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WE  RETHERENG0£14) g, FH 4K ¥ (8.3+0.8) cm % 4 # (Nibea albiflora) 4y # , #47
K2h M iRkae, W23 A WA, B I I6 MAREMEA, £0, 1, 3. 7 d#HATH
¥, 8Tt AR I #2 Na'/K'-ATP BE(NKA), Ca®-ATP B , H'-ATP 8 . L% it A8 (LDH). %A
B (SDH)E /U R ME R FiEAE, HAKBEMNEH e B TR IR RANT ., ERET,
#1 NKA 78 7 42 2 JZ it J5 3 B 2 38 78 (P<0.05); Ca® -ATP g & 4 v FFH ) B B 20T M b 5 1L,
i H-ATP BeiF H 2R LA BEREN L, WFEAFESCEEAREERBEERZN R L
(P<0.05), 9 fn 16 & 4169 & Ji B2 AT 4 E A+, #8 LDH & 4 78 6 2h & ikt 5 12 3 3 78 (P<0.05),
HO#EAREBRERT 16 E4, 8 SDHE N LR HHKEHE, OREAETIdHEETLE

Z(P<0.05), KIF, O ZFAHINLE BT HENFN,

16 % 23 & FHAE W At mED

HEW, 9hEAmE, AR, AEBRRTEZFYNAM ALY 8 ETENTRI RFRAA
3h 2 o R AR R A 3 AR ) G LA A B R T 2 AL A E

ES a0

hE SRS S965.334 SCEAERIDAD A

4t i (Nibea albiflora) @ 1 & ARk, #Lif)E,
Gani i u NS I N D R ES iy N AR E SN g =2
W, RREEZNLRLSTFARCRITME, 1963),
W) T, HaEERE Ry 1040, fid
RN 20-25, 1. MEMATLITE 1-34 R4,
IR A faRHa 2 — R R AR XA I ) 2
Z—(FEE 845, 2013; Han et al, 2008), 734k, kit
HA AR &0 ORI 20 e im0
R, A RIFRY IR K REET S (B A, 2011, FREAE,
2005),

(S e S el N AR € ST N e o S Y U
WY, HEZIRE RIS | AR NSNS+
PR B ~F- 17 (Huang et al, 2010; Rombough, 2007), 7E i
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G REENIAEN S, HEE TR Na'/K'-
ATP fiff(NKA), Ca®"-ATP [ Al H-ATP e I8 ¥ 5 F
HORAU G 12 52 1B 1, I RE AN e s L $2 4L 3l
(Shigehisa et al, 2003; Zimmer et al, 2012), 1355
JEPE W A EAZM, . KM E (Growth
hormone) . 5 ZHEA KK F 1 (Insulin-like growth
factor- 1 )l S5 (Cortisol )35 o B¢ ot AN NG N7 38 s
ARG A TR ThRE, XHB B R WA R TTE, BE
MG MBCE T NKA 35 77, R Eh v () B4,
2012; Juan et al, 2002). FLE& i A AF(LDH)-5 40 e £ €4
AR R, LN S5 LR A B 1k, I
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(i) %) S, FC TR g AT A Sk o TG AR 25 4 T AR S5 g
L2 KR F8 FR (Abdel-Mohsen, 2009; Koenig et al,
2014), BE IR MK S B (SDH) & A FA I AY B 5 B 2 A
i fabr, 76 TCA P R 2E22 A bR b 5 i
FALEEAIVE T, o 4l 2 AT A2 R 7™ RE 118 T U e 2
HERL T (% L B4, 2012; Liu et al, 2010), #2418 1
WATHES LDH. SDH i J1 LA M35 K2 BB /K F- B s
SR BE 30 T (289803 TR R Y L PRI A BE
B, P, NKA. Ca**-ATP fifi . H'-ATP fiff . LDH.
SDH 1 iz Jt 2 55 48 b AF WF 5% ¥ 4y 00 52 8 BE W38 T 19
B R AR A R X

1 M5
1.1 AR &4

WA SRR AT B E M, Phikr
R R (5.0£1.4) g, K HN(8.3+0.8) cm, KT
i REIEHE AMERVE IR X £ . 5T 2013 4F
12 A AEWTLAA FH LT R ISR S Mk 17 . #7258
IR R DTUE 5 D 8 A B R AR M /K (B8R B8 Ry 23), 7K
14 50%/d, pH A 8.0+0.5, &M% N 6-8 mg/L, &
L H M AR AR KR 2, KIS (18+£1)C, 24 h AN
(BB Ao FRAE/K B AL T 0.1 mg/L,
1.2 REEE T A B

W T UAHT, RAREHL AL, VIR 25 B
B, BRI A3 A 500 LAY 9 AN S5 1Y FE 4N
FREEAR T, JFAEE N PR SR S d, BFRMIN, rA T
TR A ] R 1 FPECAERE, BRI B
M RIIRE 3 MEFEO. 16, 23 FhEH, 23 X
M), BASAREE 3 A PAT; AR RN TG i3 25
F(P>0.05), HIBESJS M ARKIETTEREE, A4
3 A 4 AR R FE [R5 R e S I
7 d, BEOLBGE, EREEMTTRTO) AR S B, 4
AT 1. 30 7TAdEEE, BAPATRREL 3 B (0=9).

P RE S, RE SR EREm K,
2R BT UK BT R R I . SR IS ], B4
BT 2 ml B0 IR o B IDKIMEHE /S 28 2500 r/min
B0 15 min, W EZMEBA 1.5 ml B89, 684
ZL5 1135 B T-70° CHEAGR KA IR AA & . B TI%
WL/, m AL, Bok R —FE1 7 3 2
oy i FERH A 1 AR (M=3), -70°CHEILE
A7

8 25 2 ASOR I 2 1 T B NKA L Ca”™ -ATP il |
H'-ATP [} ) LDH . SDH i J7 , L3 Rl B o st 2 i

1.3 iEkRtE

131 $2MZARKEEE AR OBERESIEA Fi(pH
7.4, 0.01 mol/L Tris-HCI1, 0.1 mmol/L EDTA-2Na, 0.01
mol/L JHEME, 0.8% NaClHByfE, HIAIHKHL 15000 r/min
B A0 . AR ES AL 4°CF 2500 r/min, .0
Smin, H - ORI BT

132 ATP #of%  ATP A, ADP FITCHLESE, I 5E
TCHLBE & R B ATP BES /7, JCHLBEI 2 2R FH4H
Wk, ATP B3G 1B U/mg prot: =2 iH4!

[ ATP i 1 h 20 ATP 7=/E 1 umol JCHLEEHY .

LDH A FLER A s ERR, TNENIRS 2,4- —fiff%
AR AR, v R, LATHE LDH 36
4. LDH 1% 15478 U/g protein: a2l 37°CH
FEFAEH 15 min, KVAKR P4 1 umol NERFR .

SDH J#1LIEM 1%, FAD N#H%, FAD #i4 )5
. FADH RN 5 2,6-DPIP A& JFUAR{H I, I E
2,6-DPIP (134 J5 3 & ] 455 SDH i 7). SDH i Jj
£ 8 U/mg prot: 4= v 85 1 443 i fff B2 i 44 2R 1)
SR AR 0.01,

K B aUHE A ) T RR R T A AR 7 R 5 A
DRGNS , RIS A2 S s ke s A & i, DOTE
il LU3G 77, FE U I A R AR .

L7 M Jo % i PR o A R ) TR A AR
JkEI, R ELISA ¥, BFrHIAHIH R&D systems
(USA)$AH

1.4 HESIHSSH

25 SPSS 13.0 AT 51 500, &
FHEA R 7 2253 B (One-Way ANOVA), Jeit 7 455
PEREIG , AN 5 2255 PERd, X EUEIEAT [ SR Bk
SE AR, AR5 K ] Duncan’s ¥ 56 35 f7 2 8F LA,
P<0.05 A7 i 2= 5, FodE DO 318 45 i 2=
(Mean=SD)FE7% . i Excel 2007 21l K13 .

2 #R
2.1 8 Na'/K*-ATP BE§(NKA)EH

Bifi 5 B (D4R, B Aol 00 &0y £0 AE IR 3 B2 i3 T G
NKA 36 S22 0 UWLE 1. I 1 RTLUE H, 9 B 4 i
NKA 6 S BT e 5 2 1748 4e, 3 d Bt , 4%
A [) 44t 2 T A 1B (P<0.05) . 16 SR 4H B NKA
TG 7 BE S [R] 2 2 A0 sk B, FUAS ] B[R] A7 7
#2257 (P<0.05), 23 $h B X} B4 M8 NKA 36 1t 5%
Wy As Ak, AR S 22 R (P>0.05), HIR
1, 3di}, 95 16 hEEH NKA 1§ )1 B 25 T R
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i v% 7 122 Fig.2 The effects of low salinity on the gill Ca*"-ATPase

Fig.1 The effects of low salinity on the gill NKA activity
of juvenile N. albiflora
NKA 7 JJ 547 . U/mg protein, A KE &t
PR A — R B TP AR 3 22 57 (P<0.05), ARG
TR [F] — I [ R A A 35 22 57 (P<0.05)
The unit of NKA activity: U/mg protein. Different uppercase
letters indicate significant difference from each other in the
same salinity group (P<0.05). Different lowercase letters

indicate significant difference from each other in the same
time (P<0.05)

(P<0.05); 7dHF, 9 R NKA 7§ Hikss, 16 HEF
21 NKA W& pHegedting, JFRE S T 9 shE AR i)
4H(P<0.05),

2.2 82 Ca’*-ATP EgiE N

HE AR, i mil Ca’-ATP BiHE
1 Bt AR AL UL 2, L 2 AT LA, 9 £h BE4H i Ca®'-
ATP J§5 7 it ) 22 5 S FRER A 1.3 d
mF, HEEESTR6GE; 7 d 5, BERTR6RE
(P<0.05), 16 FHEFLHEL Ca*" -ATP TG 17281k 5 9 #h
FEAZEAL, 1 diF, WERETHWGE; 3. 7d8, &
FAE T WA (P<0.05), 23 FhPEFAHHR Ca**-ATP fifi%
TR WA, WAREARZL, 7 dEEET
WA (P<0.05), £$WHE SR, 1d B, 9. 16 $hEE4
Ca® -ATP BIE f1 05 TR R4 3d i, 16 $hEH
Ca®"-ATP W5 J7 B ES , If W& KT 9 SR8 41 At
W25 7 d I, 9 $hEE4H Ca® -ATP BT /7t B 55 ,
WA a8 2R B AIKT 23 B X R4 (P<0.05) .
23 HEH-ATP &N

REREEMA TS, AR S A g a6l H -ATP
BIE S AL WL 3. IR 3 ATLLE Y, B HERS, 4%
AR RE LB H-ATP B 748 B0 T S o 5 Wk &2 10 A2
fb, 16 SRR ERIZL, 6 1. 3 d i B35 T4

activity of juvenile N. albiflora

Ca”"-ATP B J1 807 U/mg protein, A[FKE 71k
FR ] — R AU AR AE 35 25 57 (P<0.05), AFRI/NE
FE R (] — I 1) R AR 35 22 5 (P<0.05)

The unit of Ca®"-ATPase activity: U/mg protein. Different
uppercase letters indicate significant difference from each
other in the same salinity group (P< 0.05). Different
lowercase letters indicate significant difference from each
other in the same time (P< 0.05)
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Fig.3 The effects of low salinity on the gill H'-ATPase
activity of juvenile N. albiflora

H'-ATP [ JJ B . U/mg protein, ARG F 1R
— iR B R A 1 25 5 (P<0.05), ARI/ING FhERIR [F]
— I ] A P A AE 35 25 57 (P<0.05)

The unit of H'-ATPase activity: U/mg protein. Different
uppercase letters indicate significant difference from each
other in the same salinity group (P< 0.05). Different

lowercase letters indicate significant difference from each
other in the same time (P< 0.05)

IR 18 (P<0.05), 9 £hEFZH H'-ATP FiE 76 1 d B i 3%
AT (P<0.05), TMifEZWiKE . 23 $h 8 X] IR T ) A8
A B 2 (P>0.05) . IREREEMRIA J5, 16 kB 4H &1
H'-ATP fif % R4 TRk, HEE 1, 3dafi
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TR, (E 3 d B3R T 9 $REELH (P<0.05); 251 Lo
9 $hEEZH H'-ATP G Jyme & TXTHRLE, —H2EmA o BSI6
2% (P>0.05). H B2
e 15+

2.4 33BN SE(LDH)E /7 g

B BVEE, Bl fa LD okt 3 [
AL LI 4, WIEL 4 TTLAF Y, 9 $hE4H LDH 3% /1 i osh [
e SR E As k, 1. 3 d &S THEE
(P<0.05), 16 £ 341 LDH i /1 5 S5 F ey sk, 0 ' '
1. 3dmf, WEFEWRT 7d{E(P<0.05), X4 LDH % i} 18] Time/d
FIR YA, A5 I ] SR 2 (P>0.05). #5 I} S AR el 8 6 ) i B AT I
Bl A g, 1. 3 d BHER LDH 15 1 B4k B R i SR 7 4 50

Hauik 9 £h A IS O WA T 23 £h X R Z4H (P<0.05);
7 A, 16 £RBELH 16 F108055 , I B LT XT BR4H.(P<0.05).
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Fig.4 The effects of low salinity on the gill LDH activity of
juvenile N. albiflora
LDH i /1 #.0ii . Ulg protein, A KE FHFRF—EHE
PR B 3 2 5 (P<0.05), AN[E/NE F LR R [ — i [A]
RUPEE I 3 2 R (P<0.05)

The unit of LDH activity: U/g protein. Different uppercase
letters indicate significant difference from each other in the
same salinity group (P<0.05). Different lowercase letters

indicate significant difference from each other in the same
time (P<0.05)

2.5 BRIRIAELAE SEB(SDH)IE N1

Wk g A EARER B e, 68 SDH {5 J1 45
) SRR UL 5. NI S W LIE Y, 9 $hF 4 SDH
TG JIBER RIHERS , WA TR, MifE 7 d i B 3E BT (P<
0.05), 16 £hA£2H SDH & J1 28 M EFHAEM, 1d
WA, JFEEART X IRl 7 d i, e, W
FET 1,3 d(P<0.05), 23 £h 58X} HR2H 45 A] S 68 SDH
6 1225 W3 (P>0.05), KEREMAE 1 d B, 16
ERRE2H 1 SN T 0 BRZH (P<0.05); 3 d I, &-Ehird 2%

Fig.5 The effects of low salinity on the gill SDH
activity of juvenile N. albiflora
SDH §if /18041 . U/mg protein, A[RIKEG FHEFRR
[F] — £k B2 20 A7 7E 35 25 5 (P<0.05), A[RI/INE bk
B [l — I 18] 5 77 A 3 25 573 (P<0.05)
The unit of SDH activity: U/mg protein. Different uppercase
letters indicate significant difference from each other in the
same salinity group (P<0.05). Different lowercase letters

indicate significant difference from each other in the same
time (P<0.05)

AN (P>0.05); 7 d B, 9 Fh A A T A
4 (P<0.05).
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R FE WA T, P8 0 &)y £ 10775 B o e 7 et B Aof
[ ZEAE LI 6. ML 6 RTLAFE H, 9 £5 8 41 il 7% Bz Ikt
P Ry B, 1,7 d BES TR
(P<0.05), 16 ERBELLIMTE K7 Rl & 5 7E 1 d BT R,
3d B ETE, (HAS A 22 N W3 (P>0.05)0
23 ER T BRI B B TS A R B, A B )R
SREERAEEP>0.05), 7£ 1 d BF, 9 EhEEL M & &L
JRRE R B ST 16 R U1(P<0.05), 1M — & 5 X A
H2EFABEP>0.05); 3 d I, 16 £hJ2H i Kk
B L TE, 09 R AR TR, KA
22 5(P<0.05), {H5X] M4 25 5% A B & (P>0.05); 7 d
B, 9 BREHERFR EAIFRE ST 16 FHhEEAR
Xof BA2H (P<0.05).,

3 Tt

PRI BE A, B 2R T AR AR b A A R
RNBIBERRE . TEME 288 B R P, S8A1E
MM —IC =, HETIREX A, A& F
& NP B T s g, BER B T Ul
izt R AL RE S R (Hwang et al, 2007). 1B & &
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~sof . CaP W A F 15 18 T I 15 185 710 40 B 9k B 4
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Fig.6 The effects of low salinity on the serum cortisol
concentration of juvenile N. albiflora
B BTl i BT ng/ml, AN[FIRS FhE KRR [F]—#h B4
FAAE L35 22 5¢(P<0.05), AN T BRI [R) — I 8] e
FEAE 1 35 22 7 (P<0.05)
The unit of cortisol concentration: ng/ml. Different

uppercase letters indicate significant difference from each
other in the same salinity group (P<0.05). Different lowercase
letters indicate significant difference from each other in the
same time (P<0.05)
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2013; Singer et al, 2008),
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4, 2012), RERAAEIHAES AR DAYER R NKA 16 7]
X,

Ca®"-ATP Rl H'-ATP Fffth & 8 2 1 B 103
fiti, & Na™5 H", Ca” (32213 71 . Masahiro %5
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Effects of Low-Salinity Stress on the lon Regulation, Respiratory Metabolic
Enzymes and Serum Cortisol in the Gill of Nibea albiflora Juvenile

SHI Zhaohongw, ZHANG Chenjie', PENG Shiming', ZHANG Yanliang'?,
WANG Jiangang', GAO Quanxin'

(1. Key Laboratory of East China Sea and Oceanic Fishery Resources Exploitation, Ministry of Agriculture,
East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai  200090;
2. Fisheries and Life Science college, Shanghai Ocean University, Shanghai 201306)

Abstract In this study Nibea albiflora juveniles with the average weight of (5.0+1.4) g and the
average length of (8.3+0.8) cm were divided into 3 salinity groups including salinity 23 as the control
group and salinity 9 and 16 as the stress groups. Fish samples were collected on the 0, 1st, 3rd and 7th day.
To evaluate the effects of low salinity on the ion regulation and respiratory metabolism of N. albiflora, we
tested the changes in activities of Na/K -ATPase (NKA), Ca2+—ATPase, H'-ATPase, lactate
dehydrogenase (LDH) and succinate dehydrogenase (SDH) in gills, and the level of cortisol in the serum.
In response to the low-salinity stress, the NKA activity increased significantly (P<0.05), and the
Ca”"-ATPase activity decreased after a slight increase in the beginning, and the H'-ATPase activity first
increased and then recovered to the initial level. The enhanced activities of NKA, Ca*'-ATPase and
H'-ATPase could provide more energy for the ion transport to maintain the dynamic balance of the
osmotic pressure. The cortisol level in the serum fluctuated significantly (P<0.05) during the low-salinity
stress, and the cortisol levels of salinity 9 or 16 group increased alternately. The LDH activity in the gill
increased significantly (P<0.05), and the activity of the salinity 9 group was higher than that of the
salinity 16 group. The SDH activity in the gill frist increased and then decreased, and the activity of the
salinity 9 group increased significantly on the 7th day (P<0.05). Environmental stress would affect the
normal aerobic respiration of N. albiflora. Along with the osmotic adjustment, the need of oxygen
increased, which may significantly enhance the SDH activity. Noticeably, two experimental fishes died in
the salinity 9 group during experiment. The feeding and activity of N. albiflora juveniles in the salinity 16
and 23 groups were normal, whereas they were impaired in the salinity 9 group. Our results suggested that
low salinity could have significant effects on the ion regulation and respiratory metabolism of N. albiflora.
Excessively low salinity may overwhelm the adaption ability of N. albiflora and cause harm to the health
of the fish.
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