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TR FRBE AN K = SR, BRI R
eI R T AR A AT QAR

R R ] SRR B R IR A 2 A a2
BIAiGE, HAER B 2e b RO
%R )8 T899 H (Perciformes), &3 A A +
WK AT, Jaait, 2021 4 4 E 67575 47
373907 t, HAAREH R 142377 t, e
FEH P SRRy, AT E R DU SR
B, MEREUIHMA TR, A SRR A
TARPRHIBESE A 20 thal 90 4RI IR IT R, H AT
B S B i e i A N TARDRY S N T e
Fr BB T AT Bl R0 FEDR £ R Ok 1 PR
150, BRMGRANA, s, SR, 1F
Ry B F DXUAE PR PR AR, SO AR v A T
3, B EDRL G R A S iR S =R T AT
N, TEE LR TR A AR REAR AL S G Y 4
JUR RN TG AR R A R 2 R 7R
K JERE R TT 1], DR DR e W RDRLS S B PR R R
O AR P e 957 b i e i i e R R R 91

LTI R, AR B AT O I B 2
JE R P I RGE . SNE A E B RYHER
FAEMERGF ZILRA AN, T R a2
MEEEAT W FE IR L, Al USRI RS
BT BES . WERMERMEES, HEmiEy
B EREATA, BORBZ UK, @
RAFAEN M AT HE . N5 7R AN LR 55 5 IR B Y
REFIALAR T R R 28 R 8] DL e i A
B IR BOKF- IR P B AR B R 22 Ik B R i
PR, IR SR i i A2 Ak,
ST A O R ST w1 RS T A A5 S R
25 F2 G808 1 2 W 114 SR RAIL A BIE S v AR 2 ) LA
R E AR A

T E i AMPK (AMP-activated protein kinase)
1 mTOR (mammalian target of rapamycin) J& i% %
PUARE F2 ) BOKF AR S PR & R G B
PE AR A S RN R B A A R O GK
AT LA 3 AMPK {5530 % 2 $5 0) 48 B B f i 4%
ERW™. Do R, 25 SR i HLIR T i
AMPK B B, E 107 4 2E £ B 8RR 22 Ik NPY
(neuropeptide Y) / AgRP (agouti gene-related protein),
38 A 4770 ] 02 B 248 Bk POMC (Pro-opiomelano-
cortin) / CART (cocaine and amphetamine regulated
transcript) [ % & >k 2 #F % & . I = 5
(intracerebroventricular, ICV) & #£ 7% 1 28 T Fr ik J&&
I 28 G AR A A T R T B, TR R,
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Kb % i 25 7 5 BR S 4 h, B K agrp ) mRNA
TROFREAR, Ho i i 3 Y il = T A ] 2
IR, JE X TOR A5 538 B 45 AE H B AS [F] 52
e 695 P B £, R B i 2 356 R SR D 1L o P A
EPP WA, KB (Rattus norvegicus) fiti
A A AR Y SiAh, E
T G 8 AR /N B (Mus musculus) T Bl pome
N cart, [EAR npy Ml agrp W3R TR 28 35 7K S o 1717 10
MR, SR, W 75 A E I =S 2 RN R
&8 Je HARAAT Va5 AMPK Fl mTOR {75 18 % 5% W) 4%
RGP AIL ] 5 AN B

Zi b, AWEIE DOME SR X 4, 38 ik
SHAGHERN 2-DG (A HEHARHS PR, 2-deoxy-D-
glucose), FRFTXTHREE EFIFHACEA M, Kk T
B AR R R R 58, IR AMPK/mTOR
5 3 AR AR TR VE FE AL . AT A R
) AR 5 i 40 280 R R 2R 95 1 A A R T B
P14 5 B R4 R AR 2 ) S ML, R % A e
14 e R FH B AL AR

1 MRS TE

1.1 SR EREXREER

S Fir FH SRR S R0 AR B 34 ok B AR L
MR R SR A y, S AE T E K B 5 B BR L
IKFEWESE I SR S AT o SERR TR T, K S
S T KR (4.5 mx4.5 mx1.1 m) P55 2 4,
R R R R 2 YR (09: 00 AT 17: 00),
BN IR A . IE SRS IR AE E N ER K
R IIEET (1.2 mx0.6 mx0.5 m) kAT, S5
() A6 0 7K AR K B b, b pH N 6.5~7.8, ¥
fifia & (DO) 5. 7~7.6 mg/L, BRMKE < 0.20mg/L,
KA 28.0~33.0 °C, AHFFEIRG T H [ K 7= Fl2
5T BE BR VT K 7= BiF 5 Fir 552 56 3 490 78 3R R 2 34

b1 2t fE (LAEC-PRFRI-2022-08-58), SZ56 it
VR N D™ A ST b K R R 5 R VLK
FERFST BTS2 56 B 4 A BRI A8 B2 B x40 RO
0, I B K R A I BE R VLK BT
TR PRZE 51 2 A L 2 1) B R T
12 MEFIFXBRIBRESIT

IEASL I G HOR T A L g 25 24 h,
PRARFTCN . K/ — I 8% [(209.00+6.71) g],
67 FH JRE B 751 (MS-222, 60 mg/L, Sigma, E10521) Jff
RS EATARE o 43 SR R4 7 i 2 3 A R K
o e A A BE (10 mg/kg, Uik, 63005518) il 2-
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DG (100 mg/kg, MedChemExpress, HY-13966),
BAREIANHEE, BIHEE 10 BLRM6, K=
TE 5 92 5% ok JH 25 pL & #8 o5 7 55 &% (1705N,
Hamilton, % 5JE0) #6417, F 4507 & M8 AR HE S
5mm (i EAL, WEZ S mm, 7S 5SS L
TARIRIR DA R g, SRS R = B R K
RGEPIBE T . RS NE , BB EL
AR ) Bt A i 2 4 1) PR [(14.60+0.38) g,
Oy TSNS 3. 6 1 12 hie 55 45 G ) A Bk 1
R, DAGETH AR AL A Yy iR i B i

1.3 HmEXE&E

= S, 0 F 3. 6 A1 12 h 47
ff I HURE o O S0 0 FHRRSR) (MS-222, 60 mg/L,
Sigma, GYT0202813) kilf5, REGEIREPLZEE 3 2,
K R #h P EER (0.02%, Aladdin, H123383)
T YA 19 0 R S g AR BRI , T JE A B
4 4 000 r/min 2.0 10 min 53R FIG W, 1R1F
FE-80 °C ABARIR VKA o VKA T BRI 25 1 ff 351 JHF i
AU gl 2, A TR E R 7R 5 T80 °C vk %

HARTE . T R 2Ls26 0 Hr .
14 MEEEFHESENE

I 248 785 e A 5 0 2 R B kg 7 2 i SR L B
EARBRAE A BRI T & (A154-1-1, B L & ik
Y TREFFE ) UL 4T .

1.5 2 RNA RN LB K E = PCR (qRT-
PCR) 5347

fdE F TRIzol 25 53 31§ JEOR W 5% T ik F11 Ttk
EURY S RNA, 38 i B W B B HL VK A A RNA
AIBl s | SEREVEIS TR EOLRETH T e Hk
FF 2R ¥ e 650 & & B cDNA. qRT-PCR 7£
Light Cycler®96-Time PCR Detection System (Roche,
T ) A A B IEAT . EHL f-actin E NS LA,
BEPRAR TR R KB THEARYE Plaffl™ By 75 ik
o SEEHEEN SIS R 1 FiR

1.6 HIESR
A S Ky B A B R ] SPSS 22.0 B 4T 45

F1 LA HE=Z PCR S|

Tab.1 Primer sequences used for qRT-PCR

B 519551 Ha R &
genes primer sequences accession number efficiency

PUENEH  -actin F: TGCGTGACATCAAGGAGAAGC XM_044169301.1 1.96
R: GAGGAAGGAAGGCTGGAAGAG

i F %2 a  insra F: TACACGACCGTCAACTCCT XM_044221017.1 1.85
R: GTTTTCAGACCCATACATACCT

JREBZZAED  insrb F: AGAAGTTGAACCAGGACC XM_044200278.1 1.90
R: CCGACACACAGTTTAGGA

HEERE gk F: AAGGTGGAGACCAAGAAC XM_044196406.1 1.96
R: TGCCCTTGTCAATGTCC

(RIS (e F: GCTACCATCAGCAACAACG XM_044218098.1 1.93
R: GCCACAGAATCCACCCAT

WERNE  pk F: CGCCCTCGCTGTCCTATTA XM_044207998.1 2.03
R: TGCCGAAGTTGACCCTGTTG

MEMEIZER2 glun F: GCTGTGCTGCTTTTTGGGTT XM_044167564.1 1.98
R: GTCCCTTGTGGAAGACAGCA

JRFBRIS LR A AMPK F: GGGATGCAAACCAAGATG XM_044175461.1 1.87
R: ACAGACCCAGAGCGGAGA

AN EMERILDS T mTOR F: GCATCAACGAGAGCACCA XM_044211707.1 1.85
R: CGCTTCAAAATTCATAACCG

PAEKY  npy F: GTTGAAGGAAAGCACAGACA XM _044172804.1 2.09
R: GCTCATAGAGGTAAAAGGGG

MZTKRBRAHREE  agrp2 F: GAGCCAAGCGAAGACCAGA MK 770670 1.86
R: GCAGCACGGCAAATGAGAG

Bl AR B AL TR pomea F: CTGTCAGGAGCTCAACTCTG MNS818827 1.95
R: AGGAAGGGAGGATGAAGGAG

AR AN R R Y Sk cart F: CGAACCTAACCAGTGAGAAG MN818823 1.90

R: GGGACAGTCGCACATCTT
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o, SEEREE AR R E A1 1R (meantSE,
n=6) Fr o HrhT I KON B R T 225387 (One-Way
ANOVA), £ 5256 2 8] /7 7% & 3% 22 20, RHA
Duncan [R 1T Z HE L, DL P<0.05 £/RGiT2%
ERWE,

2 4
BRENNEIERESE
{5 i 2 A 4 0 AN 2-DG R B AR TR
I [0 55 0 2 A A o B L 1 TR . 5 0 B AR
Pl 06 2 3 S 2 0 2 BRI 48 12 i (P<<0.05),
A 3 15 2-DG X8k £ 5 0 i 520 (P>0.05).
Wis SIS 3. 6 F1 12 h, Fira Ab BR2H 8] 1l 2 46 2
PSR IL R 225 (P>0.05).
22 TEREERIE

AR KRR RN R A 2-
DG Ji5 A [A) Bsf [) 5 o B a8 A DG Ik PR 2R3k 4
K2 s WFFTas SRR, 0000 e 5 7 25 0 i
FAEVE R LI gk (6 h) Al pk (3 h) (193 K 3 1k B
(P<0.05), i insra F1 insrb 76 8% 5 = 1 5 = ¥ 6 h
Fik i W T, WG E A 2-DG B0 6% T
Ffl insra (3 h) BYFER ik 8 (P<0.05). A= v ot
A BEEL 2-DG J5 12 h 2% A 3320 [a]E AR 3 AH DG 55
PRI ek 1 T i F k22 R (P>0.05),

2.1

AEE T figk i 52 3 5 AR &G AN 2-DG R
N TR s ) 5 R i AMPK F mTOR 323k 404 3
20 -
_ S g
D@ 15 —‘7 Té
£ B £
2E 0 - &
I 'S T- =
prg: e &
B S S 3%
=
0 |
1 2 3
415
group
(@)

plasma glucose

Fise MREas s, SXTMAMt, hsis
AR SR TN mTOR (12 h) (5L R 55
1M % ST 2-DG i 48 = 81 T Fefili AMPK (12 h)
(1) 5L P 3k i (P<0.05), 7E HABET ] &5, g%
S) 485 5 0 5% 2-DG X 87~ i AMPK Fll mTOR 3
KRR T0 I 3 52 (P>0.05).

BB E S AR 2-DG R AR
(7] Fsf [) A T e i £ A R R GR AN A 4 s o A
FEAS R, N T A A R R T e
I E AIED cart (3 h) (P<0.05), SR, MhZEE
5§t 2-DG A [R) s 8] A5 85T e i 2 AL PR R A i 4
Tl 25 (P>0.05).
23 PFFEREREZRIE

MR A4 X A A ki % 3 5 4 % W5 A 2-
DG J&i AN 7] B[] 3 8050 JH AU G 3038 4 G 36 PRI 2 38 2
K5 ftm . BFFT 2 moR, WG 2 T 6 4 28 b
FARE I pk (3 h). insra (6 h) Fl glur2 (3 h) (5L
K ik & (P<0.05). B WG = 35 2-DG 87 )W gk
(6 h) I glur2 (12 h) Fik i @ InAh, HAb A
SR A AR G I R A B e 22 57

4z B T i 25 3 559 461 24 0 RN 2-DG JE A
[i5) FsF 1) p5 % AMPK 1 mTOR B9ARXT 2635510
Bl 6 s WFoEal R ion, Mas i o 4 i %
L VEBR I IE AMPK (3 h) A1 mTOR (6 h) B3R ik
H (P<0.05), i35t 2-DG 3 #5 AMPK 15 3
hfl 6 h B 58 R ek o, 16 S [ B (8] 5 A
mTOR W R 3k f 24 T8 W 252 0 (P>0.05).

30 [ %84 control
I A RS PR 2-DG
20 = w4 0% glucose
i i ’l‘ i_i
0 ’l‘ o ﬁ
3 6 12
I 5] /h
time
(b)

1 BEESTEEFEN 2-DG THBF R EIR B8 2 % HEHEKF
LORIRAL, 2 B ARSI, 3 WAL RS RO [ SRR LI G 2 5 5 (P<0.05).

Fig.1 Food intake and plasma glucose levels in S. chuatsi after ICV administration of

glucose and 2-DG at different times

1. control, 2. 2-DG, 3. glucose; different capital letters indicate significant statistical differences between different groups (P<0.05).

https://www.china-fishery.cn

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

KP4, 2024, 48(4): 049621

MY, 2%
3_
5
I -z
Ko ot
® e
= O
<o
=%
82 1+F
,QH
NE N T8
3 6 12
i [H) /h
time
(@)
4_

pk RN ik &
relative pk expression
\S}
T

B
1 F = i
B
AmE (A Naes
3 6 12
B 1) /h
time
(©
4 ~
5
= o ~
£ A
Ed.)
<2 L
2=}
£ = B ’_T_‘ g
o
3 6 12
Ff [H] /h
time
(e

4
=]
g . L
% 3
Es 20
S =
Eal o
& 1 G
0 - -
3 6 12
i 18] /h
time
(b)
4
5
g %
953t
5”:;: S 2 A
= £ o
g%’ LH AB
=3 : B 7
0 :E- F:Tﬂ o
3 6 12
A TE]/h
time
(d)

[ x$18 41 control
W A PRGN 2-DG
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IR TR ) ] A 7 SRS 0 1) G -2 2 53 3% (P<0.05), I

Fig. 2 Relative expression of genes involved in glucose metabolism in the hypothalamus of S. chuatsi after

ICV administration of glucose and 2-DG at different times

Different capital letters indicate significant statistical differences between different groups at the same time (P<0.05), the same below.

3 e

KA & W) 2 5 S LR A T 28 R
Wi, Y EOR S R E R L
CAEIE7/ UL 3= SR IR RS BB Se iR R 2
Pl Yy B4 BT s, e L S A R
KGR A A REEA

R E K7 2: 2 E /) sponsored by China Society of Fisheries

FPEEYE 2 h N EACZ BHME Y KAl sy
M (Canis lupus familiaris) TE 5 A =G & E W
AT Ak sy, A IO R, T
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Fig. 3 Relative expression of AMPK and mTOR in the hypothalamus of S. chuatsi after ICV administration of

glucose and 2-DG at different times
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Fig. 4 Relative expression of appetite genes in the hypothalamus of S. chuatsi after

ICV administration of glucose and 2-DG at different times
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Fig.5 Relative expression of glycolysis genes in the liver of S. chuatsi after

ICV administration of glucose and 2-DG at different times
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Fig. 6 Relative expression of AMPK and mTOR in the liver of S. chuatsi after ICV administration of
glucose and 2-DG at different times

Tk T i £ 4 2 B R AZ e GRCJER T 3] Il b KT Y
A, HEmSE B, RN E RN RS L,
[ N AT S5 AT BA 20 0E B T 8% B I A7 1 B
i R R T 1) JER A 2R G 0 A P B T T g
SR GBI T b i 2 75 47 76 98 2 B R 48 1 AN
MG . ASBFZE b, I T S v A S T
% gk (6 h) FIUFFIE glue2 (3 h) BYFER Rk, KA
BT Fe i gk oF A == 4 A B AT AR R Ry, ROER T
Fr 0 AT B 7 1 2 B R R G . LB L 28
i, AMPK &AL i 57 7 i R 5 , 3 3 e [
PR REMINAHLUP B EMERG T X
FERE BN MR =T . N Fefii AMPK il mTOR
A DUBHIBLIAR 5 2 9 0K ST 1 & #5 vh A i 48 R
SRR, RN, SRR IR i
WHFLEN Y T I mTOR 3 PR 26 1k 7K S Fwk i 1k
IR, Az SR AR S mTOR
FE T FE (12 hy FIFEAE (6 hy Ho it 3 PR 2k Kt
& LR, FUIHPTREM i 2 7F mTOR (1) ke i
MURG AR iR & . Bk, RPN,
BT Fe i gk T GT fi 5 H AT B AT A ma R, R R
A RE A7 7E o 2= A AR O R GE, N E T gk A
glut2 X R AP B4 mTOR B3R IE, Ml
NI RmE b=

PP 2 RGN AR 2R T i
SR #% ARC X 3 (arcuate nucleus, ARC) 3 ik
A AR ZE K Y (NPY). 28 o] SR 56 28
(AgRP) 3R IA A6 B b 22 BR BT 12 2 3% 44t i
B ST R (POMC) ., 1T % PRI A T4 i 181 4 7 3% ik
(CART) 4L AE™, HAK R 28 28 0 I8 45 3 19 28 A v

https://www.china-fishery.cn

SRR A ORI, 38 A ALK A A R P 43k
55, FLFEMEERME TSRS, PRk,
T 805 i = S BN S A A S, T
npy WL F IR ACEREAK, T cart F1 pome B FEH
LR BT ™ AR R R IR 5L
K AMPK F1 mTOR 33K /K V- % DI AH OC o i g ™)
FAL Sk 8507 45 25 & IR BB B S mTOR B3k
B IF A dl B 8. TEAEST (Lateolabrax japonicas)
H, F B mTOR B9 #0E V515 pome Fl npy 19 5%
IRV ARG R S A S T e
Ml AN cart Gh) A FRIL B EF &, KW
mTOR A9 T AT I o 9] 455 1 03 DR fe ) 92 6t 1Y)
B, TR, B, ks S A aT
RETE I 0% R il mTOR 5 3 ARobf 26 ke 3 30k
A0 T et 1
JHE R A2 Bl AT AR v 1] 4R 8 42 1) T 22 41 21

B, AR R b R E AR b
T e MRS R 2R, COMEME (HK) &
WE T A (0 28— FREEG,  RE i 1 o 2 W ol
PR b 7™ A ) A B -6- R, HK- IV A 4 Bk A 7 26 4
W (GK)o WP (PFK) REME AL AR -6-0%
FRIE R WE-1,6- Bk WR , HE 1T B PN A R U A (PK)
e ZAAL G BTN TR R A SRy oAt S L IR o FE 7K
PRI, DR S O T R R 4 Sk
(Sparus aurata) 55 0,25 JH- A % i AH G 36 14 (GK
PK Fll PFK) W) 235 RIS PENS N I 0 S R i
WA S , A8 (Paralichthys olivaceus) IF it GK
I PK HEPESMIAE S h AT 7 h B T, ARBFSE
oh G A T I A OB S R e R DE gk (6 h) I

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

IKF= 2R, 2024, 48(4): 049621

pk (3 h) R Rk, RUME S T YNSRI
o IR AMPK PR 3Rk A i % 8 6 i A S
3ho@ERE, RPIEE LI AMPK () 23R ]
B AR PRI, 0 S 2 X T
AR 1 400 S OB T Ao R 1 S R, R E
R A A KT 18 T R LA a8 a2 O 1 T e
PUARHERE, SEmTs2 AL G A

ZE IR, R A G A A R
T, X B R T e A AR A
cart 3h) FUERIEKLHA ., BHHEHEEEST
Frfi gk (6 h) By FERI A, FRUIGE T BN gk X fik
T AR AT AR e Ry, T R AE E R A R
ARG, T I gk W0 AT BB 1T W mTOR 134
RN REE- . 735, W%
ZIWE XTI m TORFIAH % fif OG5 JL IR 64T T 9]
T, G A IO RS i o R S HLAR it B
HETT S M HLARAC I R o ASHIFSE B IR BN T 8% T
Fr il gk X A 2 7 4 4 A SR 1y, R P i
A REAFAE A RN R 48, MR DR Y T %
A RGBSR AL T BRI AR

(3 7 B0 A SUT 52 B s 42 B Al 22 )

S EHK (References):

[1] Hatlen B, Grisdale-Helland B, Helland S J. Growth, feed
utilization and body composition in two size groups of
Atlantic halibut (Hippoglossus hippoglossus) fed diets
differing
Aquaculture, 2005, 249(1-4): 401-408,

[2] Asaduzzaman M, Wahab M A, Verdegem M C J, et al.

in protein and carbohydrate content[J].

Effects of carbohydrate source for maintaining a high C:
N ratio and fish driven re-suspension on pond ecology
and production in periphyton-based freshwater prawn
culture systems[J]. Aquaculture, 2010, 301(1-4): 37-46,

[3] Zhang Y T, Qin C B, Yang L P, ef al. A comparative
genomics study of carbohydrate/glucose metabolic
genes: from fish to mammals[J]. BMC Genomics, 2018,
19(1): 246,

[4] Zhao W, Xie J J, Fang H H, et al. Effects of corn starch
level on growth performance, antioxidant capacity, gut
morphology and intestinal microflora of juvenile golden
pompano, Trachinotus ovatus[J].
524: 735197,

[5] Xiao QQ, LiJ, Liang X F, ef al. Programming of high-

Aquaculture, 2020,

R E K7 2: 2 E /) sponsored by China Society of Fisheries

[10]

(1]

[12]

[13]

[14]

glucose diet acceptance in Chinese perch (Siniperca
Chuatsi) following an early exposure[J]. Aquaculture
Reports, 2020, 18: 100534,

Ma D M, Fan J J, Zhu H P, et al. Histologic examination
and transcriptome analysis uncovered liver damage in
largemouth bass from formulated diets[J]. Aquaculture,
2020, 526: 735329,

Staessen T W O, Verdegem M C J, Weththasinghe P, et
al. The effect of dietary non-starch polysaccharide level
and bile acid supplementation on fat digestibility and the
bile acid balance in rainbow trout (Oncorhynchus
mykiss)[J]. Aquaculture, 2020, 523: 735174,

DuR Y, ChenJ X, Zhu J, et al. Glucose homeostasis and
glucose tolerance were impaired with elevated lipid to
starch ratios in practical diets for the omnivorous genet-
ically improved farmed tilapia Oreochromis niloticus[J].
Aquaculture, 2020, 523: 735221,

TR ARAT F it b v B FR R, A R K P R A,
W EDK = e EEE SRS 2022[M]. dE R H
R Al H A, 2022.

Ministry of Agriculture and Rural Fisheries Administra-
tion, National Fisheries Technology Extension Station,
Chinese Fisheries Society. China fishery statistical year-
book 2022[M]. Beijing: China Agriculture Press, 2022.
Liang H, He S, Liang X F, ef al. Feeding habit transition
induced by social learning through CAMK I signaling
in Chinese perch (Siniperca chuatsi)[J]. Aquaculture,
2021, 533: 736211,

Peng D, Liang X F, Chai F, et al. Effects of dietary car-
bohydrate to lipid ratios on growth, biochemical indicat-
ors, lipid metabolism, and appetite in Chinese perch
(Siniperca chuatsi)[J]. Fish Physiology and Biochem-
istry, 2022, 48: 101-116,

Zhang Y P, Liang X F, He S, et al. Metabolic responses
of Chinese perch (Siniperca chuatsi) to different levels
of dietary carbohydrate[J]. Fish Physiology and Bio-
chemistry, 2021, 47(5): 1449-1465,

Delgado M J, Cerda-Reverter J] M, Soengas J L. Hypo-
thalamic integration of metabolic, endocrine, and circa-
dian signals in fish: involvement in the control of food
intake[J]. Frontiers in Neuroscience, 2017, 11: 354,

Oh T S, Cho H, Cho J H, et al. Hypothalamic AMPK-
induced autophagy increases food intake by regulating
NPY and POMC expression[J]. Autophagy, 2016,

https://www.china-fishery.cn


https://doi.org/10.1016/j.aquaculture.2005.03.040
https://doi.org/10.1016/j.aquaculture.2010.01.025
https://doi.org/10.1186/s12864-018-4647-4
https://doi.org/10.1016/j.aquaculture.2020.735197
https://doi.org/10.1016/j.aqrep.2020.100534
https://doi.org/10.1016/j.aqrep.2020.100534
https://doi.org/10.1016/j.aquaculture.2020.735329
https://doi.org/10.1016/j.aquaculture.2020.735174
https://doi.org/10.1016/j.aquaculture.2020.735221
https://doi.org/10.1016/j.aquaculture.2020.736211
https://doi.org/10.1007/s10695-021-01043-3
https://doi.org/10.1007/s10695-021-01043-3
https://doi.org/10.1007/s10695-021-01043-3
https://doi.org/10.1007/s10695-021-00965-2
https://doi.org/10.1007/s10695-021-00965-2
https://doi.org/10.1007/s10695-021-00965-2
https://doi.org/10.3389/fnins.2017.00354
https://doi.org/10.1080/15548627.2016.1215382
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

IKF= 2R, 2024, 48(4): 049621

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

12(11): 2009-2025,

Soengas J L. Integration of nutrient sensing in fish hypo-
thalamus[J]. Frontiers in Neuroscience, 2021, 15:
653928,

Bertucci J I, Blanco A M, Sundarrajan L, et al. Nutrient
regulation of endocrine factors influencing feeding and
growth in fish[J]. Frontiers in Endocrinology, 2019, 10:
83,
Conde-Sieira M, Soengas J L. Nutrient sensing systems
in fish: impact on food intake regulation and energy
homeostasis[J]. Frontiers in Neuroscience, 2017, 10:
603,

Xu J, Ji J, Yan X H. Cross-talk between AMPK and
mTOR in regulating energy balance[J]. Critical Reviews
in Food Science and Nutrition, 2012, 52(5): 373-381,
Yoon N A, Diano S. Hypothalamic glucose-sensing
mechanisms[J]. Diabetologia, 2021, 64(5): 985-993,
Schneeberger M, Claret M. Recent insights into the role
of hypothalamic AMPK signaling cascade upon meta-
bolic control[J]. Frontiers in Neuroscience, 2012, 6: 185,
Feng H X, Peng D, Liang X F, et al
Intracerebroventricular injection with octanoic acid
activates hypothalamic fatty acid sensing systems and
regulates appetite in Chinese perch Siniperca chuatsi[J].
Fisheries Science, 2022, 88(1): 83-90,

Chen K, Zhang Z, Li J, et al. Different regulation of
branched-chain amino acid on food intake by TOR sig-
naling in Chinese perch (Siniperca chuatsi)[J]. Aquacul-
ture, 2021, 530: 735792,

Zou J M, Zhu Q S, Liang H, ef al. Lysine deprivation
regulates npy expression via GCN2 signaling pathway in
mandarin fish (Siniperca chuatsi)[J]. International
Journal of Molecular Science, 2022, 23(12): 6727,

De Andrade I S, Zemdegs J C S, De Souza A P, et al.
Diet-induced obesity impairs hypothalamic glucose sens-
ing but not glucose hypothalamic extracellular levels, as
measured by microdialysis[J]. Nutrition & Diabetes,
2015, 5(6): E162,

Cha S H, Wolfgang M, Tokutake Y, et al. Differential
effects of central fructose and glucose on hypothalamic
malonyl-CoA and food intake[J]. Proceedings of the
National Academy of Sciences of the United States of
America, 2008, 105(44): 16871-16875,

Pfaffl M W. A new mathematical model for relative

https://www.china-fishery.cn

10

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

quantification in real-time RT-PCR[J]. Nucleic Acids
Research, 2001, 29(9): e45,

Blundell J E, Burley V J, Cotton J R, et al. Dietary fat
and the control of energy intake: evaluating the effects of
fat on meal size and postmeal satiety[J]. The American
Journal of Clinical Nutrition, 1993, 57(5): 772S-778S,
Gaysinskaya V A, Karatayev O, Chang G Q, et al.
Increased caloric intake after a high-fat preload: relation
to circulating triglycerides and orexigenic peptides[J].
Physiology & Behavior, 2007, 91(1): 142-153,

Schauf S, Salas-Mani A, Torre C, et al. Effect of feed-
ing a high-carbohydrate or a high-fat diet on subsequent
food intake and blood concentration of satiety-related
hormones in dogs[J]. Journal of Animal Physiology and
Animal Nutrition, 2018, 102(1): e21-e29,

Polakof S, Miguez J M, Soengas J L. Dietary carbo-
hydrates induce changes in glucosensing capacity and
food intake of rainbow trout[J]. American Journal of
Physiology-Regulatory, Integrative and Comparative
Physiology, 2008, 295(2): R478-R489,

You J J, Ren P, He S, et al. Histone methylation of
H3K4 involved in the anorexia of carnivorous mandarin
fish (Siniperca chuatsi) after feeding on a carbohydrate-
rich diet[J]. Frontiers in Endocrinology, 2020, 11: 323,
Barfios N, Baro J, Castejon C, et al. Influence of high-
carbohydrate enriched diets on plasma insulin levels and
insulin and IGF-I receptors in trout[J]. Regulatory Pep-
tides, 1998, 77(1-3): 55-62,

SulJZ,Mei LY, Xi L W, et al. Responses of glycolysis,
glycogen accumulation and glucose-induced lipogenesis
in grass carp and Chinese longsnout catfish fed high-car-
bohydrate diet[J]. Aquaculture, 2021, 533: 736146,

Shi H J, Liu W B, Xu C, et al. Molecular characteriza-
tion of the RNA-binding protein quaking-a in Megalo-
brama amblycephala: response to high-carbohydrate
feeding and glucose/insulin/glucagon treatment[J]. Fron-
tiers in Physiology, 2018, 9: 434,

LiuCZ,He AY, Ning L J, et al. Leptin selectively reg-
ulates nutrients metabolism in nile tilapia fed on high
carbohydrate or high fat diet[J]. Frontiers in Endocrino-
logy, 2018, 9: 574,

Evans M L, McCrimmon R J, Flanagan D E, et al. Hypo-
thalamic ATP-sensitive K channels play a key role in
sensing hypoglycemia and triggering counterregulatory

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://doi.org/10.3389/fnins.2021.653928
https://doi.org/10.3389/fendo.2019.00083
https://doi.org/10.3389/fnins.2016.00603
https://doi.org/10.1080/10408398.2010.500245
https://doi.org/10.1080/10408398.2010.500245
https://doi.org/10.1007/s00125-021-05395-6
https://doi.org/10.3389/fnins.2012.00185
https://doi.org/10.1007/s12562-021-01570-1
https://doi.org/10.1016/j.aquaculture.2020.735792
https://doi.org/10.1016/j.aquaculture.2020.735792
https://doi.org/10.3390/ijms23126727
https://doi.org/10.3390/ijms23126727
https://doi.org/10.1038/nutd.2015.12
https://doi.org/10.1073/pnas.0809255105
https://doi.org/10.1073/pnas.0809255105
https://doi.org/10.1073/pnas.0809255105
https://doi.org/10.1093/nar/29.9.e45
https://doi.org/10.1093/nar/29.9.e45
https://doi.org/10.1093/ajcn/57.5.772S
https://doi.org/10.1093/ajcn/57.5.772S
https://doi.org/10.1016/j.physbeh.2007.02.002
https://doi.org/10.1111/jpn.12696
https://doi.org/10.1111/jpn.12696
https://doi.org/10.1152/ajpregu.00176.2008
https://doi.org/10.1152/ajpregu.00176.2008
https://doi.org/10.1152/ajpregu.00176.2008
https://doi.org/10.1152/ajpregu.00176.2008
https://doi.org/10.1152/ajpregu.00176.2008
https://doi.org/10.3389/fendo.2020.00323
https://doi.org/10.1016/S0167-0115(98)00041-X
https://doi.org/10.1016/S0167-0115(98)00041-X
https://doi.org/10.1016/S0167-0115(98)00041-X
https://doi.org/10.1016/j.aquaculture.2020.736146
https://doi.org/10.3389/fphys.2018.00434
https://doi.org/10.3389/fphys.2018.00434
https://doi.org/10.3389/fendo.2018.00574
https://doi.org/10.3389/fendo.2018.00574
https://doi.org/10.3389/fendo.2018.00574
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

IKF= 2R, 2024, 48(4): 049621

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

epinephrine and glucagon responses[J]. Diabetes, 2004,
53(10): 2542-2551,

Marty N, Dallaporta M, Thorens B. Brain glucose sens-
ing, counterregulation, and energy homeostasis[J].
Physiology, 2007, 22(4): 241-251,

Polakof S, Miguez J M, Soengas J L. Changes in food
intake and glucosensing function of hypothalamus and
hindbrain in rainbow trout subjected to hyperglycemic or
hypoglycemic conditions[J]. Journal of Comparative
Physiology A, 2008, 194(9): 829-839,

Luo H X, Liang X F, Li J, et al. Effect of long-chain sat-
urated and unsaturated fatty acids on hypothalamic fatty
acid sensing in Chinese perch (Siniperca chuatsi)[J].
Comparative Biochemistry and Physiology-Part B: Bio-
chemistry and Molecular Biology, 2020, 241: 110395,
Wang Q, Liang X F, Gao J, et al. Lysine regulates TOR
and NPY through taste receptor T1R1 in Chinese perch
(Siniperca chuatsi)[J]. Aquaculture, 2022, 559: 738445,
Hu F, Xu Y, Liu F. Hypothalamic roles of mTOR com-
plex I: integration of nutrient and hormone signals to
regulate energy homeostasis[J]. American Journal of
Physiology-Endocrinology and Metabolism, 2016,
310(11): E994-E1002,

Pena-Leon V, Perez-Lois R, Seoane L M. mTOR path-
way is involved in energy homeostasis regulation as a
part of the gut-brain axis[J]. International Journal of
Molecular Sciences, 2020, 21(16): 5715,

Soengas J L, Cerda-Reverter ] M, Delgado M J. Central
regulation of food intake in fish: an evolutionary per-
spective[J]. Journal of Molecular Endocrinology, 2018,
60(4): R171-R199,

Conde-Sieira M, Agulleiro M J, Aguilar A J, et al. Effect

R E K7 2: 2 E /) sponsored by China Society of Fisheries

11

[45]

[46]

[47]

[48]

[49]

of different glycaemic conditions on gene expression of
neuropeptides involved in control of food intake in rain-
bow trout; interaction with stress[J]. Journal of Experi-
mental Biology, 2010, 213(22): 3858-3865,

Conde-Sieira M, Ceinos R M, Velasco C, et al. Response
of rainbow trout’s (Oncorhynchus mykiss) hypothal-
amus to glucose and oleate assessed through transcrip-
tion factors BSX, ChREBP, CREB, and FoxOIl[J].
Journal of Comparative Physiology A, 2018, 204(11):
893-904,

Libran-Pérez M, Geurden I, Dias K, et al. Feeding rain-
bow trout with a lipid-enriched diet: effects on fatty acid
sensing, regulation of food intake and cellular signaling
pathways[J]. Journal of Experimental Biology, 2015,
218(16): 2610-2619,

Dai Y J, Jiang G Z, Yuan X Y, et al. High-fat-diet-
induced inflammation depresses the appetite of blunt
snout bream (Megalobrama amblycephala) through the
transcriptional regulation of leptin/mammalian target of
rapamycin[J]. British Journal 2018,
120(12): 1422-1431,

Liang X F, Han J, Xue M, et al. Growth and feed intake

of Nutrition,

regulation responses to anorexia, adaptation and fasting
in Japanese seabss, Lateolabrax japonicas when fish-
meal is totally replaced by plant protein[J]. Aquaculture,
2019, 498: 528-538,

Liu D, Guo B'Y, Han D D, et al. Comparatively study on
the insulin-regulated glucose homeostasis through brain-
gut peptides in Japanese flounder Paralichthys olivaceus
after intraperitoneal and oral administration of
glucose[J]. General and Comparative Endocrinology,

2018, 266: 9-20,

https://www.china-fishery.cn


https://doi.org/10.2337/diabetes.53.10.2542
https://doi.org/10.1152/physiol.00010.2007
https://doi.org/10.1007/s00359-008-0354-y
https://doi.org/10.1007/s00359-008-0354-y
https://doi.org/10.1016/j.cbpb.2019.110395
https://doi.org/10.1016/j.cbpb.2019.110395
https://doi.org/10.1016/j.cbpb.2019.110395
https://doi.org/10.1016/j.cbpb.2019.110395
https://doi.org/10.1016/j.cbpb.2019.110395
https://doi.org/10.1016/j.aquaculture.2022.738445
https://doi.org/10.1152/ajpendo.00121.2016
https://doi.org/10.1152/ajpendo.00121.2016
https://doi.org/10.1152/ajpendo.00121.2016
https://doi.org/10.1152/ajpendo.00121.2016
https://doi.org/10.3390/ijms21165715
https://doi.org/10.3390/ijms21165715
https://doi.org/10.1530/JME-17-0320
https://doi.org/10.1242/jeb.048439
https://doi.org/10.1242/jeb.048439
https://doi.org/10.1242/jeb.048439
https://doi.org/10.1007/s00359-018-1288-7
https://doi.org/10.1242/jeb.123802
https://doi.org/10.1017/S000711451800288X
https://doi.org/10.1016/j.aquaculture.2018.09.010
https://doi.org/10.1016/j.ygcen.2018.02.013
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

IKF= 24, 2024, 48(4): 049621

s
§
N
T

Effects of intracerebroventricular injection of glucose on feeding and
glucose metabolism in mandarin fish (Siniperca chuatsi)

ZENG Yanzhi *, LI Hongyan "**",  WANG Guangjun ***, XIE Jun "**,  TIAN Jingjing "**,
GONG Wangbao **,  XIA Yun "), ZHANG Kai "**, LI Zhifei "*’, YU Ermeng "**'

(1. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China,
2. Key Laboratory of Tropical & Subtropical Fishery Resource Application and Cultivation, Ministry of Agriculture and Rural Affairs,
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China;
3. Hainan Fisheries Innovation Research Institute, Chinese Academy of Fishery Sciences, Sanya 572000, China)

Abstract: Diets containing high levels of carbohydrate could inhibit the feeding in many fish species, but the rel-
evant mechanisms behind this regulation are not clear. The mandarin fish (Siniperca chuatsi), a typical carnivor-
ous fish, exhibits an apparent anorexia due to its extensive intolerance to dietary carbohydrates, which limits its
value as a cultured species. To investigate the existence of a glucose sensing system in the hypothalamus of S.
chuatsi and its effect on feed intake, intracerebroventricular (ICV) injections of saline (control), 2-DG (glucose
metabolism antagonist, 100 mg/kg) and glucose (10 mg/kg) were performed, exploring the impacts on feeding and
glucose metabolism at 3, 6 and 12 h. The results showed that ICV of glucose significantly inhibited the feed intake
of mandarin fish, while the plasma glucose levels remained constant at different time points. The expression of
glucokinase (gk) were significantly induced at 6 h after ICV administration of glucose, indicating the presence of a
glucose-sensing system in the hypothalamus of mandarin fish. ICV administration of glucose significantly pro-
moted the mRNA levels of the cocaine and amphetamine-regulated transcriptional peptide (carf) at 3 h , which
may be related to the significant upregulation of m7TOR in the hypothalamus (12 h) and liver (6 h) of mandarin fish.
In addition, ICV administration of glucose significantly induced the expression of gk (6 h) and pk (3 h) in the liver
of mandarin fish to promote glycolysis, suggesting the promotion of catabolism for energy supply through per-
ceived glucose levels in the hypothalamus. In conclusion, this study demonstrates for the first time that gk in the
hypothalamus can response to the glucose level, suggesting the potential existence of glucose sensing system in the
hypothalamus of mandarin fish, and that ICV administration of glucose regulates the AMPK/mTOR pathway
through gk-induced glucose sensing, which in turn regulates the expression of appetite-related genes to inhibit feed
intake. The present study would provide a theoretical basis for research on the carbohydrate utilization and feeding
regulation in mandarin fish.
Key words: Siniperca chuatsi; glucose-sensing system; intracerebroventricular injection; feeding regulation; gluc-
ose metabolism
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