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X PO EA WA R BRI, SRR AL 5 R G & B AH DG IE [R 2 SRk -8 Ak e il s P A G, ARIE IR 45 2R
B LOEC J9 10 pg-L™' ,NOEC Jy 1 pg-L™", BRI i) %0 H B 5% B Ak B — 2 VR (= 10w - L1 )i X #0400 AE BB, 75
SE o i FH F R 4 TR 25 4 PR R 1B T RESR B MR

SRR . ROH M BE T 0 R B R 2R

MERS: 1673-5897(2023)4-429-10 RESES: X1715 XEARIRES . A

Developmental Impact of Glyphosate Exposure on Zebrafish Embryos and
Mechanism Involved
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Received 19 October 2022 accepted 31 December 2022

Abstract; In order to explore the toxic effects of glyphosate and underlying mechanism, zebrafish (Danio rerio)
embryos were exposed to glyphosate at 1, 10 and 100 pg-L™" for 72 h, and embryonic hatching rate (48 h post-fer-
tilization), survival rate, malformation rate, heart rate, ATPase activity and the transcription of development-related
genes (Tbx5, Nkx2.5, Tnnt2, Bmp2b, Ihh, Shh) were examined. Both survival rate and hatching rate were signifi-
cantly reduced in the high concentration groups (10 wg-L™" and 100 pg-L™"), the rates of pericardial edema, spine
curvature and yolk sac edema were all significantly increased. The transcriptional levels of development-related
genes were altered, in the 1 pg-L™' group, Nkx2.5 mRNA levels showed no significant change, the mRNA levels
of Tbx5, Tnnt2, Bmp2b, Shh were significantly increased, while the transcription of Ihh were significantly de-
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creased. Significantly decreased mRNA levels of Thx5, Nkx2.5, Bmp2b, Ihh, Shh were observed in the 10 wg-L™'
and 100 pg-L™" groups. The activities of Na'/K"-ATPase and Ca* -ATPase were significantly inhibited in the 10

pg+L™" and 100 wg-L™' groups. Higher concentrations of glyphosate showed significant developmental toxicity for

zebrafish, and the mechanisms underlying toxic effect might be related to the changes in the transcription level of

genes related to embryonic development and the inhibition of the enzyme activities. Based on the results of this

study, the LOEC of glyphosate is 10 pg-L™" and NOEC is 1 wg-L™". Thus, glyphosate residue in the environment

at a certain concentration (= 10 pg-L™") would pose a potential threat to fish. In practical application, the residual

concentration of glyphosate in the environment should be fully investigated.

Keywords: glyphosate; zebrafish; developmental toxicity; mechanism

O [ (glyphosate) & 1971 4 Monsanto 723 ]
TE R —Fi W A T (R AR S B 2 5 B 30
FRRSE 1 40 AP 3 BORR (shikimic acid )42 Hh G 5
Tit 1 G 180, DATTTT 52 il AL 40 5 7% TR 24 5 PR (aromatic a-
mino acid) A=) & 1, 1 48 1 BT A sz B4, &
FHEYIET:, TR RIS EE T IFA
FEAE G AR B X A 55 N ZETE N IR 2L 3 )
LA, 36 E B EE - $7 R (United States Environ-
mental Protection Agency, US EPA ) 5 H B 51 Ky 58
=AY BT (IR EETE)Y . BB PR AL IR
B LIRS, O R N )Tl AR R K
MIAR L s Fh AR — H R A A ZH Y,

FREH Z NA —E B0 ~5 F) L E ),
AAEAE LR P B B X 7K AR e 1 £ A ™ B Ja
FP S AEE BEAEAT 145 TT t B4 Fh AR 259t il
Y AU 1% R 258 8AEH Fhrit B P Hak
433 ek OB | FRT K R 45 A AR B A - SRR H K
o, KRB R R o AT AR R KR
K K b 7K TR 7K H RGO 3 EH JR Y AF
Eo 2011 AF 38 8 45 2500 s ORI v B R R 5
0113 gL' FE 3 E A IRT g rhoRs ) 21w H g
HIREIREN T 22 wg- L' FE N KRG A 28 K
T B B 2 TR B 9K 40.8 g - L e A A 3] A
W R 32 g L7100 7Rk [E W K A3 PR H i
B 75 ~ 90 pg- L7100 B K 3 6k A ) K
NI fE T AT 2 Mok 2 58 R B, B
Jol K FLARIRD0 Z2 oK AR A= Wy i L sh 8 2 1k
PERRUTM s Jil B L SRR v 3 2 8 S /s ol
i ( Carassius auratus))4E 252 PEN R R B ) 5 H
Rl ot 6 £ G B S 01 AR 1A I ZT A8 AR RS2 4
1 Ye ik Misgurnus anguillicaudatus) %% T 7 H
Jei | A1) A K L 24 o A 200 B 2 T R U R R R
Kt E 85 £ (Rhamdia quelen) 1) 3T B A 193 A0 i 7% 4 7=

A R U B R T S AR R LR [ S
T R 4 G R 5 F% 5% 7% 1 (aspartate aminotransferase,
AST)TE ) i AGoRn 45 051 5 ¥ 4 0 2 58 T (%5
(2.5 ~20 mg-L ) HBE6 h )5, & Ml 21 4
AWy AL i (superoxidase dismutase, SOD) 4 Bt H Ak
1 A AL Yy i (glutathione peroxidase, GST) 4 Bt H Ak
I8 5L (glutathione reductase, GR) 1 ] 24 4 -6- ik
JIii & i} (glucose-6-phosphate dehydrogenase, G-6-PD)
G 12 B2 BH X 8 (Oryzias latipes)
TR W AR R B HE f4.(Oreochromis mossam-
bicus) % & THRE N 15 mg- L™ A FH B e ol S 30L
B e A8 20 s el 2 % 1T 3 2041 85 ( Oncorhynchus
mykiss)#f1 i B, HLF B ]800 5¢ R P 5 g
A P B T 411 (Danio rerio)%#% T 65 wg- L™ BOH B
15 d J& n] {8 25 [ 5 A= J R F--1 (steroidogenic factor,
SF-D)FEIAF=™,

Bt I S A AR K BREE rh 1 3% B 1
ARSI A e S A A S M S 0 XK AR5
T B, OV A B R A BRI OC T
oY B, FOH X B4 ( Ctenopharyngodon idella)
i £f1 ( Hypophthalmichthys molitrix) ]l ffi ( Carassius
auratus auratus) ¥t 5 1 ( Danio rerio)f) 96 h-LC,, 43
514 02518 02588 ,0.2599 F1 0.879 mg-L ™" {k
WRBEPE I bl T 2k 24

BE 1y £ 5 NS HE N R P51 Rk 85% Y, H B
KB T RSN 2R G 75 BH & L5 RO ™ B
B L C U W IR R 15 G W X oK AR AR W 52
) ) R ARSI OB SR BE T A IR iR R
2 Z RN A O NE Sl IS R B ARG AT
BT ) 5 B, T VR NG B 3000 0 R 5 R SRR OG
FER AT H AN, Thxs &0 LA AR 1k 5 0 E
RO I REE LA 5 Nkx2.5 J2 il & 20 460 L
ANM AL SN K | Tone2 Y tis O WILILAS & 115,
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Bmp2b 2B kB HOE R R ) B
Shh Ihh 5 RHHCE AL ME R EDIP, AR
R 358 ARG I ) 1) e Bl e R S L R R
BB EE W58 HXTEE 2 f0 IR i i 2R A5ONE L IF D ThxS |
Nkx2.5 . Tnnt2 .Bmp2b  Shh Ihh %5 Fy B b L | R H
R4 W4 =X 2 B (polymerase chain reaction, PCR)#]
A3 M A FHILL, o BT Bt ) A 2 XU TEA DL
IR G i A= ) W D B At g 5, AR O i — 25 4
FOH R BRI R SR S A

1 # #1575 % (Materials and methods)
1.1 FEH]

T BRI =99% , ILAR VE Ak 24 B A A BR 2>
), Je ALK B R 1 mg - L7 65,4 °C ikt
JARAT, A A EIE  ATP B 6 M0 5E  RNA 2
W G0 S 6O 5E B PCR 253871 &5 ¥ W T 1 ot
BAEY) TREFFE T, 5140 th 4 M R R AR A B
STV R HAB RN I 8 Bl )
1.2 FEUHS

A 38 (JE B, SMZ745T), Y6 R 8 3546 (1
1§—1H , THZ-100), il b5 A (¥ DN 3% 2R ) BHECA FR
/% 7], ReadMax-1200), 52 B %¢ )6 & £ PCR Y
(Archimed , TMX4), 4> [ sh #0558 i AR 4 AT AL (15
THRHE ,1S-2012), BEBRWEEE R B UKAL (AL S —2E 9
BHEA R F], DYY-8C), 1K I & 4 2 0 HL(SCILO-
GEX,CF1524R),
1.3 SEEeHifn

BEEfh(AB i R, W FAa N & 4E 0 A YR A
PR HE]), MR 4 Westerfield™™! (1) 77 2 1) 37 1 2% 3R 2 B
ARSI U Y BE D £ FR B G R R G (IR,
TEERFRAE K (VR S 206 PR e 3 U8 1 A 2K,
KiRQ6£1) °CJGRRJEI N 14 h OGRE/10 h SRR, IR
T B A ) FE4F B (Artemia nauplin), H W &K 5
M 2 Y, TR C o i — &, A R e 3 9k,
1.4 FRAGCEE

5503 110 W N O 3 < W W = Y 1
TESREALAE T IF PR ARCK M 73 oF 55 2 KB E2Y 9
SUTIFRAAR , TFET 25 T BER B A2 Bl =00, 0.5
~1 h ISR FA R, FH B T f 35 5E 0T VR O E B
B R ER  PEBCZ R IG F T 2 8 5056
1.5 BEE

BB LU F 1,10 100 pg-L7' 3 MRE 4, 1
ANaE G B, BT 3 A AT (n=3), SERGHTEF A

g RSG5 gL' NaCl,0.05 g-L™' NaHCO,,
005 g-L™' KC1,0.05 g-L™" CaCl,)Ht il UL 25Uk , 43 51
BT EAR 90 mm 35 5% L5 5 55 972 W 30 mL,50 44
BEDhfaIRfG) . ZEEIIN(28+0.5) CHHEE I, B
12 h SR A5 5 S5V B 0 B FR RO T IR AL TR IR, 72
hpf (hours post-fertilization) ¥

1.6 AMIER=HRIRGE T it

TR iR 12 .24 36 48 .72 hpf i, WAL AR
JiE B A T 1 O (PR R WL R Ji 722 1 B8 S s U
SRR ZREESS ONEABKSh R HE SETY), Gt A7
i, 48 hpf I, GET PR (ING th RO T ARl S
CLFEAL), 72 hpf B SE IR 28 (G AR O ALK I D i
FERMAFIEAE L /) , H-0 200 % (heart rate, HR),

TN R = 1705 IR B0 SR R K< 100% 5 iE (kR
= C LI IR B0 SR G U< 100% 5 B T 2% = W JE I
HEEUAAT AR} 100%

ORG  BA  3 AT, B A
SEATREDLIN 5 S54740, #E 40 R F BB T,
THRAN [A) S 95 2 0900 Bk % b U X0 B R
BB UCBH A TIC RISk IR 20 s NG
BEUCEL, 1 min 0P
1.7  ATP B& D E

K2 EE 72 hpf YA £0 DL 4K 3% e I F
RTR, TR AE T80 CUKAE, SCIRATIEFE S T k&
AR HE L 9 B ELB I A A BRER K FE ST IR AR N
FREAnmES . 1A I S IR AE R R S AL L 7E 4
CF,LA4 000 r-min™' B0 10 min, B E R0 E
2 B A P

&8I E  Na™ /KT -ATP [ I 1 . Ca’ -ATP
it T P O 2 Y4 R A TR TR
JIit & RN R s 2 AUR (AR L 8L ATP il
53 ATP 7=4E 1 umol JCHLBEY & y—A> ATP Jifji%
1543 (umol-mg ™ +h ™),

1.8 ZJEE R PCR &

RNA 2 300 5% e i PCR I 244 H]
WA E, NSHHF L efla, 25T H 519K H prim-
erS B H AT (3£ 1), & Basic Local Alignment
Search Tool (BLAST) Lt XJ & , 3% H A M 2R A= W H
ARABRA T A B, 26 7t PCR A9 45 J R A AE X
FERIETE RN RS R F=27207,

1.9 Hdisabr

45 R - 45 1 1R 2% (Mean = SE) R R |, [

FH SPSS Az X s 147 5 K 28 U7 22 43 #1 (one-way



432 s #F

PLINN O P18

ANOVA), 41 6] %54 ] Duncan 15347 i 35 PE 7K F- 43
M, 155 P<0.05 FoRnEFBE .

2 453 (Results)
2.1 U R BE D AR I A 1 R AL R (1)
Al

BES R B R R R 48 h MRfATE R
23 AN IRZH (94% ) L85, 100 pg - L7 62 2H i 5 1%
106, BTG ZE 82% (181 1), WRIAIWFAL S (%) B4l
82% AW HIRAFEG | pg-L'HILBEER, 10
pg L™ 100 pg- L7 R0 5 B REAIC, 7 IR 2
42% F1137% (P<0.05) (K 2),

FEIG2R/%
Survival rate/%

~ o0 o0 O O 5
wm O e o W O
;:;
- -
- -
F- -

O B B /(pg L)
Glyphosate concentration/(ug-L")
B 1 =548 h XD &FRRTF R XM
TE B RR R PR R IR 22 | n=3 ; EARFREARIRY
21 [H] B b 1 25 57(P<0.05)
Fig. 1 Mortality rate in zebrafish embryos exposed for 48 h
Note: Data are presented as mean+S.E., n=3; means of the treatment not

sharing a common letter are significantly different (P<0.05).

®1 WHEEPCRFY

Sequences of forward and reverse
primers used for RT-PCR

P R B B /bp

Primer size/bp

Table 1

H bR 5L

Target gene

5P IHIG ~37)
Primer sequences (5’ ~37)

F:CTTCTCAGGCTGACTGTGC
efla 358
R:CCGCTAGCATTACCCTCC

F:AGCATCCAACC TTCACAGTCC
Nkx2.5 173
R:AAAAACATCCCAGCCAAACC

F:ATTCGCCGATAACAAATGG
Tbx5 138
R:CGCCTTGACGATGTGGAT

F.GGAAATCATCAGCCTCAAAGAC
Tnnt2 141
R:CATGTAACCGCCGAAGTGCA

F:GCTCACGCCGAACTACAA
1hh 190
R:GCCGTCTTCATCCCAAC

F:GGCTGTTTCCCAGGTTC
Shh 149
R:GGTTCTTGCGTTTCTATGAC

F:AAAAGCCGAGGAGAAAGCAC
Bmp2b 222
R: TGGGAATGTTGGAGTTGACC

2.2 HUH R R X B LD A A A i e S O B
£y LESNEA

BRI IRAE S I M 1 pg - L7 BRERAR 1
AL, 10 pg-L™' 100 pg- L™ 40 H I FEAS
ity LRl R A W R O A S R B b
TH,10 pg-L7" 100 pg- L BEH 9 H 6.6% .
73% . BREFEIK b & A H bl 5w H 9 R R vk B
KM EW A, 10 wg-L™" 100 pg- L™ F2 52 2H 5 7
WK 26.5% 333% (P<0.05)(& 3 ~ [ 6),

100
80
60
40

TEAE /%
Hatching rate/%

20 F

a
I |
l |
1 10 100
O AR /(ug L)
Glyphosate concentration/(ug-L™")
2 ZE4S h S ERRFLENZMm
TE B RIS A I E AR R 22, n=3 ;_EART AR Y
1 [ FAT I 3 22 574 (P<0.05),
Fig. 2 Hatching rate in zebrafish embryos exposed for 48 h

Blank

Note: Data are presented as mean+S.E., n=3; means of the treatment not

sharing a common letter are significantly different (P<0.05).

100 pm

100 | pm

Blank I pg L™
100 um P 100 pm oy
//‘ e W\
f )
y “\‘
10 pg-L! 100 pg-L!

3 RENhHDEFEEESH

Fig. 3  Spinal curvature in zebrafish larvae exposed for 72 h

2.3 HUH R R X BE D AT a0 RO A K iR
1) 5% ]

L 7 ~9 AT BE B £ A f0 28 S0 ALK i i
. FHBERTE 72 h BE A7 a0 R 5 25 1 ) g
HAHEE X 100 pg-L7' &8 3E BT 12.2% (P<0.05)
(E8), HE 9 Al ZSHAXTHRAH K 1 ng- L7 BEEH
FoR O K M 7E 10 wg L' A2 100 wg- L' 5
2 IO B R A SRR 4 AR 0.6%
F26% , HbE 7 070,10 pg- L 4O f K P
100 pg LT HB M,
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100 pm

Blank

100 pm

10 pg Lt

100 pg-L™!

B4 RE72hHDEFEIMETRKM
Fig. 4 Yolk cyst in zebrafish larvae exposed for 72 h

10
<% 8r
5.
3 5
= 2+
E_ b b
20

Blank 1 10 100

BT (pg L)
Glyphosate concentration/(ug-L™")

5 ZEE hNRSEFEEES IR

I B R A P AR R 2, n=3 ; EARTRERR] Y
2 BAT W22 5(P<0.05),

Fig. 5 Spinal curvature rate in zebrafish larvae
exposed for 72 h
Note: Data are presented as mean+S.E., n=3; means of the treatment not

sharing a common letter are significantly different (P<0.05).

OB NP /%
Yolk cyst rate/%
S “n = O
T T T
i -
- -
- -

Blank 1 10 100

FH R B (ng L)
Glyphosate concentration/(pug-L™")
El6 RE72hXNHDEFEINERKMELIN
TE B RS R PR IR 22 | n=3; EARFREARRIMY
£ [ FAT 4 22 57 (P<0.05).
Fig. 6  Yolk cyst rate in zebrafish larvae exposed for 72 h
Note: Data are presented as mean+S.E., n=3; means of the treatment not

sharing a common letter are significantly different (P<0.05).

100 pm

100 pm

10 pg-L™! 100 pg-L!

E7 BEN hES&EFELEEKM

Fig. 7 Pericardial cyst in zebrafish larvae exposed for 72 h
p ab a
| I I l
Blank 1 10 100

FOH PR L /(g LY
Glyphosate concentration/(ug-L™")
E8 RFE72hWRIEFELEHNHM
TE B RN A P EE AR AR 22 | n=3; PARFRERRIRY
2H ) BLAT 35 M 25 5 (P<0.05),
Fig. 8 Heart rates in zebrafish larvae exposed for 72 h

150

—
(=
(=]

(=1

L>3#R/(YK-min)
Heart rates/(times-min')
i
S

Note: Data are presented as mean+S.E., n=3; means of the treatment not

sharing a common letter are significantly different (P<0.05).

4.0
35F

a
3.0F
25F
20F
1.5F b
10F
05F . .
0.0 10 100

Blank 1
BB /(ng L)
Glyphosate concentration/(pg-L™")
B9 EEFEhWRIEFECEEMENZIT
B F R N P R ELR 22, n=3 ; EARTFREARTR Y
2H ) BLAT 35 M 25 5 (P<0.05),
Fig. 9 Pericardial cyst rate in zebrafish larvae exposed for 72 h

ELRENN /%
Pericardial cyst rate/%

Note: Data are presented as mean+S.E., n=3; means of the treatment not

sharing a common letter are significantly different (P<0.05).
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2.4 EUH B EE XS BE L AT f0 ATP BRSPS IR
BES IR R AR EE 72 h,7E 1 pg-L7' B
B2 Na' /K -ATP 15V K Ca®* -ATP i1
PEER S 25 (A R4 TG 25 575 T AE 10 g+ L7 12 100
pg- L7 B EE A B FEAK(P<0.05)(& 10),
2.5 RO BE S A AT f AR DG R IR W 5 k)
BEC fa iR i 5 5% 72 hpf J5 A G 3E H Zas R
BI11 IR, RO R B A ) 22 B R A TR
R, Horp IR pg- L) RERAH
W Bmp2b ., Tbx5 . Tnnt2 Il Shh 55 4 A~ FE R K ik =
T CE TR R 28% L 45% L 87% HI 86% , P
<0.05),1fi IThh ik K F-BEALCT K& R 25% , P
<005), Nkx2.5 RikKF 5 HA T XS, HYEH
Tl B 1R FE 10 wg - L7 2 100 pg- L7 B4
B AHSCHE PR R /K-35 B R, LA A 7] -0,
KA, Nkx2.5 Tkt P LB K, 15 82% (P<0.05),

3 1112 ( Discussion)

10 R R VTN TS Y PR RS i =2
Rz B A PR i B P A T S vh R I BE
SN SR U AL 7K b 5 A 2 it | B v K i 4 kR

BRI W R I, K2 5 R AR AR B A, 45t
EAEYIRE, EAEY IR AN A Y AR —
Gl AR o 17 Nl S £ 2o 1 BT 1) @1 Y | ) S
FNTI e A 7 55 58 T3 BRI RIS BRI A Ak 22 ) ot 1
RN AR 25 I AR b 3 fa IR G
2w H AR R SR AT A B LK | B R K i
NE RS 45 RO, ik s R H IR B i iR B A
WENREEE.

AR R G A 8 Ok 7 v s L R FE T RE Y A
FERRUR X R Y W iU R o O R o=
PTG REXT T FEAG (9 1E % & B & R,
XTFRES R R B, IEH AR AT ,48 hpf
B F LR E RA MU S LA IF i e Ak,
R R BN —AEE TS YRR E
PELA AR I DIERYIE R TAESZ R A5
FU YL i) 2 i 2 Pl B0 5 IR i 00 % Tl T [
LA Rz CoIE X B A2 7 A e B 5 £ IR
R R R R AT R T TR IR T
T RO B R v B e e 2 R I P S

ATP FAE 2 N GER5 25 1P A2 & AR S 7
T HA EEAEHY, Na'/K*-ATP fiff & 20 % Na' /K
RN FEZE 5, Ca -ATP [ T 55 88 7458 R
G E BT, AR T, 52T Y IRk

TR FET ARy T LA G 32 A7, A e 2
PEITE TR A R 2 5 (0275 e e B R LA 7
BME, 7= 0 i et 22 2 A0 S k|, 5 20
TP RREART 3t BB S e i AR A AR AR P, AR
ISR N IRHR EE (1 g - L) 0 B 258 68 v AT 1011
Na'/K'-ATP it fil Ca> -ATP [ 135 PTG i 3 25 1k,
BAEEHAE(10 g L' 100 pg-L )2 2 il ATP
TGRS T M, A BESTIA R ATP il A9 1 FH 2 K i
FREIL A ATP TR A A 6 2 T 75 B RE RS,
WG R & S5 BRI AT RES ATP il A4 7 3
Wil 2, ARELE R R FH B RS Na' /K -
ATP [iff 1 Ca®* -ATP [iff % P4 () B AR A J2 52 i 5 25 £,
JRRG O & BT (A AL

B Na"/K*-ATPase
EICa**-ATPase

(o]
(=
1

IS
S

Blank 1 10 100
BT EVR B/ (ng L)
Glyphosate concentration/(pug-L™")
10 FFT|E72 h MBS EFE Na' /K -ATP B
1 Ca® -ATP EgiE MR T
TE BRI bR iR 22 | n=3; BARFRERRIRY
M EA B E 25 57 (P<0.05),
Fig. 10  Activity of Na“/K'- ATPase and Ca’'- ATPase

in zebrafish larvae exposed for 72 h

ATPH S P/(umol-mg"-h")
Activity of ATPase/(umol-mg~'-h™")
8

Note: Data are presented as mean+S.E., n=3; means of the treatment

not sharing a common letter are significantly different (P<0.05).

OBlank @1 pg-L"' M@0 pg L™ MI100 pg-L™

SER X ik i

Relative mRNA expression

Bmp2b  Ihh Shh

11 RENR hWIHIEFEERRIE

T RN NP R AR 2, n=3; LARFHEARRIY
41 1) HAT 3 22 57 (P<0.05)

The transcription of genes in zebrafish

Nkx2.5 Tbx5

ekl

Tnnt2

Fig. 11
larvae exposed for 72 h
Note: Data are presented as mean+S.E., n=3; means of the treatment not

sharing a common letter are significantly different (P<0.05).
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B 0GR E R 2 A R, Toxs &0
JIE 2% & 1 R A0 A0 LA A Y AR B D
b 3 R e i B E X ELEMEH., A
W5 R M, Thxs Fik 78 FEUNRERIES, A
25 Thx5 FEH A ZRAE S BOOIE L B HLEST, A5
45 0 R B e T P T B R R S AT A B Thxs KR
Rk i TR, X T AR Ok & 50 10 L]

‘HIE A & 4 H (bone morphogenetic protein,
BMP)7E G HE 2l 1) Hh & i % 8 B0y S B8 T [+
Bmp2 ALK FTF-B(TGF-B)B R IG I — i,
TR Dk K A B Bmp2 Hi#35 175 AR
WP P, Nkx2.5 2 fisk 2 40 16O WL L 43 Ak 1 56
SRR A R FE B O = AR ER T
WIS 1 (H Tont2 9ifh) 2 5.0 NEW 4G D Re , J2 5E
St U BT T B AR PR B I O 5T R
Y, P35 5 Y W3l 2o T P BE LD fa IR i 14 5 S 2 3L
B IR RGO R & B DR B pE Y AR
TN, R EAL(100 pg- L7 Nkx2.5 ik & N H
Fe il ok, i Bmp2b  Tont2 ikt FiE, Bmp2b 2
Nkx2.5 () IR PN | Nkx2.5 ik PR R W B H
BT RE B AE AL & B, N5 RO R &
WA I EY B 7 T R v A B R B 10
K B, I MR S Nkx2.5 Fe3h B2 i 56 £
5/

Hh(Hedgehog) & I I AEM i & & ot s e
A % 7 B AE ], Shh(Sonic hedgehog) ., Thh (Indian
hedgehog) & Hh FE [ 505 2 2 AL 5O, F IR G
KB X 2 A FE AR IR ) IE 28 5 50 4140
FHOCE S DRBZE AT A AT 55 3R B TS Y ) R iR TP BE
i Shh . Ihh F Bmp2 W sk AKCE NG S &K &
B ARG R R EH R E AT
fify, DI we v B A R A i e (7.3 % ) LS i R
K (E 3), 4T 1 Bmp2b, Nkx2.5 /)35
AN, R R R R S OO R F AL, SR
ARSIy A=

RBE VR B 1) B H M 2 R BB £0 IR IG B S 7Y
WG HEE , G B A TG T R AR O K 5P
TEHE 5 B PR A S OB K R B
Na'/K'-ATPase Fl Ca>*-ATPase 1 ' Fl FFAR A G 7¢
JGE B PCR AT bR , B H B 58 B8 U2 T 5 IR0
WEK & (Thbx5 . Nkx2.5, Tnnt2) i #% &% & (Bmp2b.
Shh  Ihh)FHOCHE BRI 5% 5) (A5 11 02, A R) vk
R R X B I MR IR kB RS A 22 5

R EEQL wg - L™ )XTEBE S IR AR X 2 4 (H R B ik
10 wg-L7",FE % 100 wg- L7 0 B 2 300
ATRAACH, BREE A B IR B iR B — e R (=
10 g« L7 )EEXS BREE A W48 o A6 L . AT A
B2 R ABE S0 R iG 6T 42 B IR ) e (RO 24K
I 4 £ (lowest observed effect concentration, LOEC)
A[ZRIR A 10 wg - L7, JOULEERL N R B (no observed
effect concentration, NOEC)n] F/x M 1 ng-L™', %
FEFRTT Ay B JBlE AU DA B {4k 2 2 {8, 78 7 H I 1Y
S g FH F 4 T SRR AT ek PR VR T
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