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1. B FEREE, RO AR I FRIRAK = A e R S 0%, L1 201306;
2. BIEEFER, KPS Pst e &R G TR G, B 201306
3. BEERE, KPR E R R TR NG, B 201306,

4. LR FNASHERHEARA R, 1198 H2% 214200

WE: MRSV S5 & BT 05T I G 5 12 20 B A IR G i S2 ), R AR TR (5.57+0.57) g B8R (Siniperca chuatsi)syH
34, B 3 APAT, SR 18 do AREEYUEREHC AT 4, b, X R IEH BRIE I 0 d (Co) .3 d (C3).6 d (Cy).
9d(Cy). 18d(Cig); WIHRAIZER 3d(S;). 6d(Se). 9d(Sy); HILAZEE 3 d/FIEFHM 15d (SsRys), ZXB6d)A
IEF AL 12 d (SeR1p), 251 9 d JGIEHHME 9 d (SoRo)o 4541 43 SIAG I M A5 1 65 . I Mg s 198 26 ok 5 DR A 3 5t
KRR MRS, S5 s (DBEE S i R, YUMRAIARTE | BFEE . P840, AT RLAS I & 15 Wi, o
FART X B 4L(P<0.05); So ZH T A0 H B Zs i fk, A SRR . AR5, SsRys Ml SeRyp LR | JHF 2 A4 4K
Y15 Cig AT W 35 25 5 (P>0.05), SoRo AR FIITFE W2 /N T Cig 41(P<0.05); S;Rys 4T NEAAR Wi & &k &
(P<0.05); SoRo L AFAM AT AT D i 25 Yl (Q)BER 25 i B ZE I, YURALATE SFA (C16: 0, C18: 0), MUFA(C16: 1n-7,
C18: 1n-9)F1 C20: 4n-6 FHX} & = ZE#d /L, PUFA (C18: 2n-6. C20: 5n-3, C22: 6n-3)FX & BB in; E1%)5, &
C20: 5n-3 1 C22: 6n-3 BEF T Co 4, EHMSNRIIRAN S 2 HWKE ] C s ALK (P<0.05), (3)RfEZE B[R]
SER, DURANG TR & Wil (fasn) . BRI A B AL (acaca) . 3 BACYIBHAR G T W06 ZAK v (ppar-y) FIg i R
FEKE 6 (elovi6) FEIF I Feik i 1 & T, 1 BRI IESE Sl 1AL (cptlab) MIBEILHEAE A FALEE 1 (acox])IEM
RA ek 5 B3 EFH(P<0.05); BERIG, BE/KA fasn. ppar-y. SsRis 4 acoxl. cptlab F elovi6 Fl SeRy, 4 acoxl
FH AN IR EIKE (P<0.05), &5RFW, YURSLMT, FEsh RIFNE MUFA 1 SFA, BE#J5, SFA. MUFA #l
PUFA #5815 ; YURSIRIERR I A A, Il i & o, %5 Refe k2 10 % Ig K.

FER: Bt DU B BRbim; DRt

RESES: S965 X AR SR A XEHS: 1005-8737—(2025)04—0478—12

M AR P E i A . R
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SRR S 2 I YU ECE TR A E 1 B B, FEDLIK
P O N <R Nle SN U N R 2B AR a8 N I
W BR A LA R D RE A B0 Tl 48 s o7 D =
BAERE R ACH SRR . S S S
T4 T AR AR e, B (I X 0 S
A AR BT YLER MR B B S MR

K BH: 2024-10-08; f&I1THHA: 2024-11-26.
EE&WB: EZRICL b A ZR(CARS-46).

TR NAEAE YRR IR Y R A R pe s AR AT oK o JFFIE
T TEE T IR A A P B AR AR A bk 3
YERT, T84 T4 AR BE B A 2 R 4P VLR (S8 1Y RE 1
Fa Pl R R AE B YUIRE, S mfeRm
fE Wi fE IR A BE B RUR . A3 48Ul (Morone
chrysops 9 x M. saxatilis 3)4: 2 128 & )5, FE
T A~5 A%, RFIERE I B PR e
(Solea solea)tt JiMNYUVAR)E, R& BTt A7 o3 15
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I R 20 R 75 1k, i o o o P b ) fk
(Elopichthys bambusa)TE 2 J1 F YLK (8 d) AT
WLk (28 d)J5 34 B B AL, R R A
W& D, WA, BRI Bl B RN,
PR U R H R ITR AL, >4 g D7 it
s B, TR 2 bl A AR LA ERET . Xu 2
18 o W 5T RZZ B (Scophthalmus maximus)Rg i FR 2H
TR VAR Y i 15, A B . LA, 6 ] LR T
HAP IR 1) 3h R AFTE 22 5, WL S AT g
I BR (monounsaturated fatty acids, MUFA)(C16:
In-7. C18: In-9). JFIEMIFING 7K (saturated fatty
acid, SFA)(C14: 0. C16: 0). MUFA (C16: 1n-7,
C18: 1n-9 Al C20: 1n-9) F1 £ A i F1 g Wy B2

(polyunsaturated fatty acids, PUFA)(C18: 2n-6.,C18:

3n-3) LA S BE SR ] H2 T 4441 n-3 PUFA (C18: 3n-3,
EPA fl DHA)MENGE R Y BHFE . 4l 5
(Dentex dentex) 2 B EE 52 m, WLNAENT & &2
J#l T, SFA Fil MUFA i BUARRIFL R B i RES,
Olmez 2PV LB Ey 71 (Danio rerio)7E 70 d (2S£
HRHL: C18: 2n-6 KW ERFAL, KEEZ A
JI§ U5 B2 (LC-PUFA)/K V- i T &, 2 5 iR
WAYEEH elovi5 . fads2. cptl-B. acoxl Fl fabp7a
(122 38 7K1 32 B A 2 1 52 e 247 B 4 T 9 Luo
U0 g% Je B 2% £ G BB A5 X2 Ml (Ietalurus
punctatus) - NERE B RR P HAZ A, FFIEE MUFA 1Y
AHXTIE N, n-3 BRMTER & w9 A I8 . 25 b, B
J N Ay SO PP AT 3 Mg A RE ) E SR
AT F 2 i 1 TR T A Xt Jig P R P R A
FEA R AE R . Sun 25U % 91 B tf (Crenopharyn-
godon idella) ¥ 25 & 6], SFA I MUFA It/ 54k,
PUFA K, fE/HFNEFINE T2 SFA THFER,
1M LA MUFA 15 #E K . Barreto-Curiel 25 #f
T, A dfi(Seriola laland)TEZA )T 35 d 25 &
Ja, HRERALAI 22U ) SFA & MUFA #5455 50

B REE SR, [AEF#R4> PUFA(C18: 2n-6., C20:

Sn-3) B D . BAORE, FIERILIA 42

) SFA 1 MUFA FEYUHR 2 b i A€, M
PUFA, JuHJZ& LC-PUFA, 7E KZHIEM FEI
BRI %Y%@W(Carassius auratus var.
Pengze) 4y fo [F) 5 2% B H X6 G By R S8 AL A1) FH ) =5

FEEREE, Horfr SFA 1 MUFA B B 3l 1 28 b A B-
AL PLIARBERE, 3 B Sesh B A,
WEMAE IR, H RGBT,
BYTAERENERER, KRS, Bl T
eSS, BEAEATENE;, MIEREEa
KAeESN B e, WM R, Wl sk
R P F T AL KR i 2F et A
X T, B S A O AN AR AT o R
B oy B2 B AR . WK (Siniperca chuatsi)
EREMA R EEAE, AGLEAHE,
HARFMET, TR A B DL A
Wk, WA R AEVURILS, fE N T3,
gt oy £t 25 DA RO R | AN A B0 B
DUk, 2 A MR E AT R R, PRGBS
SR IL P G 107 PR 4 R e O R LR SR
S IR A B AL SR . ARSI
ARV G F 55 N R A KRR . HERE D7 2
M. RS OCEE I RN A8 4k, [ B ZE YL AN
O H 1 () 0 T O s P 2 20 0 5 BR AR AR AR, A B
PR E 5 A B P ML O 52 S (L BE Rl Ok

1 #HETE

1.1 SRR
Sge F Aok | VLR R SRR A R A
FES S S, BERRME NG IR, RRITCHI
K SR AETLIR R SR A BR A 7 H
ML EEH AT, IR 9 S HAE N 1 mx1 mx
1 m ByMFES, AR 50 B, HAEE R 7 d,
FAEME 2 YR (7: 00 F118: 00), FF K FEME AL B 38 114l
i HRWE ., FREBINE 24 h A, BEONK
T 6 mg/L, pH K 6.8~8.0, AAEMT 0.4 mg/L, .
MR ERAE T 0.05 mg/L,
6 IE TR LRI 24 h, RGP &M
IR H(5.57£0.57) g. #4(6.15£0.26) cm 1 R#]
A HRAE S AR 3 4, BRA 3 AFAT,
3%} &2 (control group): 1EH #EMETEH 18 d (Cy.
Csz. Cg. Co. Cig)o YUik4H (starvation group): 2%
B3d(Sy). FEE6d(Se). FEE9d(Sy). Hidl
(re-feeding group): 25 3 d J5, IEHWHME 15 d
(SsRis); 2 6dJm, IEHIME 12d (SeR12); 258
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9dJ5, IEH M 9 d (SoRo). I TEREAHF ] HY 5 4%
WG REE, L EW A 18 do M4l 8 B, H
MS-222 JFRFEEIE (200 mg/L)#EFTIRREE, 38T 7K 4,
ME AR R, fl)E, O AFIE, ZBRE R
WGP E . WAMRAE, BRILKET-80 CHRA
1.2 KAHE
120 ERKMEEENE RIEITNANAEK, REAM
WFEE, 439338 4K 184 H % (weight gain, WG, %) .
JiF 3% 5K (hepatic liver gain, HLG, %)F1iF+84%
(hepatosomatic index, HSI, %), THHAUITF:
WG=(W~Wo)/ Wox100%
HLG=(Wy~Wy0)/Wiox100%
HSI=W/Wx100%
N, Wo RUR I (), Woo NHIIRITHE (2), W, h
SEPR A ME B AR B R AR (), W R BRI
AR B KB ().
1.2.2 AWYIRE O B (C) . YU A
(So). EIL(SoRe)4S 3 EAMAAFME, F Bouin’s
EEWIEE 24 h, 70%~100%78 15 2 B 2 i K,
THZREY, A R AN Rk, Y
FJE 6 um, %4 HE )5, A4 & T Wil
(JE B¢ ECLIPES 80i) F W41 14 .
1.2.3 fHEEMMERBREENE HHER

[ S 3 BRI BRI T, BT 45 CRIK
THRALIBE K G PRI 0.2 g £ 5L, HLIR 5 5% FH S 05
P R4 700 5 o R O R 2 7 vk 2 R E AT ifE GB
5009.168—2016 #H—k(Ar)!". KA Lk fT
BRI, Zat 1 mL IEC kM, A 1 mL
AWML C19 HA T, B, A 2 mL BF;-
s 2 iR R A b, AR, JFETF 100 C
THIRZK I 25 mino V&, IIAZRFIH BES 2 mL,
FE T 100 CHHIE/KE 25 min, HHZE 10 mL &
OB, JFINA 2 mL 808K, 2 mL IEC L, 2o
RAELL 3000 r/min &0 5 min, B B, &5,
0.5 mL IEC KR 5 min, B ESEEE
M, AESHH OIS (GC-2010 B, H 7 5 H) G
T, I A I 0 TR — AR ik T B A R T R
Gl i

124 BEREERERE FUA7EEANE T SE
3 BHEFEIFE, R H TRIzol B4R HUF 41 41 3 RNA,
FEI 7 RNA 5 A58 8 M filt FH SOR 3 S5 3 St i
FE(AG11705) [ % %5 . ¢cDNA, £ Primer-
BLAST /7 Hi&it514), w14 YA vl
TSI AR, 51PN 1, SRSt E E
PCR S W& % 20.0 uL: 2xSYBR Green Pro Taq HS

R1 ERRNAEEE PCRYESIHWFET

Tab.1 Primer sequences of real-time fluorescence quantitative PCR amplification

A gene prin‘iiﬁﬁiifgggi’)—Y) annej‘fiﬁfgiifé;(rjature GenBank ID

B-actin F: GGAGGAGCTGTGGTACGTCG 58.6 AY885683.1

R: GTTGTAGGTGGTCTCGTGGA
Jiig 17 P2 5 PO F: GGCCAATCACAAGCCAGAATC 58.6 XM_044177556.1
Jasn R: TGAACCTTGTTGAGTGGCGT
LRI A RIS F: CATCAGCACATCACCCCACTC 58.6 XM_044221953.1
deaca R: TGCAAATACGGTGGCGATAAAC
e LA i A #ALmE 1 F: TCAGTCGGATACAGAGCCAT 58.6 XM_044190487.1
acox R: CACACAGCAATTTCTCGCCTT
Jigk 75 7 A2 K il 6 F: TGGATGCAGGAGAACTGGAAGA 58.6 XM_044205941.1
elovl6 R: GTGAGCGACCATAGCACCAG
It 4T A B 0 VR A2 A F: TCAAAACACTGATCAGACATGGTG 58.6 XM_044221024.1
ppary R: CAGGTCCACGGTGTTGAGAC
PR B A R BB L 5 RS 1 1 AD F: GGTTTGGAGACAGACACCCTT 58.6 XM_044193165.1

cptlab

R: CTGCTCTATTTCCCGTGGCA




55 4 3]

WRAR RS DL 52 450 80T JUE i 7 L ol R i 4 s 114 52 g 481

Premix 10uL; cDNA 1 pL; F FH##5144% 0.4 uL;
RNase-free water 8.2 pL. JZ W FEJF: 95 C, 30 s;
95 C, 8, 58.6 C, 30 s, 40 MEH; k)5 95 C,
15s; 65 °C, 1 min; 95 C, 30 s JF&5 ., B0

RNA B — 2 = 3347 . L B-actin S 3L 1Y,

SR 274k A H A SE IR AR R R A
1.3 HESH

5 R D Y E+hnfE 25 (X £SD) R, [ H
SPSS26.0 AT ¢ K . MK I 20481,
P<0.05 EHEREE. BIRHMEH Origin 2022
A2

2 HBRE5HH

2.1 HliE. ERMEFERIERBIZME

IEH MRS, O MR R AT
RELIE 7 5 i 5 2 BT 3(P<0.05) o B &S £2 i 1]
FEAC, YUBRALRTE | JIFE ARG 7 2 & T R,

P 42 K T R A X R 4 (P<0.05), Hidr, So 411k
& JFEMFBREAE & = 3 PR T 26.93%.
50%7F11 36.88% (P<0.05). B HJ5, S;Ris. SeRip 4l
W, FFEMKEE] Cig /K, SsRys 4IAFERLEE
Wi & KA

X PR ZH AT HEE0AE 2.15~2.38 Uk 5l B 2R it [a]
FER, YURAIFE 5T 1%, 76 So A FRET 31.63%
(P<0.05), )5, SHMIEEIKEZ ] Cis 41K
Vo AT LR, T E Y E R R )R TR E Y
HARPRR)EE 2),
2.2 Y. ERXTHITARFZREME

XTHREA (Crs 240 LR/ INEZSIE R, HEFE
B YN AZ RO B, 7 A0 e, R i 5
AIUL . YUABRAL So 4 FAN M Hh L 2s 0, 2 i kA=
e, AR REBOIA, H AR, &
W5, A2 RRE, SRy A {5 A D
A 1),

a. XIRZL(Cis); b. YURLL(So); . FHLAL(SoRo). i Skrm 23 ik,
Fig.1 Comparison of liver histology in Siniperca chuatsi after starvation and re-feeding
a. Contfol group (Cs); b. Starvation group (So); c. Re-feeding group (S9Rg). Arrow shows vacuolization.

2.3 YUk, SR AT A AS R ER 48 AR Y B2 N
RS e SRR, YLEKZL SFA Fll MUFA A%t
T TR, H B KT R4 (P<0.05), 145 Al
TERR(C14: 0), BEMEAR(C16: 0), il JRFZ(C18: 0) .
FEMETHER (C16: 1n-7) . JMAR(C18: 1n-9), FfiZE i}
[ IEH, DUHRAL PUFA AN &3 in B8 3 & T

X HEZH (P<0.05), 4G IR (C18: 2n-6) . EPA (20:

5n-3)F1 DHA (22: 6n-3) (5 3).

SV, 24 SFA (C14: 0, C16: 0
1 C18: 0) . MUFA (C16: 1n-7)F1 PUFA (C20: 4n-6)
FEXT B i 3519 11 (P<0.05), {H PUFA (C18: 2n-6.

n-3 PUFA)HIRS & it i F AR (P<0.05)(3% 3). 5
Cis 41 Lb42, H %41 SFA. MUFA Fl1 PUFA #1k &
2 Cig 4K, [BMNERA MRk E, K4 EPA
1 DHA A2 & & T Cis 41(P<0.05)(181 2, 3 3).
2.4 fUE. S 3 FTRERE X E B Rk K FERI#M

Bl 3 R, SXTRAMLL, YUk T fasn.
acaca. ppar-y M elovi6 FHXT 3k 34 b 2 PG
(P<0.05), BH#J5, fasn. ppar-y FIX}ELEBE
Ther, PIREMK & X AL Ci5 7K F-(P<0.05); acaca
Fl elovie #4235 1T, 10 S3Rys 4 elovis FXT IR
15X A Cs T B 3 25 7 (P>0.05)
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Effects of starvation and re-feeding on hepatic fatty acid composition
and lipid metabolism in mandarin fish (Siniperca chuatsi)
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Abstract: To investigate the effects of starvation and re-feeding on hepatic fatty acid composition and lipid
metabolism in mandarin fish (Siniperca chuatsi), fish with an average body weight of (5.57+0.57) g were divided
into three groups with three replicates in each group. The control group was fed live bait normally for 0 days (C,),
three days (C;), six days (Cg), nine days (Cy), and 18 days (C;g). The starvation groups were deprived of food for
three days (S3), six days (S¢), or nine days (Sy), whereas the re-feeding groups were deprived of food for three days
followed by normal feeding for 15 days (S;R;s), six days followed by normal feeding for 12 days (S¢R), or nine
days followed by normal feeding for nine days (SyRy). The experiment lasted for 18 days, during which changes in
growth indices, hepatic fatty acid composition, and lipid metabolism gene expression were examined. The results
showed that: (1) With prolonged starvation, body weight, liver weight, hepatosomatic index, and liver crude fat
content in the starvation groups gradually decreased, significantly lower than those in the corresponding control
group (P<0.05). In the Sy group, hepatocytes showed vacuolation, and cell boundaries became unclear. After
re-feeding, there were no significant differences in body weight, liver weight, and hepatosomatic index (HIS)
between the S;R;s5, S¢R12, and C;s groups (P>0.05), whereas body weight and liver weight in the SgR¢ group were
significantly lower than those in the C;g group (P<0.05). Crude fat content in the S;R;5 group recovered (P<0.05),
whereas hepatocytes morphology in the SyRg group was not fully recovered. (2) As starvation progressed, the
relative contents of saturated fatty acid (SFA) (C16: 0, C 18: 0), monounsaturated fatty acids (MUFA) (C16: 1n-7,
C18: 1n-9), and 20: 4n-6 in the liver of the starvation group gradually decreased, while the relative contents of
polyunsaturated fatty acids (PUFA) (C18: 2n-6, C20: 5n-3, C22: 6n-3) gradually increased. In the re-feeding group,
the relative contents of all fatty acids were recovered to the levels of the C,g group, except for C20: 5n-3 and C 22:
6n-3, which were significantly higher than those in the Cig group (P<0.05). (3) As the duration of starvation
increased, the relative expression levels of fatty acid synthase (fasn), acetyl-CoA carboxylase (acaca), peroxisome
proliferator-activated receptor gamma (ppar-y), and elongation of very long-chain fatty acids protein 6 (elovi6)
significantly decreased, whereas the relative expression levels of carnitine palmitoyltransferase 1Ab (cptlab) and
acyl-CoA oxidase 1 (acoxl) significantly increased (P<0.05). After re-feeding, the relative expression levels of
fasn and ppar-y in all re-feeding groups, acoxl, cptiab, and elovi6 in the S;R;s group, and acox! in the S¢R;,
group were recovered (P<0.05). These results indicate that MUFA and SFA are primarily utilized in the liver of
mandarin fish under starvation conditions, whereas SFA, MUFA, and PUFA contents could be recovered after
re-feeding. Starvation promotes lipolysis and inhibits lipogenesis, whereas re-feeding can recover normal lipid
metabolism. This research provides fundamental data on the physiological mechanisms of nutritional regulation
during starvation in mandarin fish.
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