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Western blot 52 %5, #£ % SPX1 fn SPX2 xf L X Iif 47 i, PI3K/Akt 5 5 @ ¥ty % w5 SF Al 1E
A PI3K Fn Akt 8 4 %] 7 FLBT 1% (5 5@ &, FIF Kote & PCREA, KM Eikfz 5@
BT 5, SPX1. SPX2 Xt & £/ S M RAER T, [ 455 ] S £ 7 E PI3K/Akt
FE@EYE, B Z5 100 nmol/L SPX1 5 SPX2 £ [7] 4 #2 B X B 48 i 15 min it Akt & & 5%
BR A AT i o SPX1 3 SPX2 7% 5B Jik f & X PIBK/AKt f5 @ B vy iE 1 R, s — 5
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MU T, P B A > AR 1 R, B
85 3R T Ao PO A D BT A TR Dl R 1 T DA
A2 T Dt G ™, 3 58 2H 0% 4 4 0 1 R R,
WA L mE K P o A, i il A R A R -1(GLP-
DY, JEBEZE (adiponectin)'’, B & (irisin)!'" 55
PN 06 PR A ] DA 3 3 5 e AR T O S OB
Ji G A e R T A RS . A E S E s
T 2N o i A A s A A R PR T
H TWE A I P 23 00 VA 42 T 2% 1) S e, LI AE Y
PHFEHLH] A o8 2 B U SR AER, FEMEL
YRGS LB T RN I, EATERE
RS R 4 R A, X SR
FIANZEWTE, A R4 s HOE A I 45 0 R
SRS PE O 2O TR IR R R SR AT Y
LYo

spexin(SPX) J& 2007 4F 38 i A= W 15 B 5 7 ik
TE N2 HE D 20 v e B — o AL 22 IR i R 1,
2014 4, FEAEMFLSh W & 1 spexin #Y ) —F
FEPRWAY spx2, 2 i A& PG Kk R R0 EHT 44
 spx1", WFFE R I, spexin F A AL 515 5 KT
G T 14 AR B UK Fr B S R A ) —
JEYIEI s U YRS SPXT A K Y 28 L 1R 7
5| 5 025 SPX1 LA K 1 2 1R 7 51 Z RN A 1
NEIERA AR, AN (Mus musculus)
Je ¥ Bkt (Oreochromis niloticus) . 44 (Carassius
auratus) F1 HE I 4 (Danio rerio) T &K BT NS
spx1 FEP Y 15 R [FE 7 501 762K 5 8 (Cyno-
glossus semilaevis)'"' . T 8 (Oryzias latipes)®” . ¥
1 (Ctenopharyngodon idella)™ FIBE o1 " 5544 25
HIHGE T spx2 £ Gl 2 P8 e R B,
1 SPX2 JRA K5 Al Wy b g HE AR SF, S B AR
AR E R EVEERT, SPX1 Al SPX2 Wi Ik 7E B HE
Sy RS B RaE , AUE DR AR
TR ES, XKW spexin 7EEY RN ] 5 & 1
R A AR

FESEIRAR Y, spexin 5 8 & ZAE L B 40
AP, e spexin 5 RS K Z M AFE—E
)N TEBR & RAH BAE T . 7EIE B K B (Rattus
norvegicus) BRI, I SPX W] S BB S & 4>
WD, B SPX AT e ik #0015 2 4 b ek
JoR B B USRS PR, RER spx] SRR EL
BE I o 1137 4 2 R KT T Y, AR spx2 i R
FEORELS RIS, B ENRS RS, M

RN R P spexin mRNA (1) &84 =, wif 1)
WF5E R, SPX1 I SPX2 REMSIFAR & A I K -,
AT BGOSR ) T 4 5 B X A A R A s A
FH ., SOnT 35 i 5 2R ) PR g, R A ] 2
FEHPY, BF9E 22 B spexin 78 8 15 B 5 2K 43 WA A AL
VAR AR A5 T K 45 B A T

Ji 5 Z5E A S FE . B R WURIRE I AR AR
B SUR AR R 2RSS A, WS RS S
PR HE AR, PR AN M AT BERY 22 5%
PR RESERAELMERE, 228, £
SRR B A5 5 W2 Hor PIBK/AKt Sz i [ 1B £
EINERY N ERER il SN Y i ka3 ST AW, |
AR AR AR R R R R AR Y R RS
PI3K/AKt {5538 6 i, T 3 e 41 0 5 26 48 B
I A DA B AN 0 526 S R AR B A A

SIS o) A A A G P G R Y, R
PRI RE S 7R 2 Ji 1 7 25 W LB IO e A, T
TE T B R B R BE AR RS i, 3 e A D A0 1
FUHE S A K R M b . FEF IS, Ma 4600
it FH PI3K AT Alket 17 ] 551 A 4 FET F Jk R s 24 B )5 &
B, BEENSMW spxl mRNA £ 35 & B F K,
F ] spexin 55 PI3K/Akt {55 % %5 YIAH G . i)
W52 &, SPX1 H1 SPX2 T 1458 JB i) 2 78 - 40 it
RV IR, 2 5 I 40 B X I 0 2% 1) b
B ELAARAE FAMLA i AR IA R, R HED, spexin
A BB I o 4 5 R 5 R AT 1Y PISK/AKt {5 53 % 52
PO BEACI G R R s . R T e LR AR,
FEiE— 2RI spexin 5 AU G HARAE H
AR, SCEGAE B SRAET 3 i f H PISK R Akt 1)
JOH I BE Wi 5 = %, FH Western blot F15¢)t
JE it PCRAFHIAR, LBCBHWT 3R M55 38 B 1T )
SPX1. SPX2 X Jig & F A5 B EA QA 42 /E HI Y
Ak, hyE e R0 R 4 0 45 B 5 L

I MRS ITA

1.1 SLIEHAH&

SR (40.0£2.0 g) W T R AH £ TR
K FR A e, 3R T R T R A K A
B3 IR K S5 AM (1 100 L, 4546 300 &) . #E
i R b iR (R RR B 38% . HLEE 15T 30% .
LR T 5%) AT A, & R4 3 1K (8:00.,
12:00. 17:30), KB &/ #fEA > 6 mgL, &
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5 1 T =, %

spexin I 1 3 5 i 5 33 1) PI3K/AKt 15 5 188 6 i 475 B £ R A it 50 &

A <0.01 mg/L, FHKi 25+1)C.
12 S ERAAR S ESER

TR A IRE , A TS Y Ca™ /Mg
free HBSS(7% 100 U/mL 7 %5 & il 100 pg/mL 4% 7
Z) W, BB R, H R % 50 mL TG G
B, T Ca¥'/Mg*'-free HBSS TiUE44; 171 30 mL
) Ca*'/Mg*'-free HBSS H il A 0.5 mol/L f#) EDTA
(60 WL)TH VERTFAELH 2N, B 2 28U AR A5 B
Fl Ca**/Mg* -free HBSS UK iH VEIFAEALZY; A
0.5 mg/mL & J5fiff IV(C5138, Sigma) Fl 100 U/mL
DNase 11(B002425, Sangon Biotech) £ /K 1 #E PR
WAk (27°C . 150 t/min, 30 min); JHALE5 S 2 5
FH 50 1 200 um KT8 J5 19 JE e IR U 8 4 it B
W, WEEHIM, £ 4°C &0 T 510k 70 Rl 50xg
BRI Smin, FE EIHWR, EETE 10 % G4
I ¥ (F8687, Sigma). 100 U/mL 7 %5 % il 100
ng/mL #% %5 & (1) DMEM/F-12 15 33 3 (D6570, b
WS ERHEARAR); B 10 pL 41w A
GG ER R, IRAJE I 10 uL 21 T4l
087 € T S & w2 N T A 5 6 R U - S A e
TR B A, AR T6 2 AE 95% L I, I
F5 o 20 i 5 R R R O 1x10° S /mL s, K4 i
B FlF 24 fLH P (1x10° 4N ALY, FE 25°C . 5%
CO, Y415 3246 (Thermo, ) P ERIE 12
h, BEfEF L2, A 500 pL JC I i b5
FEHE, MEANMEE Y 1 h 5 TR S B,

1.3 REEFEE&FRAFAR

R T B R A 2R A A UL 4B R R A T
I PI3K/Akt {5538 %, MJ5%L SPX1/SPX2 5k
FILFEIF B LR B E Mo SRl , PR TS R
BTN, M REdRE, M
200 nmol/L Ji & % (18040, Jt it RE R A R
ANFEDPIAF 0. 5. 15, 30, 60 min, %S [E]

RANESE LSRRG, 8 FRE TR,
FFLINA 100 pL 5%k RIPA 2% W (R0010, b5
R FERHA IR T ; R 200 00 A0 RLRE i e B 22
1.5 mL JC i JC il 2508, 12 000xg, 4°C B0
10 min, W4 EIH W . A BCA & 1l il &
(PC0020, dbxtZAERHLA PR A M A i A
P B 0 e B2 G2 — PR 8 20 pg/12 L, RS
A 5xLoading buffer (P1040, bt RHEFERHA R
cE]), WK 10 min J5 532 T-80°C VKAE
H, REE SRR T WB B2, Kl PI3K/Akt {55
FEPE TG DL

1.4 spexin SRR EHIFEFEE R

o3 B AR A 3 R i S, AT A A Ad
B, BN R4 . 200 nmol/L 5 K S KM
spexin FLWFF 41 . 200 nmol/L i 55 E + ARk J&
(10, 100, 1 000 nmol/L) ) SPX1 1 SPX2™; X
MR . S50 PBS; 4541 (n=4) AbHRI [R] 35K 15
min, HARGH RAEHE AL 1 LR,
R i 5 224k BTy 2] << B 2R 00 A AT 4
i, SPXI(NWTPQAMLYLKGTQ)#I SPX2(NWG-
PQSMLYLKGK) i 3 ## A= W Bk 47 A7 BR A 5] & o
SPX1. SPX2 Flfig i & i H] PBS AE A,

1.5 E&[RAAFMAE PI3K/AKt 15 5 1@ 2% FE B

SPX1., SPX2 FHE RIfdi ] PBS VENIHH],
PI3K #1157 (Ly294002, 1L0270, Jbai &K A
Ho A R A A1 Akt #) #i F) (Triciribine, 1T1270,
b Z R E R A R \)) ¥4 DMSO (D8371,
JEH FEERHHEA IR /) AR

SPX1 xf 3 & & X 48 i PI3K/Akt 13 5 i@
PI3K il 5258 . 434 H 200
nmol/L 52 . 10 umol/L Ly294002°°' | 200 nmol/L
Ji %2 + 100 nmol/L SPX1, 10 umol/L Ly294002 +

vl 2l B 2 S A
F5 0 RS o) 5 B

#1 spexin SRS EHFEE & FKAFAMER

Tab.1 Experimental study on the co-incubation of spexin and insulin in primary hepatocytes of C. idella

4531 JBE B3+ SPX 1 AL BRI E g & % 4 SPX2 AbFRUK
groups insulin+SPX1 treatment concentration insulin+SPX2 treatment concentration
1 PBS PBS
2 200 nmol/LJi# & 2% 200 nmol/L Insulin
3 200 nmol/LJE &2+ 10 nmol/L SPX1 200 nmol/L/E &% . 10 nmol/L SPX2
4 200 nmol/L/F 5 % 100 nmol/L SPX1 200 nmol/LJif % . 100 nmol/L SPX2
5 200 nmol/L/FE &% 1 000 nmol/L SPX1 200 nmol/LJik % . 1 000 nmol/L SPX2
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200 nmol/L J % 2 + 100 nmol/L SPX1 4b ¥ J5 AL AT
Y 3h Al 6 h, H%FK PBS., DMSO 4 AL
JHF 248 P [ B DA S %o B2 . Ake RS2 8% . 43
) M FH 200 nmol/L i & Z& . 100 nmol/L
81 200 nmol/L JIEEZ + 100 nmol/L SPX1 .
100 nmol/L Triciribine + 200 nmol/L Ji£ & & + 100
nmol/L SPX1 Zb ¥R AL 40l 3 h Al 6 h, A&
) PBS. DMSO A4b 3 J5 AR JH- 240 B A (] B [i] £ Sy Xof
MR, EARAIE O 2, LA RE, Z1%
W B2 R R, AEFLAINA 500 uL RNAiso Plus
(9019, TaKaRa) UAE4NAE, BE/SIREUE RNA,
SPX2 *+ & # J& /X AT 2m it PI3K/Akt 13 5 &
she et e PIBK MR SEEE . 43l 200
nmol/L &2 . 10 pmol/L Ly294002°' . 200 nmol/L
JHE i & + 100 nmol/L SPX2. 10 pmol/L Ly294002 +
200 nmol/L [ 5 2 + 100 nmol/L SPX2 4b ¥ JF AT T
41 3 h A1 6 h, HSEHER PBS. DMSO b B 5 AR

Triciribine®

JHF 490 A T TR A Ry Xk BB 2 . Akt RS2 58 . 4%
A48 200 nmol/L i 55 & . 100 nmol/L Tricirib-
ine® . 200 nmol/L JE ) 2 + 100 nmol/L SPX2. 100
nmol/L Triciribine + 200 nmol/L {5 Z + 100 nmol/L
SPX2 Ab B JF A 40 AL 3 h F1 6 h, JHZ 1Y PBS.
DMSO ilﬁﬁﬁﬁﬂ?éﬁﬁlﬂm‘ﬁI—JHTIEM’EﬁXﬂ@aé o H
RGO L 3, LR E, FEWh L2
R e 5, & L A 500 uL RNAiso Plus(9019,
TaKaRa) WAL, /5 HEEUE RNA,
1.6 SIEENR

67 FH 28 P 528 S I AG I B i Hh Akt (10176-
2-AP, RN ZJEAEYHARAGRRATF]) . P-Akt (4060,
Cell Signaling Technology) F %1k, FEEHE
SDS-PAGE 7} B , 200 mA {8 i & 1 F % #% 3|

PVDF Ji -5 f WA W58 £ 1 h, FH TBST %
JIBE 3 WA A H—Pifi B (G2025-100ML, #IX

F 2 SPX1 XM Ef& R TR PI3K/Akt {5

FEAE IR AR IR ) B —4t (1

£ 2 000)

SREFMLE

Tab.2 Experimental investigation into the effects of SPX1 on the PI3K/Akt signaling pathway in

primary hepatocytes of C. idella

Hil SEHE AR B Hil AL BRI E

groups treatment concentration groups treatment concentration
XHEZH control PBS YR control PBS
DMSO DMSO DMSO DMSO
JREZE  insulin 200 nmol/Lfig i & JREZE  insulin 200 nmol/LJif % &
Ly249002 10 pnmol/L Ly249002 Triciribine 100 nnmol/L Triciribine
Je i % +SPX1 200 nmol/LJfE % 100 nmol/L SPX1 JB i % +SPX1 200 nmol/LJE %+ 100 nmol/L SPX1
insulin+SPX1 insulin+SPX1
Jh & 2 +SPX1+Ly249002 200 nmol/LF#E %+ 100 nmol/L SPX1, Ji &% 2% 4 SPX 1+ Triciribine 200 nmol/L# %% . 100 nmol/L SPX1.
insulin+SPX1+Ly249002 10 umol/L Ly249002 insulin+SPX1+ Triciribine 100 nmol/L Triciribine

W: Ly249002.PI3K#NHI5; Triciribine. AktIHIF], FF.

Notes: Ly249002. PI3K inhibitor; Triciribine. Akt inhibitor; the same below.

#z 3 SPX2 XE&FRITFMAE PI3K/Akt {5

SEEFWEE

Tab.3 Experimental investigation into the effects of SPX2 on the PI3K/Akt signaling pathway in

primary hepatocytes of C. idella

) pisibidi ) Qb3 B

groups treatment concentration groups treatment concentration
Control PBS Control PBS
DMSO DMSO DMSO DMSO
%2 insulin 200 nmol/LJi% & % JiE5 % insulin 200 nmol/Lfi% & %
Ly249002 10 umol/L Ly249002 Triciribine 100 nmol/L Triciribine
[ &3 +SPX2 200 nmol/L#i % 100 nmol/L SPX2 [ B F+SPX2 200 nmol/Lf# % . 100 nmol/L SPX2
insulin+SPX2 insulin+SPX2
Ji 1% 2 + SPX2+Ly249002 200 nmol/LJE 2. 100 nmol/L SPX2. || i) & +SPX2+ Triciribine 200 nmol/LJF %2+ 100 nmol/L SPX2.
insulin+SPX2+Ly249002 10 pmol/L Ly249002 insulin+SPX2+ Triciribine 100 nmol/L Triciribine
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5 M T =, %:

spexin JH I 3 58 i 5 25/ T 10 PI3K/AKt {5 5 18 B 15

o A 50 &

R E 2h, BEJE 4°C TR E ;s TBST B
3 A4 PVDF & F 4T (1 : 1000, SE134, Jb
WEKERHARA A b, FEBEF 2h; ]
TBST A% 3 X, F ECL Plus ###§% ¢ (PE0010,
Rt Z K ERHA R A #E C400 MR & 7,
5 ] Tmage J 3K {40X) Hbr 25 47 AL S 1T

1.7 RNA BJ3ZEUK ¢cDNA B9E& B

fifi FH RNAiso Plus #&HUFE i &L RNA, Jf
L4366 EE T (Nanodrop 2000) 135 AR R it Fa,
VKA I RNA (9 4k B2 Je i f . #% B/ PrimeScript™
RT reagent Kit with gDNA Eraser (RR047B, TaKaRa)
VLB 5 cDNA,
1.8 SEEICSEEE PCR

#R $E ChamQ Universal SYBR qPCR Master
Mix (Q711, Vazyme) a5, i FHSEH 9 5t
PCR {¥ (LightCycler 480 Il , Roche, Fi-t) i#H1775%
JtE f PCR SESw , WEWEME . WESAE L B0
W IR B DL S 28 W 7 32 AR O JE R I 7 5 | )7
HIWLFE 4, PIGFET. 94 °C, 3min; 94 °C, 305,
55°C, 10s, 72 °C, 20s, 35 fE¥H; 72 C,
5min, YEH 18SrRNA HHNZSEEN

1.9 HIBEHH

SRR DL Y HESE Fon, R 2788k
THE LAY R A5, f# ] SPSS 20.0 {4 (IBM,
USA) #1748 7143 B . WB 256 45 % FH Image J
BAEIEAT 481 o 18 FH Shapiro-Wilk ¥ Fil Levene ¥
X R HEAT IEAS A0 AT R0 5 25 50 VR 5, SR B 1A
Rt FEEES, FiEk% Rk Waller-

Duncan [G 5 . B A AR B ¥ H1 Graphpad 8.02 X
F (LLC, USA) iff.

L H
2 iR

21 BREEXNEGFENXAFHHE PI3K/AKt 55
k=30 AL

R T A A % R U AN PIBK/Ake
155 Bk R s, {4 200 nmol/L i 5 E I & T
A 0. 5. 15, 30, 60 min Ji7, Al Akt HEE2 1k
KA, ZESR A 1 TR . Akt 2 B R T K
A LTHE TRER G, ZEALEE 15 min B Akt £
FI B R AL R B i (P < 0.05), FEABRE RAEWS
B BOE PI3K/AK {5 538 %

22 E&FEXRIFHED spexin HREFRFSH
PI3K/Akt {5 518 BRI 2N

TR 5% SPX1 I SPX2 & 75 5% Wil Jif 12 25155
T 1 PI3K/Akt {5538 % M el A B, HAS
W] B Y SPX1 B SPX2 5 fj % 28 L[] b BRFAC I
YR, Z5RWME 2 PR, SHRERPSEAM L,
AR BE ) SPX1 B SPX2 5 i iy XA H )
A JEL AR A0 i Ake B R AL KT 3 B3E TR (P <
0.05), HI7E 100 nmol/L I 3AF i & (P < 0.05),
2.3 SPX1 Bt Rk 5 R T S/ PI3K/Akt 1B
RIS AR5

{55 4177 Ly294002 . Triciribine, 7 % fa 5
P20 M 43 BIBELEST PI3K . Akt, 5% SPX1 X
BB R O B L R R A n s, 25 R
WK 3 FE 4 i, 5 DMSO 4k, PI3K 4l

Fz4 SETRHXEE PCR Y

Tab.4 Primers used in quantitative Real-time PCR

B EA 595" —>3") R 51I(5'—3") FP35

gene forward primer (5'—>3’) reverse primer (5'—3") accession no.
18S ZFE{A RNA 185 rRNA ATTTCCGACACGGAGAGG CATGGGTTTAGGATACGCTC EU047719.1
HEFERE gk GAAGAGCGAGGCTGGAAGG CAGAATGCCCTTATCCAAATCC GU065314
JH BB SRR E-1  pfkla GGAGCGGTGAATGAAGTGTC TTGTTGCTGATGGTGGCA XM_051906025
ERERLEE  pk GCCGAGAAAGTCTTCATCGCACAG CGTCCAGAACCGCATTAGCCAC JQ951928
HIEHE-6-BEIRRE  gbpase AAAGACAGCAGGTAGAAGAGG ACGGAAAACAAGAAGAGCAG KY742725.1
BRI RS  pepck  ATCGTCACGGAGAACCAA CCTGAACACCAAACTTAGCA JQ898294.1
WA gvs CCTCCAGTAACAACTCACAACA CAGATAGATTGGTGGTTACGC JQ792167.1
JIFBURE R BERR AL pygl GGTAGAGCGCTCCAGAACA TCAACCTGCCAGCCATCTTT JQ782458.1
MEEIZEA2 gl GTCCAGCAGCCATAGCATTAGC GCACCATCTCAGCCTCTTCTTG KY763986.1
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El1 BREENESFRATHER PI3K/Akt {55 B HEAIF M0

AT EER R 8] 2 7 B (P<0.05), T,

Fig. 1 Effects of insulin on the PI3K/Akt signal pathway in the primary hepatocytes of C. idella

Different letters indicate significant differences among groups (P < 0.05), the same below.

insulin+SPX1

e i 3K +SPX1
1 2 3 4 5

P-Akt r

(60 ku)

T-Akt

(60 ku)
[-actin | —

(43 ku)

p-AKT/t-AKT H%
p-AKT/t-AKT ratio

-

—_ (o]

e
(ST S

1 2 3 4 5
Jik i F+SPX1 AbHE

insulin+SPX1 treatmet

@

insulin+SPX2
[ B F+SPX2

P-Akt
(60 ku)

T-Akt
(60 ku)

f-actin
(43 ku)

—_— N

p-AKT/--AKT L%
p-AKT/t-AKT ratio
o & b » =

c b H b
Nuilinil
1 2 3 4 5
Ji 5 2 +SPX2 Ab3R

insulin+SPX2 treatmet

(b)

& 2 spexin S E & R AT PI3K/Akt 5518 B RIS
LI, 2.5 KA, 3.5 & +10 nmol/L, 4. JFi!% Z+100 nmol/L, 5. 5 2K+1 000 nmol/L. « * 37 I & 2 4 BE 41 5 %) [ 20 22 1] 1)

BEMZER (P<0.05).

Fig. 2 Effects of spexin on insulin-induced PI3K/Akt signal pathway in the primary hepatocytes of C. idella

1. control group, 2. insulin-treated group, 3. insulin+10 nmol/L, 4. insulin+100 nmol/L, 5. insulin+1 000 nmol/L.“ * ” indicates a significant difference

between the insulin-treated group and the control group (P < 0.05).

) (Ly294002) Sl AL BEFFAAARL 3 h 6 h )5, WHEE
fife . WESAE . OWRIELG B A R A DG SR A TE B
EVEAE AL (P> 0.05)(1%] 3); Triciribine Hi7 4b 2T
Yiff 3 h 6 hG, MR OCHEIEN (pk. prkia).
Bl S A SRR FE TR (g6pase) . Bl R 43 i B TR (pygl)
mRNA Fk/KFTE B & WAL (P> 0.05)(& 4), ik
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Fig.3 Changes in the effect of SPX1 on insulin-mediated glucose metabolism regulation following inhibition of PI3K in

the primary hepatocytes of C. idella
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Fig. 4 Changes in the effect of SPX1 on insulin-mediated glucose metabolism regulation following inhibition of Akt in
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Fig. 5 Changes in the effect of SPX2 on insulin-mediated glucose metabolism regulation following inhibition of PI3K in

the primary hepatocytes of C. idella
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Fig. 6 Changes in the effect of SPX2 on insulin-mediated glucose metabolism regulation following inhibition of Akt in
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Spexin regulates glucose metabolism by enhancing the insulin-mediated
PI3K/AKkt signaling pathway

WEI Yun', ZHANG Yingxin', WANG Beibei', YAN Xiao', WANG Junli?,
QIN Chaobin ",  NIE Guoxing "

(1. College of Fisheries, Henan Normal University, Henan, Xinxiang 453007, China;
2. College of Life Sciences, Henan Normal University, Henan, Xinxiang 453007, China)

Abstract: Fish exhibit a relatively low capacity for carbohydrate utilization. When fed a high-carbohydrate diet, fish exhibit
increased hepatic glycogen content, which can disrupt normal liver metabolic functions. In recent years, investigating carbo-
hydrate utilization and energy metabolism mechanisms across different fish species has become an active area of fish nutrition
research. Under physiological conditions, blood glucose homeostasis is primarily maintained through the antagonistic actions of
insulin and glucagon, with insulin being the most important hypoglycemic hormone in the body. Studies have found that endo-
crine mediators can influence the secretion and antagonistic balance between insulin and glucagon, ultimately regulating blood
glucose levels by modulating glucose uptake, glycolysis, gluconeogenesis, as well as glycogen synthesis and breakdown. In
mammals, spexin has been demonstrated to play significant roles in regulating glucose and lipid metabolism and alleviating
insulin resistance. Spexin (SPX) is a polypeptide hormone composed of 14 amino acids, and two isoforms, SPX1 and SPX2,
exist in fish. Our previous research has indicated that both SPX1 and SPX2 enhance insulin action in hepatocytes, thereby
increasing hepatic insulin sensitivity. Furthermore, studies in fish have shown an association between spexin and the PI3K/Akt
signaling pathway. Inhibition of PI3K or Akt attenuated insulin-mediated spx] mRNA expression. Given that the PI3K/Akt
pathway is a classical insulin signaling cascade, we hypothesized that spexin exerts its regulatory functions via this signaling
axis. Using in vitro approaches, this study investigates the roles of SPX1 and SPX2 in regulating glucose metabolism via
enhanced insulin-mediated PI3K/Akt signaling in the hepatocytes of grass carp (Ctenopharyngodon idella). Western blot ana-
lysis was used to examine the effects of spexin on the PI3K/Akt signaling pathway in the primary hepatocytes. Additionally,
specific inhibitors of PI3K and Akt were employed to block this pathway, followed by quantitative real-time PCR to assess
changes in insulin-mediated SPX1/SPX2 effects on glucose metabolism. Our results showed that insulin activated the PI3K/Akt
signaling pathway, and the phosphorylation level of Akt protein peaked at 15 minutes after co-treatment of primary hepato-
cytes with insulin and 100 nmol/L spexin (P < 0.05). SPX1 or SPX2 enhanced the activating effect of insulin on the PI3K/Akt
signaling pathway, further elevating the mRNA expression levels of key glycolytic enzyme genes (gk, pk, and pfkla), glucose
transporter 2 (g/ut2), and glycogen synthase gene (gys) (P < 0.05), and inhibiting the mRNA expression of key gluconeogenic
enzyme genes (gbpase, pepck) and glycogen phosphorylase gene (pygl) (P < 0.05). These results indicated that SPX1 and SPX2
enhanced the activation of the PI3K/Akt signaling pathway activated by insulin, further promoting glycolysis and glycogen syn-
thesis in the hepatocytes, and inhibiting gluconeogenesis and glycogenolysis pathways, which demonstrates that spexin enhance
insulin-mediated regulation of glucose metabolism in the hepatocytes. This study clarified the indirect regulatory roles and
mechanisms of spexin on glucose metabolism in the hepatocytes of C. idella, which provides a foundation for further in-depth

understanding of the molecular mechanisms underlying the endocrine network regulating glucose metabolism in fish.
Key words: Ctenopharyngodon idella; spexin; insulin; primary hepatocytes; glucose metabolism
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