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Fig. 1  Schematic diagram of the intermittent hypoxic stress
experiment procedure
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W,x100
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(InW~InW)/tx100
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Tab. 1 Quantitative PCR primers in the study
SR 155
Primer name Primer sequence (5'—3")
I AR Ta GCACTTTGCCCTCACTC

Vascular endothelial

growth factor a (vegfa)
& W RAEKRFZ42 TTGCTGCTGTTGTCG
Vascular endothelial

CGCATCAACACCACGCAGGAC

ACCAGAGTGCGTCCA
growth factor receptor 2
(vegfi-2)
H 57 <5 JR B H B2 TCCCAGATTATCCCACC

Matrix metallopeptidase 2 GCACTTTGCCCTCACTC
(mmp2)

HEUIR ML A NotchBt /A  CACCAAATGCCATCCTA
Jagged canonical notch ATCCTCCACAGTCAAGC
ligand (jagged)

BRIDZ4K8E ANotch-1  GGGGTCGTTTTCATTA
Notchl TCTGTCTGCTTTTCGG

M RCEAMBET ] TCTACCACTGGCATCCGCTGAT

Cytochrome C oxidase  TGAGAGTTGCGACCTCCACCTA
subunit I (cox)

MP OB RCEMEETRE2 GCCTGGTCCCTGGTCTGATGAT
cox2 ATGAGCCGTGTGGTCTGGAAGA

AP ERES T CAACACGCTCACTGGCCTACAC

gOSt*;glandln Esynthase  TCTCCGGTATCCTCCTCCTGCT
ges

M EPASOF 2T ZH TCGGTGGACGGATTGTGGTGAT

JRTI 542 AATCTCCTCTGCTGCTT
Cytochrome P450 family ace crecrereeraeriee

2 subfamily J member 2

(cypZ‘jZ)‘

18SIZHEARNA CGGTCGGCGTCCAACTTCTTAG
18S RNA CTCTCGGCGAAGGGTAGACACA
B-MEhEE GCCCTCTTCCAGCCTTCTTTCC
p-actin ACCTCCAGACAGCACAGTGTTG
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P9 A i [A) 347 T-test b8 . K FHIBM SPSS Statis-
tics 2233 17 48 i+ 73 M, P>0.05% R Z 7 A & 3,
*P<0.05% N2 F B FH, **P<0.01 £ R E RN EE.
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(A, TR PRI ARt 2 S 4 v 1 I A RO DG
Hlvegfa. vegfi2. mmp2WIZRIEKF(P<0.05; ¥ 2B).
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Tab. 2 Effects of hypoxic stress on the antioxidant capacity in

BR4H LA L5 4 K 1

liver of largemouth bass

feFRIndex 4 CON (% HS
T-AOC (mmol/g prot) 1.79+0.12 1.5£0.05"
SOD (U/g prot) 3.59+0.13 2.85+0.13"
CAT (U/mg prot) 53.96+1.99 41.79+3.71
MDA (umol/mg prot) 10.53+0.43 147341
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Fig. 2 Effects of intermittent hypoxic stress on gill histology and angiogenesis-related gene expression in largemouth bass
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A. Histopathological sections of gill tissue; The gray arrow indicates interlamellar cell mass, and the black arrow points to gill lamella; Scale

bar=300 pum; (B) The relative expression of angiogenesis-related genes in gill
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Fig. 3 Effects of intermittent hypoxic stress on hemoglobin levels and hepatic angiogenesis in largemouth bass
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A. Hemoglobin level; B. Methemoglobin level; C. Histopathological sections of liver tissue (light green areas indicate blood vessels; scale
bar =400 um); D. Percentage of hepatic vascular area; E. mRNA expression levels of angiogenesis-related genes in liver
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Fig. 4 Effects of intermittent hypoxic stress on hepatic fatty acid composition in largemouth bass
A. FFREAE R % &E; B. SFA. MUFARIPUFA/KF; C. AAKT
A. Lipid content of liver; B. Levels of SFA, MUFA, and PUFA; C. AA level
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NLE R IMEE R E ERIEKFHE N

W 6FT7R, A [ Fa] 45 st 6l 25 23 (1) g 3 &85
RS2 AN I 35, 350 3R Tt A58 /0N v [) it 41 e 1] 5 2 1)
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R B EIE NI vegfas mmp2 X jagged i F 1%
57K (P<0.05; K] 6B).
29 [EEXMHEREIEX T RARAE X O BT
MEE RIS
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TR AAZLFFIF 240 23 (I PGE2 S EETS/K - & 3 & T %
20 (P<0.05; &l 8A—B), I H & Al o6 3 K th 3%
I 2 v T R 2 R IA 7K ST (P<0.05; ] 8C).
3 g
3.1 REMBTADOEE5H M ESE pL RN H S
[EEcizdEs
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Tab. 3 Effects of arachidonic acid supplementation in feed on the
growth performance of largemouth bass
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Tab. 4 Fatty acid composition of liver tissue in largemouth bass
from different groups after 8 weeks

e FrIndex X HR41CON AA
WIEIBW (g) 12.52+0.02 12.5240.02
KEFBW (g) 80.78+1.27 80.49+1.09
HEH R WGR (%) 545.07+9.62 542.76+8.10
THE RHFCR 1.01£0.02 1.00+0.02
TEHEZESR (%) 100 100
35 CF (g/em’) 2.4120.15 2.2320.08
AR EL VST 7.630.32 6.86+0.36
T4 ELHSI 1.77+0.21 1.37+0.12"
YR R E 75 i 1 Final fish nutritional composition (%)
12 [ Crude protein 16.98+0.23 17.43+0.17
FHE Wi Crude lipid 8.18+0.09 7.84+0.11"
K4y Ash 4.25+0.08 431+0.11
/K4y Moisture 69+0.47 69.71+0.49

e FrIndex X CON AA
C14:0 0.92+0.1 1.0720.11
C16:0 21.11+1.46 2131£0.84
C18:0 7.33£0.63 6.62+0.38
€20:0 0.24+0.07 0.23£0.03
Cl4:1 0.3940.06 0.25+0.08
cl6:1 2.61:0.14 2294028
CI18:1n-9 22.39+1.14 21.73£0.39
Cl18:1n-7 2.1740.13 2.2840.16
€20 1n-11 1.14£0.18 1.2240.17
C18:2n-6 18.6640.91 16.92+0.24"
C183n-6 0.320.03 0.23£0.04
€20:2n-6 0.59+0.05 0.740.08
€20:3n-6 2214022 2.8140.17
€20:4n-6 0.68+0.14 2.46+0.13"
€22:4n-6 0.53£0.06 0.79+0.11°
C18:3n-3 4.5+0.13 455029
C18:4n-3 0.26£0.09 0.240.03
€20:3n-3 0.29+0.07 0.4+0.07
€20:4n-3 0.840.09 0.73£0.09
€20:5n-3 2.15£028 1.92+0.33
€22:5n3 0.94+0.09 1.0120.11
C22:6n-3 9.79+0.52 10.29:0.46
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Fig. 5 Effects of different dietary treatments on asphyxiation
point (A) and oxygen consumption rate (B) in largemouth bass
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Tab. 5 The effects of hypoxic stress on liver antioxidant capacity
of largemouth bass in the CON and AA group

e FrIndex FTE-KECON-HS AA-KEAA-HS
T-AOC (mmol/g prot) 1.42+0.05 1.69+0.05"
SOD (U/g prot) 2.95:0.13 3.37+0.14°
CAT (U/mg prot) 383217 50.66+2.44"
MDA (umol/mg prot) 17.82+1.24 16.34+0.78

>

K6
Fig. 6 Differential responses of gill histostructure and vascular gene expression to intermittent hypoxia across dietary groups in large-
mouth bass
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A. Histopathological sections of gill tissue; The gray arrow indicates the interlamellar cell mass, and the black arrow points to gill lamella.

Scale bar=300 um; B. mRNA expression levels of angiogenesis-related genes in gill
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Fig. 7 Effects of different dietary groups on hepatic angiogenesis and related gene expression under intermittent hypoxic stress

A KRG AZUREY) Fr, IRE IR IME, LLE R 9400 pm; B, JHHUE M8 TRIFR o5 Ll C. M L8 A2 BORH G FR] (R AR 0 2

BES

A. Histopathological sections of liver tissue (light green areas indicate blood vessels; scale bar=400 pum); B. Percentage of hepatic vascular

area; C. Relative expression of angiogenesis-related genes in liver
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Fig. 8 Effects of different dietary groups on hepatic PGE2, EETs levels, and their biosynthesis-related gene expression under intermittent
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MECHANISM OF ARACHIDONIC ACID ENHANCING HYPOXIA TOLERANCE
IN LARGEMOUTH BASS (MICROPTERUS SALMOIDES)

SUN Shou-Xiang"’, YE Wei-Hao’, SUN Li-Hui"’, ZHANG Hai-Qi"’, LI Qian"’, JJANG Jian-Hu"?,
CHEN Jian-Ming">, GAO Ling-Mei"’, PENG Jun"’, YANG Bi-Cheng"* and GUO Jian-Lin"’
(1. Zhejiang Institute of Freshwater Fisheries, Huzhou 313000, China; 2. Key Laboratory of Freshwater Fisheries and Healthy

Aquaculture, Ministry of Agriculture and Rural Areas, Huzhou 313000, China; 3. School of Life Sciences,
Suzhou Medical College of Soochow University, Suzhou 215000, China)

Abstract: The intensification of aquaculture and climate change have amplified hypoxic stress in aquatic environments,
while arachidonic acid (AA) may have the potential to alleviate hypoxic stress. This study investigated the role of AA
metabolism in hypoxia adaptation, focusing on hepatic angiogenesis and antioxidant responses in largemouth bass
(Micropterus salmoides). Hypoxic stress significantly impaired hepatic antioxidant capacity, evidenced by reduced total
antioxidant capacity (T-AOC), superoxide dismutase (SOD), and catalase (CAT) activities, alongside elevated malondi-
aldehyde (MDA) levels (P<0.05). Hypoxic stress significantly increased whole-blood hemoglobin and methemoglobin
levels (P<0.05), induced structural changes in gill tissues such as reduced interlamellar cell masses and elongated
lamellae. Concurrently, hypoxia activated hepatic angiogenesis, upregulating vegfa, mmp2, jagged, and notchl expres-
sion (P<0.05), and induced hepatic lipid metabolic reprogramming, characterized by increased saturated fatty acid
(SFA) and decreased polyunsaturated fatty acid (PUFA) levels (P<0.05). However, AA exhibited a unique accumula-
tion pattern, suggesting its potential involvement in hypoxia adaptation regulation. Exogenous AA supplementation
reduced the asphyxiation point from 1.08 to 0.5 mg/L, prolonged hypoxia survival time, and enhanced hepatic T-AOC,
SOD, and CAT activities (P<0.05). While gill structural changes under hypoxia remained unaffected, hepatic angiogene-
sis was markedly potentiated, as demonstrated by intensified vascular networks and robust upregulation of vegfa,
vegfir2, mmp2, jagged, and notchl (P<0.05). Mechanistically, AA metabolism generated pro-angiogenic mediators,
including prostaglandin E, (PGE,) and epoxyeicosatrienoic acids (EETs), which synergistically activated angiogenic
pathways (P<0.05). This study demonstrates that largemouth bass employs hypoxia-induced lipid metabolic remodel-
ing to promote hepatic AA accumulation, which is subsequently metabolized into PGE, and EETs to activate angiogene-
sis pathways, forming a unique adaptive strategy against hypoxic stress. These findings establish a novel link between
AA metabolism and angiogenesis in fish hypoxia adaptation, providing a scientific foundation for dietary interventions
to mitigate hypoxic challenges in aquaculture.
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