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Effects of Glyphosate-ammonium Exposure on Hatchling Phenotypes and
Physiological Performances in the Chinese Soft-shelled Turtle during the
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Abstract: Many studies have shown that glyphosate and its commercial formulations have widespread effects on
the physiological and behavioral performances of animals, despite being classified as low-level toxicity. In aquatic
vertebrates, toxicity evaluation of glyphosate mainly focuses on fish and amphibians; however, knowledge of detri-
mental effects in reptiles is very limited. Here, we exposed eggs of Chinese soft-shelled turtle (Pelodiscus sinensis)
to five different concentration treatments (0, 5, 50, 500 and 5 000 mg-L™") of glyphosate-ammonium and measured
the locomotor performance, activity level, and some hepatic physiological indicators (triglyceride level, superoxide
dismutase activity, malonaldehyde content, and relative mRNA expression of heat shock protein 70) of hatchlings to

assess potential impacts of embryonic exposure to glyphosate herbicide on embryonic development and hatchling
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phenotypes and physiological performances in this species. Within the range of 5-5 000 mg-L™', glyphosate-ammo-

nium exposure did not affect the hatching success and incubation period of P. sinensis eggs. Except for activity lev-

el, other examined hatchling traits could not be affected by glyphosate-ammonium exposure, possibly due to the

low toxicity of glyphosate.

Keywords: glyphosate-ammonium; Pelodiscus sinensis; superoxide dismutase; malonaldehyde; heat shock protein
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FH IR, P04 glyphosate , 4% N-(JBmbEH: 1 3E)
HEMR, i i 4 45 (Roundup) , 43T 20 C,H{NO, P, &
A R L P Ay Atk el T8 — b 3 A L R
FR) L Jk ZE W S AR R 4 s R 1 A=
Ya i, THOCEERT, NN A 35 e BAisEY 7L
H RSl A A K22 | SEBRA: 7 o o
I T KR e R . R B A ek A 7 i
I RBYBRFLR 29 5 A R BR R S H 27 30% . =
SRTR E L BE U RAE D R /D, B H B N R R 3
AN AB IR R R AR 7 I 7 b Ak 80%
PLER BORFEH REAE 7R K AR v o g bl i {H
53 5% BB R OLRESR 7 )25 oy K IR UTRR W R i
HRIH 7R3 (5] — S yn) g vp B R R B Mk A F) 2.2
mg - L85 177 3 [ A K A o Bl 0 g i
Wik 15 mg- L',

T Y e A PEATI AR FE 4 i, 26 [ RO 8 A5 7
W 2B A TR FE AR TR S . AR
e PR AL P A s R R A K N, AR
AT 0 A 5 S b Sy i e HEBR R AR N N R
TR TG PR SRy Bl 3 300, o P b iy e Tt o 5] ) 2 1
FHER A TR, TR R 00 Sk EE K
N AEA R BB RE e R 22 R Y il — 2
USRS AT €028 24 h B 48 h (121 BOE0PE e JE (me-
dian lethal concentration, LCy,) & 2.4 ~ 18.1 mg -
L1 55 [ 5 #S MR (Procambarus clarkii) 544 48 h 1
LCy, fEHI H 4.06x10° mg - LM i H 55 H Al A
25 G @ S TS g ) B A HAE T s 3K G R
PRV 2R R IR R R — A SR R Y
T34k A W) (endocrine disrupting chemical)™* '
B TR R B Sy B HOE B R 1 P (antiandrogen-
ic activity), 1] o 4+ 25 & I E %2 1K (androgen recep-
tor), 15 U MEV R SZ AR R AR GK SR MEGR K
SIS 0 A P A1 B R R R A AT g AL
A NE RN, F 3 45 2 BT SRR ) e 5 JRle ol 5] T
e 5 R IE AR S 0 AR R S BRI it 4h,
TEA X A0 A I b & B0, — o 7] 1 A gt 4 2

o R A 2 A AR T A AR R
4 PR S B4R f6 (Rhamdia quelen) [T I 8 25 B8
SR ik 2 T RR AR Bl T PR R, {E AL IR
EiRE R A A A G AL N 2L AR
InaE—ZH " 4 i ( Carassius auratus) 7EAS
[F] e JBE P Ml o ) v R S R R S R A
54 2 F N - T (malondialdehyde, MDA) & &34 i1, {0
R A ALY 1 AL i (superoxide dismutase, SOD)i% 4 [%
% M Bh A B R I 72 35 538 in , MDA % 1 b
B[R] S 1 i f5 A

FOH BT KA Sh s FE A oy R T A
25 IR S T AR W KoK AR Bk K AR e
TTEh Py (FaBE MBS ), Rt sh) e — 1%
WRHE P2 EAETE N RAR K, ENEETEA
A2 5% BE (R 7K AR PR S5 ) 5% B 0 T R A LA YA W
SR, BRI e R B R R AUCH LA
YA BT 1 R BE 98 5% i 21 B3 8. ( Trachemys
scripta elegans) G & &, BUARTEBOAR MR B Ab 38T B
AR AN B ) {H R R TR LR A A N I
b — 225 R (] A R AU E R R
U JGE) VT R AR 21 H T 0B LR A B R/ NI ) P
HARESEP AN A AR IR B R R ST
REILE, rhARE B ORI X 2 A, TR E
BHLC TV S0, S K R T s Y R 2 2
— o WA R SR AR R AR A B i E 7R AR it
FHEYAR 24555 B3 W) ] REREZK it E A G BEF2 B 3 . AR
T, 4% 247 i FH 0T 7 B v A8 1 B LS DA B Al 52 4
DB P R WA el A< SCHIAS [) e J32 0 s il e
ER b PRI AL, 35 7 v () A2 %5 (Pelodiscus sinensis) B
DIRSI EH Bl R e R & B R AR iz
Bl S A BRI 52

1 ##l57 % (Materials and methods)
1.1 WICH 5 rh e I R

S5 PR F0500 A Wi VBT e Ak T AR A RAR A BR
AR B B H B B3 (CLH, N, O, P), FEH 1 & &>
68% (EAREA % b ¥ it Ak T 8 AR MR 55 47 BRA 7
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I, FH AR £ 35 T 35 A A SC I B i 68% ~
70%), FREL1 g B H B ER A B In A 135
mL ZEMKEREFE, Bl ok B R 5 000 mg - L A HE
HBEER W, AR5, IE #4115 000 mg- L HLH
Bl e ER VAR I A ZE 1B 7K 43 ) B 10,100 F1 1 000
% LAIC I A 500 .50 F1 5 mg - L™ A9 5 H B 4% 5 %
W WA Ve B 1 B R B Eh IS WG 7% AR A0
W SRIG B AE 4 CR AR TP RAT 25 H

S FH 200 H T 32 R G rh AR s (HLAZ RS B
GRBEIA A A2 A2 4G B O W [ B M T b DX o 57
5. BT BRE T S R IE | B I8 2SR A
H— MO Mitutoyo % b I b5 & R () 5. CD-
15AXWW , H A 1[I 1, Mitutoyo Corporation) il i&
B CKE 4 %) 0.01 mm); F Mettler-Toledo Hi K-
(f45. PB303-N, # [E [, Mettler-Toledo 1¥ % ( I
A PR FDFRECE1 ] 0.001 g) ] HB H1EH2E
TEIRIE SR LTS, RIS, H BR BEATL Y2 45 143 e 2]
5 AN [v) el e 6 vie B2 A B ZH O BR2H 0,550,
500 15 000 mg- L™ )AbBH(HEL 40 HCI, [R]85 B 4 i
TARAEHR), GPF3 T P S EhR AT (- 220 kPa,
FE R TIEA K= LIRS BEL &b, 50 (B
o BT AL SR IR S B EA 30 C A
TAMEEN B3 H XL SR F - #h 7o 3 Bk
(7K 3 AR R A 5
1.2 BB b3

FH OGR4 8 O IR G &, T G #EIC
SEEW 1 idS, BR L 10:00—12:00, R B
WCH 100 puL AH R B 1) R H B SR 1AW, /N TR R
TR IR IR R B b5 R (R JE N 0 mg
LS IR ZH ) B 100 WL ZE A K IR TR T R AR
G ZRTET) Y A3 ] A A B 1 R R O, BB
I 2% T B PRI BKE S SRS PR B AR B
1.3 kKN 5izshRH

A DR, BA P REALE 5 HoRBE 5T
{14) ) gt B0y AR JHF I P A 1 A LS A Az ) o |
ARUPIEH WAL, WAL B C R SR B0 7 ) 4 A
T A TR B DR B, 7 Ak % FH g — b 3 v &l iR e 52 4
5 AREIREL AT A TR 5 A0 Y L5 2
TN KA AR 1% O, H Mettler-Toledo Hi ¥
TP AR A Mitutoyo 51 Webr - RO &
TR AT 58, R E SO0 # o8 IS , 7 30 <C
PRI I E SR 2 3l (7 UK ) 7 LRI Bl 7K F-
SEBGHT 1 /NGRSl AR S A R TR e 1 R 30 C

(1) FPQ A TS M54 (B9 . PQX-330AY-12H, H1 [F
TUE, TUWSRARFR A PR w1 LA il A8 , 48
JEHCA A 10 em 7K ORI BB HI7E 30 C)AY
HIE/KHE(120 cm x 15 cm x 20 cm)— i, — A
ZE R 3K EE, 75 — A Panasonic £05 #AZ AL (HY 5 .
HDC-HS900, H 7 K Bt , Panasonic corporation) it 5%
oy B TE v — AN UK OR 11132 sh 2 B, 0 R B
H MGI Video Wave III #{4:(MGI Software Co., Can-
ada)ist H Vi UioH B 4 i izt 20 em B 5K B
FIR, MESKEAE 30 C R EIEE Rk Tl E B —
A PR FEMLIER 10 H AR B E T R 0 (5
BN, ENKIRY 30 €, FABBEEIETF
12:00—16:005% | 4 h #LAT, P4 - B MGI Video
Wave TIT #4332 H | 35 307K 7 A0 3% 61 199 el 2 44
A1 SR ] L 2R
1.4 JEHIRRR IR A: PEES b

R R REALECH AL IS I 5 B0 (6 L B 5%
TN A LA & ), /N0 AT IF R ST U 14
FEAF K FLFIE 23 25, i - PRI I 2 £ e
RIS A-80 °C BRI VKAE T ORAF . U/ 43 R4
ZUIFFREE, INA 400 pL I, 2L ZU4THE,-20 °C VKAR
HCE 24 h SR NA 800 pL & 45 Al 200 pL dH,O,
B B, B2 R 2 R B /N
Hr 49T00F-80 CvkAARAT A

WA K e A A A ) TR AR 9 T A 7 4 H 3k = g
(TG & . % Dt oe i5 ) &  A SA L 4 1k il
(SOD)IFH A A B (MDA £, BURAE AT
IS A A W v/ = I I ep | e DA o [ e
JHF R = g 5 s B R R, $ 2 i R R
& HEALY AL RS (SOD) IR ) £ FI T [ (MDA)
TR B 1 B A5 SR 43 500 0 I R R R
SOD i 71 F1 MDA % #
1.5 JFRERRBEE 1 70 LR Rk

A RNA 2GR 7] £ mRNA 4fifbik 7] & cD-
NA SCEM AR &I F Invitrogen 2w, B E AR
TR T 40, SR FH Trizol A BUE RNA, B
SRR AT B B R BE IS FRL UK, 52 AP R AG N RNA
Sl e E L RIUT S RNA JCE T°-80 °C B 16 vk
FEPAAT . FH mRNA ZifbiR7] & 46k mRNA , H cDNA
SR AT SR 4l fk )5 mRNA S5l cDNA | 8%
Ja HAREE I IE Y cDNA MR #E4T PCR 973, 315
A IAGE 1 7T0(Hsp70) R P81, T3 8 Y5
YT GenBank Tk iy A2 #E HSP70 JE A 751
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(G 7 515 . IN582024) % i1 3k 15, F1. 5 -CATAT-
GATATCGCCACCATGTCCGGCAAAGCGCCT-3"
R1:5’ -CTCGAGATATCGTCGACTTCTTCAATGGT-
TGGT-3" (R 53y BRI M N VT Sma 1 il Y1) 62
R)o PCR AR ZR N LK 16.9 pL, 10xZ% il
2.5 L, #EH ¢cDNA 1 pL,dNTPs 4 pL, 5|¥)#1 Taq
DNA AW 02 pL; W A1FH:94 °C 5 min il
SR DNA, SR 5 94 °C .30 5,55 °C .1 min, 72
°C.1 min,5 MER G HEH 94 C 30 5,68 C .1
min,72 C .1 min,25 PMEIJE 72 CLE{H 10 min,
W4 8= e T HL UK, % 25 A FINY AR 51 E
ncbi f*) blast FI Expert Protein Analysis System #F17
SIMTEEA BT BT . B HE R4S i 3 KUY A B DA IE
J& , LA SYBR Green & ¢t 48 7 55 47 52 B o6 G
i PCR, X ARR . ToH K 8 uL, Btk DNA 1
pL, W K [ R E R AW T AR 2N A SYBR®
Premix Ex Tag™ 11 & &7 & 10 pL, 7194
0.5 WL, S 2444 :95 °C .3 min, 95 °C .10 s,40 4>
PG ,59 C .10 s,8RJ5 72 °C 30 s, B EE 3
Ko %N LA B-actin FER N NS I | 15 ¥4y
k.5 - TGTTACCCATACTGTGCCCATC-3" 1 5” -
TAGCCATCTCCTGTTCAAAATCC-3 ", 4 14 4% R
PON oS TS T €
1.6 dusbrg

H Statistica 6.0 FAEHAITH I3 Hr, X EHE
AT SRS 5 BT R , 43 B AS: 9 JH1E 285 1 (Kolmog-
orov-Smirnov K 46) Fl 7 22 [A] 5P (Bartlett %), H
BAPR 5 2 53 MR I R T Jil e £ A SR v A B B
AT 305 LB D AR DK SR T B KT S AR 3 A
(RS 5 LA B EE Ay P08 Sk 8 B0 R I 25 40 B A
BT R R A PP IRE LH A AR R N (R T A R
HIE)sm, SCh RmAESBsith G R,

ARG HE P R IR R, B PEAKOF
WE N o =005,

2 %53 (Results)
2.1 IRV BE R IR R F R X rh AR I iR R B Y
Al

NI AR R 81O SZ2 A B AR Akt B vhoa]
DL H 3205 1B 7 B9 3R T 32 9 15 K 22 B MO o o 42 7%
o ANFZREA RN R/NTC 2 ) 25 7 (N . F, o
=025, P = 0909; I E 2. F, ys= 0.70, P = 0.606)
(F 1), LPERNA ST 7R AL i ] 5 A 098 B0 5 G
B EMENE(r =004, F,,,= 030, P = 0.588), A[A]
e PRt I R o Ak 3L v A 0 A s ] )5
AN EF, = 2.00, P=0.103,5 1), 500 mg-L"'4
(UL B M A (B A Geit b 5 DU B A3 T
AL D 2 R RN 3 (G = 4.88, df = 4, P =

0300,% 1),
2.2 IRV 5 HE AR 590 o A /1
KT R

DGR Ay AR 1 0 B 7 22 40 B s AN TRl R
AR 53 R0 Ve B Ah BT v AR T L S AR R/ NI I
WA E . F, ,,= 027, P = 0.896; 5 H K. F, =
131, P = 0268; &FH 55, F, .= 1.28, P = 0.281)(/
D)o BEKIEE NS 53 AR 3 s A D 5 i
Bl FERNMAEE R T IE e it o, ARIEH
It 83 1) e R b BT e A BB LS S AR P i Dk i R T
WBEW(F, 5= 072, P = 0578, K 2), {H}&, W55
HrPBENLEEER 10 H rh 42 B YR A9 15 Sk A 78 12
EHIHI 2R (F, o= 3.14, P = 0.023), &3k FEHE
& R B ER R e B hn B S TR R
(Fl 2), X BN 80% FY i [i] 2 L% BK , 50 mg -
L 291 sl B 1]k 21 i K (93% ), {H )2 5 000 mg - L™
2 ST BRI IR KT (77% )

R1 AREEHBERRERRESIET LB NFII /N TR LR

Table 1

Egg size, hatching success and incubation period of Pelodiscus sinensis under different

concentration treatments of glyphosate-ammonium

b IR JEE (mg - L) WA N /g A% /mm SEEAL /% SBEAL ) /d
Treatment concentration/(mg-L™") Initial egg mass/g Egg diameter/mm Hatching success/% Incubation period/d

0 5.10 £0.06 20.57 £0.10 82.9 (29/35) 53.97 +0.21

5 5.04 £0.06 20.50 £0.09 88.6 (31/35) 53.97 +0.20

50 5.05 £0.08 20.58 £0.13 91.4 (32/35) 53.63 +£0.19

500 5.03 £0.06 20.75 £0.09 74.3 (26/35) 53.54 +0.21

5000 5.01 £0.09 20.64 £0.15 88.6 (31/35) 5432 +0.28
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4.1 — N
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L T 2 RIS AN H oh AL Sk RO KR AR B K F
w & L ARF AR HEZE R B3 Tukey s test,a > b,
i E . L ..
g w37 Fig. 2 Swimming performance and activity level
K E of Pelodiscus sinensis hatchlings from different
<
= concentration treatments of glyphosate-ammonium
35 Note: Means with different superscripts in the lower graph
are statistically different. Tukey’ s test, a > b.
33

I | I |
0 5 50 500

ANEY FE fmg - 1)

Treatment concentration/(mg * L)

I
5000

1 AEAIEARH rhEEHEKE KN
Fig. 1 The size of Pelodiscus sinensis hatchlings from

different concentration treatments of glyphosate-ammonium

2.3 UN[RVR EE R IR R X A g ) I
=EE i R AR IE BRSPS R

g B ARAT Y A M B SE T S A 0 A T
R A I AT M DL SN S Y
T W4 e 22 (TG F, ,, = 1.16, P = 0.363;
SOD:F, = 267, P = 0.094;MDA . F, ,= 175, P =
0.188)(I4 3),

2.4 R BE R H R B R XoF o AR 4 A
Hsp70 3 KRR 15200

T A 53 R Ak LA T B S T AR P
PR 70 kK LR A HR PGS E H 70
mRNA FHX} 55 8 To i 3 4 8] 22 5% (F, ,= 1.30, P
= 0.332)(K 4),

3 i}i8(Discussion)

SYIIRIG K B A 2 B ME 55 1 B B, i i B i Ak
2 R ] RE S W LA g DL R R iRk i A Kk
B o AN R TR RR B e i A 3L 1) AR T R AL
FEFIFAR, ARIBFFE S5 A I, T HoAlh fo
KWy AN, — o Vi B 0L ) gl o 7] b 2 (68
~1 501 mg- L)X 21 59 £ 51 114 905 Ak i T 26 11 52 i)
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Fig. 3 Triglyceride level, superoxide dismutase activity and

malonaldehyde content in the livers of Pelodiscus sinensis hatchlings

from different concentration treatments of glyphosate-ammonium

AK(80% ~100%),1¢ 11 206 mg- L™ #e 4033 F I
I FBAL(73% )P, A I —LeiF 5 B 56
I BRI A HTE PN 1 A 2 % 6 R B 215 5 40 B9
A B3 1) AN . J BB S R BOEA N, il #E—
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E
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zE

=: T
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[a =B}

£ =
0

| | | |
0 5 50 500 5000

ALY B /(mg + L)
Treatment concentration/(mg * L")
4 A AL HE 4E Hh £ B S HA B BA BT A
1 Hsp70 mRNA BIREER
Fig. 4 Relative mRNA expression of heat shock
protein 70 in the livers of Pelodiscus sinensis hatchlings from

different concentration treatments of glyphosate-ammonium

FE N, S TR = L b R R AN R I 4
58, (Chelonia mydas) F1 21. H- ¥ 6, 1% UP 5% 16 1 2
RS RIRE | % W3 3 R 2F (toxaphene ) FTR 5044 TR
(deltamethrin)Z 8 A~ 5% WA & Y 2 W) 6 (Alligator mis-
sissippiensis) £ H-15 £ Fl & #8 ( Chinemys reevesir) 5!
AL R0 2T) S TN B R A o R R R R B ORI A
AL b L HUBZ A, (Chelydra serpentina) SR 7 ALK 1Y ) 3
TRERS SR A RS S R R R T
oA 245 7 3 MR B SO s Bt ) BRAS [RAT AL
PR HREVE2E S BRGNS ] 22 S5 B 7= AR
A 245 7 R IR B RN, 25 S A, AR 25 BR A ) N B
i 2 B N BRI ROR 22 JIB AT RE R — D E
Tl BRFERAE(BI AN FE 4 F 5 8 2VE) FH RS AL i ]
DB R 25 7 S AR 2R R W I R RO A A 22
1), INTTTEAS R S S A AR 24 2 63 ) L BAS [ A i
NREBERLN o s a2 sl ) 5P A1 i 2 A 55 R A
()5, T S R AV 28 3 40 B0 A1 T (A e 3 a2 P 1Y
JIE Bl LA HLBEAR 245 53 SE 25 2y ids 3o 0 S FTPI 2E 5))
YA MZ IR EIAE BN PN AR ARG SRS
TG SR f A 24 ZR R O T AN — 8 4% R TR
SAETT fH AT B2 K 0 b5 e 90 1B A AR R B, A
[Fi) Ak SR 2B 0 1 1) r A B I R R/ INRIEDK i )
225 K5 O A A Y At A 2 1 B DN A e AT
ISR 225 N R BE AT RS Ak
PRSI i A 21 B9 f, | 56 YI 8 W) 65 R0 S8 W L IT] B
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(Caiman latirostris) i H AU /NP0 55 gk i R
2 RE IR RE 2T | VR iG B8 2 TH ARG I, DA TS Bz
AR /N2 SR FH A 3O AS 5 i 4 (K
JHWE v = 5 5, AT RE FS 43 b sz it el o3k 2 541
Ab PR rh AR S VR G e i TH AR S AL AN R T A 23 ek 78
S AR KN o B AE S I R B A 24 R R X LI
JE AR RS AT BRI o T AR ORI
HEIE T Hh A 9T B AR B O R T I 1 A v TR i
R R A FI R TSR, A8
SRV SR 0 LR A AR %) 1 Bl KT B B I e v
PRGNS LS TR, ATREBEIA . ARk B Y BT
JIEE o3 1) 2 6 A U L 0 A B 5 I ] L AR B
Z R At LA PR | 35 v v 3 5 R DU ol 40 44k e
RT3, B K GHE

FH B O E B T BN - T, sk
SNPIRIG I0 2 58 1T RE 25 | R HILAAR PN 4 0 2 A8 7 3
AR KT R 5HADA PSR 25 AL, FH
il ELA B PR R I P, £ T 2 [T 5 o iy BEL
PER PO E iR, (VRS B R AR 30 B A4
T 700 LM AN AR Bl dn, 22 S R (polychlori-
nated biphenyls) JK & H1 5% 83 1) — S =K =& L
T2 B o, b 2 BLIK 218 6. ( Chrysemys nelson)
& YN W B A AR IR I HEMEAR 0l TR AR
YIERPERIMELL S E A K AT A M)
Ty TR, B R 5 2y U vh AR I R S e
T — 2P HE

Bifi 5 IR I R0 TR B R 3, rh AR B IR
PEH M =B S EA M TR HERARE, Bt
HEPE R TR G 28 R BUFE I =B & =& T
FEAE AL R 2 b R B, B, 25 1t 22 AR
MR J60 A ¥ (flutamide ) 255 ZCH PR IE H- b =15 5 & 12
FRRER SR, e H A I R BB S R T
PEAC A V) 2 5 2 B AR R 7 /K A Bl 1 3% M, B0 BT
R A5 W S AR B0NNE (A pAy 38 3R 5 w4
e TSR M 3R A9 ) T - M U i D AR 2R T
i Hh =R &t LA Bl iy — TR X R
WF R ol 2 5 2 S B BEAR D7 AR R
WG X T I P B3R 1 PR A B ) R BRSSO AN W] 4
PR A 22 S AT 5 30 2 B B8 ok S +F . SOD &
BUABCAE AL TR 2R 2028 MDA 2 iR i
A2 ) 2 — S B R IO JR) 4 S LA
Mz B R EETGE R R, AR 4 K IIE SOD
A i e R ok e ) e B G hn e B R e, X S —

SEHAB R A LS R — B, 02 P h
Hh R H 2R R E R 2 R BUIE SOD I 1 b
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AT RESS 5 R MLARRE AL S0, R i 5 350U IE MDA
Fr BT AR S R g R R X b A T
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Hsp70 £ FI7EA YA 2 B A BE 3 i 25 K 3
I8 S W BRI YL R B A RUE ) E AR R
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IV X AR 4 Jor 2 8 1) 3k = AL A s B
(I PRAPE SN A ] i B e A o ) b B 1) v
EUES R IIE Hsp70 A X ik G B2 R A
2 (R Bl TR R R Mk B (93 N, Hsp70
FIRIKE- 2B Y A IR N T REAT Bl TR
DECH B R BRI IR R E . R H RS
Y Hsp70 FRik LA 45 Rt WL T H AL R (B 4N, 75
M BT 2k 3L Caenorhabditis elegans)™' . #R 1M, AS [A]
BTN W T A 5 W 2 68 7 A IR 1 Rk a3
FHA—2, T FEW; (4-nonylphenol) A1 & 3 (4-t-oc-
tylphenol) % &% 5 2 W] [] #i #% J& 3 ¥ ( Tigriopus ja-
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e o R EOLRGE L™

TEAS R B2 Y H I B B A AR BT 4 K 24K
o I %) rh A g 4y A R AL 5 A BRAS AR G I 3 Y 2 ] 22
5o BB IR g, g b B R R B RIS
fe (B, A HH i FH R E Tl 21 d s, mT A I 1) 4 5% B
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A1 T A e B R T 4 2 fh - 8 (H A g R IR AR
P IR T AT B I Cve 2, PRtk ] DA ) 4K
WEErh rh ARSI iR K 5 52 ek B O H R R AR
FHRARAN o 45 54 2R W - VR Jié 30 1 il o e 751) 2
XP AR IR B R AR RS N T2
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Xof e AR IR iR A B T AE BE BN, Ol i — 2T
ity e 1 5 B v DR A 240 % I 5 | 1Y) 22 A UGS 2 it
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WIRIEBE N &3 R(1980—), H 4, 81445 T BN FH 5
RefThmARARERBER T FRGAR L, LA



o5 4

I A5 s A6« ViR U0 R IR B R AR o rh AR A PR Y R AL A R LAY S 197

w40 &, P SCLKF 28 4,

22 3L Hf ( References)

[1]

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Duke S O, Powles S B. Glyphosate: A once-in-a-century
herbicide [J]. Pest Management Science, 2008, 64(4): 319-
325

Hbefl, 2. T R RS Rk e O Ol S T
Yt [J]. A2k 58, 2015, 36(7): 29-30

Gai X T, Li X. Glyphosate and glufosinate ammonium
registration and market in China [J]. Pesticide Science and
Administration, 2015, 36(7): 29-30 (in Chinese)
Contardo-Jara V, Klingelmann E, Wiegand C. Bioaccumu-
lation of glyphosate and its formulation Roundup Ultra in
Lumbriculus variegatus and its effects on biotransforma-
tion and antioxidant enzymes [J]. Environmental Pollu-
tion, 2009, 157(1): 57-63

TWHEERE, WK4:4, EWRAE. 5 ik il KWK i
TR S R [C B N e B R,
2011: 222-223

Fan J Y, Geng J J, Wang X R. Determination of glypho-
sate content in Taihu water body by ion chromatography
[C]. Shanghai: the 6" National Conference on Environ-
mental Chemistry, 2011: 222-223 (in Chinese)

AW, 52, ke, &5, R B EEIT U R ). 2R
AR, 2013, 22(10): 1737-1743

Zhou C F, Li Y, Zhang X Y, et al. Research advance in ec-
otoxicity of glyphosate [J]. Ecology and Environmental
Sciences, 2013, 22(10): 1737-1743 (in Chinese)

TR, TAVL, R4, B RO hesE M B s AR AR AL
TR AR T3P 26y 80N [T]. AR A B B4R, 2010, 5(5):
685-691

Zhang Z, Wang J T, Tan L J. Stimulation effect of glypho-
sate on Chaetoceros curvisetus and Dunallelia salina [J].
Asian Journal of Ecotoxicology, 2010, 5(5): 685-691 (in
Chinese)

FEr, BB, REH, 55 i SRR SRR
X 75 T B P B BB 5 B PR [D]. AR ST B 2241, 2013,
8(2): 262-267

Wang Y B, Li R Q, Deng M L, et al. Joint toxicity of ar-
senic, glyphosate and dichlorvos to C. elegans [J]. Asian
Journal of Ecotoxicology, 2013, 8(2): 262-267 (in Chi-
nese)

Folmar L C, Sanders H O, Julin A M. Toxicity of the her-
bicide glyphosate and several of its formulations to fish
and aquatic invertebrates [J]. Archives of Environmental
Contamination and Toxicology, 1979, 8(3): 269-278
Mann R M, Bidwell J R. The toxicity of glyphosate and

several glyphosate formulations to four species of south-

(10]

(11]

[12]

[13]

(14]

[15]

[17]

(18]

[19]

western Australian frogs [J]. Archives of Environmental
Contamination and Toxicology, 1999, 36(2): 193-199
Howe C M, Berrill M, Pauli B D, et al. Toxicity of
glyphosate-based pesticides to four North American frog
species [J]. Environmental Toxicology and Chemistry,
2004, 23(8): 1928-1938

TR, XILAR, #1455, 10 Ahofe 24X 5o Q)5 2 4R 4))
WY SRR, AR ST HEAAR, 2010, 5(1): 50-56
Xu'Y, Liu Q G, Hu Z J, et al. Acute toxicity of ten pesti-
cides to larval red swamp crayfish Procambarus clarkii
[J]. Asian Journal of Ecotoxicology, 2010, 5(1): 50-56 (in
Chinese)

ORI, BERE, O, 45 EH B ST SN
T2 ZF 55 AR M B 1 o 4 [0, A2 2 3 B 4R,
2009, 4(4): 591-596

Wang M D, Cheng F X, Si Y B.The inhibition of the
combined pollution of copper and glyphosate to the seed
germination and root elongation of wheat [J]. Asian Jour-
nal of Ecotoxicology, 2009, 4(4): 591-596 (in Chinese)
FEEZE, FIARE, IR, 5. g B RS 52
HAERIXE 3 b A e G P RS (], A ST AR,
2006, 1(1): 58-63

Wang Y J, Zhou D M, Sun R J, et al. Effects of glypho-
sate and Cd interaction on the activities of several soil en-
zymes [J]. Asian Journal of Ecotoxicology, 2006, 1(1):
58-63 (in Chinese)

Damstra T, Barlow S, Bergman A, et al. Global Assess-
ment of the State-of-the-Science of Endocrine Disruptors
[R]. Geneva, Switzerland: World Health Organization,
2002

Vandenberg L N, Blumberg B, Antoniou M N, et al. Is it
time to reassess current safety standards for glyphosate-
based herbicides? [J]. Journal of Epidemiology and Com-
munity Health, 2017, 71(6): 613-618

Koller V J, Fiithacker M, Nersesyan A, et al. Cytotoxic
and DNA-damaging properties of glyphosate and Round-
up in human-derived buccal epithelial cells [J]. Archives
of Toxicology, 2012, 86(5): 805-813

Mesnage R, Renney G, Séralini G E, et al. Multiomics re-
veal non-alcoholic fatty liver disease in rats following
chronic exposure to an ultra-low dose of Roundup herbi-
cide [J]. Scientific Reports, 2017, 7: 39328

Glusczak L, Miron D D S, Moraes B S, et al. Acute
effects of glyphosate herbicide on metabolic and enzymat-
ic parameters of silver catfish (Rhamdia quelen) [J]. Com-
parative Biochemistry and Physiology, Part C, 2007, 146
(4): 519-524

JHEENE. KR R e J32 e T B o 00 0 6 €2 19 25 1



198

==
B

i

Fook 13 E

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

BOMWIFE[D]. B AT B AURE, 2013: 15-44

Fan J Y. The toxicological effects of low concentration of
glyphosate and its Roundup® formulation in aquatic envi-
ronment on Carassius auratus [D]. Nanjing: Nanjing Uni-
versity, 2013: 15-44 (in Chinese)

Cavas T, Konen S. Detection of cytogenetic and DNA
damage in peripheral erythrocytes of goldfish (Carassius
auratus) exposed to a glyphosate formulation using the
micronucleus test and the comet assay [J]. Mutagenesis,
2007, 22(4): 263-268

Relyea R A, Jones D K. The toxicity of Roundup Original
Max® to 13 species of larval amphibians [J]. Environ-
mental Toxicology and Chemistry, 2009, 28 (9): 2004-
2008

T, B, sk, 5. Ieqy s i T B
WIS BLIRT]. RS TR B4, 2012, 7(6): 585-592
Wang Y H, Wang H L, Zhang Y F, et al. Appication of
reptiles in toxicology research: A review [J]. Asian Jour-
nal of Ecotoxicology, 2012, 7(6): 585-592 (in Chinese)
Sparling D W, Matson C, Bickham J, et al. Toxicity of
glyphosate as Glypro® and LI700 to red-eared slider
(Trachemys scripta elegans) embryos and early hatchling
[J]. Environmental Toxicology and Chemistry, 2009, 25
(10): 2768-2774

Willingham E. Embryonic exposure to low-dose pesti-
cides: Effects on growth rate in the hatchling red-eared
slider turtle [J]. Journal of Toxicology and Environmental
Health, Part A, 2001, 64(3): 257-272

Podreka S, Georges A, Maher B, et al. The environmental
contaminant DDE fails to influence the outcome of sexual
differentiation in the marine turtle Chelonia mydas [J].
Environmental Health Perspectives, 1998, 106(4): 185-188
Milnesa M R, Allen D, Bryan T A, et al. Developmental
effects of embryonic exposure to toxaphene in the Ameri-
can alligator (Alligator mississippiensis) [J]. Comparative
Biochemistry and Physiology, Part C, 2004, 138(1): 81-87
Wu B F, Liang L, Ma L, et al. Effects of pesticide expo-
sure on embryonic development and hatchling traits of
turtles [J]. Asian Herpetological Research, 2016, 7(1): 28-
33

Solla S R D, Palonen K E, Martin P A. Toxicity of pesti-
cides associated with potato production, including soil fu-
migants, to snapping turtle eggs (Chelydra serpentina) [J].
Environmental Toxicology and Chemistry, 2014, 33 (1):
102-106

Greulich K, Pflugmacher S. Differences in susceptibility
of various life stages of amphibians to pesticide exposure
[J]. Aquatic Toxicology, 2003, 65(3): 329-336

(30]

(31]

[33]

(34]

[35]

[38]

[39]

[40]

ST, MRy, ThER, 2. YR A K s i R 3
WG B R R [9]. Al B R} 22441, 2005, 24(4):
682-668

Hou L J, Yang X M, Ma Y, et al. Effects of ethopropbos
on early-stage embryonic development of Bufo bufo gar-
garizans [J]. Journal of Agro-Environment Science, 2005,
24(4): 682-668 (in Chinese)

Smith P N, Cobb G P, Godard-Codding C, et al. Contami-
nant exposure in terrestrial vertebrates [J]. Environmental
Pollution, 2007, 150(1): 41-64

Beldomenico P M, Rey F, Prado W S, et al. In ovum ex-
posure to pesticides increases the egg weight loss and de-
creases hatchlings weight of Caiman latirostris (Crocody-
lia: Alligatoridae) [J]. Ecotoxicology and Environmental
Safety, 2007, 68(2): 246-251

Willingham E J, Crews D. Sex reversal effects of environ-
mentally relevant pesticide concentrations on the red-
eared slider turtle, a species with temperature-dependent
sex determination [J]. General and Comparative Endocri-
nology, 1999, 113(3): 429-435

Bergeron J M, Crews D, McLachlan J A. PCBs as envi-
ronmental estrogens: Turtle sex determination as a bio-
marker of environmental contamination [J]. Environmental
Health Perspectives, 1994, 102(9): 780-786

Guillette L J, Gross T S, Masson G R, et al. Developmen-
tal abnormalities of the reproductive system of the Ameri-
can alligator (Alligator mississippiensis) from contamina-
ted and control lakes in Florida [J]. Environmental Health
Perspectives, 1994, 102: 680-688

Guillette L J, Pickford D B, Crain D A, et al. Reduction
in penis size and plasma testosterone concentrations in ju-
venile alligators living in a contaminated environment [J].
General and Comparative Endocrinology, 1996, 101(1):
32-42

Loutchanwoot P, Srivilai P, Jarry H. The influence of
equol on the hypothalamic-pituitary-thyroid axis and he-
patic lipid metabolic parameters in adult male rats [J]. Life
Sciences, 2015, 128: 1-7

Golshan M, Hatef A, Zare A, et al. Alternations in neuro-
endocrine and endocrine regulation of reproduction in
male goldfish (Carassius auratus) following an acute and
chronic exposure to vinclozolin, in vivo [J]. Aquatic Toxi-
cology, 2014, 155(4): 73-83

Makynen E A, Kahl M D, Jensen K M, et al. Effects of
the mammalian antiandrogen vinclozolin on development
and reproduction of the fathead minnow ( Pimephales
promelas) [J]. Aquatic Toxicology, 2000, 48(4): 461-475
Modesto K A, Martinez C B R. Effects of Roundup Tran-



o5 4

I A5 s A6« ViR U0 R IR B R AR o rh AR A PR Y R AL A R LAY S 199

[41]

[42]

[43]

sorb on fish: Hematology, antioxidant defenses and ace-
tylcholinesterase activity [J]. Chemosphere, 2010, 81(6):
781-787

Costa M J, Monteiro D A, Oliveira-Neto A L, et al. Oxi-
dative stress biomarkers and heart function in bullfrog
tadpoles exposed to Roundup Original® [J]. Ecotoxicolo-
gy, 2008, 17(3): 153-163

W, Bk, B, AR REHBEXT GC-1 /N RURS T 40 Y
RN T B NAC (9 UKL [0]. A2 75 75 B2 4R,
2014, 9(1): 159-166

Zeng M, Huang T, Yi J P, et al. Cytotoxicity of glyphosate
to GC-1 mice spermatogonium and antagonistic effect of
N-acetylcysteine [J]. Asian Journal of Ecotoxicology,
2014, 9(1): 159-166 (in Chinese)

Wang Y B, Ezemaduka A N, Li Z H, et al. Joint toxicity

(44]

of arsenic, copper and glyphosate on behavior, reproduc-
tion and heat shock protein response in Caenorhabditis el
egans [J]. Bulletin of Environmental Contamination and
Toxicology, 2017, 98(4): 465-471

Rhee J S, Raisuddin S, Lee K W, et al. Heat shock protein
(Hsp) gene responses of the intertidal copepod Tigriopus
Japonicus to environmental toxicants [J]. Comparative Bi-
ochemistry and Physiology, Part C, 2009, 149(1): 104-112
TESL i, Ak, B 3 bk B e IR I O ik S
HW i shASBETE 0] R AR, 2011(23): 85-88
Wang L G, Yang R B, Feng W. Detection method and
degradation dynamics of isopropylamine salt of glypho-
sate in soil [J]. Hunan Agricultural Sciences, 2011(23):
85-88 (in Chinese) *



