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figis 71, FEAIULPI A E i S A B A . I SRS ) L S B e R DR e i 4521
Bon, HEAME IO MEM R, 4 MUZHANAGEEEER (P<0.05): F—HEH, HEA
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Abstract: To investigate the effects of salinity on digestive ability and antioxidant capacity in juvenile
Lateolabrax maculatus, four salinity levels (0, 10, 20, 30) were set in this study. After 30 days’ culture, tissue
samples were collected and preserved in liquid nitrogen for later use. According to the manufacturer’s
instructions, the activities of pepsin (PPS), amylase (AMS), lipase (LPS), superoxide dismutase (SOD),
catalase (CAT) and total antioxidant capacity (T-AOC) and malondialdehyde (MDA) content were measured
using kit analysis. The results showed that the PPS activity was higher at salinity 0 than at higher salinities,
and there were significant differences among different salinity groups. In the same salinity group, the enzyme
activity of peptic cathepsin was higher than that of pyloric caecum and intestinal tract (Fig. 1). With the
increase of salinity, the activity of AMS in gastric tissue decreased gradually, while the activity of AMS in
pyloric caecum and intestinal tract increased gradually (Fig. 2). In gastric tissues, LPS at salinity 0 had a high
activity, LPS at salinity 10 had the lowest activity, enzyme activity increased at salinity 20 and salinity 30
gradually, reaching the maximum at salinity 30, and there was significant difference among groups (P < 0.05);
in pyloric caecum, the activity of LPS increased firstly and then decreased with the increase of salinity; in
intestinal tissue, there was no significant difference in LPS activity between salinity 0 and salinity 10 group
(P> 0.05), and then gradually increased (Fig.3). The highest activities of SOD and CAT in liver were found in
group salinity 0 and the other three groups showed similar values (Fig. 4); the activities of SOD and CAT in
muscle increased with salinity increase as a whole (Fig. 5). MDA and T-AOC were higher in liver at salinity
30 and O (Fig. 6), while in muscle, MDA content reached a higher value at salinity 10 and then increased with
higher salinities (P < 0.05), but the difference was not significant (P > 0.05); T-AOC content also reached the
highest value at salinity 10 and decreased in other groups (Fig. 7). The results show that different digestive
enzymes need different salinity conditions for their proper functiopns in juvenile L. maculatus, and that the
changes of salinity may induce the response of antioxidant system.

Key words: Salinity; Lateolabrax maculatus, Digestive enzyme; Antioxidase system

i B f SR A AT i BB AR TR 12

&£ Chinese Journal of Zoology 54 %

—, FREEAKARERFE B R A K K E
AU S AR e P S % 7= AR B2 (Imsland
etal. 2008). HEFEEARMAENS 5| K 082 FhA: 2
PO N, AR E TS A H S (reactive
oxygen species, ROS) I . WEIGMEE &
gl R AARENRT, PUAA R G 0 2ERT 1A
fe 3745 1) £ B BE R (Saoud et al. 2007). T4
fkfE 71 (total antioxidant capacity, T-AOC) #&
H T s AT AN R G D RRIR I I 25 & 1 44
bro EHENYIBALEE (superoxide dismutase,

SOD) HARRIAERENE, AR NTHERR
HEENEED R . 5 ERE catalase,

CAT) fefg A A A o Al K AR, AT
XM CR AR, AR S s i AL R G

%, N (malondialdehyde, MDA) 72/l /i
A, AT LATRIE e B 2H 23 48 T P AR Ak
IFEREE (Pipe et al. 1993).

TH AT 77 /2 JOE MU E TR AR K
RE B ELAR AR, A58 R 10 Hvs 1t i 2 5,
Tk AN 3 B2 S S R 3R (BB G 2018)
5 FE RO LA R LA T AL B e, 3 T s
BIL AR X B 0 B4 V8 A R U A AR G o 6 it K 7
(Acipenser schrenckii, 4% 2008) Fl sy
i BE 1 ( Epinephelus malabaricus, 4% i 2
2009) HIAFE RN, ASEHLIE A /I8
HZH

1e4y (Lateolabrax maculatus) )& T 1
H (Perciformes) #5F} (Serranidae) {tf)E,
FE AT RFEEES, fERE & H A, s



534 I AR5 -

3 S Ay 4 i 3 A B AN T R AL 2R 8 D R ) <721

FEE A, BAEKPUE, PR EESER
R A HAEIRIE ORVG I HE) R0, &R
gUtmI L —, L, TERK,
FRIK RAKFIE TR, T4 AR
[F) 35 P BV A AL TS A K B A2 A B T
FrI e . 6 B e () AR ERALA . AR SC
EAF R T efig) B & H B (pepsin,
PPS). o-iE ¥ Camylase, AMS). fi i
(lipase, LPS). HEALWEALEE (SOD). i
AR (CAT) HIEJJLAL N — % (MDA)
FEMAPAEMNEE] (T-AOC) KAk, Rt
AN [) 35 P A i 40y #8170 AR AL R

(I . BT, AR T AL e
TR P A TR PR TEAS [F] 3 R 264 T 132
&K

1 #MEETE

1.1 SERME

S P A8 9 2K P B 9 T Bk S 6
BE, K2 (401£027) cm (n=360),
BALHIE . R4 24 h BRI ERKFEFE, K
REREEN 0. KRN (27+2) C. EIFiEE
4824 h R, WEAEYERFE 6.0 mg/L B |, B[
8:00 B F1 17:00 B HMEALA 1A KL, & ffRE Y
S% AT E B, B 0.5 h JEIEFRIRE.
HHKE 1/3, RN 2 R RY SR, &
FRIF A 7 do B 77245 A Ja PR kg ek . Fias
FHIE ()R AT 9256
1.2 SR

SEEGTEK 60 cm. TE 25 cm. & 30 cm FAUK
RAEREAT . W4 NEREH, ERPE 0 CWERLD.
#HEE 10, #HFE 20, #HEF 30, FSLIRAHKH
AL A PR KRR R TG B T . R 3 AN
F7SE06, M PATSRIR R4 30 B, AR
FEA AL 90 FEsEGfh . SEIGHTURTT, ShAERERR 24 h
BE S, B SALscan20 #hE it ( FHEARRES
BIRAFD KfE, wEAE 0.5, 73AlHAWHZE 0.
10, 20, 30 JEHFAASEE . SEEHA 7R /KiR
i) B AR HE S B RN [ SR 1] 30 de

1.3 SERVE

LU G, 2524 h, BEHi4aE T
UKL EfEEL, o AEE . el TE R . .
WLRIZHER,  FH P A 2 2h /K e 134 5 B TR
MET, BTHAPENRE, FHEEE
- 80 CHMKIRIKFIIRAF % F, 75 30 d I 5ER B
EABE (PPS). o-JEMEE (AMS). J&HiHE.
A EALEE (SOD). it ELEBF (CAT)
3% 71 CL LT — B (MDA) AL B4 L g
(T-AOC) [Pkl Bl 5 350K FH Fe i A At
AW TRERF T ARG &l e, BN B R A
RAlE G=igms A080-1, #f74 Umg). a-
EREE (AMS) Wil&E (FPandes Col6,
K18 Ulmg) - Ja i B 7R & O i 45 A0S4-2,
BARH Ulg) A EALEE (SOD) 7
B YRS A001-3, U/mg). LA E
(CAT) W5l & 75 A007-1, HALA
U/mg). A (MDA i&il& GZHHES
A003-1, mmol/g) FEPIEMAES (T-AOC)
A& G fhde's A015-2, 478 mmol/g).
TR 2 B TR S ER A (0 15 B 1 AT SR R A
BUE B ZRE RN TUA B O, %R E
BES5EBLRN 109 BN TA 4 2 L
KBTI, E 4 C. 5000 r/min 25 4F
NELG 30 min, B EIEWAE R BGREEOR, it
AT FH AR ARSI o
1.4 BEESH

KH One-way ANOVA K556 25 B X5 5 $5
bRz i) 52, B Duncan i E#3ET £ H LK.
LI RIS IIME £ % (Mean + SD)
Forn, P<0.05 HEAEEEER.

2 RGN

21 BEBE (PPS)

B 2 B R RS R SR AR Ak L
Bl 1. AL F, BEAMEIE O HEHE
Em T HAL 3 ARG H, HAR KA H
FHHEZEER (P<0.05), 30 HEFHIE &
ik, fEMI T ERS, BEAME 0 HAHM 10
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EREHZ AR, 20 Hh LA IS, 30
BEHN TR, ZRE#E (P<0.05. BHHHA
W, BHERAREE T 0 SRR, 16 10 2
Higfk, 7520 F130 FHEH TR 0 HEH
Ko bR 3 R LA B B S ) S A,
B AN E B NS JI7E S A SR B R A
EHET I TERMBHL (P<0.05),

2121 Aa ®H Stomach
£ O #4/] 5 8 Pyloric caecum
#H e O % Intestine Ab
g g 8 Ac
&
ﬁ S 6 Ad
° 4 a
E o2 e . By 52
g 2 Bb
<0
0 10 20 30

EL7¥ Satinity

B #HENEYSEEEAE (PPS) EkKRM

Fig. 1 Effect of salinities on pepsin activity in
juvenile Lateolabrax maculatus
Elbs b AR S TR R A — 2 AR R (a5 R
5 (P<0.05); REANGFRFREAHLHEENFLLE N
WEEER (P<0.05)
Different upper case letters above the icon indicate significant
differences in different digestive organs under the same salinity (P <

0.05); Different lowercase letters indicate that the same digestive

organ has significant differences under different salinities (P < 0.05).

2.2 ajEMEE (AMS)

B A o JERY BTG B 5 AR A L I

2. HHLH, o JEREEE ITE 0 S A A,
bEE SRR B, 4 A2 R EREE
(P<0.05). Wyl TEH %S o JERBREJITE 0 21
FEH A, ELRE R 3G N At s, 78 30 3R
HIER R KME, 4 HZMEREE (P<0.05).
W4 o JER BTG 17E 0 hFEAH Y 10 #hFEA
ZIAZERAEZE (P> 0.05), 20 £ 30 35
FEA N TR, EREE (P<0.05). 18
0 ELFEHFN 10 EREEH, NETHLESE o TEN B
WEHERKEVNEFNE . . WITEE, =&
) 22 5 2 (P <0.05); 7E 20 24K E] /NI

FRG. B, diITE®R, =&EZEREE (P<
0.05); 7£ 30 EEH, W o KBTI s,
BHHITETE o ICHEEE HERAEE (P >

0.05), 5 HE. Ml TER A EA EEMEZE
5 (P<0.05),

& Aa

=

> 025 O )% Intestine

2020 Ab .-

C

£ 0.15 Bd

:'3 Be

s 0.10 Be R

£ 0.05

2 c c

< 0 0 10 20 30
HEF Saltinity

B2 HENESLH o EHEE (AMS) FHHEKIRM

Fig.2 Effect of salinities on camylase activity in

e
w
(=]

A m 5 Stomach
3 Ol ZE Pyloric caccum

o-JERY B

juvenile Lateolabrax maculatus
Elbs B AR RR S TR R A — 2 AR R (a5 R
5 (P<0.05); REANGFRFRAHLBEENFLE NG
WEMEER (P<0.05)
Different upper case letters above the icon indicate significant
differences in different digestive organs under the same salinity (P <

0.05); Different lowercase letters indicate that the same digestive

organ has significant differences under different salinities (P < 0.05).

2.3 JEWiEg (LPS)

B i 4123 i I g 3 g R AR A DL P
3. BALF, 0 HhEHNENIBEA BT, 10
Eh B M AR, 20 A0 30 Eh AT A ER TS MR
Wi, 30 EREEALIARI R NE, 4 HzmER
23 (P<0.05). Wl TE%EY, NIikE 716
MM, 23T SRR EES . BHA
W, 0 SREELAT 10 £ R 20 s i Bl il 1tk 22 7 AN
% (P> 0.05), 20 thfEZHA 30 2RI NE I
Mg A BEEER (P>0.05), {HE,
20 RN 30 hEABEE 1¥RT 0 EhEA
110 R4 (P<0.05). 1E 0 A, HAHH
REWIBEE 1R, HEmlTEZE. A NE
BTS2 REE (P<0.05); 7E 10 thE4,
B TE RIS I ESAERE (P >
0.05), {HE, EA15 M 442 HE i B % 70



5 31 RS Eh RS IE 4 s LA B R G R <723+
WRA RS (P<0.05): 20 #2413 4 B masmwamcar
2 A R T EEE DI E B E M E R (P> 0.05); 220 Aa Diﬁﬁ@b%&k@ﬁsw
30 $hEA, BRETALS FRIESE AR B gls aoyy A
K% (P>005), AESwITEEMILESE  E510
BEMHEZER (P<0.05). 2
50

® F Stomach < 0 30

o lﬂﬂl‘]gchyloﬁc caecum %ng Saltlmty

I:I%Intestmc

JE R 1
Agqctivity of lipase (U/mg)
S = N W h W0

Aa Aa
Ab
A d Ac
BbBc Be m
C
0 0 30
FhPF Saltinity
B3 hBExT e 5 & g AR B B v 1 K
Fig.3 Effect of salinities on lipase activity in juvenile
Lateolabrax maculatus
Bt b ARKRE F R R — #$ T ARNE s B B 1z
# (P<0.05): ARANGFREFREA—HASEEARBE T
BEWEER (P<0.05)
Different upper case letters above the icon indicate significant
differences in different digestive organs under the same salinity (P <

0.05); Different lowercase letters indicate that the same digestive

organ has significant differences under different salinities (P < 0.05).

24 BEAYEILE (SOD) MTEMLER
(CAT)

TERFHL I (K 4), T EAE RS I 2kE
ERFE G IZHT R %, 76 0 thF i E LA
Wiy Sy fcE, HAE 10, 20 A1 30 EhEH 2 6%
FAEZE (P>0.05). HEMAYSALEEE /16
ERFE N SIS, 7E 0 3hEHBE /)
B, 10 shFEEZLARN 20 SR A ET, H %2
B ZRAEZE (P>0.05), 30 thFHRMK. £
WLAIZHZR (B 5), 10 EHFEEHA 20 55 HT
ANEREE RS, BWEZMERA LS
(P>0.05), 0 #HEHRICHSE 10, 20 LK 30
A MHERENEZER (P<0.05). HA
A B ANl v 1 B R R T = S i s, 7E 30
AR A, 0 ShIEAMRAK, REHEH
ZIMEAEEEER (P<0.05),

B4 e SaTELEEE (CAT) M
HENBAE (SOD) FEHEKEMR
Fig. 4 Effect of salinities on catalase (CAT) and
superoxide dismutase (SOD) activity in liver of
juvenile Lateolabrax maculatus
L s NEIPNCEE S = o7 b N SN E L R v R =2
(P <0.05); ARNGFRERRANF LT F—FigA 225 12
F (P<0.05,

Different upper case letters above the icon indicate significant
differences in different enzymes under the same salinity (P < 0.05);

Different lowercase letters indicate significant differences in the same

enzyme under different salinity (P< 0.05).

=0 30
g B SR CAT
S O iﬁ’ﬁﬂ:%&ﬂ:ﬁ& SOD
ol s 20
s B
=2 g
i ﬁ ﬂ ﬂ
Z
2
<0

i‘“f‘§= Salnmty

B5 HENEGLAaNALEAERE (CAT) M
AL LEE (SOD) JEHEHIFL M
Fig. 5 Effect of salinities on catalase (CAT) and
superoxide dismutase (SOD) activity in muscle of
juvenile Lateolabrax maculatus
Kbz £ AR RS F 8RR [ — 3 R AR A R E =
(P<0.05); RRNGFEERRAFEHE N R —MEFE B 1%
5t (P<0.05),
Different upper case letters above the icon indicate significant
differences in different enzymes under the same salinity (P < 0.05);
Different lowercase letters indicate significant differences in the same

enzyme under different salinities (P< 0.05).
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25 HW_E (MDA) FEMEIEIEES
(T-AO0C)

ERFALF (KB 6), A BEEAA 10 £
FE2H i e, 30 EhEEH IR 2, 20 1B AL B f AR,
Bz MEREE (P<0.05); BIAMLEE
W7E 0 EhFEALIAFNEAE, 10 HEEHGRAR, b5
FE T e, ZREE (P<0.05). JINAHL
(E 7)), HoBEEE o BEHRMK, 5%
WiFtE, (HA 10, 20 F130 $hFEEA 2 0 2R
23 (P>0.05); SPEfbaeIfE 10 FhAE4H K
s, 0 ShEEHRAK, 4 BhFEH M EREE (P<
0.05).

o

161 a b 1007 &

C) a g

% 14 [ 40.06 ;

i E 1(2) d —0.05§-§
£ 2 os/ ¢ '°-°4§§
Q . -
]'E< 04+ . 10.02 35 -3
o} TTT_EEMDA loor £

o o L= BIUEALEET T-AOC o g

0 10 20 30 £

¥ Saltinity =

Blo HREEXNTEGLAFN B (MDA) &EH
BOUEMRES (T-AOC) HIEW
Fig. 6 Effect of salinities on malondialdehyde (MDA)
content and total antioxidant capacity (T-AOC) in
liver of juvenile Lateolabrax maculatus
Eibr AR FRERRZAFRHE T EREEER (P <
0.05).

Different lowercase letters above the icon indicate significant

differences under different salinities (P < 0.05).

3 iR

TEKF= IR, B B S A G B A
AEBERETEM, s LR
AH, SIS SRR A KR E
OUZES5E 2013) . THALEEE /12 f2RH A
ARG E BRI Fe bR . AFFRR, A
A Y AL B S 0 (0 R E B R VR . i
1E AN B 3 52 mn = Fh i 5L (Moutou et al.

54 %
)
6. 10040 S
B | a 10035 §
=}
10.030 R 2
1 E 4l 10.025 23
I TN a
#E 3| 10.020 7 8
e | 1001543 §
]E o 2 . 273
< —~— % MDA 10.010 =g
% 1r —- MPiELEES) T-A0C 10.005 E
<
0 : : : 0 |
0 10 20 30 g
E

ERPE Saltinity

B7 HENEGGHENAT B (MDA) &EM
EENRES (T-AOC) KL
Fig. 7 Effect of salinities on malondialdehyde (MDA)
content and total antioxidant capacity (T-AOC) in
muscle of juvenile Lateolabrax maculatus
Elbr 27 A RN FREROR AR S N B2 5 (P <0.05).

Different lowercase letters above the icon indicate significant

differences under different salinities (P < 0.05).

2015). #hEIRIE I 5 0 8 28 A TE A ) pH R
LM VEALEE RS PE (Noda et al. 1981). AHFF
SRR, 1E0hEH, BHBALEEAMN
WEREE T M TE %, X5 B (Pagrosomus
major ) CPf S f@ 4 1998) . BB Z 4@
(Oreochromis nilaticus £ X O. aureus 4)
CHE AR %5 2009) DL K A5 #5 7 f1 ( Sganus
guttatus) (FHENEE 2011) KIWFFLE RILAR —
o AR, ER—IRET, BEOME
NAEBHL T B m Tl TEEMGIE. X
2% 7t (Takifugu obscurus) (B 725 2001).
it (Pelteobagrus fulvidraco) (4 4 %%
2002) PLABRIEAESS (Trachinotus ovatus) ([X
NAEEE 2011 BT P A LR A I . Htk
HElr, BRI Zh I B B R
BE, HEAMIE I EEEmEGEN EA
JR B TE AL FAR T

o-VE Ry B R i o, R AR
28 OSSR T AR AR S,
BEE ER RGN, B AL a-SE BT 1 25
WS, KT EBEAGIEN a-JER B /)
A, 2w R A B AR o-TE
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Pyl PR A AN EIE R, A RERGE AT E A
BN o-ERBEETE. 76 30 2hEEH, H. w
ITHEN I a-vE A B 77 B R B B 7K

S, B Z R B R AR K R AT AR
AT 0 3 L SR A

Tty it B H R TR AR IR K (0 $hFE4)
AR LB (30 SR 4D 40 T RILH B =g 1,
7E 10 EHFELHAN 20 EHAEAH I IEPERRC. KAl T
FERRWTBEIIZE 10 THEELHAN 20 £6 FF AP P4
. K (0 BREEAD FEEREE (30 #hEEAD
AT AR A EiEEE AR K (0 £
FEAHD) AMEER (10 EhEH) %1 R, BEEh
FEBAIN (20 TREELLAN 30 ThEELL) BT
[ 38 0 18 1 6 7 s MR ER B 2 RN B3
(P> 0.05, fEm#EEXGEREE (P <
0.05). £ 0~ 30 FhFEVEHE P, AL nAe 2 E
e R R e, 3w AR R o R e
Bt 1A IR, S R T R s s Ve
b, X5 EH (FR L ESE 1998) FlS T (%
N 2011) HISE S0 T 45 TARL.

1 A0 7 R i i 2 7= AR KR R,
fEHLARYN A 235, 2R 5 PTE L
FEUATC N AN S NE TR T T IR N WA
Bij b, 3 4R R N A P4 (Saoud
et al. 2007). AW R TR, HEEAYI
A BEFIE AL SRR R K A (0 EhEE4D
TE PSR, 8 e R R S A S A e AN
I E A B S A AR . AR %) R A
A A T A I S A S 1 52 81 2 2
R — AR S, X PRI A 2%
WA E R (EHEF5 2016, XI5
2018), won HIIBEHI PR~y M. fe8i%) LN
T SR A A T st 4 S R A I o 3 i 3
s BT 75 0 SR AN 30 EhEEAH, A
RS PUR AR DB A R, SR
SO AR A X e A i (ZRAEESE 2014, B2
MEMSE 2016). EULNH, W ZBESELE 10
R ME S, BEEREERG M, W oS &
BUAEZE (P<0.05), RIEMLREHGER

£ 10 SRR AN A B B v (B, HORALE N EE, X
AT RE S LA HZUR AN R ER BE 2 A A — A B
(S S VAR INAY PSR =F
AR EE T AARARUAE, 2 WY PRI PR X 2 P
o R A R

LR LRk, FRPEKARERFE (A4 2 X el
CANERERR AL ZIE R RE AL T ey A I et i~
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PRGTAACRE 7T X AN [ h BE I F) 2R PR A,
ZER A OAAEl (R e TR IR LB IR KT
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