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3k 2 4 11 (Ruditapes philippinarum)/a@ T4k
&Y 1] (Mollusea), 5% 44 (Bivalvia), i I #H
(Veneridae), 3 17J& (Ruditapes), |z 531 T [
FEACTE I, BFRACHS . W WA WRIAE, R S,
BREE, 5480 FuHRIH WA DU R AL G R
DR R, AP RT3 G R 20% 78 4, K
AR RSN 29.19%~43.46%, & —Fhix
ZITRKIERE SRR FE NI, BFE, 75
JEHE A AR TR AR 2 24 300 07 t, o TR E R
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ThE, e R e e,
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LDH 7E 7K A5 A= ) 18 38 1 S A8 AL I 2 P AR 0%
PR EEAE . fEPUA LR, AT
fitf(SOD) ] LI AL O F1 H' A2 i O, Fll H,0,, SRJG
H,0, # i AL S B (CAT) R4S e H ki & Ak W it
(455 A4 GSH-px B, GPx)if i il H,0, [ it
SOD-CAT HI SOD-GPx # ik by bt 8 1k R 52 12
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W RIRIEAZ . RS A AR S
FE AL 0 A 0 2H 2R i 9k T 9 1) ST g i S A
Rgtesm, EEi%it 3 MiREZEIEE, 55
N—HEREFE R (OB, IEH R A -2 AR
-2 E(AHR)ALHL | IE % i A - 18 MR R - 18
PR A (CHR)AN . SRIGME 3 Fhigs S48 sh Bt
T AR AL 2 SOD . CAT &Mk,
GSH-px {fit . MDA & & . PK{ftE. HK iGE.
LDH i1 . ATP fii(ATPase)ifitE . 2 iR Ak
fiti (PHD) & M A1 i o ik S8 Ak ) (LPO) & 1 o L)
B 1 FEAE T A A RS Ak 75 B Aok R v 300
ACAR MY T, WFoT a5 R AR S Boe DR
B X8 5 R 5 BT B AR AR A

1 #MEMTE

1.1 SKIEzh4

1~2 AR N SRR EEIG AT 6 kg RE L
REFLWO BN, 4 500 H, 72K (36.49+
272)mm, 5% & (25.4542.65) mm, 5% TE (15.71+
1.24) mm, 1A (9.13£2.04) g, WAAFR 01 T 5256
BEFR LA, TSR, BRKREH7E 19~
21 Co B IWIA PR S 0 = B AR A AR L e R
S B, BRHK 1R, SEEGHT 24 h (FHERE
1.2 XiEit

WE 3 AR, 20— B4R IE
WIRA(CULFE(7.0 mg/L), APEK4A 24 h-2EE
A 4h (AHREHE, ZZ12K%H 48 h-ZZ18KE % 8 h
(CHR)AMHE . I H ¥ S (C) ML BEAE Ty i HR A, 25
WA 7.0 mg/L, BAEHHRASERERIT 60 Ki;
AHR ZbHLRFE N, AR A 60 RAEHE RS
ff, AR ITIE 4 h INEEHAF 7.0 mg/L
B2 0.5 mg/L, FFURTHES, 2 PEREMMNE 24 h, 2R
Ji 7 BB SR A 4 h WP 0.5 mg/L THiE
% 7Tmg/L, BNZA7EE 4 4 h; CHR AL FF AL A #
60 Fi JEF MG A BN 4 7 mg/L /KA, H
AW EEGEEAE 8 h NEBERE
0.5 mg/L, Fifi)m X FIRAUMNE FELE 48 h, FRiEA
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SR AAE 8 h NEETHEE 7 mg/L, AT
Fpek 8 ho 3 MR 3ANER, BANER S
WA 30 L SRR, 4% 60 KilhAf . SR TR
HES R 58 BENLIL X 4 3. 2EF8 2 h JE-F T3
AEFMBET-Se 1T, AL B AR R K
1.3 HmEXESTaE

B R AR ) Jefin 40 IEH VS (C)ZbEE 24 h
BEREE, 40 CG, IFE AT IR, 2tE )
3B 24 h BUEE, 544 AH24h; FEAMEE A 4 h B
¥, 444 AH24hAR4h; S22 IR 48 h URE, 144
Jy CH48h; 221845 % 8 h, 14~ CH48hCR8h,

I PP EL TR R4 1 mL G I i S g g
A 47 i A i PAT E ILCE St FH S PR i 1) 0 A
¢ WLRRE T 19 78 7 0 H — A w] AR Sk 4 A ZNEL)
L2 1 mL b B A VK ERCE RS 1.5 mL
BLE T, FALZIB AT, 15 min ZJFHA
FRECH A 80 CHAR IR VAR T A o

B LU AR SR IE R AT, FTHEE R0 1
FITIEIFE, THEERAR BY BY AR 22, XPRY 4 RikG

FE R —ifE 22 A 14 1.5 mL vk b s BB 4s

PR Y 7E A8 v FR R 22 BY TR A), Gl AR
H1, 15 min Z AT HEUHTA-80 CAE R IKFE
HZRAE
1.4 #H&SHSR

VAT O L6 B R RN BB 20 2, FH T vk fil 2 a2 ik

R SR BRA R, ST AL

{LRF(SOD)E 1 . 1 AL A B (CAT)IE J1 . A et
Jik 3ot 48 Ak W i (G SH-px/GPx) 1% 17 . A ¥ ( MDA)
i NER R B (PK) TS ) . OB (HK) T )
FLER I S B (LDH)YE /1 . ATP B (ATPase)is 71 . il
R R ¥2 F AL I (PHD) MK BT i 046 ¥ (LPO) I &
SRR AT . LA A8 AR Al A Bl AR A O T
96 A
15 HEBESITST

SR SPSS26.0 B4 X} T A S 56 A 4 1 47 B
K & J5 2257 B (one-way ANOVA), I 47T A [R4b
PROH K 2 (8] Duncan Z 1 FLEKEE, DL P<0.05
Vi 22 5 5 35 194 fE, ] GraphPad Prism 8 £ [%;
[FI AT SPSS26.0 XA [A] ¥4 80 A8 sl 5 X F it 7 A
AP IHE AT 2 5 W 2 A 5, DL P<0.05 1F 22

S FERIARIE, P<0.01 120 22 R4l 2 25 pO AR v,
ZERFIFR N

2 #R59H

M1 FIE 1 TR LUE H, BR T ATPase.
PHD I LPO 4b, Afb-Hi e LA & 4n SOD .CAT,
GSH-px, AN A 6E & A &R & W LDH. PK.
HK. MDA ZEM7E ARG AR i T 1
Ak, T LA I 96 B BRI A 2 AR s
FEAR—F, XF 24 h SRR A g R, H R R
AL 0 T M S T I

SOD TEIEH HASM T, AR Eimt:, A
FAMAR 2 MR 24 h &5 #E SOD & Mk ik
T, 2k 4 4 h, SOD i 3K 5 &
IEHORAS; 18 MEREMNG 48 h, SOD 1% M ILA 4E£;
AR (HA8PEE 4 8 h, SOD G M ZWIAR, 2%
FIEHAE

CAT FEIEEHESMT, fRefaimtt, &
PEARSE I 24 h, Ik R AEE L 2T ) CAT 1%
ez TR, 2R A 4 h CAT i PERE bk &
FIEFARD; ARG 48 h, bk L RS
HA R CAT I 1TEZ BT, 218K % 8 h, CAT
TG PR SR PR A B I RS

GSH-px/GPx TEIEHHARET, dififae
TEPE, ZEREMNE 24 h, IAKE W ) GSH-px
PRGN R, SE41Z0 GSH-px 1A KK
Ak, HaPEE A 4 h, GSH-px WG PEATFE, R
PR, 12 PEMRE MG 48 h, IR E TR RN SR 4
21 ) GSH-px 1 PE YT W FAIK, P18 PEE & 8 h,
GSH-px i PEREARA i3, KT 15 % (A

AR, R AU AR A R, TE
24 h SRR B, B SR S 7 i o T
M, SOD M Hph, M TR, CAT KREH 5 i )
FONRIZ, HR TR, BHEE GSH-px I T F%;
4 h SPER A, AEATE G AT HLAAR R R AR AR T
SOD 7 Pk & % 1F 7 7K F, CAT BRFfi# SOD
0] 9% $30T 1E W /K-, 15 GSH-px #54E R, 181
IRE M 48 h, FEALEE IS AFHUAAR SN 38 S A
XTIREG, SOD {if th A A K KAEfL, CAT 35 4 /Y
M o AN AR R Z, (H 2 R Rk, GSH-px {55
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iR, SRR 8 h MPIEA IR ARG BUETE, SRR 24 h, BRI H MDA 5 &

R B 8 AR AU e R A VE L, Bt AL AR 2
LUK PP AR FE SO, H B BH B 46140 4E R
P4, SOD i VI i F#AIK, CAT 76 4 L AR WK &2 1E
150, 15 GSH-px i [#{K, SOD Hl CAT 1F N
HEMPUAB B —C L - S A e x)
IS AFAILAR 452405 o

N (MDA) & &= . N R R B (PK)TE 1 A
O B (HLKO) 5 7 7 1 3bk T2 33 Al 28 2 b iy 22 Ak
AR, AT IR RS T 4R fae & it

AARGN, TCISTE Ik A A B A 2, AR R B
I S O R, AR 4 h, 3 RS TE
I bk B2 Y A 20 2 rp i B e B T 4B
PSR4 48 h X 3 Pl o & & ol g MR i AN [,
MDA % 5 78 ML B3 AN BE 2 2 3 I 357 T IE
WAH, PK 7ESSZ U 4 FEIE 5 (H, 76 msk e b
o AR H A, HK 7 I gk T 3% A8 20 20 24 4 1 1
WAEAAS, 18R AR 8 h, 3 RS B R
ﬁﬁ%&ﬁﬁ%ﬂ%o

*1 FERRFOLAEEMNHALERNEZETUER T EU B R N EE RS REERFEAEER
Tab.1 Comparison of mean values of oxidative stress response and physiological metabolic response indexes
in hemolymph and gill tissues of Ruditapes philippinarum under different modes of dissolved oxygen change

n=4; x+SD
B, 45 47 WA dissolved oxygen change mode
sample test index CG AH24h AH24hAR4h CH48h CH48hCR8h
SOD/(U/mL) 106.32+5.50" 115.02+£22.39° 108.66+13.83% 102.79+9.47% 79.64+9.40°
CAT/(U/g) 131.19+7.70% 164.21+5.63* 140.08+6.78" 148.03+5.54° 131.67+352¢¢
GSH-px/(U/L) 170.87+13.52° 144.04+13.28" 125.85+9.08° 126.87£17.37" 94.76+5.65°
MDA/(nmol/mL) 1.2340.06° 1.24+0.07¢ 1.53+0.09° 1.45+0.04°¢ 1.80+0.04*
6 3 HK/(U/mL) 9.48+0.65¢ 6.99+0.60° 11.46+0.73° 8.74+0.72¢ 12.89+0.80*
haemolymph PK/(U/mL) 32.3542.66™ 26.82+2.36% 36.46+1.35" 32.99+5.04 43.06+2.60"
LDH/(U/mL) 2.80+0.02% 2.68+0.04° 2.75+0.04% 2.81+0.03% 2.83+0.03"
ATPase/(U/L) 2489.85+411.21  2513.01+489.21 2578.20+601.94 2814.68+567.80  2679.29+244.57
PHD/(U/L) 59.96+11.33 57.60+12.19 70.95+3.38 60.48+13.43 64.28+7.51
LPO/(nmol/L) 80.33+18.16 82.18+14.65 72.34+6.69 86.01+13.94 74.67+5.26
SOD/(U/g) 1242.37+118.03®  1307.86+170.63*  1106.22+118.38®  1010.02+£183.49%®®  934.91+98.75°C
CAT/(U/g) 1381.86+56.35¢ 1687.97+£52.32% 1505.06+£24.11°¢ 1522.26+57.05° 1351.16+45.57¢
GSH-px/(U/g) 1794.19+145.47°  1626.56=80.67"  1403.85+97.88° 1516.73+42.65"  1118.28+71.89°
MDA/(nmol/g) 11.34+0.38° 9.88+0.27° 14.04+0.30" 12.58+0.55¢ 16.40+0.68*
i gil HK/(U/g) 79.02+4.11¢ 59.16+4.47° 105.14+7.89° 77.17+5.88¢ 120.78+5.44*
PK/(U/g) 311.90+27.45¢ 237.30423.33° 371.39+24.36% 322.35428.41° 404.19+18.50°
LDH/(U/g) 26.93+0.135 26.23+0.31 26.64+0.25% 27.74+0.18° 27.60+0.29°
ATPase/(U/g) 549.11+56.45 504.09+35.25 463.72+93.58 523.58+91.10 500.95+42.18
PHD/(nmol/g) 12.46+2.32 12.01+2.57 11.29+2.62 11.07+0.95 11.90+1.89
LPO/(nmol/g) 15.60+3.17 13.77+1.75 14.07+2.54 13.79+1.78 15.68+2.58
11:: SOD: AW ALRGE; CAT: i HALEE; GSH-px: AWt H KT ALY EE; MDA: N J%; PK: INERFRIMAE; HK: CRiAE; LDH: FL
W2 U ; ATPase: ATP fili; PHD: Eﬂiaﬁ&%ﬁﬂc@ﬁ LPO: EFid 48 b, CG: IEHIAE M, AH24h: 2PERE I 24 h; AH24hAR4h: £

PEARE MG 24 h-Z2 % E A 4 h; CH48h:
YA 1) 22 S i 2 (P<0.01), /)N

12 {4 48 h; CH48hCR8h:
ﬂa’—ﬂﬁl’l%m/ﬁHLE%i’a{ﬁIﬁJ?ﬁﬁﬁﬁ(ko.%).

o

ZIZRA 48 h-ZHB E 4 8 hy Kl LARKS T REFRR A [ 2k 31

Notes: SOD: superoxide dismutase; CAT: catalase; GSH-px: glutathione peroxidase; MDA: malondialdehyde; PK: pyruvate kinase; HK: hexokinase;
LDH: lactic dehydrogenase; ATPase: ATPase; PHD:proline hydroxylase; LPO: lipid peroxide; CG: control group; AH24h: acute hypoxia
stress 24 h; AH24hAR4h: acute hypoxia stress 24 h then acute reaeration 4 h; CH48h: chronic hypoxia 48 h; CH48hCR8h: chronic hypoxia 48
h then chronic reaeration 8 h; The superscript capital letters showed extremely significant differences among the average values of different
treatments (P<0.01), while lowercase letters showed significant difference among the average values of different treatments (P<0.05).
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SOD: ALY LR, CAT: T8 LA BE; GSH-px: AW H MKt /LY, MDA: TN %, PK: NERAR LAY, HK: O FE &S,

LDH: FLFJBi S fl; ATPase: ATP fiff; PHD: iz M2k (LR, LPO: gl AL CG: 1k

AH24hAR4h: Z YRR A

Fig. 1

HHAN [] Ab B 24 1) 25 7 4 3 (P<0.05).

different modes of dissolved oxygen change

Al oz

WA AH24h: 2R MA 24 h;

24 h-Z 15 %6 4 h; CH48h: 2212 {% 4 48 h; CH48hCR8h: 1214 48 h-Z218 K 4 8 h; AN[FFHEF:

Oxidative stress and physiological metabolic of hemolymph and gill tissue of Ruditapes philippinarum in response to

SOD: superoxide dismutase; CAT: catalase; GSH-px: glutathione peroxidase; MDA: malondialdehyde; PK: pyruvate kinase; HK:
hexokinase; LDH: lactic dehydrogenase; ATPase: ATPase; PHD: proline hydroxylase; LPO: lipid peroxide; CG: control group;
AH24h: acute hypoxia stress 24 h; AH24hAR4h: acute hypoxia stress 24 h then acute reaeration 4 h; CH48h: chronic hypoxia 48 h;
CH48hCR8h: Chronic hypoxia 48 h then chronic reaeration 8 h; Different letter markers indicate significant
difference between different treatment groups (P<0.05).
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TR DG i B ™ 0 7 Wi o7 AN [ SR AR AR B = P i s
R ZHE—5U, I MDA S LIEH, 24 h
SRR AU 8 2H 2 3 B A A, X Ik EL )
idEiR oA 3, SR 4 4 h, BTIMIR AT B A
213 AR AR IH R 22, bk BV i o BRI
AT, 1B AR 48 h X ZE 2R il 9k T VR Y
iR, (HARERFELER); 18R 4 8 h IR
S A Ao 1) 8 A2 X 50 2L 2000 L 4R 2L Y s ) 62455,
S TR db IR A AR T A A SR i R X
EE PK A1 HK, 7ZEARERTIEMEREAR, 765 ST,
il 5 M T, U PR HIK Bifi 75 480728 Ak 8 5 4 15
file AR T AE S S I8 A oG B
LDH &2 IREART, s R R RS, HiRir 2
PR AR, I P R R, T A AT P G A
48 h Mgt 4 8 h, LDH IR B Wi T, 36
LDH A J83 LER %, PK, HK, LDH 3
Tl A 1 T A 0 2 2 A e g 2 B L i A LA
7 LA AR 255 i 9 L 9 e o7 R B, X 5 AR R 0
FEHLIR 25 P A — 3k, 8 20 21 s B ANA A AR 1k,
T AL 90 B R R R S AR A T — B B[]

3 it

AR T A AR T B L P ) 2 A T ()
FREI UL, RhBE o 55 (AR i i A B b 42
T s 5% Ao 222 AL b3 9 DR XU o BTSN T 4
R SRR IR AR AL R, B AT T
Fe sk e MR AL 2 W 225 o B, % SR ELRL )

I, AT TE B S A1 T AR R . Mool
e AR . A EE AL S A W
REZR I B B A RIAE AR AL 2 2 Wik 18 7
TR LA EE A Wb S, B 5ER
AR B B Na™/KT-ATPase Fl AMPK, L)
N — el B G I RR A, MBI S G A dn ey g o 2ok
Bl SR T Y UL A, BT LA BIFE 6T T R[]
WA AR SR SUR K R h ATPase
YA AL, R AR ] 22 57 5 2, (A5 A ) b B 4
)22 A8, Wi FEAE MBS AL,
N[ fie ATPase JHPEFLEAR D E ATPase FiELAE,
SV AR AN A 2R ATPase A8 Ak i AN []
FEERBRAK, SRR LUE A E 7
SRR 2 5 M A A MILAAR T JEL 2 i 9 EXL 92 %)
AR A ST A R R e s A I T
W2 5 T B S A FE A TR G A7 B 20 2 4 2 1
EAARNY), K BB S HE R A Y98 - A
REE AR B R, KW A 2 5 R A AT 6
FUH A b g 2 P A BV B2 AR A, 77 AR B B Y
AU, FEIA NI A nT A/ i R AR ST
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B W & % 1L #8 (prolyl hydroxylase domain,
PHD)4 i, HIF-PHD J& g AR U5 5 88
HP1, PHD MR S T TG S SR A5 5
W, WOE TR HK . LR ERE A (LDHA)
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Effects of three dissolved oxygen modes on oxidative stress and
physiological metabolism in Ruditapes philippinarum gill tissue and
hemolymph
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Abstract: Ruditapes philippinarum is one of the most important shellfish species cultured on the beach in China.
In recent years, global climate change and coastal seawater eutrophication have expanded the hypoxic area of the
tidal flat ecosystem. The severity and duration of hypoxia will be exacerbated by eutrophication and may
deteriorate with climate change. Long term hypoxia can kill a large number of marine organisms, including clams.
Clams are more vulnerable to various adverse environmental factors in an increasingly intensive breeding
environment, which increases the risk of disease outbreaks. This is unfavorable for coastal economic development
and ecosystem maintenance in China. The respiratory organ of the clam is the gill, and haemolymph transports
oxygen and nutrients in the clam. The change in dissolved oxygen directly affects the oxidative stress response and
metabolic index in the gill tissue and blood cells. We set up three modes of dissolved oxygen changes to
investigate the oxidative stress response and physiological metabolism of R. philippinarum gill tissue and
hemolymph in response to dissolved oxygen changes, namely, maintaining normal dissolved oxygen (C treatment),
normal dissolved oxygen-acute hypoxia-acute reoxygenation (AHR treatment), and normal dissolved oxygen-
chronic hypoxia-chronic reoxygenation (CHR treatment). The superoxide dismutase (SOD) activity, catalase (CAT)
activity, glutathione peroxidase (GSH-px) activity, malondialdehyde (MDA) content, pyruvate kinase (PK) activity,
hexokinase (HK) activity, lactic dehydrogenase (LDH) activity, ATPase activity, proline hydroxylase (PHD)
activity, and lipid peroxide (LPO) content of hemolymph and gill tissue under the three modes of dissolved oxygen
change were measured using the microplate method with 96 samples. The results showed that the gill tissue of R.
philippinarum was the first to respond to the change in dissolved oxygen, and the response was immediate and
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intense, whereas the response of the haemolymph was delayed and moderate. The oxidation-antioxidant enzyme
system of gill tissue and hemolymph changed in a consistent manner, with SOD, CAT, and GSH-px being the most
important antioxidative enzymes. SOD and CAT can help to mitigate the damage of dissolved oxygen change on
the clam body. The changing trend in oxidative stress and energy utilization systems such as LDH, PK, HK, and
MDA is also consistent in gill tissue and hemolymph; PK and HK regulate the efficiency of glycolysis as the
dissolved oxygen changes, whereas LDH primarily regulates the efficiency of anaerobic metabolism, and the
MDH content reflects the extent of the dissolved oxygen damage to the clam. The enzymes and products involved
in physiological metabolism can be used as effective indicators to monitor the response of R. philippinarum to the
changes in dissolved oxygen in the living environment. The changes in ATPase activity, PHD activity, and LPO
content only show differences among individuals, while the differences are not obvious among different dissolved
oxygen modes. The body of R. philippinarum can quickly adjust the oxidative stress and physiological metabolic
responses to acute changes in dissolved oxygen, but the response to the chronic changes in dissolved oxygen is
slow, resulting in long-term damage to the clam body that is difficult to detect. The results of this study will
provide a scientific foundation for adjusting bivalve culture methods and disease prevention methods.

Key words: Ruditapes philippinarum; dissolved oxygen change; gill; haemolymph; antioxidant enzyme; metabolic
enzymes
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