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XoF I 22 2R 0 VAR B T SR K, R A R vk 48 7K
P B AR, Bk R 20 %, KR
(24+1) C, pH(7.31£0.4), H 24 h &L MGE
WEE RS S & 6.0 mg/L LA b
1.3 HmRESHH
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1 mL JER S B R CR 0, & F T B0
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I35 & T—80 “C AR vk AR PR AE 25 H
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G PE . HUFIHE 10%ZHZL 5150 0.68 %ol A= 3lEh
KFEBEE 1%, A% Sl 2l e dgirh i m S
o /N2 w8V T ATP i 53 f# ATP
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Bouin FEE R, W HAMEY A, HE Jeta, ZH00
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1.4 WSS
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1 (P<0.05).
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SRR AL AN M B S0, IR b R A B S
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P AN [ =5 Bk 7R ] — B ] B 4k L i) 22 55 8 25 (P<0.05); R =2

I 22 5K 8.3 (P>0.05); Tl

Fig. 1 Effect of ammonia-N stress on the Na*/K*-ATPase
activity in gills of M. piceus

Different letters mean significant difference among treatment at 0.05

levels in the same sampling time; The followings are the same.
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Fig. 2 Effects of ammonia-N stress on the GLU and
Cortisol in serum of M. piceus
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Fig. 3 Effects of ammonia-N stress on the antioxidant
system in serum of M. piceus
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H 4 5% A 2H 22 5 18 3 (P<0.05), 4 A4 96 h i
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5%} B 4H 25 5 . (P<0.05), PHALBRLHAE 48 h )
YR X HRALKF o TN Bt i 96 h 3y
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LA R R m G, . mEARA L E
AWAEE 6 h ikE/ME, 12 h kB KME, (&
AU ST IR 2 5 1 2 (P<0.05), BIALFEZ 48 h
YR 2N R K .
24 SERMMEXNARAESEEENIE
SRR IV A N S M AR B Y
M (P<0.05). 7€ 0~6 h, . @2 A AR N A NS
PEY 2 THE(P<0.05), HL7E 12 h A ik 5] i KA,
96 h A NG A MM AR ER S AKF, (B 5 X R4
ZRABEE 4.

Ln
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M%SO il 1
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Fig. 4 Effect of ammonia-N stress on the ALT activity
in serum of M. piceus
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$t e 241 e X i A5 #4341 (Boleophthalmus bod-
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A PRFFE 8 K- o LR AT RS2 i v TR 2 Uy
S HEWUANG T A Y 2, Ak . 38
BE, HEREANNS B B | A REREZLAE, e TR
JiR 1 B A B RE AT S0

S 30k:

[1] F3IH. ZAXHE(Cyprinus carpio Linnaeus)4 /4141
FMBFEFRIIRIA[D]. MRS ARl R, 2007.

[2] Handy R D, Poxton M G. Nitrogen pollution in maricul-
ture: toxicity and excretion of nitrogenous compounds
by marine fish [J]. Reviews in Fish Biology and Fishe-
ries, 1993(3): 205-241.

[3] ERfE4r, Jffir, MEWIA:. S EUHA T FLIYE XS iR
9 3 FVRR 8 AL R I R (A B R ASCRAT S (0], KA
2#3R, 2008, 32(4): 455-461.

[4] Romano N, Zeng C S. Ontogenetic changes in tolerance
to acute ammonia exposure and associated gill histolo-
gical alterations during early juvenile developpment of
the blue swimmer crab, Portunus pelagicus [J]. Aqua-
culture, 2007, 266: 246-254.

[5] BESAE, 250, SRR, 55 @AM X h R G R
(Eriocheir sinensis) e DI REMYE M [J]. 575 WA,
2006, 37(3): 198-205.

[6] HERFS. AKH LAY FRER A XS h AL S B IR 4y i 1 2
PRV X R B E SR [D]. B ARRIWER
2%, 2007.

[7] Bucher F, Hofer R. The effects of treated domestic se-
wage on three organs (gills, kidney, liver) of brown trout
(Salmo trutta) [J]. Water Research, 1993, 27 (2):
255-261.

[8] £4%, WHEH, HEMR. ZEX FLAY X IR 18
PRI [T]. B EKRRE, 2004, 11(6): 537-541.

[9] Foss A, Imsland A K, Roth B, et al. Effects of chronic
and periodic exposure to ammonia on growth and blood
physiology in juvenile turbot (Scophthalmus maximus) [J].
Aquaculture, 2009, 296: 45-50.

[10] 38R, tx¥1, M7, . AASHEWEXNHE MR
Je % B At 4 AR R RN ST S A0 16 bR T &5 i
[31. 7K7=2=42, 2011, 35(12): 1837-1848.

[11] Jeiim. MR (Acanthopagrus schlegeli)&l fi i 4 &
JEM AR N R A AE R C B FRTORIFS[D]. L
i EIRIMIL R, 2008.

[12] #RA3C, X078, ERihe, . ki b X 28
O HE 05 7 FUR 5 2 R (7). BT AR SR, 2007,
18(7): 1596-1600.

[13] Eevans D H, Piermarini P M, Choe K P. The multi-func-
tional fish gill. Dominant site of gas exchange osmo-
regulation, acid-base regulation, and excretion of nitro-
genous waste [J]. Physiological Reviews, 2005, 85(1):
97-1717.

http: //www.scxuebao.cn



41 R, A S EME X g 0822 Na™ /K -ATP i . 225546 K i i 0 43 A= AR AL FR A3 1652 i) 543

[14] Alam M , Frankel T. Gill ATPase activities of silver [21] R BI#E. VC. VE X8R R a8 T~ 5= & AR 6 i i 35

perch, Bidyanus bidyanus (Mitchell), and golden perch, bR R P EALBE JT R [D]. B R RO kA,
Macquaria ambigua (Richardson): Effects of environ- 2008.

mental salt and ammonia [J]. Aquaculture, 2005, 251(1): [22] ZERERR, LPOME, 36, &, K723 P R EE MM A
118-133. KL - EFEF@aD] P EEERF¥IR,

[15] Agrahari S, Gopal K. Inhibition of Na"/K'-ATPase in 2004, 34(5): 767-774.
different tissues of freshwater fish Channa punctatus [23] F#&. HEHE 0604 KA A RS FR G 2 [D].
(Bloch) exposed to monocrotophos [J]. Pesticide Bioch- B Al ke, 2005.
emistry and Physiology, 2008, 92(2): 57-60. [24] Ching B, Chew S F, Wong W P, et al. Environmental

[16] Yang W, Xiang F H, Sun H J, et al. Changes in the se- ammonia exposure induces oxidative stress in gills and
lected hematological parameters and gill Na'/K'-ATP ase brain of Boleophthalmus boddarti (Mudskipper) [J].
activity of juvenile crucian carp Carassius auratus dur- Aquatic Toxicology, 2009, 95(3): 203-212.
ing elevated ammonia exposure and the post-exposure [25] XImefe, WHR, KM, % fEMA G L E
recovery [J]. Biochemical Systematics and Ecology, 2010, X W EH 2R R S A B R T A A PR W B A AR D] K
38(4): 557-562. Fl¥al, 2007, 27(6): 24-26.

(17] ZEME, PRAZGF, FEV, S5, oMl B 3a X it R i 1Y [26] iEAAE, fTBLEE, FUOY, A5 AR B0 T Y
FE B . AR BB @ R SR (0], KRR, TR AL RE I WSS R[], ARl PR A A
2007, 31(1): 37-44. 12, 2005, 24(21): 21-24.

[18] TG, &M, Wk, 5. 2t E e f#lw a [27] Jeney G, Nemcsok J, Jeney Z S, et al. Acute effect of
Bt Na /K -ATP BRI T5 PR 52 ma[J]. $iiy sublethal ammonia concentrations on common carp (Cy-
WA, 2010, 29(4): 160-164. prinus carpio L.). II. Effect of ammonia on blood plasma

[191 #hM5, LW, F K, &, HLEXN LA M transaminases (GOT, GPT), G1DH enzyme activity, and
Na'/K'-ATP BE SRS [I]. KP2243R, 2010, 34(8): ATP value [J]. Aquaculture, 1992, 104, 1-2: 149-156.
1204-1209. (28] XUiEfk, PhfEdE, XIWESR, 5. MEAHAR #h Hh w82 Y i

[20] Wendelaar Bonga S E. The stress response in fish [J]. TR 2 AU B 2E R 5T (0], koK Mk, 2010, 40(3):
Physiological Reviews, 1997, 77(3): 591-625. 67-71.

Effects of ammonia stress on the gill Na’/K*-ATPase, microstructure and
some serum physiological-biochemical indices of
juvenile black carp(Mylopharyngodon piceus)

HU Yi', HUANG Yun', ZHONG Lei', XIAO Tiao-yi'", WEN Hua**", HUAN Zhi-li',
MAO Xiao-wei', LI Jin-long'

(1. College of Animal Science and Technology, Hunan Agriculture University, Changsha 410128, China;
2.Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
3.Freshwater Fishery Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract: An important environmental concern associated with intensive fish culture is the production of
ammonia, which is formed through ammonification of organic matter like unconsumed food and feces. The
object of this study was to evaluate the effects of ammonia-N stress on the gill Na'/K -ATPase, micro-
structure and serum physiological-biochemical indices of juvenile black carp, Mylopharyngodon piceus.
The black carp, whose initial average weight was (7.00 £ 0.14) g, were transferred off the freshwater and
exposed to different ammonia-N levels: 0 mg/L (low, control), 10 mg/L (middle) and 20 mg/L (high)
NH,4CI, each ammonia-N level was randomly triplicate and sampled at 0, 6, 12, 24, 48 and 96 h, respec-
tively. The results indicated that the gill Na'/K -ATPase activities in the middle and high ammonia-N
treatment groups decreased gradually at first and reached the minimum at 12 h, 6 h, respectively, then in-
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creased gradually and reached the maximum at 48 h, and returned to the same level as that of control group
after 96 h. Gill microstructure observation showed that chloride cell in middle ammonia group increased at
12 h; pavement cells fell off partly at 24 h; chloride cells vacuolated partly, blood capillary fractured and
red blood cell overflowed at 96 h. But in high ammonia group, chloride cell increased at 6 h; pavement
cells fell off partly at 12 h and largely at 24 h; After 96 h, blood capillary fractured on the base region of
the lamellae and congestion, pillar cell disorganized of arrangement. Serum cortisol and glucose concen-
tration in ammonia-N treatment group increased gradually at first 12 h, and then decreased gradually and
returned to the same level as that of control group after 48 h. The activities of total superoxide dismutase
(SOD) in ammonia-N treatment group increased significantly at first 6 h (P<0.05), and SOD activity in the
middle ammonia-N treatment group returned to the same level as that of control group after 12 h, but SOD
activity in the high ammonia-N treatment group was still significantly higher than that of control group
after 96 h (P<0.05). Serum catalase activity decreased at first 6 h and then increased and reached the
maximum at 12 h, and then decreased and recovered to the same level as that of control group after 48 h.
Total antioxidant capacity (T-AOC), glutathione (GSH) and alanine transaminase (ALT) activities in am-
monia-N treatment group decreased gradually at first 24 h, and malondialdehyde (MDA) concentration
showed converse trends. After 96 h, GSH and ALT activities in ammonia-N treatment group returned to the
same level as that of control group, however, the MDA concentration in ammonia group was significantly
higher than that of control group and T-AOC activity in high ammonia group was significantly lower than
that of control group. These results indicated that the ammonia stress could seriously disturb the antioxi-
dant system at short-term ammonia-N stress, but fish showed the self-regulation ability , however, the an-
tioxidant capacity decreased and gill structure was damaged after long-term ammonia-N stress.

Key words: Mylopharyngodon piceus; ammonia stress; gill Na'/K'-ATPase; gill structure; stress; antioxidant
capacity

Corresponding author: XIAO Tiao-yi. E-mail: Tyx1128@yahoo. com. cn; WEN Hua. E-mail: wenhua. hb@163. com

http: //www.scxuebao.cn



41 BB S ERMMEXE A 0822 Na /K -ATP B . 22556 Bt 7 35 43 A LA AL F B 5 i) 545

Bl SR ETEEYEEALN RGN
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Plate Microscopical observation on the gill structure of juvenile M. piceus exposure
different ammonia-N levels

1. means the microscopical gill structure of juvenile black carp exposure ammonia at 0 h, H. E, bar= 25 um; 2-6. means the microscopical
gill structure of juvenile black carp exposure middle ammonia (10 mg/L) at 6, 12, 24, 48 and 96 h, H. E, bar= 25 um; 7-11. means the mi-
croscopical gill structure of juvenile black carp exposure high ammonia (20 mg/L) at 6, 12, 24, 48 and 96 h, H. E, bar= 25 um.

1. Showing epithelia of filament and pillar cell were rules of arrangement, less of chloride cells, H. E. 10x40; 2. no significant change of the
chloride cell, epithelia of filament and pillar cell of the lamellae; 3. small increase in chloride cells on the base region of the lamellae; 4.
pavement cells fall off partly; 5. small increase in chloride cells on the base region of the lamellae and pavement cells fall off partly; 6.
small increase in chloride cells on the base region of the lamellae, small increase in cell nucleus and chloride cells vacuolation partly, blood
capillary fractured and red blood cell overflowed; 7. small increase in chloride cells on the base region of the lamellae; 8. increase in chlo-
ride cells and pavement cells fall off partly; 9. pavement cells on the base region of the lamellae fall off largely; 10. Fissure on the base
region of the lamellae and pavement cells fall off largely; 11. blood capillary fractured on the base region of the lamellae and congestion,
pavement cells fall off largely, pillar cell disorganized of arrangement.

CC. chloride cells; PVC. pavement cells; PiC. pillar cell; B. blood channel and blood cell
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