGEN ; 75 00 FAr 2k il A 3k

XEHS: 1673-5897(2018)3-112-10 RESES: X171.5 XERRIRE . A

Study on the Combinatorial Toxicity of Deoxynivalenol, Aflatoxin B, and
Zearalenone on Caenorhabditis elegans

Zhou Hongyuan'”?, Tang Lili*, Lu Yong’, Yang Huicheng’, Sun Xiulan'?, Wang Jiasheng®’,
Qian He'*"

1. School of Food Science and Technology/State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, China
2. International Joint Laboratory on Food Safety, Jiangnan University, Wuxi 214122, China

3. College of Food Science, Southwest University, Chongqging 400716, China

EEWE : [[MF A ARZESIH (31772069); 748 A BHE A EQUIHTE 29 H (CX(16)1028)
YEE B Iv . RIS 2 (1989-), 2, 14, W5 Jy 1) S LT 7 3 #E PPN, E-mail: zhouhy@ swu.edu.cn;
* J@ 43 ( Corresponding author) , E-mail: amtf168@ 126.com

# £ E1E I 4EE ( Co-corresponding author) , E-mail: jswang@uga.edu



55 3 1] Sl A RS S R T TR B AR TE R B ORI 0T 7 o AT R S TR R AT 113

4. Department of Environmental Health Science, University of Georgia, Athens 30602, USA
5. National Institutes for Food and Drug Control, Beijing 100050, China

6. Guangzhou GRG Metrology & Test CO., LTD, Guangzhou 510630, China

Received 26 December 2017 accepted 6 February 2018

Abstract; Although deoxynivalenol (DON), aflatoxin B,(AFB,) and zearalenone (ZEN) are the most prevalent
mycotoxins co-existing in grain-based foodstuffs and feeds, little is known about their combined toxicities and the
published results are inconsistent. To reveal the combined toxicities of DON, AFB, and ZEN, the toxic effects of
AFB,+DON, AFB,+ZEN, DON+ZEN and AFB,+DON+ZEN on the development (body length) and reproduction
(brood size) of Caenorhabditis elegans (C. elegans) were studied, respectively. And also, the types of interactions in
mycotoxins combinations were determined by using Chou-Talalay model. Results showed that the toxicity of each
mycotoxin alone in a decreasing order was AFB,>ZEN>DON. For the combined toxicity, AFB,+DON synergisti-
cally enhanced the toxic effects on C. elegans while DON+ZEN showed antagonism; AFB,+ZEN displayed slight
antagonism at lower concentrations, gradually turned to synergism at higher doses on body length (24 h) and brood
size, and after 48 h exposure, an overall synergism was shown; AFB, +DON+ZEN generally showed antagonistic
effects except for the toxicity on the body length at EC,;-24 h and EC,;-24 h. Thus, our study indicates that the

combined toxicity of DON, AFB, and ZEN on C. elegans is in a dose-time-response manner.
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A AR R AR A #E R
fhegbE AR oE 5 Yz, HETE BUh B A
MR Z N EER R Z —, 28]z ki,
SV, ¥ iR B K (aflatoxins, Afla) , 5376 55 M
R E IS T K AR EE I I (zearalenone, ZEN) R 5 B
Z (fumonisin, FUM) . # i %85 & A(Aspergiltus Och-
ratoxin, OTA)FIZZ fi A= PGS B A0 & 2 a4
HEY Hrp # i %2 K B, (aflatoxin B,, AFB,).
JIii 48025 ) ik U 1 045 5 (deoxynivalenol, DON) A & 2K
FREEIETR(ZEN) 52 0 5 [ 55 ) 1iif DON 7E 3 H 2
BCR G K T YE Bl M EEE RS, M
RV A MR RN, RV | Bk 2 14 7 i ik
¥ i1 % | AFB, . DON # ZEN Ky B =% 3L [5] 75
Yebsl - — 4y 3k H F Biomin 23\ B A & WK, 1
2010 £EHAY 3 300 iR i FEfh (oK /N KFE R
K RSB KT B T 0 R A e e
78% K i 5 PH 4, B 3Z #] Afla, DON \ZEN  FUM #lI
OTA A[FIFEEEMITG YL . FEMCHEUAE & [l — 4
o S 2 R R DL ERE R AR AR 1 LR R A
42% %, 22013 4F, RS TS RR N E AT
(45%)7, bl WL S AR TR TR T g L R L
BERTG Y, N R I422 foh 22 Fh TR RE 2R, AT Xt
S NS B RERAAREE, Wik, PR

i 2R R A BEER TS X HE SR A
DRI TPAy 12 M e e S5 AH DB HRE 1) 1 5 DA SR ke bt
FERJE T M BA RIS L

DON  AFB, Fll ZEN 2 25 ¥ J2 Hoihil & vp 4 3
W55, W5t B, DON AFB, fll ZEN BEXJHLI4&
PR A F SR LAY % B A T (DON . 45 £ i 4 il 2
£, AFB, : =#U1EH ; ZEN . M R F ) 4, b 77
TE—SE52 X 0 | e S AN 3 2R A sz B, 53k
PR A TEREME T AT HED 3 A EE R
AT TE— R 2 A A T AR, DA 0 g
PR 5 e (R R B 55 ). H AT, BT X AR A,
“HRA TN X S TR | ROk R 22 1)
WCJRIF T T AEAS [R) 52 S A | 512 36 551 i) P 5
SERAFAE 22 5% X 2 Fh g 2 ) Y BE G i PE 2R ALY T
Wt A A — 2, Zhou ' WX KW, IR AW
AFB,+DON ,DON+ZEN £l AFB, +DON+ZEN %}
HepG2 A8 40 S (AFB, : 0~5 pg-mg' ; DON; 0~
0.6 pg-mg' ;ZEN:0~11 pg-mg)Fl RAW 264.7
EVEANL (AFB,:0~3 pug-mg'; DON:0~0.1 pg-
mg "' s ZEN:0~12 wg-mg ™)™ A Ph[E/nAfE R &
Yy AFB,+ZEN W55/ H . % BF-2 i 6 K
FH 2 41 il (AFB, : 0~11.20 wmol-L"; DON:0~16.20
pwmol L™ ; ZEN:0~170.30 wmol - L™") F1#} 4= KI5
ff1(AFB, :0~1.28 umol-L"';DON;0~135.00 wmol-
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L";ZEN:0~18.85 pmol-L )47 DON Fil ZEN Bk &
T, I 7 A R [A) R B B 45 P4 D, AFB, +ZEN I
FEAEEEIVE T, T AFB, \DON il ZEN =3R4 0
BifivAe B (AR AL R B R TR P B B R 2R AL, i Ab,
Ji 20T DON(2 mg-kg™)Hl ZEN(20 mg-kg™ Bk
B F 8N/ B I A R B W) 2 S BT/ R i
Smith %" 7 B 5¢ DON (0.2 mol - L) fl ZEN (20
pmol - L)X A\ JH4HI HepaRG 1 BT 2H 24 & 3L, 78
BERREE | h 5, A A BUR I 2 T2 58 24
h G AT SRR IS R S es 5
BRAA FREEHTR] JRA BRI SIS R DA G

75 1 [ FT 28 WL ( Caenorhabditis elegans, C. ele-
gans)(Ji S TTHR N2k B J&— B al ol 7 A 1 A9 E 27
Az B ZR Hy PRH A= A JR 30 | B R 7 B
K CEHAREW] 15570708 H AR5 A B 5 L
P, O — i ER A Yz B TR R
AP 5 AP0 A, a4 3 P AL
25 T R AR IO W foH AR B PR 2 e 1Y) 4> 41 i
R IFEEHMA RS, O8] T RENACLRT
AW G R R 4 22 A B 0 A, 2l
A 40% (LR E BRI 5 AR R 2L A (R
WT LA £ S SRR (1) 3 B A 1T 9 T FEAR KRR B b S
NZEXT IR T = A s B 2" Har, &
TN A AN RR 5 AR AT M R R B
Yy ST AT R 4 S ol R A 2 5% B R — i B 2
EEXHUARI B FAE T, I8 A0 R T AR 52 1Y
SRR (B X B L B R 5T, B
fRiE ., P, A BT R Uk AR L R AR RS X DON
AFB, Fll ZEN KRS BEMEHEAT DAL B4 R AE
SEAR T AR, DA AR R bR Sy BER R 52
B R ER L BAE R4 o AR SCARUER ] SR bR AR
It T T AN A RSO0 F T 5 A 25 XU DA

1 ## 57 % (Materials and methods)
L1 R S &R

DON AFB, #il ZEN ¥4 T+ Sigma-Aldrich 23 H]
(L), 4 =98% , 5k DON AFB, 1 ZEN #;
Koy A T aligk | H AR (DMSO, 1 T 2 [
Sigma-Aldrich 23 7] , 4l =99.9% )FIJE/K £ B (W T
2 [H Sigma-Aldrich 23 7, 4B =99.9%), il &
JEM 10 mg - mL i A& OFEEG A T-20 °C, 525
i, F K-medium(2.36 g KCI, 3.00 g NaCl, 1 000 mL
dH, O BE A TARR , #4755 50

21 7Y Bristol fh 8 £k HU(N2) FK iz A1 1 1 Ak
(OP50)34) 1 T [E PRk H st 1% .0 (Caenorhabditis Ge-
netics Center/CGC), A7 SZ 50 FH £k Hu 349 Sy i f [ {4
B AR BARE G 5 5 P A | B4R R SR T
L OP50 15 R & P iy [ A4 2 i A= 4K 85 57 35 (NGM)
|, HECH )5 %5 I8 Brenner ¥:P% . 1 F] L-broth™!
WARIEFR NS OPS0 HEATHE %, VE 4k H 2 58 S
IEWIR, I 2 HIGFRITE 20 °C /4 T 1T,
1.2 SEEA
1.2.1 £RdufEs

T, R A A i H RN B H HUBR % NGM o
Aifi i K-medium, A L BIBEIES IR AR LN NGM 1
BRI R 15 mL B0 1,3 000 r-min B0 7
min, 5% FIF . AR5, MTTEF A 7 mL 2# (@ mol -
mL" NaOH : NaClO = 5: 1, VW' #+'E 7 min, 5 3
000 r-min” &.0> 7 min, 7+ i, B/, A 12 mL K-
medium $245818 575 3 000 r-min” B.0> 7 min, 7 1,
BRI IR, &5, DIEERF] NGM L1555+
(20 °C), SZHGHIT LR HOs Ry MR R (AR
1.2.2 ZdAERKEFE

2 5 G H Y B R R - R AR e Al 2k R Y
AEREEEI ., BREALI/L2)H N2 4 d A 5=
MR B H | mLALRRE SR IREM T EEBY
) 12 FLEG R, LR &H 30~50 45 L1/L2
WLk Bt FFCAE belly button® IR BN 4% AR HERE R,
20 °C ., J3HIALE 24 h 148 h, [l K-medium ek B
2 0, P 10% H /R AR E . 5 min J5, R4k B
RN PRSI |, 76 84 B AHPL A Image-Pro® Ex-
press FAEFE I 1Y) 0 5385 (Olympus SZX9) F WL £54A
HE X BRZE A ) S L AR/ F 20 HZk i3
AT
1.2.3  Zed B fE e

BT RE T E S R AR H RPN . A S
% Dhawan 72 /NEFEEPY B RE fRIR AR R E 21k
(L1/L2) 1) N2 &) B 56 % B 5 A7 70 2 & W I 10 8T
NGM 2,20 CHi# H 3 L4 KW, K5, Pkii—H
L4 KRB R A R EREE RN T EEY
(1 mL/AL)Y 12 fLA Y, AcAE SR s L AR EFE 52, 20
CHEFR 72 h, KWRIE 3 YWOPATIRSE . 72 h J5 7R
i N ic AL ELITA B B 2k OB O 55 1)
1.2.4 FHRBAFEMER Chou-Talalay P

ARSZH K Chou-Talalay 37 2 35 2 3L [H]
FELERT IR G RIS % AR B T Al 2
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FIAERR I, BE PT ILALPRAS 15 0 3R 5 W vh A TRl 2
KB EAE AR ZORIR G Y s 4o
P E HRIR A, AR IR & %8 . AFB, @ DON
D ZEN = 1:40: 5, 7ESFEFS M M A 9
S(CYH A 240 e A 30 Wy 4 3% v A D Al 1 26
FURYFEBRS, CLE T E T A AR

o (D), . (D),{[D]1/27[D]}
(Cry,= 3 -—2=3 . o
D= 50, A, i) i) 11

Horp J'(CL) 2 n P R A HAS AR x% I vk
JERAR A G AL, (D)), 02 n FIEERTE R —R A
k] o ARG 2 A, [ D] /S [ D]
FREREIRG Y P& A7 A x% M 3R /Y &
(D,) /{(£, ) ;[1-(£; ) "™ A3 Fh 8 R B 2E x%
] 2R A e B2, %43 B - CompuSyn (Chou and
Martin, 2005, Compusyn Inc, USAY 4121 75E L, CI
FERCT X I A BRI SR 2 LA 19,

®1 KESUSXTEREBENFTS

Table 1 Descriptions and symbols of the degrees of
combined toxicity grading
AR TR E(CD R (RS FATT S
Combination index value Description Graded symbols
o0 WEBREE
Very strong synergism
0.10~0.30 ﬁTJ}I?H’IZFF.J ++++
Strong synergism
0.30~0.70 A S
Common synergism
070085 A L.
Moderate synergism
0.85~0.90 &ESTJ}IHH’E‘FH +
Slight synergism
0.90~1.10 J‘E{uﬂufrﬂfﬁ.ﬁﬁ .
Nearly additive
.
L om120 B )
Slight antagonism
g
120~145 SEHUEN - o
Moderate antagonism
Ly
1.45-3.30 ﬂﬁi‘ni‘M/EFH‘ o
Common antagonism
- - S
330-100 ﬁ%bm’ﬁﬂ -
Strong antagonism
fEr
100 pomsE

Very strong antagonism
TE : IRA TR 9 45 G 53 96 K HA B 1 7545 4K 41 Chou BT 2237 14
LA,

Note: The degrees of combined toxicity and corresponding symbols were
[32]

according to the theory build by Chou

1.2.5 Geit2#obr

I UG B A Excel #E4T 70 Ab BR, v A 52 50 25
IS8 e b e 25 o | IR rh A 45 2R 34 AR
ML E 43 (% )% 7m . ECso H1 SPSS 21 G it 4k i
Ht Probit [A 15 bR R 00 G A5 Y, KA BEE R AL
Chou-Talalay JriZ# AT PFA 15 o R t-test TETFAN
SEYG A 5 6 B2 R A TR W 3 M 25, one-way
ANOVA K Bonferroni F5U(SPSS 21)X S50 H ik
TTeH ] e 22 53 B HEA 36 (P < 0.05. P < 001,
P <0.001),

2 Z53 (Results)
2.1 AFB, DON Fl ZEN #4542k th i 1 K % B FILE
B RE 177 AR R et -ARON R

KEEN T HEE SRR ERME GB2761—2011
HLE W) B R AFB, \DON Fil ZEN fi B
Tl < 20,1 000,60 pg-kg'. 4T Hfh 2
N [) 2 R AU A R R ATAE, R AR A T e S e R S AR
TG H Y 2 i KT FESE T I 3 T 5 RN
LAFEL(100~1 000 FHP R, A 52 55 38 ] - 20
mg-L" AFB, 800 mg-L" DON Al 100 mg-L" ZEN
(FUSE 30 & B ZEN VR BE 2R 60 mg - L B X 2 i
KA RO A AR AR O 1 ) i 2H O o R =
1 000);10 mg-L" AFB, 400 mg-L"' DON il 50 mg-
L' ZEN fER PR 412 Rl ) ;2 me L
AFB, .80 mg-L" DON FI 10 mg-L" ZEN /£ 7 5
HZH(1/10 R A E), o300 2 Btk AT Y5,
JFAE 24 h F148 h M £k AUAK 122 i, 72 ho il
LR AU =D, AFB, \DON F1 ZEN X £k ik K &
B RIABE R 1 021 BN e B (ECy ) L3R 2., 45
W/R,AFB MG Z BB R K, SR ERKEF
(0 31 4 R B 22 18 5 (EC,,-24 h =9.49 mg-L"' >
EC,,-48 h =5.10 mg-L™"), DON | 5 2 4 2 (EC,,-24
h =476.42 mg-L"'< EC,,-48 h =1 309.38 mg-L™"), I
ZEN 3 JC B 8 28 1k (EC,,-24 h =56.69 mg-L' =
EC,-48 h =5531 mg-L"), It4h, K BFEHY5H
XoF N (AR R A AE b 35 vk 25 57, HI % AFB, \.DON
1 ZEN F58 50 52 p 38 i, %h 2k A il 2 Kk B R AE A
A8 7 B R FH S22 2 P ) AN LE A DGR 1),
2.2 AFB, .DON #l ZEN X} £k dt Ayl & 35 P2 0 iy
B R ML A S 5 | AL A g

P L 1 AT U, #5450 2 47 i o 2 i 71t 1
BEVE P AR DI 0 A7 0 R RN e R,
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. 804
¥ E 604
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= 20+
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FERIZH /Group set
[iSlkei| rhl 4 ki)
= Lnixl'er dose == Intermediate dose Higher dose
E 1 AFB,.DON#1ZEN E—RBEERBETHE&REREAEMEHAENNSHEER
TE A Ll 258 by 28 e 21 £ o 7 DR X B 28 B B L B . B4k Ar P A D Z AD AZ DZ ADZ 433|{t3 AFB, .DON ZEN AFB,+DON

AFB, +ZEN . DON+ZEN Fl AFB, +DON+ZEN; AFB, \DON FI ZEN 7E{I/Hh/i= 7 4L b e B 43 31k 2/10/20 ,80/400/800 #1 10/50/100 mg-L™' . fidy
FEERLH 5N L HELE A LE 3 2R S M TR DT RAE IR kit ZEE B, ™" P < 0.01,7"" P < 0.001(AFB, S 2% 55 5 HIK 5
BERAAIE) P < 001,%##P < 0.001(DON #5255 15 I A BRI ) 44 P < 0.01,4 24P < 0.001(ZEN M 555 15 HIB &5 SR LA L)
Fig. 1 Toxic effects of AFB,, DON and ZEN alone and their binary or tertiary mixtures on development and reproduction of C. elegans

Note: The body length rate is obtained by the body length in treated group compared to control group. A, D, Z, AD, AZ, DZ, ADZ are the abbreviations
of AFB,, DON, ZEN, AFB,+DON, AFB,+ZEN, DON+ZEN and AFB,+DON+ZEN, respectively. The lower/intermediate/higher doses of AFB,,

DON and ZEN are 2/10/20, 80/400/800 and 10/50/100 mg-L-'. All mycotoxin-exposed groups are significantly different from its corresponding control
P <0.001 (group of AFB,

Ekk

groups, which are not shown in the figure due to the convenience of making clear and concise figures. ** P < 0.01,

alone compared with its corresponding combined group); *# P < 0.01, *## P < 0.001 (group of DON alone compared with its

corresponding combined group); 22 P < 0.01, 244 P < 0.001 (group of ZEN alone compared with its corresponding combined group).

F2 EMESZEB (AFB)) BHEATHEFIHGE(DON) IEKFEHI(ZEN) E—FETEHEKLAE
FEIEBE 1M EC,, R EEEX 8 (95%)
Table 2 EC,, with 95% confidence interval (CI) of aflatoxin B, (AFB,), deoxynivalenol (DON) and

zearalenone (ZEN) alone on development and reproduction of C. elegans

AFB, /(mg-L™") DON/(mg-L") ZEN/(mg-L")
R K:-24 h/EC4,(95% CI) Body length-24 h/ECy, (95% CI) 9.49 (6.47~14.88) 476.42 (348.58~71095)  56.69 (42.15~72.72)
K48 h/EC4,(95% CI) Body length-48 h/ECy, (95% CI) 5.10 (2.71~8.30) 1 309.38 (688.94~8 533.76)* 55.31 (45.70~67.40)
77 BIAL/EC,(95% CT) Brood size/ECs, (95% CI) 232 (1.57~4.09) 486.98 (336.41~81742)  17.69 (10.06~25.58)

T M T R A A DON SR RES I 50% RYIMHIAE T, @ F7- B0 2 b #0062 A 5005 i e R M 22
Note: Because the inhibitory effects for C. elegans treated with the highest concentration of DON are still lower than 50%, * the numbers are obtained by

the fitting curve, and hence there is a large deviation.
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H1,AFB,+DON Fll AFB,+ZEN 4355 AFB, . DON  #58/EH , Wi7E 48 h A% @i AT, 5 AFB, H—
Hl ZEN [y — R LE T2 AE K R OR g RER A5 AL X4k U B0 8 011U 5 DON il i ik
HE ] 4458, M DON+ZEN W Sk 2% B ZEN B—REEI A 7E Mg s . xhitt,
MU ES I a%4 . AFB,+DON+ZEN WK BRI B Y TRERWE R AW IR G B2, A 9250 R H
RIE]ANAE 557 24 h IEXTR UK K AA7E BB PEREME Chou-Talalay 580 K HAR I R FE AT VM (3 3~5),

%3 AFB,.DON F1 ZEN & HAEK (24 h) WBESSMHEER
Table 3 Combined toxic effect of AFB,, DON and ZEN on the growth (24 h) of C. elegans

BHR&R 3 -0 FE AR /Dose-effect parameters CI {H/CI values
Mycotoxin D, /(mg-L") m r ECys ECy, ECys
AFB, 9.53 0.62 0.963
DON 481.34 0.78 1.000
ZEN 56.46 0.97 0.976
AFB,+DON 141.47 0.92 0.990 1.00 + 0.65 ++ + 043 ++ +
AFB, +ZEN 29.20 0.94 0977 1.36 - - 0.94 + 0.72 ++
DON+ZEN 667.12 0.64 0.997 1.66 - - - 2.54 - - - 398 - - - -
AFB, +DON+ZEN 152.38 0.96 0.980 1.30 - - 0.92 + 0.69 ++ +

TERERVEM RS WRTC, D, M m BRI CLHE, XN 2 2R G WA AR A AT 2 W3R 1, D, m A r 0 RE 30T 3h
FIEFNGT AL A pE 8 1119 5 8505 EC,5 \ECs Fll ECos (B FE XA K 7= 242 25% ,50% 1 75% 0l 4 FH B 19500 48, ZEARSEER b IR &Y
AFB, -DON-ZEN 1 lL 342 1:40:5, ARPPAGEALR 3T Chou-Talalay J5#:1# CalcuSyn k{7,

Note: The degrees of combined toxicity were graded as previously reported. D,, and m values are used for calculating the CI value which can be referred

to Table 1 for the corresponding types of interactions. Here, D,,, m and r stand for median-effect dose, kinetic order and regression coefficient of the fit-

m»

ting function, and EC,s, ECs, and EC,5 values are the doses required to inhibit body length by the rate of 25%, 50% and 75% of the whole system. The
ratio of AFB,-DON-ZEN is 1:40:5 used for the experimental design. CalcuSyn software based on the Chou-Talalay method was used for this assessment.

= 4 AFB, .DON F1 ZEN £k H 41 (48 h) WEL S SMHEER
Table 4 Combined toxic effect of AFB,, DON and ZEN on the growth (48 h) of C. elegans

HAETR 3|4 -2 $6 B /Dose-effect parameters CI {H/CI values
Mycotoxin D, /(mg-L") m r ECys ECs ECss
AFB, 6.38 0.93 0.938
DON 1 308.83% 0.48 0.997
ZEN 55.81 141 1.000
AFB,+DON 129.99 0.82 0.924 0.67 ++ + 0.59 ++ + 0.63 ++ +
AFB, +ZEN 20.27 0.76 0.972 0.56 ++ + 0.78 ++ 0.83 + +
DON+ZEN 1377.58* 0.54 0.990 2.01 - - - 368 - - - - 1027*- - - - -
AFB, +DON+ZEN 199.65 0.81 0.961 1.12 - 1.20 - - 1.57 - - -

RGN RS AT, D, M m (EPIAITH CUHE, KX R R A YA EENER W2 WK 1, D, .mF r 35K PR 3l
T2 T R bR 01 )9 2R 85 EC,5 \ECy Rl ECos fELARFE X A7 2 25% (50% F1 75% A JHIE p sl 4, 7EAR SEBBe3th IR G 9
AFB, -DON-ZEN (1 [b 32 1:40:5, A PPAL AR 15T Chou-Talalay J5 ¥ /Y CalcuSyn #Xf4 . HH T-#5¢ &5 £ (1) DON A5 BE5 i it 50% fY
TRERT, BT R AR IS SRR I 22

Note: The degrees of combined toxicity were graded as previously reported. D,, and m values are used for calculating the CI value which can be referred
to Table 1 for the corresponding types of interactions. Here, D,,, m and r stand for median-effect dose, kinetic order and regression coefficient of the fit-
ting function, and EC,s, ECs, and EC4 values are the doses required to inhibit body length by the rate of 25%, 50% and 75% of the whole system. The
ratio of AFB,-DON-ZEN is 1:40:5 used for the experimental design. CalcuSyn software based on the Chou-Talalay method was used for this assessment.
Because the inhibitory effects for C. elegans treated with the highest concentration of DON are still lower than 50%, * the numbers are obtained by the

fitting curve, and hence there is a large deviation.
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TR 3 IR 4 n] 1 ARG i (BC 5 ) JELI 8] (24
h)N, IR &Y AFB,+DON XF4E dt il 2k K & 5 KB
TIRIEFE , b 25 2% 52 e B (EC., /EC,5 ) B 388 Jin A/l
FEIT 1] (48 h)AYTE K, AFB, +DON U %if £k 1 ¢ 3
PrRIVER . (AZEA SIS | TR &%) DON+ZEN Xf £k
ORISR, HL R G 2 58 vk 3 R 22 58 1) [
PRGN FEPUE SR . 5340 IRG W) AFB,+ZEN 1E
24 h B XTI G EE S UAE BC,s (ECy, Ml ECg
I3 ) R 5545 SR R AU AN FH AR 55 B Rl 4R T
{B7E 48 h B D) Ey — e B EIAE FH(EC, )22 Ay 55 B IR 4
JH(ECy, \ECs). J,IREY) AFB,+DON+ZEN X4k
HEERK R BERTE EC,y-24 h Fl EC,.-24 h R 135
PESGSR AT A Ry (B 5555 -— MRS P LVE A

RSO T HEBERIBEG YL R B A S0
AT, Hd R4 Y AFB, +DON 7E EC,;
T S I B IR F Bt W B A o, DA Sy 55
hEIVER, IR &% AFB, +ZEN W i 55 45 HU/E
(EC )28 1y 4 535 BIp [l 4 I (EC, )P 21 — e B3 5] 44 ]
(EC5). M1 HE, A% DON+ZEN IR 44 AFB,
+DON-+ZEN WX i B0 e ) 43 78 BLsm 15 4t
VER A — s/

3 172 ( Discussion)
AR BAETEH 3 B b WA B R
(DON | AFB, 1 ZEN)J: [FJ£E£E B (16 A B S L5

BEEVE o, DON 555, A, R A Chou-Talalay
BRI M e 2R G W0 2k i s A E R O, 15 3
RAEWHEREMAHEE/ERZRT, IREY AFB, +
DON HHEA# DON+ZEN %5 h—80h /3 5 F B fin
RVENFEWE RS BUER . RS9 AFB,+ZEN FliR
G4 AFB,+DON+ZEN W 2x[F B85 Wk [ 2% 5 I (8] A1
KRS PR ANTR] , e AR B A Bt

2 2 W1, AFB, 43 BI7E 5.10(95% CI = 2.17~
8.30)F1 2.32(1.57 ~4.09) mg - L™ B XiF 2% it 1% fA K- -48
h =B ERE B 50% M VE . BE A i %
W1, 7E 4 218 A= b AEAC T  AFB, (K HH B (B AT
ik 1563 pg kg, X KB B B R AL Y
150 2 RIS o A AR {5 22 4 A7 1 25 TS A S, [ e
RPN A B P 5 55 04 00 A AR T S AR U
ISR T R B A B KU 2 R DA 2 1 T B S
Ko AR, SEHGSE TR F B | B % R 5R I 1] 3
AFB X2 HU i A A il 4 FH 3G 55, 1 DON 22 3 55
B ZEN WA, X — LT Re 5 A # R
LR AR BRI B 2= FAE AL R )
I, BRI E TR o) — R P 2R | R R R 5 i
— R H bR R R A TEVE A B EA 5 -
B ]S850 G R

A TSI R A AFB,+DON Xf
2 m R I FE R R BB RIVE R A AR A (AR
EC,, B X} 24 h-fR K A= 00%k), Z45R5 A WA

PEHIZER

WFFE R, B A IS, AFB, X 28 HL 1Y

(AT HUAB TR BE 0 42 /N BB TR0 ) B AR — 161735300

%5 AFB,.DON #l ZEN X4 =R MBX & S HIEMA
Table 5 Combined toxic effect of AFB;, DON and ZEN on the brood size of C. elegans

HE#FER 4 -4 B 5 AT /Dose-effect parameters CI {/CI values
Mycotoxin D, /(mg-L™") m r ECys ECs, EC;s

AFB, 2.40 1.15 0.961

DON 486.53 0.66 0.992

ZEN 17.59 0.70 0.968
AFB, +DON 65.64 111 0943 090 x 080  ++ 076 ++
AFB, +ZEN 7258 131 0984 128 - - 085 + 062  +++
DON4ZEN 836.05 0.90 1000 983 - - - - 681 - - - - 472 - - - -

124.74 091 0.952 234 - - - 2.12 - - - 2.13 - - -

AFB,+DON+ZEN

AT RS WA, D, M m R CLE, X W S R G WA EAEH AW S W 1, D, m A r 53 5IRE R0 3h
J12ENGUT AL bR 919 ZREL EC,5 (ECso il ECos (HZHE XS 77 IR E™ A2 25% (50% H1 75% MM EIAE HIBT A Rl AEASEae it IR G0
AFB, -DON-ZEN HJ HL#HH 1:40:5, APFAERIALR HIFET Chou-Talalay J57% ¥ CaleuSyn K,

Note: The degrees of combined toxicity were graded as previously reported. D,, and m values are used for calculating the CI value which can be referred

to Table 1 for the corresponding types of interactions. Here, D,,, m and r stand for median-effect dose, kinetic order and regression coefficient of the fit-

ting function, and EC,5, ECy, and EC5 values are the doses required to inhibit brood size by the rate of 25%, 50% and 75% of the whole system. The

ratio of AFB,-DON-ZEN is 1:40:5 used for the experimental design. CalcuSyn software based on the Chou-Talalay method was used for this assessment.
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XAfg T AFB, AR~ 91 5 DNA 454,51
pS3 FE A B AR X AR A g BT R
DON /£ & RNA DNA 12K 1A 5 A4 78 76 10 il
T, AR AL S A 60S LS A TR LSS
FEM 5 1, o 400 1 2 1 B ) A P, ik, DON
H1AFB, L [FAAAERT, BN T 45 B IR A i, ik
HEEE IR, bR, RIS Yt
[Fi) /A [1) %) 5% A R EC A D, DT i 2 2 e i
55, BRI, IR-GY AFB,+ZEN I [X] 5 58 ¥k & 1t ]
AR, R AN R A B E 2SR, 90, AFB, +
ZEN 1E EC, i, XA (24 h) Fl7= R i 44 7= A= 45 BT
YERT, Pt 2 5% 7 12 1Y 38 N (EC,, A1 EC5), M7= A2
PRE RS IR RIFE T . TI7E 48 h B, J0I 347 A P I
YER . XATREIE T AP R ks T wEh )
2F R/ W) 4k, Gillesby il Zacharewski™” ¥ 4%
i ,ZEN "l 52 455 21k 5 AFB, Uike A
B A AR, 5 8 ZEN A] BHAS AFB, 5 AR
PSS A, T JE PR 55 . H I, TR &%) DON+
ZEN WIS IR Hi/E X — 25 5 AR S I 45
AR (5 A b g5 —3" ) ok IR
&%) AFB,+DON+ZEN X fi i E K EHTE 24 h
RGEI, S HEHUE FH(EC,s) 28 I AE H (BC,, ) 1
A A —BOMAWE I (EC,5), M AE 48 h B EE i, ] fh A%
SSFEUNE B AL AR Ry — RSP SAE H 5 % 4k Ui
FARE ST T BEPE TR 55 5 MR o X — IS AT 2 ]
2 H) 3 FEE R LA RV AN ] ) 2 R4 AL
A INDYNE walll g i N 2 N e (ARSI TE iy
KA, I X 2 FhEE 2 18] B A B LB AT
AR —LIRAT G, AU B T3 & 5 38 S
PIRIFFET BEFNUR B, B X4 i A 5GBSR 174 il a2 LA 2
A RN PA MY AR =18 AEH .

BRAEEE N A&M(1962-), % W4+ #HiZ T EZANFRLE
A5 FEERAR,

HEBEIEE RN EmA(1955-), B, 5T RATRF L, K
L BRI T EANFAYE RIS TFADREDHR,
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