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tetradactylum)%h £ 28 4R Z5 ) Fn S 4L Bz aY 2200
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(L. P FEUK PRI BRSBTS T Al MRl S F R AT 0% M
2. RWHEERYOK SR AR LI 201306)

510300;

WE BT AN E AR 46 D & (Eleutheronema tetradactylum) 4l f 41 42 45 4 Fn 48, 1L i
W R, AT 5T 3 4 ) e e vE MM R R UL B B M A A L T B AR A A Y R Ak AL B R
PELL B Na'™-K'-ATP B & 1, DUIKR WAL T A, 2RI, 2B AEEMRE 2L E,
BUNF . BT EEARUR &k E g S AR ERENHG; MARNNA LT, NF4EK
ZEWE R, SR ENAALERREZEARES, FLER MBS BEANDS | E
(SOD)#n% J& AL 24 it H IR (GSH)H A8 Bl B9 & L %, fhat 5 69 2 h 8 & T F(P<0.05), 12 12 h &I #
ExE . LA MARECATMETAME A (T-AOC)K-FAELIEfE 2 h L8 F L MP>0.05), Z)5
FEm, HE 12 hkFEHE, B _EMDAVEEAMEEN 2 h TR FERP>0.05), HF 6hikZ
W1, SOD #n CAT #EMAEAE 24 h G B E K TAEN, L MBE A FEEF, Na'-K'-ATP B & 4
ARG 2h BEFEHP<0.05), 12hkFIEE, 24 h RE B LM AKFT, KFFRFH, H#AEMHE
SAEEAAA ARG R, A A FS, FEEAmELY; NARALEREEZ
FAEMES 2h G4 B, LEFE 2hALAZEMENE T &A, HABEEEZE; £ZFF
F e, SOD Ft GSH 2 8] 7 # 42 th B 1E 5 MDA [ LL1E 4 19 3% B 5k 6 Ak 45 4 By e v B2 2 4
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(Mugiliformes) . % £} (Polynemidae) . PU#g 5 ik J&§
(PMILFREE, 2013), FEFR[E 2040 TR0 . pIiRHEEL,
TERBIE BN FZ 0 TrhE . HA | R MR T
T X IR GK 5, 2009), POFE i A e 56 . AR K
AR . T E e, AR AR, BT, AT

WAs D ak; BAEME; A ME; Na'-K'-ATP B
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X 23274 2Pk B K45 /E hE X 10 48 ik (El eutheronema tetr adactyl um)4l) £ 28 28 25 44 i 4 Ak 10 184174 52 i) 49

I VR BILAAR X A1 S 5PN 3 1 5 ol S R 3R BT
AR RE R A B SO, SR A IR TE R BT R
) — 3 1 PR B R PE DO BE . FTRIZ14E (2008) 1 BIFAY
FH, K= IR A PR A B, — AN T S G Y R
Wiz . PR . MR HRTE E, SXF R E M
(Pseudosciaena crocea)it i — & e, M T2
877 A N PRV o 33X S 7 95 S g 2 k£ 285 1) A PR Ak
GO AEARIE W . PMIGAE2014) IR R, K
BF [) 9 07 98 B 38 2 R AR = 80 A B £0 (Epinephelus
moara) AT 1 LA KR, BT, A kMR
o 380 BF 5T A R &2, A S R B A kR B
(Epinephelus ianceolatus?<E. fuscoguttatus?) Fil fif
(Mugil cephalus)(FaFHESE, 2014; FHF4E, 2011). &
i %} 75 ¥ #% (Dicentrarchus labrax) #1 4R #E (Pampus
argenteus) (Besson et al, 2016; JitiJk5%, 2016), pH %}
#1411 (Ctenopharyngodon idellus)(5 & %%, 2001), fi
Bk 78 5 %7 8% (OryZias |atipes) (25 B4, 2014)7.
FE T 95 P X AL 41 45 f: (Salvelinus alpinus) (Wallace
et al, 1988) YA A5, AT KR oI A th R Era Y
ifF 7% 3 H A TP 7E I 5 (Oncorhynchus mykiss) (Wiseman
et al, 2007). J1f%(Coilia nasus)( T 245, 2014; &
&5 2015; F4fhE%, 2015; Du et al, 2014), (% pU4g
Ihif (Y RIFFE AR L o fa 2EHLIRPT Ak R G AR AR R 2F
B AL B A AL TR AR, AN T AR
YIFR AN BEH K . 4E4: 28 C (Vo). 4E2E & E (V)T
A ALl A A W A . G SE AL E R . A BEAKIE
JREGAE) . DOTe H ik sz 2 2otk N 2458 a5k L
PR3 1T B o A 58 3 A 4DLRr D % O i - Bl i 1 7 45
YEMRE , LATRST PUFE T ol 7 80 s 4 i, b HLAd B 55
B A N SRR 2= AR

1 #REFE
1.1 Sy

S AT DU 48 ST 2015 47 6-8 HEH EK
7 RFAE B 5 B R K RIS BT B S 6 R B
%, WK HN(6.00£0.21) em, AT H(4.00£0.15) g, L
IR AR 1, IR, R 1R, IR
Bk 12 o4, ESFTAR. MPLPE R AR |
RERI4T 10 240 R AHEATSLH

1.2 LIt
R FH 458 W0 J B2 1 5 X0 DU 48 T ik R AT APk B K

ARG, AU 06 VU TS T fol 4 50 5 4 7 15 ) P ¢
8 5 s, SRIG R B EE T2 5 s, A KH 3 min,
HE VL FEAESRRSE 10 M.

W5 DUFE D o R 3 A AT, SR E S5 A Y
2h, 6h, 12h fl 24 h LIS B[] S B 6T RE A, 0 1)
HRE 15 2 , R AERT S MS-222 BRI 525 8 2—3 min,
fp ik, SRAENLA . SRR, FIYEAZDI AW
RS 2T 4% B PR P ;s DB TS O RR
i BTV R R LA S St B il

1.3 HmllE

AP WL, SRAIX H % 2015)AIFGE T ik -
W Z2 5 W T i UL PR RD B, 28 0 A K ek
70%—100% fY £ B K A — B GBI | A s A0 45 b B
J&i i Leica VI WLt A7i&E2e U1l , U1 R )RR A 5— 6 pm,
K HE et frp st i, F Zeiss e F AR

WLAHT A AL LA K 68 Na'-K -ATP B P
B2 WA 2 LI FNEE , vERARERAL S R &, $5E
w(g) - MBI (ml)=1 : 9 W LHLBIImA 9 f5AEFER K, WK
KIS T HLEAIS, 250 r/min 5.0 10 min, B E
TH W (10% AL Z A1) o 45 B e T 57 & 14 B
BB E B, LL BCA I EASE., BT
fLBE J1(T-AOC)iH i 520 nm &K 37°C 44 F 443 4h
g 2 v ZH SRR U S AR 2R B WO BE (OD) (i 338 im
0.01 B, 24 1 A~ ST EALRE T B R ; i A bR
EE(CAT)IEPEE L 405 nm P AL & i E Ak Sl
ORI E , M E XN B2 vl 42U A R Ay
1 pmol /Y H,O, 5K 1 ATEHEBANT ; &b fk
it (SOD) I 4 B Ay a2 Sk - B AR Z H SOD 41l %35
£ 50% 0] B X N 1 B A 14> SOD & M (U) 5 i
AR W (MDA )@ i TBA BB ,
M JE By MDA 4 F 58 E L Z R (TBA) 5>+
TERRME SR T, B a R &Y, 22 5WHE
P 532 nm AT 5 I IO 5 3 RS i H K (GSH)
A5 RS YL H R (DTNB)Y U, AR ik — i # €2,
L&Y, ATFE 405 nm AR SETT b 5E B E GSH
i WZHZUR Na'-K'-ATP B PEE R . /Nt
HERASEANA L H ATP W f# ATP F=/4
1 umol TCHLBERIHE N 1 4> ATP BT PEBAA

1.4 HIEHH
22 52 0 I e A5 20 1) B AR e 7R Sk S YA b o 25

1) Li CW. The detrimental mechanism of ichthytoxic microalgae species on marine medaka (Oryzias melastigma). Master's
Thesis of Jinan University, 2014 [Z= B ffi. 8Pk oR 05X 7 6 O BCEIR. B RFM R A AR5, 2014]
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2 )R 38 %

(Mean+SD). FJH Excel 2003 Ll Jz SPSS 22.0 {4k
1777224387, Duncan RS HEAT MM L2 &
FE#, P<0.05 iF, ACHBUEA W 2e . i T xR
A5 B[R] A5 A BRa =2 1] JC 1 35 22 5 (P>0.05), iCHR
3T R —4H .

2 #7R

21 RMBEKEBEMEX MDA HRF
SRR

211 #m XPRRAURZ MG, SR LU BN IE R 1)
AIEAS, ez E AR, PIMNER/N R X FR e, b
Bz A HES RN, LA AR B 40 S A DR (8] 1-1),
BIKIMAEJE 2 h, SRALURRER, FE o aE L2 PN
8/ R R, b, B2z A | K2 4
HWSEHE(E 1-2), Brl)E 6 h, SRAL0A ., 61
ANF LA A L A AR AT A e R A e,
0855, B8 22FR 5 XIS R 8N B il A S
S R B TSI s S UE ~ SN VANV e - e ik o
VR RN SRR = B A0 BRI 22, 4340 R K
i, PRFRHE R (& 1-3), HAJE 12 h, S840 58 B
W, FERINE/NR P EA M, HR G UK,
RN VRIS T I NG 115 o 2 1 O e 2

BT B K R AR 30 X DU B 20 225 K 1) 52 )
Fig.1 The effects of acute off-water handling stress on
microstructure of gills of E. tetradactylum

1: XFHRAL; 20 BHAJS 2h; 3: WHAJS 6h; 4: WMHAS
12h; 5. 6: WHAJ5 24 h; MC: ZhR410E; PVC: W I
AN MRC: ZORiRFw400; BL: 8/
BV: Ifi%; BC: IM4ij
1: Control group; 2: 2 h after off-water handling stress;

3: 6 h after off-water handling stress; 4: 12 h after
off-water handling stress; 5 and 6: 24 h after off-water
handling stress; MC: Mucous cells; PVC: Pavement cells;
MRC: Mitochondrion-rich cells; BL: Gill lamella;

BV: Blood vessel; BC: Blood cell

(1 1-4), WhiaJs 24 h, SRZHSUR BN A AT 547,
i o2 B A R IE R A, SN R HIINERTL, A0 E
JUH, AR AN EAZ R R T AR (R -5 ] 1-6).

212 LA A 22 W30 1 Xk R ZH L0 i 5 B O
WL, HAMERHRIR, W42 mH K%,
IS, AL T WLET ZE 0 b de— M (8] 2-1);

TEWRA)E 2 h, LA GV o3 DX BNLET 2 2 e
JEAH M, ZFAETRIBE 52, LA AR DL (18] 2-2).
rig)s 6 h, WAL, ILLF4eiiemiE, &
3 DX UL ET S 2L, A e AL S BULET 4 Wy
2, W ZEmIBRIA R v, B (A 2-3). Hhid
JG 12 h, WU R, LEr4EHRpI L,
HATE AR R, A0 UL 4E W, LA 2 ik
AR, AL BN AR AR B, o0 A0 M A
AR, WILET 4 SR 0] B 5, 23 6 Ak ™ (151 2-4 (] 2-5)
38 )5 24 h, LA AR R Rt — AP e, LT
ZAEFULER M A AR B A, JLPA U AR 2 A
B, BB EEE 2-6).

B2 2B KRR M0 X DU 48 5 L IR 20 22548 1) 5 il
Fig.2 The effects of acute off-water handling stress
on microstructure of muscles of E. tetradactylum
Lo XPHRZH; 2. WhEJS 2h; 3: WHAJS 6h; 4. 5. WHAJS
12h; 6: WHfJS 24 h; N: 400EE%; M: BL4IME
1: Control group; 2: 2 h after off-water handling stress;
3: 6 h after off-water handling stress; 4 and 5: 12 h after

off-water handling stress; 6: 24 h after off-water handling
stress; N: Nucleus; M: Muscle cells

22 2MEEKERERMERT IS DER1AXBEE RN

221 XALA SOD & 6d % 5x AL,
EKINE S 2 h (1 SOD &4 3% T FE(P<0.05) . i 5 B
(B AU ZES , SOD & M Ft =, ELEIMHAJS 12 h, SOD
IR e i, 3 s T MR S A Ak B2
(P<0.05), #LFHJS 24 h, SOD JEPERERIBEAT, &
FART X BEZH (P<0.05) (] 3).
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Fig.3 The effects of acute off-water handling stress on the
activity of SOD in muscles of E. tetradactylum

ANTR)Fhg R 7R 4 ) A7 7E B3 2% 57 (P<0.05), T [A]
Different letters indicated significant differences among
groups (P<0.05), the same as below

2.2.2 3FWLA CAT & 6g %k i85 2 h, CAT
T AR B (P> 0.05) . B 5, CAT {& B BT &,
) 12 h ik E A, BT R R A b B
ZH(P<0.05), AbFHJS 24 h, CAT iGPERESIARIE, W
AT B2 R HoAb AR BEAL (P<0.05)(E 4).
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Activity of CAT
in muscle/(U-mg™! prot)
—_ N W
ER=

b

AN

control 2 6 12 24
A ] Time/h
K4 2R K B a0 X DO S ULPY CAT 3 14 14 52
Fig.4 The effects of acute off-water handling stress on the
activity of CAT in muscles of E. tetradactylum

S

(=)

2.2.3 xFALA MDA 4% 8% BKEEE 2 h,
WL MDA & & Joi] 2 48 1k(P>0.05), 43 6 h )5,
MDA Fa ikl RME, W X Bl K H A b B
4 (P<0.05), BEFE A ZER , MDA & &A%, &
% 24 h MDA 5 = [ AL FERT K (E 5)

2.2.4 3FWLA GSH 4% 8% )5 2 h, GSH
i W ERER(P< 0.05), Rfis & ETHE, ERIbA
JGH9 12 h GSH & ik B, W35 XA &
HAh 5256 41 (P<0.05). WHHEJG 24 h, GSH &k 3]
IEHE K, 5XF R4 TG 3 2 7 (P>0.05)(E 6),

2.25 3FALA T-AOC # % EWE TR 2 h,
LA T-AOC & . #7284k (P>0.05) . Mrif )5 2—-12 h, JL
W T-AOC Z¥i A&, ELEIMAE 12 h 88/ KME.
i85 24 h, LA T-AOC 5 XT HE 41 TG e 3% 22 5 (K 7).

WIAMDA & &
Content of MDA in

muscle/(nmol-mg'prot)

O = N Wk U 0D

control 2 6 12 24
Bs} /8] Time/h
K5 AVEB KRR e Xt 48 S LA h
MDA & 1 15 i
Fig.5 The effects of acute off-water handling stress on
the content of MDA in muscles of E. tetradactylum
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_I_.
control I 12 I 24
ff ] Tlme/h
&l 6 %‘ﬁ%?ﬁﬁ%f’ﬁﬂbLXﬂE?‘é%@ﬁHﬂﬁ‘] h
GSH & B3 1h

Fig.6 The effects of acute off-water handling stress on
the content of GSH in muscles of E. tetradactylum
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Fl 7 2otk s K EAE R a XF DU$8 Sk AL T-AOC KYF2 IR

Fig.7 The effects of acute off-water handling stress on
T-AOC in muscles of E. tetradactylum

226 x#% Na'-K'-ATPase &9 %h B K
)5 2 h, i Na'-K'-ATPase {if 4 PH & 7115 (P<0.05);;
MrifJ5 6 h, Na'-K'-ATPase IG5 S5WrH0)5 2 h Ll &
225 (P>0.05); MHAJE 12 h, #f Na'-K™-ATPase i
KB K (P<0.05), 24 h G EHEKE TR, SXF
W2 TE . 35 22 5 (P>0.05) (141 8).

23 RMEBEKREMERNIEDRYEBHNEFRES

R0 Y P45 ik 4t R BLIE R, R IRt
BESE R[] — 07 1) NS gl s Bhi)s 2 h, HE#E
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Fig.8 The effects of acute off-water handling stress on the
activity of Na'-K"-ATPase in gills of E. tetradactylum

RN [ AR 175 T PR | R LCE Huip 3l , IR
MWEE; BhdJE 6 h, AalghmstT, AU G R
Wodlp sl | g RE (S W] R R ha )
12h, #orahaser:, HABNGIKSh AP, 8
VBN, AN R s W JE 24 h, PO4E Bk
gl i IR B FET, AR &)y £ AR 23 Ab T DN e R B
HirshIRZS

3 itig
3.1 HRYERDIERT MU Dtk 65 A0 AL B 42 40 B R O 240

a2 AE PR AL A R P A BRI B B T — E
ST IAT 97 B =35 [ 7 ] i £~ L A o SO R Y VN
JE(X/INFE, 2007) 0 A Z0 B8 A< 1A A0 3 25 o # A 7
HfEE, FENUASFABIfEREL . EELT.
XI/NER (200 ST R, RN B — R IR
=) A BRARAL, AT 5 SR IR ORISR = N R N
o, RGN S IR 5 RS i 2 2URN £ B 7K
LH— RPN RERZE R AL, AR, L2
PEB K ERAVEINE 2 h JEEE/N L P T B A S 2
RS 5 Al T 4f S BUAS [V RR BE (R B 43 5 UL IR A LT 4
AR WL R 2 18] ) [R] B 55, 25 ik = LA 4140
BARK LEA ISR B RS, R 2%EWE
B S 25 5| DU 5 L i I 35 0 N R R o S S K R
e e, N R R B Lok R T A R R
XA R 5 £R B B30 3 H f4(Chanos chanos) 4/ #4552
B 28 F (X RS, 2014) A28, KL S W44
(2008) %] K B fa AT FT L5 JAEI , 35X 1T RE 5 DU 45 T ik
Ry v R A AR 30 3 8 %) I R S I, R B A O AR B
N, EIAm AN RE AR OC . S HIE Y 5 v 40
AT IR RV 0T, A B ) e TE P B — J2 X% B2
SUELAT R A0 5 I, AT B, B VE0 S 6 h,
B AN MR Y 2, RRRE R, U R MR HRAR R B
PR HLEN (K 130 & 2-3) FEERAEIME)S 6 h, SEFI

JULPA B LRSS R DT 06 BTG, R WI0 ) 6 h U4s
L i (14 I 9B B 2 AR S L B B, BB [R] 45252
e (RIS ERORIREN SN RS e iUk vipe St iV
WY e o0 6 Ml A iR 2 0 LK BB B% 3 1 A O
PERYFE L, X SEAIILA = AR AN AT B 0 . AT ST A4S
IR, TEDUE SR IR A B P B R AR,
SRR/ IETIWIVAY: € I < E o U RS 7 SIS S I R i)
T AN R

32 HFEMEXNMNESHRIARELREZIT

Martinez-Alvarez %5 (2005) BT 5T 22 B , 3 & 15
T, A=A A AT S A L 252 3]
SMRASE T2 )G, FHsITR, AHRERERER,
i A RS R AR, — RIS,
ARSI RIS — B BT (AN Ve Ve 58/N e FAEREY)
FO) BRI 20 H 3 BB A DIE RS
ZI B SRR, RN 2 E S B R gk, RIA U
o BT A A LA D AL R T o ARFSE R, AR e
J& 2h, LA SOD. GSH &M Bl g M T %, =R
SOD. GSH W LIAE hy VU 45 D fik 57 51 S Ak I 3% 1) R
ey, X S5HIBE—50. CAT. GSH itk
HEEAENNE )G 2 h R, HARA B3, T-AOC il
B, 2B A AL PA) 4 2 B AR 25— T B 2R HR A
SER L NI ER AR S B N =RSIE K2R A T E3E TRk
YEMNE . FEREASAEEE S fEr, SOD. GSH 45 CAT i
A AR ) AE fe ka3, o iE B T DU 48 2 i JUL A 2 40
SOD. CAT Fl GSH Z [ FEHT S8 Ak W 7 T H A PhlA]
VERT, IE451E 50 s AE(1994) R FE 45 AR . B
HJE 6 h, SCHFTIB A AL AR B R, R
HUA L 2 0n shit Ak REIERRE W 210 H 2, X
EIMIBAE2014)% 2 80A BE A E TR 38 A 5T 25
WML #AEMA)E 12 h, PUTE Dk LA N L
() H s B e e, S R T R, Xt R PR
Joip 38 J5 BILAAR PN 48 A R 7 55 BT S Ak B ) 7 2 () B 2%
HAERE, RIABUE LR R G A b xR A T AR
KAE B

Srikanth “5(2013)AHF5E KM, a2 A0 N J
O E AN [ Ff 288 1y £ o S B0 A IS R AR TR 34 . FEAIF
Y WA T XHERBR T 4R 5 (Megal obrama terminalis) .
2% 11 §5(Oplegnathus fasciatus)fl # i i (Nibea albiflora)
LA 2GR R B, Bl AL R ] 2 K, e R P
HE AR R, Z R R PBREAEHLE EEST, P
AT P R A B 0E 3 K7 OF A, 20115 B URSE,
2015; W HI A AE, 2014; FMVISAE, 2010; gk =S,
2015). AHEFEH, AR T E AL B G PE S T R, AT
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REJE LA M AR TE A LB IRPTALE, 25 A% #i T
w, JFTEARERSS 24 h R, X5 L EAFSE 4 RAH
Lo R MR A 45 (2004) 75 T BE 3R T X rp A oY B g
(Eriocheir sinensis) i it H 4t S0 1k il 0% 7 19 BF 55 45
R, TG, CAT F SOD D - i i &%
filt, MDA Fit—EHm, WAMAEARGEZ ] —%E
TREERRZIN, 15 UL 40 M 45 48 R D BE ) 22k o AR
i, BARPUEALEETE A S 2 h R R, H
M6 h S EE T, A AN S5 R AT RES SR IE H
R R Y Ji DR AT e DU e fik R S Bl — B PR
KEBHGA YR Ve, VeHBR A B, SEHUA
ALK ARG OC, (3 BARYE LA 7 2 —
AR AWISE . (EALFEJS 24 h, SOD. CAT. MDA Al
GSH P A L f8 bR AC T AL BERT, 1 T-AOC H1Ak 2 Fiy
PRFF—E, LR LR 22T S A D i 3 2R R
BEfE I N . EARMFFE T, HOUEE R NA S 24 h BY4E
TR, AN REHE PUHE ik LA P AL R e
Z RN, SO BER E HhTU A R G E LR 12
(]S HL R BARA BOETT . FT ARV RE R, 1
) LEREY YN E AR O R =R A AL G S
WKEESE — I BHER, RGP E AL R G, BT it
7. BEAT SR 2 AR BRSO o

33 #BREMEX HIEDERALA MDA & EH T

Papadimitriou %5(2002) X} i (Rana ridibunda)
TR R, A b A AR AR 7 ) MDA 195 8
W T B B o AR A AR B, L T2 S e 1 4 451 1 7
BE o ARG, WAL 2 h, MDA & & it
B 6 hikF i EE, Z 5 MDA IR 3), X £H,
BAEMNEJG 6 h MDA & X i A R e KAE, LA
YA 2832 2507, Xt 52U R AR I 25 SR A —
o SR, HABPUEACEEEMNE S 12 h WGP,
MDA Ui LR T HAD T ARG, Ras i Rtk
FiANRE STV R 2 A3 ) FR 3, TSR Ok S A R R
SR . W Ao R i AR N PRSP, T L
fifi 1A PN i D AR A b A B IR A1 AR SR 45 5 /R , MDA
CINDR(ES IR & =R inE vl iR S U N LYVRE R 7/ E Ay Tak 7 8

34 REMMEXNMIED &L Na'-K'-AT Pase i&E 4 #9 21

FREFEQOIDMIFFE R, Na'-K'-ATPase j&4l
Y Na™-K 2 16 0 32354, Na'™-K'-ATPase 1] 7K fif
ATP =4 ADP FIfgfe, [FAfJE—PEN IREE 0
S 2Fde bR . il Bk MaE e, DU4E Sk 4 fa
fifi Na'-K'-ATPase 714 . & 7155 (P<0.05), L%
)5 12 h, Na'-K'-ATPase {1 iAFIE(H . 21240
FLEE A R, 65/ B A Lo AR = 5 Al e gk

HEZ2, XN 5 TE A 25 SR AR B S R, I DU T el 8 e
o X S A R i B P RERE R R, 2L Na'-K'-ATPase
TGP, SRR AL N TR e . W LS
24 h, Na'-K'-ATPase {ifi AL BERTJC I & 25 5%, &£
HH 8.5 ¥4 AN Th 6 i oK 32 2™ F R IR, i T4k R T %
ik, 8 Na'-K' ZZFERE K B AL B FT 7K .

Besson M, Vandeputte M, van Arendonk JAM, et al. Influence of
water temperature on the economic value of growth rate in
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The Effects of Acute Off-Water Handling Stress on the Tissue Structure
and Oxidative Stress of Juvenile Eleutheronema tetradactylum

LIU Qiqi'?, WEN Jiufu', OU Youjun'”, LI Jiaer', ZHOU Hui'?

(1. Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture, South
China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract Eleutheronema tetradactylum is subordinate to Mugiliformes, Polynemida, Eleutheronema
in taxonomy. As a new aquaculture species, it has gained popularity in most farmers in recent years
because of the delicious meat, the fast growth, the high market value and other advantages. However, this
species is prone to stress from the pulling capture and the transport due to its weak anti-stress ability. In
order to understand the effects of acute off-water handling stress on the tissue structure and oxidative
stress of juvenile E. tetradactylum, we stocked the juvenile fish in the outdoor water tank and stressed
them by simulating the pulling capture. The samples were collected at 2 h, 6 h, 12 h and 24 h after the
off-water handling stress, and fixed separately with poly formaldehyde and liquid nitrogen. The samples
fixed with poly formaldehyde were used in tissue sectioning and we observed the changes in the micro-
structure of gills and muscles. The samples fixed with liquid nitrogen were used to examine the activities
of antioxidant enzymes in muscles and the Na™-K'-ATPase in gills. Results showed that varying degrees
of damages were induced in the gill lamella, the squamous epithelium cells and mitochondrion-rich cells
(MRQC) in 2 h after stress. Firstly, the muscle fiber necrosis appeared and then the gap of muscle fiber
became widened, followed by vacuolation and even muscle fiber loss. Superoxide dismutase (SOD) and
glutathione (GSH) had the same changing pattern, which was a significant drop (P<0.05) in 2 h after
stress, followed by the rise to the highest level 12 h later. Then they began to decline slightly lower than
the control level at 24 h. Catalase (CAT) and total antioxidant capacity (T-AOC) did not change
significantly (P>0.05) at the beginning of 2 h, but then it rose to a highest value at 12 h and subsequently
recovered to the normal level at 24 h. The content of malondialdehyde (MDA) did not have a marked
change (P>0.05), and it reached the highest value at 6 h, and then fell back to the normal value at 24 h.
The activity of Na'-K'-ATPase was elevated (P<0.05) at 2 h, stayed stable, and rose again until 12 h
when it reached the highest value, then it went back to the normal value at 24 h. In conclusion, muscles
and gills of E. tetradactylum will be damaged by acute off-water handling stress; besides, the damage will
deteriorate as the off-water time goes over. The muscle antioxidant enzyme system will only be activated
at 2 h after the handling stress. The synergy may exist between SOD and GSH when the organism was
stressed by external factors. At 24 h after the stress, the activities of SOD and CAT will be in a state of
equilibrium and the values will be significantly lower (P<0.05) than the control level, and this explains
that antioxidant enzymes were affected to certain extent by off-water handling stress. In addition, MDA,
the degrading product of peroxide lipid, can be used as a biological marker of rapid stress response in
E. tetradactylum. Na'-K'-ATPase in gills can provide energy support during this process to improve the
anti-stress ability of E. tetradactylum.
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