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SeEM B # HRA

maefm £ OB

EH A AL

(RETK=ES SHRIEE S LI E RAURFBK =SB KiE 300384)

HE H #5858 e 4 (Paramisgurnus dabryanus) %t i & ik 8

W& 25,
1.2, 4,8,
2 B (CAT).
A B (AST) &

% E X 4(22°C), FIRHQ29T).
12h5%kEHE 4. 8,
V5 B (LZM)

WM R, TFRTIREMEE

BB 4(15°C)ERIRABC) 4 MO, 7t iy
12, 24 h BUAFJE,
4 B B B (AKP) 78 7 71 Z BX(MDA)
S8, H£RE T, MBI AL SOD frn CAT &4 HA B ER T th e T Z 2404,
B ZEAK T A B 40 A F(P<0.05), MDA 4 & 1| B & F+ 5 (P<0.05);

M 2 H A48 F A 8 LB (SOD) . At
1L A A B A BE(ALT), &%

V& B HH & L3 40 SOD #1 CAT 7%

N ¥ZFHFrE, MDA & ER A ME1K, ZRAME K, dBAL & L0 4E L EEZE7(P>0.05).
BERT FUT, 4 LRAMELZM 5 AKP & /7 B # B1K(P<0.05), K E # N & B4 LZM 5 AKP

EHRAREA, BE

% 51KIB4 LZM 5 AKP & # U &

AT, EREHE R EMBEALEE

# #(P>0.05), i & it B ZF A& fE # AST 5 ALT 4 & (P<0.05), K Z I W& L1 4 AST 5§ ALT

SEHETHRAY, EREHE RN, REEA ALT &

SAEEXBAKF HFREA, BE

il B 2 R K 85 B R4 SOD. CAT. LZM 5 AKP & 47, MDA 5 i 4 & B AST. ALT 4 &
B, H, BN kg E A E SR R AL R R T AR, A Oy TR A

B340 KRR 5 E e
hESERE S917.4 SCEkERIEAD A

K= S YAE TR Sz b & i?ﬂ%ﬂ‘ﬂﬂl_
PRI F- PR 52 ] o HILASHE 38 4 FH T A9 R 330 43k =
(Wendelaar Bonga, 1997), H:Hr, }_Erj{%ifir“@%
DL T3 Jee R0 g o e B 7K ST B9 388 10 5 bk 2 2 I 38 I g
MR NG, GRS, FEERIN
e IS AR A g 0 T, A R e Bt T AR

s MEWE; mAfEEE; EEFEAR
XEHS  2095-9869(2019)02-0058-07

mhioﬁm%k o7 SR I 5 AR 8 35 R R L
. RIR A s T ﬁmemzmmoﬁfgﬁﬁ
&ﬁ%%k@f&&ﬁT%émﬁ%m%%m
SN N, AR MERE . A ﬁﬂﬁﬁi#
(Schreck, 2010). & Wi &K = F5 58 1 i v 2L
Joipa PR 22—, A K IR AR A 4 i iz 2 R Bk A
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i AR BRI R AR AR L AR AR
A (ZE B AR, 2011) B A AL B H A AR T A S8 AR DY
HFH A, ALY fb B (Superoxide dismutase,
SOD) Fil it 4 1k & i (Catalase, CAT)S2 /K 4= 5 ¥y & 5
BT AAL R -, AT DABR 2204 P9 b i A 0 1 4 1 Pl 3
OBHEPE 5, 2017)0 PR BEE ) B2 32 R IR
IRBE T 2o e sl AR 2 T B S Al I T R R (R
45, 2016; BESE, 2017), ERR S G e S S P I
N EEHLE], 7 # B (Lysozyme, LZM)F1H: 5 2
fif(Alkaline phosphatase, AKP) /& X — it F2 HH 4] 2 4~ 5%
B (B A, 2013), YRR AR R b
IR AL E LN R Z —, MR T
2 e dl KR, AR ) G RE B 3 s A i A
IR, T e A KR 2 U3 5 B i A DG Tl TG ) 1)

, RN 0 S TR H (Y S I 25 I (Raida et al, 2007,
Bowden, 2008),

K % Rl Y& B (Paramisgurnus  dabryanus) 7 i J&

H (Cypriniformes) . #f £} (Cobitidae) . &l ¢ ik J&
(Paramisgurnus), JEiR/KMEf2E, HA ORXKREE,
BN ES, AR, B2 SRS, 2
BRCR 2R b DX AR ) e e T R e ] R IR K R B
2z —(You et al, 2011; Xia et al, 2011; Zhang et al,
2015), HAG, 5&T B Hra Xt K ™ 2l 452 e i Ak 5
Z WL 5 Wsk 44 SR = 25 s, i O I B a0 XF
R s G VS SRR I 58 35 /0 o ACBIFE L Kl 1) 6k A A 5
X4, SE xR A T 4 BRI 12 h A ST
55 )% 24 h BIVREESES, I A R LT S AR
5 B S e Fe br 1 AR Ak, LR PEA R R e
oG PR AR Ak Y 3 10 e ) B AR RS AR R

1 #REFE
11 LHHAEE5RFERE

SIS FH A0 pR R RIS I K R R R TR A R A 4R
fit, {KHEE 4 (38.20+3.70) g, RK H(19.3£2.8) cm, 5L
WA PR E S, B 7d, BIRKER 22°C,
SEEGTFAART, PEHUOR/NEAT | RS EOH: | 5 R )
AN, 250 24 h JFRHTFICR. SC0 5 R e B 5 Kk
I, scg 3t 36 h, Hor, EMICH 120, 458 41
ARER, A bRic o R4 | Al | R AR AL,
XK R4S 5k 22°C L 29°C . 15°CHI 8°C, F M abFR
BE3AEAT, BT 60 L B EE/KAE FRIE 25 4%
FEAIKFE R REALEL 60 B, A Fn il v 1 20
KPR, £ /KRR B 1R 22 9+0.5°C, & 20 min
Rl 1 UROKR s KA 24 h, & A0 FROK IR PR H

£(2240.5)C . LI HIK RS 48 h (Y FIRK, SE%
WIR AR, KIE pH 2 8.5~8.0, WHEH
6.1~ 7.3 mg/L, & NH,;-N #&E & 0.2~0.3 mg/L.

12 HmRE

TEMAWIAEE 1.2, 4. 8, 12 h RMKE M 4.
8. 12, 24 h(Vh r-4. r-8. r-12 il r-24 h /R B HL
38 AU IERE &, AR BEPLA S AR EGE 5 B
a1, {8 MS-222 (0.5 mg/L)WREE)5 , 547 B &8 bR,
PR LR LA 1.5 ml B0 )5, 4CifrE 2h, 4C
AT, 3000 r/min 5.0 10 min, B, 5 A-80°C
MR VK AE PR AT 5 BUNLS , 7R VK& g sc e fa, B
JEWE, F 4°C LB FKpYE, JfH 1 9(W/V)ITATH
RAEHERK@AT, 0.86%), (1 FHBEIS S KAAE KK
HATIE, LS 10%4H 25130, 4 C 44 F 3500 r/min
B0 10 min, B EIEWR, 75 A-80°CBAGE VKFE PR~ AT

1.3 R ERNE

SO f fIF IR RE SR P CAT . SOD | TN
(Malondialdehyde, MDA). LZM K AKP 4335l>R FHFg
U A ) TR ST A B ALY A007-2 i AR Ak A
(CAT)IE 150 & (] WO ) . A001-1 S A8 Ak 4 s,
A (T-SOD) M & (2% E) . A003-1 A ¥ (MDA)
M AE IR £ (TBA 125) . A050-1 1 T il (LZM) 6 i 328, 7
B (HehZ) LI K A0S9-1 Bl ik R iR (AK P ik £ (7T
DL Eb ) AT I e , A2 {X 4% 5 SHIMADZU $:4h
UVmini-1240 A W43 )% % FE i1, Thermo Scientific
Varioskan Flash 4 KX L8R (£ DIk
BEEFRAY) 5 1L 375 4% P9 % % Jiff (Alanine aminotransferase,
ALT), Bl (Aspartate transaminase, AST) & &
fiZ2 TBA-120FR 4= H sl 4E AL/ A SGHEA T 5
% D i G250 YRl 4 Gy IE B A & =
(Bradford, 1976),

1.4 SRIHELLE

S K VL S {H 45 E 22 (MeantSD) R /s, i
F IBM SPSS 21.0 X235l E 47 58 2= 25 00
(One-way ANOVA)Fl Duncan £ & b4, %@ PH N
0.05, P<0.05 £/REHF &,

2 R

2.1 SR EEEDIE XY K 8% B TR 6k BT B L R AL 48 K HE AR
AT
SR IIA], XHRRZL SOD i fEAKAE . IR EE I

0 5 AL IE SOD §if J1(P<0.05), Z Mk
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(12 h), &K 4H SOD IF 13 FH MK T X B4
(P<0.05), H:r, EiR4l SOD & &M%, BEMTH
AL FRAL(P<0.05) . PRI, £5C502H SOD 7 13
BT R, BWRE NS R (r-24 h), #5804 SOD
16 1 AR 5 2% A 7K F-(P>0.05) (B 1), X BR4H
CAT ¥ 378 52 50 31 [R] ARG A2 o TR 1038 B 25 P I
JIE CAT 7% J1(P<0.05), ZEMHaMLEH A2 h), 5K
2 CAT 3 J1 34 B AL T X B4 (P<0.05), H, &k
H W E T IR A SR 4L(P<0.05), WKEMKN, %
S CAT 6 h ¥z i b, %R W45 O (-
24 h), KL CAT i 1 FEARYR I 28 %] BE 4 K- (P>
0.05)(8 2), X} HRZ] MDA £ 2 78 52 56 1 fa] FE AR Fa 72 o
TR BTG B3 T = P MDA & &(P<0.05), Zia
LR (12 h), #5004 MDA & 44 535 5 T4 IR
4 (P<0.05), Hh, R EE S T iR (P<0.05),
PRERIN, 505041 MDA Y558 F I, EWE 4s
W (r-24 h), £ 525040 MDA & LAWK & 2 0] R 40
IKF-(P>0.05)( 3).

2.2 BEMMEXT XS RHAETIE LZM 5 AKP &5
A

SCHGIAE], XTRRA] LZM 6 S AR . TR

10 EFEARTE LZM i J1(P<0.05), a4l
(12 h), #5544 LZM ¥ J1 34 W A0 T X 4 (P<
0.05). WKEWIN, W4l LZM 3% AR e, MR
H SR BH TS, BWRE LSRN (r-24 h), Sk
H LZM i 1 B E LT AL 41(P<0.05), FRiEAS

OXF &4 Control

F& R4 High-temperature group

= 43R 4H Cooling group

A IR 2H Low-temperature group
8. a & a a a

ab A & i m
i ﬁbT’
4 8 12 14

a |
2
fsfA] Time/h

B2 Mol o R e AT SOD 1% g #4952 1)
Effects of temperature stress on SOD activity
of P. dabryanus

AR B R AR [R]— I TR L, 48 20 4 2 [H) 22 5 W 25
(P<0.05), TTd
Different letters represent significant differences (P<0.05).
The same as below

SODYE 77
SOD activity/(U-mg™ prot)
N W A Loy I ® O
S & 5 838 3 & S

—_
(=)

o
[

0 1

K1
Fig.1

O X} 84 Control

E1 B4 High-temperature group
[ %R 4H Cooling group

{iKIE4 Low-temperature group
a a a a a

(o)
(=]

CATIE S
CAT activity/(U-mg™" prot)
S
3

[\
(=]

2 4 8 12 r4

A& Time/h

P2 RS B0 X R e S5O IE CAT 1% J5 19 52 )

Fig.2 Effects of temperature stress on CAT activity
of P. dabryanus

-8 r-12 r-24

X} fE4H Control

1% 4 High-temperature group
W] %354 Cooling group

RIR4 Low-temperatur% group

40

MDA%#

MDA content/(nmol-mg™ 'prot)
)
S

8 12 r4
5[] Time/h
P30 R e g Rt ) PR BRI IE MDA 5 8 (452 1)

Fig.3 Effects of temperature stress on MDA content
of P. dabryanus

18 12 r24

PR IR 2H F AR K A 28 56 BB ZH 7K - (P>0.05) (] 4) ., X R4
AKP 6 F eSS R AR E o R W 3 AR
HFIE AKP 3 F1(P<0.05), ZEWMAMILEH 12 h), &5
B2 AKP 35 713 8 KT X IR 41 (P<0.05), Pk 1
W, iR AKP WG AR E, BIRA S INELIZE
Wk, BRI IASE R (r-24 h), SR4H AKP {5 )
AT HAb 45 4H(P<0.05), FAIR 25 (R IR 2 B AP
32 2% BRZH /K F-(P>0.05) (] 5).

2.3 REMEX KEERHMIERE S SRR

SEUGIE], XHHRA] AST S EEARE., REW
R ETHEATE AST &#(P<0.05), ZMhalgsg
(12 h), ALEA AST Fa¥yEE s TX R4 (P<
0.05). WEIN, LK H AST HFEBEATEE
TRER R, EWRE WIZE AT (r-24 h), 5554 AST
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%t H&ZH Control I X3 f4H Control
40 R4 High-temperature group [ &5 iR 4 High-temperature group
b FR%iR 4 Cooling group 500 Kl B&IR2H Cooling group
a FHKIR 4 Low-temperature group &4 Low-temperature group b
a a L bbb
T30 { a ] ~ 400 bbb Pbb [0
ED I’l ab 1; a ch} 1 "_] t Hkm [ a
be - q mm al0E 2ty al;
Eg bby B2 300 [k i AR e T i
E'g 20 c ﬁﬂg ':lﬁ il :E I |E |:ﬁ
N B = 1M | (MO ALK H
H 3 28 0l '|E Bt 1R |E |'E
p= = WL (| (I | (R
N 10 2] N ((E | (L | | AR
= < II = ! ; Ll g 1 = I| :
100 {FINF {198 | et |06 |
e B L{E(E | A | EGE
e | (1mE (I 4 [ FnE
0 : L[ WA | (R {[F ¢ |E \e
0 8 12 r4 r8 rl12 r24 o LLindA [0 el [T IHIA

A JE] Time/h

P4 JELEE 0 0 B R JE SR I LZM {5 1 64952 1)
Fig.4 Effects of temperature stress on LZM activity
of P. dabryanus

O Xf#BZH Control

£ 5 4H High-temperature group

= R4 Cooling group

O {iKIR 4 Low-temperature group
2

NN

AKPYE
w S
(=) (=)

AKP activity/(U-mg" prot)
[\
(=3

—_
[=]

4 8 12 r4 18 r12 r24
B} 8] Time/h

P 5 I e 0 K% I YR SR AE AKP 1% 7 F)5 0

Fig.5 Effects of temperature stress on AKP activity
of P. dabryanus

T AR X ALK (P>0.05)(E 6). X RRZH
ALT F i 76 SR ) ARG o 1R B2 38 (2 3% T 5 1
W ALT &1 (P<0.05), ZEWPHaLE 12 h), 55K
20 ALT &35 3 5 5 B 41 (P<0.05), Hir i e
R TR, IE I, £ A ALT Sy
BERTHE G PGS, 2E LR (-24 h), &
IR ALT 16 ) 38 & T H A4 41 (P<0.05), FRiR41S
R 2H AR 5 22 %) B 2H /K F-(P>0.05)(I&] 7).

3 iTFig
3.0 B EE RGBT K 85 B R 6k BT A 3 R AL FE AR AR K
EAHIBE

R DAE S ARt 2 C AL E S Thhe g
TNAFAnf (a2 P450 = AR PEA A LY E 71 (Kato,
1977), it e hES SRR . SOD @it

1 2 4 8 12 r4 r8 rl2 r24
i} 8] Time/h

&6 R e ek R BRI Je St s AST &% & A9
Fig.6  Effects of temperature stress on AST content
of P. dabryanus

O B84 Control

[ ¥R 4H High-temperature group

7 B 4H Cooling group

KR 4H Low-temperature group o ©

ALTE &
ALT content/(U-L™)
=nk

8 12 r4 r8 rl12 r24
fisHA] Time/h

P07 RS A X DR Sl R SR SHOTHIE. ALT 25 5 52 i)

Fig.7 Effects of temperature stress on ALT content
of P. dabryanus

PRUHEREE S S =R IEE =R = NT] R | 1
ifhi; CAT fifk Hy0, 23 S8 K, BEIK s v %
Fe [ WA, JEBHIE Hy0, A9 #EME 40 B350 (van der
Oost et al, 2003; Giil et al, 2004), TiVE Mg & Ak
BT ), MDA RS I WA 4 il SRR 1Y
H E S FR(Mourente et al, 1999), fF57 L0, 1R A
SR 0 P AL R G U ) o XA B0 2R 5 IS
{L(Epinephelus moara? x Epinephelus lanceolatus? )
WL, AR Sk CAT i ) 2 Bk 3)
WA, S s I RpTE L BE T N RR(RRE FI
4, 2017). WIAUEAE (2015)7E 4R i (Pampus argenteus)
gl fa i) 2RI B A A A, VIR EE e £ TR
— B L5 RS R R4, O X A Ak GE
TR G I8 W58 SN 72 A S 2 3R (201 2) % B
(Oreochromis niloticus) IR LR A BF5T & B, FifiE IR
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FERRAG, PR L | S XA e bRis & A
FARME, WA RE S B AR e AR TR M B Rk
FFCT- 55 5w RO o W HE T 55 (2016) % = 804 B 1
(Epinephelus moara)%li i T 5T & B, ARIE MG X 2=
GO B L) a1 A AL Mg M R S e i = AIRTR b a
SEOZ AN K MDA & & ThE, B A e 2
PP ALY TR AT IL AL B . AR, SC
JFHE CAT 5 SOD {if 1 bifi 5 L W ae () #8475 %) HE 41
AHEC B SRR R B, P AR, &S0
IR FR T X B4, MDA & &XEiRE e d
FEETh iy, W0 S R A LB 2 3 50 B 25 57 i
F, RUFEEERZWAET, LR abi LG
SR B EMR, PrELRE S . AR
K LE . CAT 5 SOD i Ji & i &, MDA & &
BHETFRAR, K W25 A 5 % B A R A L
St NIRRT 5, AR S50 I B R AR I R R
ffe 1) e SRR U7 S Ak TS 0 g TR Y, mT A
AR S 6 A5 AR T B TR AN 4 3 K 5% 1 9 85K i
IHEFBA

3.2 BEBBEX XSRS LZM 5 AKP &5
A

LZM fE S PRI LT RN 0 40 v ok A7
16, A VEA A WY BUERl , BV ai /R
(B A5, 2014), LZM EZEFST§ 22 [CHMEE, H
W5 M — 26 s 22 QR MR, Wl v ) IR
(Salmonella enteritidis) Fl & /K <, 2. Jifd % (Aeromonas
hydrophila), HEAHUERGE . Ul . bkl &g
SRR R TR, R B By R A AR A
(Saurabh et al, 2008; Jung et al, 2012), AKP &—Fif
MR L BE K f I, RR AR, BRI ENINEN, B
KPR A N O BEABERR, L, &Y R
B B AR (Hoseinifar et al, 2015), 53NN, 1R
18X AR R SR e e HLRE P A e AR B aE
T, TiK(Takifugu obscurus)Ifil 3¢ & 11 Fl AKP Z4: 1k,
fEbr i TR, B RPUA LR . HSPOO FI C3 AL
ik, KU H A R 5252 FURTR WA ()52 17 (Cheng
et al, 2017), X% & i & JEe ¥ ¥ 4k fi (Oreochromis
niloticus) %)) fa T 58 & B, IR B2 Jolp 38 T 52 56 1 35
LZM 5 AKP & SN, SEA 58 BTHE T I%
F AR AR B, AR I RE a6 2 i 2 A fa 4 AR
B e 1 GRIREE, 2012), MRIRMMA T, it
(Oncorhynchus mykiss)IfiL i ) AKP i J i & FEA%, Jf
TE 48 h RS N AERF AE AR, s i iaa
AKP {5 JJAH Ho X BRZH A FEAIR B FR 5%, 2014), At

g, S2EG A BTE LZM 5 AKP 1% 78 ka1 52 5|
TR, S A T IESY ) SIER G E N G S W e R T
fRF X REZH, PR AR W R E LZM 5
AKP {0, WS PUARIERE S ThRe ;s HEAMKE
W, SR LZM 5 AKP 1§ 1 3EAE B 7E i 45 R st
0/ R /7§ =B A N BTV e £ 1] 37
MR LZM 5 AKP 3 S W REEE T, 295 1
gERRY, FEAR I B X IRAUKT, FHE IR G A %)
TR I YE K 4 S 1 e BE ML RE A AN AT IR T
AV ek ol 30 % R B ) 90 Sk A AR S i g2 1L B 1 A0 i
AR, SE A T AN S 1 R APEREIR

3.3 RERE X KSR M5 SRR

ERTEOT ., AST #l ALT 164045 I TE Y (914
Zan B b AR, AL o R N SRR A e A
BF, 40 RS i 1 A AR A, FEMREE 22 VE T S8k
N AST A1 ALT BB mih, 51 i i
ALT Fl AST & TFm (V524 2010), R, #i0
M3 o AST Fl ALT 7K (9AE 1k, AT LA e 200 i 5 5
BVERAEL, TN S U5 4 4978 (Lemaire
etal, 1991; Lee, 2001), ARWF5H, 1R 0 0 3 T
SEEGAA NG HY AST 5 ATL SRR UIEERE ST
S5 0 20 A R 5k AR Ak, I 200 B A O T R
B B A R R A MV ; JE AR, #5905
AST 5 ALT &R TR, 2IKE AR, %
SCHGA AST & i EEACR B 2 X AL KK, 1 ALT %
1 TE R R A S AR R A S AR & 2% B K,
TR ATS S 2 T IR SR AR S 5 R R R e
BRI ALT & Th i, o BAS ol 38 SR, iR 4k
X R 8 1) 0 6K o Y 2 P T T 1
SRS SAE R A S X LA I 4 AL AE 1 Ak A PEREIA o

4 Zig

TSI AMET, %22 12 h BYIRE WA & B 40
il K faf 1) Ve SRk A AL R ) SRR S g RE  , HAE
T R 2 T X e A A S e 8 A S BTG ) i B R AL
P, IR I e O TR S5 R 1 Tt 32 R s, AR S
B Az 77 e A e ek
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Effects of Temperature Stress on the Partial Antioxidative and Non-Specific
Immunity Indices of Paramisgurnus dabryanus

FAN Yunshuo, SHAO Peng@, JIA Xuying, GAO Jinwei, DOU Yong, SHI Xieyao, ZHOU Wenli

(Tianjin Key Laboratory of Aqua-Ecology and Aquaculture, College of Fisheries Science,
Tianjin Agricultural University, Tianjin - 300384)

Abstract

To investigate the effect of temperature stress on the antioxidative and nonspecific immune

systems of Paramisgurnus dabryanus under transportation conditions, the liver activities of superoxide
dismutase (SOD), catalase (CAT), lysozyme (LZM), and alkaline phosphatase (AKP) as well as the
malondialdehyde (MDA) content, and the serum content of alanine aminotransferase (ALT) and aspartate
transaminase (AST) were determined. The following results were obtained: The activities of SOD and
CAT in the liver were significantly lower (P<0.05), and the MDA content was significantly higher
(P<0.05), than the levels in the control group. During the recovery period, the activities of the two
antioxidative enzymes in each experimental group increased gradually and the MDA content decreased
gradually. There was no significant difference between the control group and each experimental group at
the end of the recovery period (P>0.05). The liver activities of LZM and AKP in each experimental group
were significantly lower than that of the control group (P<0.05) at the end of the stress period. During the
recovery period, the LZM and AKP activities remained at the stress level at the end of the stress period,
whereas their activities in the other experimental groups increased gradually and there was no significant
difference (P>0.05) compared with the control group at the end of the recovery period. The changes in
serum AST and ALT content during the stress period were significantly higher than those in the control
group (P<0.05). During the recovery period, the AST and ALT content showed a downward trend until the
end of the recovery period. In addition, the ALT content in the high-temperature group dropped to the
control group level. The results showed that temperature stress significantly inhibited the antioxidative
capacity and nonspecific immunity of P. dabryanus, where the high-temperature stress caused irreversible
damage to the nonspecific immune function of the fish, whereas the other inhibition effects were

recoverable.
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