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Study on the Energy Metabolism and Oxidative Stress
of Juvenile Brown Flounder, Paralichthys olivaceus in
Dissolved Oxygen Content Descending Water

F OELE ORLERIARL, KRR
LI Jie! , TANG Xia' ,ZHANG Ling-yan' , HUANG Guo-giang!**

(LA EHEEREKTERE, ILRES  266003;2. ] BHHEREN I AEEEDBEARAESL
B=E, HHIL%E  536000)

(1. Fisheries College, Ocean University of China, Qingdao, Shandong, 266003, China; 2.
Guangxi Key Laboratory of Marine Biotechnology, Guangxi Institute of Oceanology,Beihai,
Guangxi, 536000, China)

WE:ABNIEVBMEASE T HEMEBT 8 ( Paralichthys olivaceus Y4 B EE B R LM B a ., [H
FINEB TS AEBRED 7.4 mg/L THZE 0.9 mg/L 3B IHER HEE . SE LU REMNEE
WHEL, (ERIEEERASEDORK, B HLafER 2 U R4, AL EH“U BB BT
B8P 4h & LY T B (MDA & 23, A LR A1 I b A 9 AL A (SOD Bt A 3 iR i i . H i
FHRAFESENEHAEBE FHRERIEARNIBR ERIELDEEL . IIEPRI B EBRE.
(TR THSEHERABERNBTEANEBERNERESETHREHERNM, TENHNBERES
BREXBT ™ EBE R AEFRKRERETERNKRE.

XKERAERE W REAH HLME

HESES.S17.4 XWAFIRG.A  XEBRES1002-7378(2015)01-0022-06

Abstract .[Objective]To investigate the effects of descending dissolved oxygen content on the
energy metabolism and oxidative stress in brown flounder, Paralichthys olivaceus. [Meth-
0ds)The experiment determined the dynamics of oxygen consumption rate, ammonia-N ex-
cretion rate, atomic number ratio between oxygen consumption and ammonia-N excretion
(O : N),and parameters of oxidative stress of juvenile brown flounder in the water with the
dissolved oxygen content (DO) descending from 7.4 mg/L to 0. 9 mg/L. [Results]JAs DO de-
scending, the oxygen consumption presented an “U” type fluctuation, an upside-down “U”

type fluctuation of O ¢ N appeared, and the

W% B #9:2014-10-10 malonaldehyde content (MDA) in the muscle in-
BB B :2014-11-19 creased. It was found that the activity of SOD in
EETA.E FUBL) . X BmERARE. EENFK=HY

muscle and liver increased as DO descend. In-

* Bx A RBEE L H (30600462 YT B .
« % B EEE 1973, B M L, B R, £ = mMak water may produced superabundant active oxy-
PR A A %P5, E-mail: hughhgq@ hotmail. com. gen radicals and thus enhanced appearance of lip-

spire of this, higher metabolism rate in low DO
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id peroxidation. As a result, lipid peroxidation may be accumulated and causes oxidative

damage. [Conclusion]Energy metabolism and partial oxidative stress parameters of juvenile

flounder were significantly affected by descending of dissolved oxygen content. So these pa-

rameters can be used as indexes for the appearance of low dissolved oxygen content stress

and control of the dissolved oxygen content in cultural water.

Key words: dissolved oxygen content, Paralichthys olivaceus, energy metabolism,oxidative

stress
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(ARBEXIGKZKEFEEN KA, K
FEMNKEFREWEAHETEMERIGES . KER
kiR G gl R AKIERMIFRAMAEBRHEEE
L RHAXBERE TR . BYHLMCEREMAER
ZRU L EEENAKRNAETITRN BB T,
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M ERAAERRL, REEARNEHREATRM
REMZRERIM - THESHTY . BEHEEHE
(ROS) FEELN KP4 , HE SRR IENKN
AALBRR AL A R H A, B AT ] RE i i 2T A 4L
b S8R B0 T S e SR AL B AR b R i B R AR vT BB Bk
7 ROS =&, # i W E NS, ARE
Jolr 38 AR B 3 72 o 2 7 4 4848 4R R IR R G 20 A
b, RSFEENENE. [FIAFRERIKF
RYWMERESESHE KR £F BR.L2K
BRI KB HRBEE EERL BEIOLEEA
B A W i O O X O 5 BE S R A Bh T A R A R
. HaREFTRBUAERBEASESTHRERHE
T KERDT, EAEMRERE, RO RERE
BEE KB BES BN T MK, fmn, 2
WZEIPIR R B, L8 ( Oncorhynchus mykiss )4
BIET7.05 mg/L BRI EKHTHEF 304G, HiE
EEMAA R 8. 82 mg/L.11. 84 mg/L Hi
15.80 mg/LIBFEEHTHAURTR. EALE®
BT RIKYNEEZESE, RBE B T E A
JRYILRE 5 SBLRE R LB, LB B KT, RSP
FEMRER S AR MBI, BB A RSN
Bass. Fik, @ a8 A LRE ST s A
RREYREAAR Y., KPBRENELESER
A R A AR, TR 51 R 1A P T A R R
AR AL o {5 4R P R AL — B AL R R R A SR T A
%2, REKEEREASAXBTIREAEZERETL
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B R — e AU = Y A3, R DL R AL EE Y
WD MmN £ BUE R BE T FS EY
ERBEHEE R AR S S AL, m]
BESFBHLEMBRG ., (FFRDANATE DT
EREAERNHFEARSERETENHERR LHE
R, AT A T M 2R UK A TR AL R 2
TRAKFURGEFBEERBKFHEREASTE, A
TR FEK AR IR 55 1 i Bl L 3R K 14 K i R 45
MAaXEMmFEE RS ERT ", KN
IR, TT LT A A S BXT XM m , X
FfTREEME TR KEAEESHRREELERX, [
i Al gk e AR FF B AR 2N S %
E. (BB ROXBRAIY LT H
( Paralichthys olivaceus Y418 R 3 X &, X HAE
R E BT R R i B & A A Ak N 38 R
BEATHESE , LA R IR AR F #2558 B 7 i A8 8 38
BRPLH R BT R, R HIEB TR EZAME
Hy 38 B PR SR B K A v R RS AR LR B

1 #MHERE

1.1 ##

WS BCF R E R 60 g ARSI AR
(LD) Gt L4 B L B8 (SOD) 3% F1 . BT E AL BE J1
(T-AOC) . HiBEA A E F 15 J1 (ARSO) . iF R BRI 4%
BEH S AL E 2 B BK L {5 (GSH/GSSG) . —
BMDASHINEANEHWEREEREY T
BT .

1.2 A&
1.2.1 AK#tm =z

¥ 11 B A SE4h e AR N 20 L 2RI
OEEES UAHMAN T ARBENTE. BT
0CHIKIBF  RASKBEKEAREASTERIEE
AR ER 2 h J5, 5 1k S BURE U 8 K 14 15 R
FMEAGE HBHNESD. REER 2 h Bt
MEKKAEBREGEASE HERTHER,
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1.2.2 Ribp Akt

¥ 80 B A4k 1 B+ 20 L KIKWEE
BAJKIR g 20 CAK A, FEA 2 S K75 i 4R
FRAFREEM,EN 2 hE.FIETAR A YSI
DO200 By E A Wa i 15 i ) T K8 0 I E VR R R
8N 7.5 mg/L.6. 0 mg/L.4. 5 mg/L.3.0
mg/L.1.5 mg/L.0.5 mg/L BB 10 21 f§ MS-
222 BRI )G BURE
1.2.3 #akfES5aE

KR R EME R & &4 5 A E B AR R
PR E

JHFRIE AL PO AE AL 78 BREE 0. 2 g 24, AR AN
WL 0.5 g Z24 4% 1 ¢ 9 HBlImA 0. 09% 4 F#h
K TEVKKIE A IKA SJR LA 10 min, R 1E
0'CF 10000 r/min B 0> 10 min, L E {E W A
—30 CuKFEIRFFIE .

il A 3R) & 0 e LY FFREEAE & LD SOD 3
73.T-AOC,ARSO.GSH/GSSG MDA & & .
1.2.4 HBEHHE

A 18 P 45 7 B 0 A (6] B ) B AT 15

HEH(mgeg'+h")=(A, - A)XV/
(B X1it);

HEE(mgg ' +hD=(A,- ADXV/
(B X t);

AR =GRER-16)/GEER+14),
HbAVA, A AR RPIIRE B A (mg/
L) ZREBE (mg/L) HREASE (mg/L) M
WA R A &' (mg/L), V IR R H K 5 & R
X1 BRSSERTHRIBENSTHYERRH

(L), BALKAMKE (g, t IFFERERE(h),
1.2.5 HEEAHG%H 54

R Al SPSS11. 0 % 52 56 4% (<30 %0 8 >70%
MBS LR EH TR EZ RO # T 8E T £
G3 BT 3 3 A R) 4k 38 5] ) £ 4 347 DUNCAN £ &
HAL, LU P <<0. 05 fE R 2 5 B 3F WARHE.

2 LWHER

2.1 gEERI

HERIATHEHREASETHENLRERDETH
MREERRIHAR I BN LB, 4 DO>4.6
mg/L B, FEE B RS B TR, 18 5 614 i #E
ARZBEHES HFEEZH TR EAKO: N Lk
F+:¥4 DO<4.6 mg/L i, FEFEE S BIREAMR,
WA aFEE R LA F YRR, AA LBk
K. HEY DO=0.9 mg/L B}, KPHBEREATE
KL, MASRHES T, KRR AFIERK, &
Atbitm. BEMS . FEEREBRESERI 5T 6
AR EURAEN, AR L 2E U B,
2.2 |UAREH

MEZHUEN BRESETRIRSD,NK
FHIRTRAARERE, FESHARS &N
ABEER. MEBERATENTE, JLA AR
PR SOD E NEAM AW EY, B ERKREHRE
EEDO THAFRFH _BESEEERTHELAHE
H, LHEPHERERESLHEATRERELERY
BA WA BT,

Table 1 Energy metabolism of juvenile Paralichthys olivaceus in the decreased content of dissolved oxygen

HEE O:N

Dissolved oxygen content Oxygen consumption rate Ammonia-N excretion rate Atomic number ratio between oxygen
(DO, mg/L) (mg+g'-h™" (mgeg'-h™"H consumption and ammonia-N excretion
7.4 0.11240. 004t 0.002140. 00052 58.38+6.53%
6.2 0.1200. 010¢ 0.0015£0. 0004 89, 68+10. 95b
4.6 0.12240.012¢ 0.0013£0. 0002* 111.25+23.01¢
3.1 0.088+0, 007" 0. 003040. 0005 35.86+7.05%
1.8 0. 055+0. 0062 0.0026+0. 0005% 27.32+5.99°
0.9 0.095+0. 004> 0. 0020£0. 00022 43,27+2, 82°

B R—-FIARZEG LN EATZ AR EE.

Notes: Values with different superscript in the same row are significantly different from each other.
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Table 2 Oxidative stress of juvenile Paralichthys olivaceus in the decreased content of dissolved oxygen

AEGEMRAS B &R Parameters under different dissolved oxygen content

s Kb
Tissue Parameters 7.5(mg/L)  6.0(mg/L)  4.5(mg/L)  3.0(mg/L)  1.5(mg/l)  0.5(mg/L)
LR ‘ , 1.4840. 322 2.67+0.22b 2.42710.23% 2.78=+0. 25" 3.35%40. 31° 1. 6340. 242
Muscle (I.D, mmol/gprot)
SPLEaE N . . . a a a
(T-AOC, U/mgprot) 1.73£0.38 1.68+£0.74 3.35+1.28 1.52+0. 22 1.26+0.33 1.3240. 44
B SOD & A ab ab ab b a b
(T-SOD, U/mgprot) 6.06+0. 89 6.81+1.13 5.54+1.28 7.43%1.59 3.36%0.81 8.77+1.03
nEEAHEFEN a a ab a a b
(ARSO, U/gprot) 0. 02910, 004> 0.026+0.004* 0.055+0. 008 0.028+0.004* 0.03840.007 0.077;ﬁ0.014
— =K
KB 12.024+1.63> 12,93+2,15° 24,21%4.63%° 10.74+42.47° 11.51+2,10* 29,67+8.16°
(MDA, mmol/gprot)
GSH/GSSG 2.1840. 45 1.50%0. 37 1. 4840, 50" 2.594+1. 228 1.42+0.50° 1. 8940, 702
}ﬁﬂﬁf Lm 0.78+0, 16¢ 1.25+0. 10® 0.7140.13* 0.49%0. 03¢ 0.40%0, 08¢ 0.48-£0.072
Liver (LD, mmol/gprot)
s8R Kid P . . . a . a
(T-AOC, U/ mgprot) 0.53%40.07 0.60%0.11 0.60%0.11 0.91%0.16 0.50+£0. 18 0.85%0. 14
£ SOD # 1 0.61x0.11¢% 0.88+0.09% 0.9140.07% 0.8440.08®" 0.82+0.032 1.07+0.03%
(T-SOD, U/mgprot) .61%0. . 88£0. .91x0. .84+0. .82+0. .07+£0.
BRI R T IE ) 0.069%0.010 0.069+0.008* 0.064+0.023* 0.06530.014* 0.04£0.010*® 0.09£0.010*
(ARSQ, U/gprot)
W _BER . “ a . a a
(MDA, mmol/gprot) 0.39%£0.07 0.47%0.05 0.65%0. 16 0.56%0.13 0.38%+0. 07 0.53%£0.05
GSH/GSSG 1.88+0.41* 3.22+1. 922 0.63%+0.16* 2.27+0. 567 0. 6930, 20° 2.59%0, 892

E:R—-SARTE LN EEEE 2R B E.

Notes: Values with different superscript in the same row are significantly different from each other.

3 itig

3.1 BMEKENETHHEEERFNFRM
WA AN EARHERHASENTRE
“UBIZA EEMASERT 1.8 mg/LJ5H —
NP, MR AL X KB B Siniperca kneri )4
I FE R B AT INRE A TR M PR O 2 o, DR B
R RA MR A KRR SR 2 BB
U 2 R X R AN —BUR I FT RE A R
F V5 1 S BEAR B B AR K O B5F , 48 5 81 &)y £a ok sBE AR 75
R TT N B BU, OF B 5 S 4 £ R B S0R 5 Bl
( Takifugu obscurus ) % 1 25 ), & & ¢ Rk 55
Ao M T BT 20 AR I8 09 08 3 n, TS 3B
RBRME S, KESIYFEHAKRKILGYIEREE
R, TSRS B AN E £ RE™ Bk E
BRI 22 3 5K Y R TR AE O BE B AR A L3R A5
REHER. YEREARKE 4.6 mg/L B, 487
BIRAALARENRS, RVUBTHYEHER
RBRYHBA B RN Z L, X — B BF ks
PhREREANEYLA R SRS, X—HAL5H
K A S W XHRIE AR R BEREHAR
Lo Rp St (B 3 A, VT BE R h T4 2F 6% 4 Ak LA
FEAFERECAFER D, 28 HNABARC AN

R KA. R, REB TS EHE
PR 3 A R B R R L (E K I BT B R
R BN RS AT SBUE R E RS
A FBHLAE AT ) L 3 BT B B BUR IR A K
3.2 BREAEMEBFESERUEBHBM

MERREASBO TR, BTHEHANN TN
AREBEATBERENRE, LRSS RN
RUHBEEF BT AT R, PHBELTYI
MR, HREE KSR a0 E K, LA BT
R T A BB R S R A R R B, X
T BN AR EEEENIERM.

BB AN AEYREE R XEE. AARETE
BEHEE, SRHEMAEYEEFRSHE KRR
G 7 B » i % A5 B 1 &AL R BE (LPO) , 8% 35 8 1
IE 3 45 4, 3 T 450495 0 D o 0 Bk 7% A i oK R o ik
EALF=Y, I MDA B 38 1f 4 49 I b £ Kt F g 1
R 1 2o A LA S R e A B 4 A 7 4 R R A
FG7 . E i, MDA 24018 % 4 B8 it 8 4L K R
R =1, & B K /NE R T R R i 1k i 3
RAGREE, BT ARG EE IS
B3 7, IR B 1 AT X £ 28 B BT R R R 7 A R
LR B ERMEAS B TRIE D, 8 T84
LA MDA & 58 fin . 7 91 1% S0 36 165 48 2
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g FTEANEE AN ESZHEHEEAH
2. FRERESEARNER,EEIELYHE,
Al E&E BB, X5 Wilhelm Filho™ 3t 4 K &
g8 ( Leporinus elongatus ) W) B 3% 45 5 46 11,
Demple B 5548, LUK ZE 18 ¥ DL B & T, 7T X
RENEMAHBENEERBO ARG, TRE
H,FEERBE S BT R8T 884 LR F U AE
 SOD BE MR KBS BRINBREIEE
HHEMNKERR, SOD SHELLMELER L L
IR, B e HL A R I AL

HTHERARE EENMNEKEE BT R
SAL NS AR SOD #9748 3l 7] 52k 44 1 & 1k B 3
RE, ALBHF,SODE N EBBRESTETREE
6.0 mg/LIEEN R EWM, KUK TR AT L4
FhpaARE .

4 @it

BER MRS GEE R HEE R AR ) AT
FESRMMEIER SOD E N MLBEBESET
FEM ™A B, TR REN, R IRTES #
AMGEMA (T mg/L) FHEZE 6 mg/L YT H L
R AT A EBFMETHEZE 6 mg/L
NEZ4THERS, FEKENEBRESENE
7€ 6 mg/L LI E,
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