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Study on Toxic Effects of Ammonia on Embryonic and Yolk-sac Stage Larvae of

Rare minnow

WANG Zhi-jian, LU Zeng-hui, SHI Ping

(Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, The Key Laboratory of Aquatic Science of
Chongqing, School of Life Science,Southwest University, Chongqing 400715, China)

Abstract: To investigate the toxicity to fish which were exposed to ammonia during early life stages. This study choose rare minnow
which is unique to China for experimental subject. Representative toxicological endpoints were observed and recorded during the
development of embryo and yolk-sac stage larvae. Meanwhile, selected ammonia transporter protein Rhbg gene as a toxicity parameter to
reflect the changes of rare minnow embryos Rhbg gene expression. The result shows that ammonia we have chosen in this research had
an influence on many toxic effects including the hatching rate of fry, mortality rate, the slowing of heart rate and arrhythmia, unformed
functional swim bladder, the decreasing of body length and weight and the occurrence of pericardium and yolk-sac edema etc. But other
toxicological endpoints have relatively weak effect. The ammonia also affect the Rhbg gene expression changes, especially that of Rhbg
gene at 72 hours post-fertilization distinctly. Rhbg may have important functions to facilitate ammonia transport during rare minnow
embryo stages.

Key words: ammonia; rare minnow ( Gobiocypris rarus) ; embryo; yolk-sac stage larvae; Rhbg
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T A S % | Rl 0 Rhbg B P 4 3R 3k A8 4k .26
iz s AL S fit T BoRt

1 MRS

L1 R R R M BRI

T 2 £ 0 S 56 = R AR IR A A fi B8, AR
SRRV R R AR B R TC O | A T o ) R e 1
R R TR E NGRS R G T WA =T
mg- L~ 4 H g I BN T RC S R DU I IE K&
A1) 2 U, SN AR HL CR BT BHOK = BHE A BR 2

HlFE12: 12 h. WEER A @I LL 1: 1 eIl i
PV, (A iR 2955 K 2000 2477700,
PRI 2 R 1 2000 A 47, FF Ui WL S E I £ (1 4 7
Sy, R B e 2 T A I Sk 5 IO J5E M £
S5O0 I G o fE A A N RS AR 2
FaE P
1.2 5K

AR R e K, g — e A
T, R AR 25°C £ 0. 5°C By E 4Lk, & 1] 1S0
63411 B a4 570 A1 X% /K B ) . By
e I

fiti & W, © & b 55 % W, PR 11,76 ¢
CaCl, -2H, 0% T2:0Kh B2 | L; QR
W, FREL4. 93 g MgSO, -TH,0 ¥ T2&M/Kh k2
1 L; GRRER SRR, FREL 2. 59 ¢ NaHCO, % T 7%
AT HmREE 1 L; @A HR, FREL0.23 ¢
KCl i T2tk MikZ 1 L.

W4 RIS 25 mL, IR, 3T BE K 7 B
F1 L ELRIRBK pH H R 7.8 0.2, Fi Bk
FEHZ AR 3 d LA, H NaOH 1 HC1 #8795 pH &
8.0 £0.05.
1.3 5t

FRIE Schulte 2 KWW 5T 1905 1k, TR R
BEPEIRES. A 0 1R 22, 1 B BRI AT 2 AT,
PRBEIEASIEH , IR K/INEEAR — S B9 A 730G
RGO R LG5, B8 1 DX R A 5 AN vk
20.0.6.25,12.5,25,.50, 75 mg-L™" i HE 3
U BN B 3 AT 4. UG 30 0, B T HAR

12 cm, 55 2. 0 cm WA 5515 35 LA (R R R 7K 400
ZE R I I TR VR B ) 43 Sl R R MR T 1Y
NH, Cl ¥ 40 mL, J5 ¥ 55 5% L B T4 25 IR TR
F R S K IR AR LA R TE 25°C 0. 5°C. X501 1a)
KIS BIBRFET- A, AR E R 12 h 76 B0 T g
BARGT, AFE B 24 h e 2/3 [R] S5 A pH A0
W, 0 SR I A (R G 4l fa R A SE T Ak |
VRGP J— S 352 T AR A5, 24 i i B e
FRBIT— AL fa 1) B9 8 58 o8 4 BRI 25 o 7E
25°C +0.5CF, B[ KZH 168 h.
1.3.1 JFET-MRIWRiE

FET 00 Wi s T AN (] Bsf 0 i i 2.

A U1 E AL A RN 9 22 AT 1 BRI - PR HIR U5 )
SR 2 7 0 G0 T RE VLSS 3] H 2 1 J5 468 [ 5
UUUE B0 A ZDRYIE B, IR AR A3 B

JUL PRS00 S JVR i 810 0 PR AR i < A28 3 1) 45
IEFLLBEIE S, B2 B G A — R AR E R
5 B

O P ST PRI G O Bk 1 ke = XL

I GOIFe
1.3.2 DENSIT

i A5 fif SV i % 7 21 48 h RE WL H W 8 00
MRS Zh. AR EHUAR F 48 h RIIRNG , 16 40 {5 M 0E
(62 B e T SR, BE it 60 s PN IR iR A9 0 Bk Uk
V@RI N N E % R R I e
1.3.3 O S FNGR B SR I AR A T

R Henry 251 $E LA IR 56 05 1ok go i IR A
K e 2 A 7 B A R K e ) 7 B R R A K i
Ve AR ifE. 24 %y 58 M R, S g 000 DR B
DI, TH5 5 43 A 0 4 5 0T HE A AH B ()0
GRE T AR, FE AT A A b g i 1 (a) L 1(D)
JIE7 . A v (s /D R ) MS 222 i 4 £ JRR TR
FER AR/ N o W R B 53 1 67 il 58 4 M E
£ Nikon SMZ1000 fif ) 5 {5 T WL ZE I BAH , 41 18
Ji H Image-Pro Plus 6.0 K 15 % 4 ( Media
Cybernetics , America ) XU, Sz B % 10 FR 473155,
ZIa A TR ST AT
1.3.4 frfafki ARENIHTHA

frE R AT RCR D740 1. 3. 3 7, 7€ Nikon
SMZ1000 fif &) & f e T W22 9 BEAH, 40 B 5 H
Image-Pro Plus 6. 0 BG4 {4 43 B At R4, dn i 1
(c).

RYG LS A AT E T 60°C I HLAR ML+ (24
h) ,1/10° g HLFRF- I & 3.
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Fig. 1  Area of pericardial edema, area of sac-yolk edema and body length measurment

1.3.5 FiA fi) Rhbg 5 mRNA & &7
(1) Rhbg FE(H 5| # it it
TE NCBI(http://www. ncbi. nlm. nih. gov/) 4%
AT B Bt KVGFEEE T ART Y L1088 AR
B9 Rhbg F: [ 731, i FH ClustalW 22 ¥ 1) H X 144
HEILESF X, F] H Beacon Designer #4159
(A% 1) , i Invitrogen 2 &5 L.
(2) RNA B 38 5
PEHL 24 48, 72,96 h iRE L (75 mg-L™")
X R A7 il AR i/ 41 £, 5 RNA 2 [ Invitrogen
A W14 Tirzol R & U W1 45 HEAT $EH, B RNA k2
I Do/ Dogo TELFH DNA/RNA ¥ B2 0 5 4300 2 . 5 1]
TaKaRa 7 F] [J PrimeScript RT Reagent Kit with
¢DNA Eraser 805 &K 25 HE 5 9 RNA #5471 ) % 5%,
R & R T 2 min gAT DABR L 5L 40 DNA, JIF H
LA B Real Time PCR SR FHASAR cDNA.
(3) SEmfsE & PCR
DL AR [ AG /A7 R cDNA AR , B4~
Fot o B SR S [P s AN S 5L 18S 51
PHG, I HEE 3 R R NIK RN 25 ul: SYBR®
Premix Ex Tag™ II (TaKaRa, Dalian, China) 12.5
pL, BRI 1 pL, Bt cDNA 2 L, #h5E TCHE
IKELARB. ZEE & RN TE 1Q5 (Bio-Rad, USA)
XA EVEAT, OB AR 2959 30 s; 95°C 5 s,
60°C 30 s, BEARUER D20, 40 DEIR; 45 it Ze A
&1 RT-PCR3|#
Table 1 Primers for qRT-PCR
HRFEFR SIFEFI(5-3)

F: CGAGAACGACTTCTACTTTCGC
R: GAAGAAGCCTTGCATCAGAG

F:CCTGAGAAACGGCTACCACATCC
R:AGCAACTTTAATATACGCTATTGGAG

FEHIRIN /bp

Rhbg 175

18S rRNA 180

60°C E| 95°C , BjF 0. 5C M S s. R 2 4% 5 idsr
Brote i AL IF R G F 3 AT IR R 7
22T
1.3.6 St

I EE 2R - HIE = FRifEZE (M £SD) ]
JH SPSS 16. 0 G it 43 i 844 %) One-way ANOVA
TP X B8 A7 J7 22 43 BT M LSD 2 L, P <
0.05 NERBEF P <0.01 FRAWEEMEE
St E U4y Hr R Jmp 9.0 B, KB K R
GraphPad Prism 4 # 4. & AL Tlustrator 5¢ A%,

2 R

2.1 XHRBRIEAL R A5

RGBS 25 R W B NH, C1 e B 1 3%
i, Ak SR AR N Y B BRI (L 2) Ak e . 2
PEFEAR , AR M ZE B A 25°C £0. SC R T, %t

96 hif{kR/%

40 L I

1 1
0 15 30 45 60 75
e /mg-L7!

P AN AR AR A B SR I 1 30 MRS,
FAREEA 3 A (A e P )

2 FHAMEERRS 96 h L ZE (25°C £0.5C)

Fig. 2 Hatching success of rare minnow embryos

al96 h (25°C £0.5%C)
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W RE AR & B T 4. R R R R AE R T IR
EAL S B A I ). SZ A5 TS 96 h A I AL B IR i
BB EEAE 75 mg- L™ A AUV R AR AL H
IR K 2 B A SN BET .
2.2 WRIGFETHA S

m & 3 Al LAE 50 mg- L' A9 EE 4L AH He ot R
WM, FETRTEARKER. 75 mg- L WAL
TR7E 72 h i S H eI A B IR K 2E 7 RbEE
G % B R AELE | ZRFRTE 75 mg- L™ NH,Cl ¥4,
FET- B EVET . U6 HH 2 EO Akt BB ) A
A fil B AR I B .

50
—&— T5mgL™!
—@— 50mgL™!
40 - —e— 25mgL!
—¥— 125mgL! =
—h— 625 mg:L! ol
£ 30 - —m aRA
% /
- T
B 20 | /
10

96
BRFEI /M
B3 WmAEMEERTHETER

Fig. 3 Average mortality rate during embryonic

120 144 168

development of rare minnow embryos

2.3 XHIRAG-CR AR
AR AT BB, 50 mg- L' A K 75 mg-L~!
(9 NH, C1 #5980 35 1 1) B AR 1 A fit 0 i )

4
== —_ T . T e
it T
£
E ol
]
=
] -
0
0 6.25 12.5 25 50 75
HeE /gL

e ifi/ug

B 4) DA B IEE LA .03 5 )
LS H Mo R BT 5 W L. ke o 2 B 5 B
G AE K. TSI E 2 B0 HER AR,

T T T T - .
100 T
.TE 75+
£
X
# sof
2
25+
0
0 6.25 12.5 25 50 75
e /mg. L7

BRI P £ SRR RRIR 5+ RIR ] — I [a] 5
B 50 B2 Z [ A TE VR 22 53 (P <0.05) , # # KR
IR 50 B 2H 2 (R TFE R i 5 PE 25 57 (P < 0. 01) , R TR
4 NH,Cl X #%H #8IFERR 48 h LA
Fig. 4 Effect of ammonium chloride on heart rate of rare

minnow embryos at 48 h

2.4 SRR R AR IR

RO T A BRI 1) S A AR BRAE S ) 1A
kK SR (K 5) [R5 2 88 W B2 R 8, 50
mg-L™'F1 75 mg- L~ BE 4 B H A il BT f 7 R

75 A F X FRZE A BT RRARR , 75 mg- L™ 4L faii K
BB EVERRAL. IR 1,50 mg-L~"' 175 mg-L~!
e B A AR A i A £ 55 A A L, B S MR
R, T B A H e TUZH A1 1) v B 2 P A e A T X
EE I RTE =2
04
03 I
s
02+
0.1 -
0
] 6.25 125 25 50 75
HelE/mg. L7

5 NH,Cl X HEWEFaEKREEHZM(168 h)
Fig. 5 Effect of ammonium chloride on body length and body weight of rare minnow larva(168 h)

2.5 SRR

SR A i SR i K P B S S A £ TR
()52 M R BLAE D B PR S5 (%) JE 1. 7E 108 h B B RE R
LR H o A B B2 & 58 B 7R ], B 2, 1R 50

mg-L™" 75 mg-L™"# NH,Cl ¥ # T, 58 U 78S
AP R RO 1 35 P s (151 6) AR 2280 1 AT J R
[P 7(h) . BEA 28R I E] A A — A 2B
BRI REVERYEE , I — 3 RIE LS RE P BR A A7 £ 2%
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0 6.25 12.5 25 50 75
W /mg L™
6 NH,Cl X #H 87 & EER KM FIm (108 h)
Fig. 6 Effect of ammonium chloride on swim

bladder of rare minnow larva( 108 h)

=

2.6 Oofd S BRBT K

AT, IR X BRI & NH,Cl 255 THiA
B G , AUR] B4 00 B R A 981 | 1T HLAE
SRR KM A, EH MG Lo fEd, o
TE AR 2 PRI A i 0 e 7 ol e 2 7 ) IR A T 5 1 7
N B R R R RS T T OB AR RSN, BV G
AT BB K M B G TE AR R v v 2 A A A T
(50 mg+L™" K& 75 mg-L~") kMG &4 T
VLK I G AE I ) s [ o5 2R 2 KT HE 28 1
Bl B BN B K MBI G K, HAE 72 h ZRiTE
A5V BE LA WL 2 7K fi A 96 h TT 4 A5 RE WL 3]
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