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VD, Xt =S4 H#R 1R 5F B 17 7E R R HE A BE TR F2
FRR', R, Fhe, wae’, ¥ OB, #RR, ¥ 27

(LT R 2B MR R AR 2B, TP & 330045;
2. B RFAEMBIEER, LA 330031)

HE: YR VD BB AR ER T HEFEERBEREN B, SREREEN TaEY
& [ AR E (17.1320.08) g] K L Xt %, ML K34, BH4NEH, BNEE 0 RE
B, PANEREFEAT. BT FEE AT A 2000 IUkg 4 £ & Dy (27l & 4
CON 41. HC 4172 HCVD; 41) 89 3 # & A S 1Ak, #HATH M 8 A RA LB . 4RI T,
A ihol kKM RRR AW LR 2B ; HC 47 7E % (82.22%) B £ T%, %im VD; &,
FE R (88.89%) B FH ik, HE CON 4 (90.42%) £ 2 % % 7. HCVD; 41 JiE 1K 45 % Fn B
HERHCAH L F LH. &R RE % AW (ALT) fr 4 ¥ # @ 8 (AST) 4 &4 HC 4134 %
®OAKME; MvEH i = 8 (TG) & & &£ HCVD; 41k 2| ;| KH . 738 & 1 B fo Jik & & B 09 7%
MHC A ZEMTHM ALY, MEEOHTUHLEE THMEL A . HC 4 & 6 IF Ik F 45 E
4 & (124.45 mg/g) % CON 41 (99.55 mg/g) & & F+ & , T # ¥ B (HK) fo 5% B R % ¥ o
(PFK) 7& £t 1 3% 7+ % ; HCVD; 41 fif 4% R 4 & (89.44 mg/g) % HC 41 % T/, H PFK &
M8 % T HC 4. LW PFK & 442 HCVD; 4134 2| & & 8 . HC 41 % 4 i JE 7o 7 3 1T &
2 8 (CAT) WM B 2T CON 41, #jr VD; 5, HHE A (6 (T-SOD) 3 & &
F&, W B (MDA) &M 8 2 Kk, HCVD; 41 % 4 5 (% 3% 20 8 B F (IL-18. MyD88).
Pk 4o H F (IL-10) Fo s % & & @ 2 W (ZO-1. ZO-2. Claudin-12) 48 %t k3£ & § %
RTHCH. HAREKYW, ERAEZRFHET, B G%) ERLDFREREL & NFEE.
HmEERARE., BRI ANGE A O I 8, W& AR F A e 2 000 IU/kg
VD; 5, JHRAHEAARFAME I e R IR EHERED G, ATRBEKFEE;
WA, AR A i VD5 2 B8R AR xR R B f o ARHE R T N 6 B R R R 1 e
AN T AR o B ) 42 G LAl B R Fede B o

KRR HaE; VDy; HERY; WA i E
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F2 R PR A P I B R R | B SR ML A e iz g
T1 K BAR AR R B S T Tl Y sk, FEfZErhl
BSOS, YRR R A R
Z i, 5 H R Carassius auratus gibelio) Fl 75
w B AL "YGIFT Oreochromis niloticus) 4 K5 F
TR, XTPARNEET (Acipenser baerii) . K1
(Micropterus salmoides) 1 75 . (Mylopharyngodon
piceus) TR, EEH S EMYEAE D Al E
Fo Ak A KM, Ak (Sparus
aurata) H AR R PR IN4EA R Dy, ATAF AR
B EH AR ARG Y AN, IS 4E
H: K Dy Al 5 B A (Pelteobagrus fulvidraco) [
T RE I, BRI, TE R H O P oRb R Y 4
"2 2R Dy BEAHE 3 G2 fif £ 1A P s T R AN RS,
ARTH, MR Ia TG — IR,

i (Monopterus albus) &3 F BB IR K 4
ez —, WERNFER. WREHEL, BERM0NE
FE A AT R, PR S n R R
s, HBIBNATHIRE S A R A, EEERE
R KT (R L 2 S SO TG 232 I8 ST I i =
ORI, M AR EY, 445 D, AR5 H
TR A B E Y (L H AT G S R
WINAEAEZR Dy Jo, WA AR AR S 1 5%
A ST AR VLR IE . PRI, ASSEE D) B g S i T
X4, RICTEFE HAR TP A m4E A4 R Ds X i g
AR B ORI T A R S
A S e 8 100 4t o] 2 0 T Ak ) I ) 2
%%,

1 MESIHE

1.1 SCIgAR

ARSI UL o JERY MR, BbEZEIR MK . XY
RUB R ok 8 G R, Sl (11,
g bb) MARWTIR, Eo 3 A AR A (41% HE )
NG (7% LG ) Bk, BT A BT G T UE #
I EFERY, 2 BIBEE B 15% o U8 K Y 1E 5 B
(CON) Tl Ak . F 35% o JE K3 11 /5 M (HC) 1] %}
& 35% o FEMSIFER N 2 000 TU/Kg 4EE & Dy( |
MR R AIRA R, 48 =98%) (155
B% + VD3(HCVD;) ik}, 4EA R Dy ik =% T
PR P 1 28 o) L ol e oK R O IS A}
BRI e L 80 Hf, Ry 2R UERFR R, BN
REHE; HIMAT MRS, HCVD; 41
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iR Dy I TR S St h, 32
JGET - 20 °C vKAE P RAF T, SERiRRh A=
K Dy i g B R e I O 1 TR S e
Crk 4 2R Dy I E br T R —— s AR
i (GBT5009.296—2023) ) #EATINE . L5 1
BHEURHE BB R WA 1

1.2 RFEEER

TEPR R B ST B AR B G, AEVIDE4E bigel
KT EEE SR AT IE AR (2.0 mx 1.5 mx 1.5
m) 1T FR . HEESCAMFENE IR, 48 h WA
PR, BEZ IR INAE, R ] | fo s8N Rt
T 5 B P B DT ST R SR . RIS S
5L PE R, X B EESEAT 24 h YLHALBE . AR5k
e BN A ny gt 720 B iEAT 4040, 7
IR IR R Ny (17.13£0.08) g, SEERIL 3 MAb B4,
A BB E 4 A PATH, 12 M, B
R SR 60 BB i i . BE K 17:00 22 A7 400 19K,
Mo HEmE, W i 5T DL BE (R J 1Y 3%~5% H.7¢
0.5 h IWHEE TE N E, FRARIE o b 2 1 L A T IR
Ins SR . FRAE SIS I 8 Ji . SEIs ],
KR FEFE (28+2) °C, WA KT 6.0 mg/L, &
AT 0.5 mg/Lo A 250 T 4R A5 VLI ARl R 27 51
55 S YA FURVEE G B2 5L S b, AR 4% iR
TLVE AR K 2 40 B 25 5% 2 1l ) B3 1) 3 AT
SRS AR, A VL PG AL KA B

1.3 HSEIXEMIEFRNE

FRIE I SE R 450 24 b, FH 100 mg/L ¥
) MS-222 BRI i, SRJE 15, FREE FERFE
5 BT B B 3 B A A—20 °C 177, I THRE 3
SYONGE ;. BRI 4 TR FTCR M, H 2 mL
T LEIWE, BT 4°CkMh#EER,
2 500 r/min &> 15 min, B | )2 I 3% % F—80 °C
UKFER VR IR . R et IR |
i Rt 1 e R N 1 N 1
T 1.8 mL RAFH, WA MR, —80 °CIRfFE, W
(5 mmx 5 mm) i Ik 21 2L 4% £ 8 B 1
24 h e E W, RIGHCEERIK, ZHR
HYE, AR EEAEAET, S pm B RS PIE AR
& (PAS) Get, f5cJ FIXUH A4 2 8% BM2000D
XoF JFF IR 1) 20 2 2 5 SR E AT RS AT 4 . BBUTFIOE
HURIRTIZ 7 BT 1.8 mL ARAE, WA B,
—80 °C FR47
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F1 LEEAMERHARKREFRS R
Tab.1 Formulation and proximate composition of the

experimental diets

WiH 5 groups
items CON HC HCVD;

PRI/ %  ingredient
VKA peruvian steam fishmeal 35.00 35.00 35.00

XK"Y chicken meal 500  5.00 5.00
LK"Y wheat gluten 18.31 1831 18.31
olE#"” o starch 15.00  35.00 35.00
AR YER  microcrystalline cellulose  20.50 0.50 0.50
fl fish oil 1.50 150 1.50
HiH  soybean oil 1.50 1.50 1.50
iR — &%  calcium dihydrigen 1.50 1.50 1.50
SALIESE  choline chloride 050  0.50 0.50
Y ZHUREY  vitamin premix 0.15  0.15 0.15
WY FERE  mineral premix 1.00 1.00 1.00
LA ethoxyquin 0.01 0.01 0.01
NERES  calcium propanoate 0.03 0.03 0.03
Mt total 100.00 100.00 100.00

EIFEAST  nutrient composition

HEH/%  crude protein 41.61  41.57 41.80
HURWG/%  reude lipid 690  7.26 6.82
W% ash 9.15 8.91 9.19

#i4E R D4/(IU/kg)  vitamin Dy 508 512 2510

e 1) TY(%) AR SR SHER 67, RN 8.4; PR &
HH 65, MKW 10; Aok SHHEA 79.66, MKW 2; ok &4
B 0.74, MR 0.19. 2) 4E4 K BUREH mg/kgBIU kg k) & 4k
HEEB12; R 12: B4 KB GRERMLEEE) 8: 445 B),0.05;
Uedi KK 8 JLAE 1005 ZERVG(4EAEKB;) 405 JHIR 505 FHER 55
EWE 0.8 YEAEFRA 25 HEAERD, 5 4EAEEKE 505 4EAEEC 1005
LEAIEVENK 150; /NAEk) 2 434155 3) VIR TR B me/kg BT} 7
LB 200 5 BULBI(1%) 605 ANIKEALEHI(1%) 50; IKBERRE 30
—KTRERIEEk 400; —/KIEEREE 4005 —/KERMRHL 150; FL/K MR
B (1%) 655 —/KEREREE 2 0005 WK 3 645.85.

Notes: 1) Composition of dry matter (%) was Peruvian steam fish mea,
contain crude protein 67, crude lipid 8.4; chicken meal contain crude
protein 65, crude lipid 10; wheat gluten contain crude protein 79.66,
crude lipid 2; a starch contain crude protein 0.74, crude lipid 0.19. 2)
Vitamin premix(mg/kg or IU/kg diet) contain VB, 12; riboflavin 12; VB¢
8; VB, 0.05; VK; 8; inositol 100; pantothenic acid 40; nicotinic acid 50;
folic acid 5; biotin 0.8; VA 25; VD, 5; VE 50; VC 100; ethoxyquin 150;
wheat meal 2 434.15. 3) Mineral premix (mg/kg diet) contain KCI 200;
KI (1%) 60; CoCl, 6H,0 (1%) 50; CuSO,4 5H,0 30; FeSO,4 H,0 400;
ZnS0O,4 H,0 400; MnSO,4 H,0 150; Na,SeO; 5H,0 (1%) 65; MgSO,
H,0 2 000; zeolite power 3 645.85.

IR A3 S 1 I 5 SR FH 105 °C fE R4 T3 (GB/T
6435—2014); FL&E AW E R ALK E A (GB/T

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

6432—1 994); FHAR W2 K F & [CHl &1 (GB/T
6433—206); MK 53 M 7 K 36 9 e il 2 e vk
(GB/T 6438—227),

M5 # 45 8 (GLU), RHFEEE (CHOL), Hi
=i (TG). MEE (TP). BRI (AST) MR
% 2 Bl (ALT) P90 o D0 v 2 AU480 A= fb 4
B LA B B iR 8 o

WERRR AT . B LR AT 418U, A
O R BRI AR BRER K, FEVKIR SR T HLIRAI K 5
min, 3 000 r/min &5.0> 10 min, B VS AT RS
PRI AE o ) %5 0 -6-W PR T (G6Pase). RHE-1,6-—
W% W2 i (FBPase). il M2 M B =X T4 i T2 #% U ity
(PEPCK) i VL 75 B b A= 4 AR 23 F] ELISA it 7
&, OB (HK)(A077-3-1, 43606, B
iR SR B (PFR)(A129-1-1, AN, A
MR P4 (PK)(A076-1-1, AR HTR) . BEIF (A043-
1-1, k). adEMEE (Col6-1-1, JEM-MLHL @
%), IR Wi B (A054-2-1, AR k) A R
(A080-2-2, 84N ik By I i 24 2R FH R ot 4
A=) T ARG T AR B

S E ALY AL (T-SOD)Y(A001-1, B
it AL S (CAT)(A007-1-1, R &) f —
[ (MDA)(A003-1, TBA %) B 22 34 % I e ot
B T AR5 A R B e . Db 2 2l S
P T s .

J 1 B RNA fif Ji] TRIzol i3] (TaKaRa, H
A $EH, # F NanoDrop2 000 #8 f# & 4366 & 1T
(Thermo Fisher, E[E) Wl 5E £ RNA VREE . Fifi)5 (8
FH PrimeScript™ Jz % i85 & (TaKaRa, HA) &
i cDNA, JfH DEPC /K #E 17 % B J5 B F 20 °C
A7 H o 9298t € it PCR (RT-PCR) 2 Jj 4
FH20pL, Hr ERIEFIH4 04 uL. cDNA 1
uL. 10 uL 2xSYBR gPCR Mix(TaKaRa, H 7<) fl
JCHfi/K 8.2 pLo & fAX SR Jy S E it PCR X (Bio-
rad-CFX96)., RT-PCR FIFRITH 94 °C FiASE 30 s;
94 °C 78 5's; 55~60 °C iE K 72 min, 72 °C ZEfH
10s, 40 NMER, ZJETH UGN .. 519751
T NCBI % it (3% 2), it & PCR 453t Xt 5
Yy B AW B cDNA W) C fH, H A9 3L K AY A X
mRNA 23k 0 — 1L 5] f-actin(N S 7 N), FH-1HH
27 TR RE

1.4 HHEAXMGHT 2
HIH R (WGR,  %)=(Z R R HE ) 1h 7K 5 /4]
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R2 AEELAEE PCR 314
Tab.2 quantitative primer of M. albus
H 2 Hi#519(5-31) THEEI(5-3) x5
target gene forward(5'-3") reverse(5'-3") accession no.
IL-1p AGAGTTTGGTGAAGAAGAGG TTATTGTGGTTACGCTGGA XM_020585780.1
1L-10 AATCCCTTTGATTTTGCC GTGCCTTATCCTACAGTATGTG XM_020593114.1
MyDg8 GTAAGAGGATGGTGGTGGTGA CAAGATGCTGGGAAATGGC XM_020602285.1
Z0-1 GGCATCATCCCCAACAAA GCGAAGACCACGGAACCT XM_020606626.1
Z0-2 AGCCGAGGTCGCACTTTA GCTTTGCTTCTGTGGTTGAT XM_020621520.1
Claudin-12 TCACCTTCAATCGCAACG ATGTCTGGCTCAGGCTTATCT XM_020607277.1
p-actin GCGTGACATCAAGGAGAAGC CTCTGGGCAACGGAACCTCT AY345056
TR X100%; (90.42%), HC 4 (82.22%) % fif i, 7% K I & T [%

B E A K (SGR,  %/d)=(In & K 1A F—In %)
TR A ) AR MR AL 100% 5

TRLEE AL (FCR, Yo)=[ Tl Ao 45 M /(R A
H AR EE)]x100%;

FEIE 2R (%)=L K AU IR R 20> 100%;

JEAFEEL (HST, %)= B /AR ) > 100%;

JIEARFEEL (VSI, Yo)=(M JIE /14 8)x100% ;

JEEE (CF, g/em’)=(IRE/fAK)*100,

25 R R P AR R (mean+SE, n=4) &
7%, JH SPSS 23.0(SPSS, 1L, M) it fhitiTr
AR E 7 2243 81 (One-Way ANOVA) ) il |,
FAE Duncan [R 2 L30T, 24 P<0.05 B %R
ZRBE,

2GR

2.1 SFEERDRM VD, WEiEE KMEEENE
& {R4H BR B9S2 0

) A KRB S B o, T CON4

(P<0.05), 7EfifE H MR HE N VDs J5, HCVD; 4l
HE M 5 K (88.89%) i LTt (P<0.05) % 3. 4%
AR E . HER | R 4 KRR bR
Y100 8 &7k (P>0.05), 5 CON 4 #Htk, HC 4
FIRF AR 2 . DRSS BRI IR LB & 2 7
(P>0.05), AL T HC 2, HCVD; 4 I 1A 45 %k
FIURE 5 B 24 @ Pk [T (P<0.05), {H T AT %08
3257 (P>0.05), 4% 41 18] B 6 7Y 4 £ {R i o TG
WEFES (P>0.05) (% 4).

22 SEHEBRFIRM VD, R EE M E S LIEHR
AL

ML A AR FR Rl R R, 45 AL 1a) 7 A &
fist i G B AR 4R (P>0.05); HC B 1 &=
(58.20 g/L) B = T CON 41 (50.55 g/L) (P<0.05),
TEUNIN VD, J&, HCVD; 4185 & (41.85g/L)
F R (P<0.05); HC HAANHEAM &7 (4.58 U/L)
L& T CON 4 (2.03 U/L)(P<0.05), 5 HCVD,
4 (3.20 U/L) L2 57 (P>0.05), HCVD; A5
AR (21.90 U/L) KT HC 41 (35.93 U/L)

F3 SRERRPRMN VD, X EEE KRNI
Tab.3 Effects of high carbohydrate diet supplemented with VD; on growth performance of M. albus

£z

parameters CON HC HCVD,
¥i¥E/g 1BW 17.09+0.06 17.14+0.04 17.12+0.03
K¥JE/g FBW 51.40+1.19 53.36+2.39 53.60+2.24
WER/% WGR 200.83+7.15 211.69+13.91 213.17+13.15
FeE B K3 /(%/d) SGR 1.97+0.04 2.03+0.08 2.03+0.08
ROEZE/% SR 90.42+0.80° 82.22+1.47 88.89+2.00°
TR ER /%  FCR 1.41£0.05 1.48+0.05 1.32+0.07
i Afa%u% HSI 3.56+0.07° 3.64+0.09" 3.93+0.08"
MEAEFEEU%  VSI 7.84£0.29° 7.740.06° 9.48+0.30°
E# /(107 g/lem®)  CF 21.17+0.46° 21.26+0.30° 22.95+0.51°

W B TAR T RER R 2 7 525 P>0.05), .

Notes: The same line with the different letters indicate significant differences between groups (£<0.05), the same below.
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F4 SFERRPRM VD, M EEBEEFRR BN

Tab. 4 Effects of VD; in high carbohydrate diet on body nutrients of M. albus %
pariiz—:[ers CON HC HCVD;
/K4 moisture 75.29+0.34 74.6120.31 74.38+0.45
H®EA  crude protein 17.49+0.34 17.47+0.13 16.81+0.71
HMEMT  crude lipid 4.35+0.24 4.43+0.39 5.10+0.26
IR 4} ash 2.34+0.14 2.72+0.24 2.32+0.06

(P<0.05); HCVDs 41 H il — g & & (4.05 mmol/L)
3% T CON 4 (0.80 mmol/L) Fl HC 4H (1.53

mmol/L) (P<0.05); HC 41#%hH & i % 5T CON
20 (P<0.05), 5 HCVD; 4L #EER (P>0.05) (3% 5),

5 EREERTPARM VD, 3B IEE KRR
Tab.5 Effects of VD; in high carbohydrate diet on serum physiological and biochemical indices of M. albus

EEEL0

parameters CON HC HCVD,
MEANgL) TP 50.55+3.08" 58.20+2.67° 41.85+0.30°
BHHERM/(U/L) ALT 2.03£0.34* 4.58+0.58° 3.20+0.20%
BEEEBY/(UL) AST 28.38+1.41% 35.93+4.67° 21.90+1.90°
S JHFE E/(mmol/L) CHOL 3.43£0.22 3.66£0.15 3.68+0.10
Hih =E8/(mmol/L) TG 0.80+0.13" 1.53+0.08" 4.05+0.10°
% FE/(mmol/L)  GLU 1.96+0.24° 3.94+0.46° 2.93+0.27®

2.3 788 BRI VD, Xt 8RR E LR

A1)

TH AL AR gl R o, M CON 41 3E#y
fif§ {5 % (0.16 U/mg prot) F1Jik 25 1 g6 14 (0.52 Ulg
prot), HC ZH JiE ¥ i % 1% (0.08 U/mg prot) il Jik 25
5 7 (0.26 Ulg prot) i FE &AL (P<0.05), TifE

M H AR AN VD 5, HCVD; 41 36 #; i 15 P
(0.18 U/mg prot) F1fig &5 [ 15 1 (0.90 U/g prot) #H
BT HC 4183 THE (P<0.05); HC 418 il 1% 1k
i # 5T CON 4l (P<0.05), ¥/ VD, 5, HCVD;
20 i 195 Bt 15 (1.25 Ulg prot) M %8 HC 41 i 5 FEAIG
(P<0.05) (% 6).

6 EFERRTPIARM VD, X R EERIAH L ESAI R
Tab. 6 Effects of VD3 in high carbohydrate diet on foregut digestive enzymes of M. albus

Hibs CON HC HCVD;
parameters
JENEE/[U/(mg prot)] amylase 0.16+0.01° 0.08+0.01° 0.18+0.02°
N8/ [U/(g prot)]  lipase 1.43+0.04° 1.79+0.09° 1.2540.11°
JiRAR (1 §/[U/(g prot)]  trypsin 0.52+0.03° 0.26+0.02° 0.90+0.10°

2.4 SHEBRPIRM VD, 3 EEERER SR

B R ARSI VD, X B 5 R S 5
B2 X PR AL 2051 T PAS Yo FUE A i o =2
Ja, @R ER, HCHMMRERE MG, PR
CON HHER, H HCHMFIEH RS R EmT
CON 4 (P<0.05); HCVD; 41 JIT JIiE £H 28 3 {5, K 4%
T HC 4728 %, Bifh'5 HCVD,; 44HiE, H HCVD,
2 JHF W D A A T HC 48 35 PR AR (P<0.05),
5 CON L E 25 (P>0.05) (K MUANAL 1),

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

B ERR ORI VD o 88 05 FEF R AR A 10 52
M 25 R i, A IR I A Bl s R A, AR
T CON 41, HC 4 CHismE (HK). #5820
it} (PFK) {5k 0 TH i (P<0.05). 7ErRoHE HAR AR
JnVD; J5, HCVD; 4186 HK TG AT HC 4100
BEAME (P>0.05), {H PFK % (233.59 U/mg prot)
3 H T HC 4 (P<0.05) (£ 7). WHEIRR I (PK)
TE 45 4L A 200 B 3 7281k (P>0.05). T 76 4 53 2 il
TGRSR bR, HATHE-6-BE IR (G6Pase) . HUHl-1,6-

https://www.china-fishery.cn
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&
1.CON 41, 2. HC 41, 3.HCVD; 4l; PAS ¥+t (2€0), #Hifi%x40.

Plate  Effect of VD5 in high carbohydrate diet on liver glycogen accumulation of M. albus

1. CON group, 2. HC group, 3. HCVD3 group; PAS staining (purple), multiple of objective x40.

150
b
T
e 100 = a
g g —
= =
B2 50t
0 L L L
CON HC HCVD,
415
groups

1 SHEHRPRM VD, X REERFAEPER 2 BT
AN [E - RER N IR 22 7 1 3% (P<0.05), TIAl.
Fig.1 Effects of high carbohydrate diet supplemented
with VD; on liver glycogen content of M. albus

Different letters indicate significantly difference (P<0.05), the same

below.

Wi W2 Wl (FBPase) 1k 2 M 1t =X T4 I 2 2 194 iy
(PEPCK) 7€ 3 ™A B2 i ¥4 T i 3 0 AF (P>0.05),

B E AR R AN VD5 X B 6 LR 5 A 52
M 45 SR 7, 7 UL PRDHE I e Il 05 MR A, OO
T (HK) RPN R 2 e (PKC) T 14 7 4% 2 1] 34 T

AR (P>0.05); MR MBS (PFK) 78 CON
ZH F1 HC 41 (8] G . 3 2028 (P>0.05), {H HCVD; 41
PFK 7 74 (9.80 U/mg prot) b HC 2H & 3 i  (P<
0.05) (% 8) LM 5 A AH G Il 7% 45 A 5 I IIE %
P —EAY L S, RP 3 2 (a) g LA 3 AR Y
TGP JC B 2721k (P>0.05)

2.5 SFEBERIRM VD, X EEERT B FNRRIE
FLIBARRYEZ T

AHEET CON 4, HC 4 8 8 T IEFn i i A8

ALY AL (T-SOD) Aty A1k S (CAT) 3 P
L TR (P<0.05), TH . (MDA) i& M8 % T+
(P<0.05); 7E = ¥E HAR P IS IN VDsJ5, HCVD; 41
B 6 R R 8 SR8 AR ) B A S P (T-SOD)
(28.65. 151.73 U/mg prot) Flid %A 1L & B (CAT) 1%
P (2.02, 4.64 U/mg prot) i & [Tt (P<0.05), N
it (MDA) 7% 1 (0.09. 0.98 nmol/mg prot) &t & F
W& (P<0.05) (£ 9).

2.6 =FEERBPIRM VD, 3= EER7E f B X
EEFRIEEMNEM

H#EF CON 41, HC 4{E R4 N F IL-18

1 MyD88 By ik &34 W E BT (P<0.05), PrR 4l
PR 7 IL-10 ik W 3 R R (P<0.05); 1M 7E b

®7 SHERRTIRIN VD, XA LERTREFE R INEEE A

Tab.7 Effects of VD; addition to high-carbohydrates diet on enzyme activity of liver glucose metabolism in M. albus

fhtr CON HC HCVD;
parameters

W glycolysis

CUET/(U/g prot)  HK 93.89+21.20° 338.81+31.35° 384.19+18.78"
IR S HE B/ (U/mg prot) PFK 14.39+2.49° 67.22+5.36° 233.59+12.75°
A B /(U /g prot)  PK 10.55+0.86 7.14+1.43 12.56+1.82
HRAE  gluconeogenesis

i 451 -6~ W I/ (1U/g prot) - G6Pase 4.66+0.58 4.01+0.53 4.90+0.25
E-1,6- —BEFERAE/(1U/g prot)  FBPase 1.94+0.21 2.07+0.23 1.86+0.13
WA I 5 P A % NG /(U /g prot)  PEPCK 7.83+1.26 10.11+1.47 8.26+0.77
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® 8 SHERMRTIRM VD, XA EEN PIFERINEEE A

Tab. 8 Effects of VD; addition to high-carbohydrates diet on enzyme activity of muscle glucose metabolism in M. albus

) CON HC HCVD;
parameters

PEEEE  glycolysis

CWEB4E/(U/g prot)  HK 306.99+4.99 279.41+17.46 260.17+17.3
TR FH B/ (U/mg prot)  PFK 5.37+0.36° 4.80+0.73" 9.80+0.34°
AR B /(U/g prot)  PK 29.80+2.93 30.68+1.86 23.91+2.73
¥iAR4E  gluconeogenesis

i %7 B -6- T R /(IU/g prot)  G6Pase 4.07+0.24 4.23+0.29 3.90+0.44
E-1,6- - WEEREE/(1U/g prot) FBPase 1.75+0.14 1.58+0.14 1.89+0.02
i i A i 2P R P/ (TU /g prot) - PEPCK 6.02+0.44 5.7140.51 5.4840.51

9 SHERRFIRM VD, M EEEATAE RGBS

FNESEMRIRIT

Tab.9 Effects of VD; addition to high-carbohydrates diet on the activity of antioxidant enzymes in

liver and intestine of M. albus

parfn*zers CON HC HCVD;,
FFRE  liver
AN B GBS/ (U/mg prot)  T-SOD 32.58+1.56" 18.22+0.48" 28.65+4.29"
WEALEEE/(U/mg prot) CAT 2.94+0.36 1.3840.27° 2.02+0.03™
P % /(nmol/mg prot) MDA 0.19+0.02 0.24+0.06" 0.09+0.01°

F%iE  intestine

BRI EALEE/(U/mg prot)  T-SOD
W EALERE/(U/mg prot) CAT

A % /(nmol/mg prot) MDA

117.73£7.02*
4.62+0.31°
0.98+0.04"

151.73+17.35
4.64+0.59°
0.98+0.06°

100.67+5.86"
2.95+0.56"
1.41+0.20°

H oM A LRl E ¥ VDs J5, HCVD; 4 IL-158 Fil
MyD88 )ik ¥4 i N B (P<0.05), IL-10 ik
H B F ET (P<0.05) (K 2).

2.7 SHEHERTIRM VD, 3 EEE
SEAL!

IR N, HC 47 B%iEREARN Zo-
1. ZO-2 #1 Claudin-12 ) mRNA 2 ik /K i 1K

B b=

5 47 mcoN ¢
E J HC
' 3| =HOD,
$t
= % a b T
m © a
e 1t a
=, LB 'ﬁﬂ
g o LML -
IL-18 IL-10 MyD88
FH
genes

2 ERERRPIARM VD, X EEERAE %
BXEERIEENT I‘]
Fig. 2 Effects of VD; addition to high-carbohydrates
diet on intestinal immune-related gene
expression of M. albus
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T CON 4 (P<0.05); i AE = B H KL A4 LA 1 78 m
VD; 5, WiE B EREE NN Zo-1, Zo2 Hl
Claudin-12 1) mRNA kK-35 525425 (P<0.05)

(K 3),
3 Wi

3.1 EPEERTIRM VD, X EREEE KM EERSINT

KA S PR R R A KR R AR rh B
RERE B, HORIRFERE, A8 W& FEARERURA .
25 ¢ b

o) = CON
E 20 7|:|HC L
g 20 [ = HOVD,
@J@ 1.5
[}
= 2 10| 2
fanng [0}
=2 o5t
=
g 0 ——
Z0-1 Z0-2 Claudin-12
FH
genes

3 SPEBRPIRIN VD, X &8 E VIR RS R F20E
Fig. 3 Effects of VD; addition to high-carbohydrates

diet on intestinal physical barrier of M. albus
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A, A SRR G Y E S B R T
PUAERPERE NRE . IR . R e SRR i A g
BRI T B AR, ABFR R, & a JEMIK
I K RE S R i 1 AR KR RE . X SR
fifi (Clarias gariepinus)™ Fl KK Y i (Dicentrarchus
labrax)® - WFFELE AL, o VERIAHEL T WIKG
G UL A B Z A A o, SREUnk
PITH AL RIS, D2 1 S S N R Sk 4k
G AZ . [FIEE, FHECTRER R UL, 1EhTE
WA 58 A 7K 0 77 ) o BE Ry B 45 o 0 2 T AL T
Weo J3—J7 i, v g T e AR P A AR R
HEET R oKL ST A2 RE T . AR,
B AT o JE M KT 23 4 ] 4 Sk 9 10 S AR 1 K
Fife 15 M RN UE R S R UG, R A o
TEM A AT BE S FRARAE BT AL 3R, kT IR 4]
MRAEFEME . (HARFRIE K, EEEenER
LAY ANZ o JERTKSF- A VDs BREI, X 5 R
Bl (Epinephelus akaara) [ 455 — (™, #E fa
A AT BE SR R S oK A6 & P HE AR SR

32 EHEEURSRIRN VD, XSS AL AT
I

LT A OGS AR RE A8 Sz Bl 1 8 (AA [7] 179 et AR
AP, M R R E R P W AR R
— DU YE 2 R (Osphronemus goramy) Fl38 Mg 41
i1 (Erythroculter ilishaeformis) B 53 A % 81,
BEA DR PR K AL A & R TR, B K
Wz T, AL P R — g A, W
HC 20 1B % & W 35 55 T CON 41, DR E 57 A
53 B 52 W) 23 76 0T H I =R DA SOIE [ 145 3 e
REES FEARSE T, HCHH WM =S R E 5
T CON 4, KU L 7 ARG, 1
T MLAG A, T HC 41EIH [ B 5 CON 4
TWFEES, el THERGERLSZ, M
il 1B & EE Rz

ML ALT 5 AST BYRC{EL AT LS e U )
FEARZEL, FEARSZI T, W G 23 1 n 2 5 i
T HAIh =R A A TR R
XK OB AT LS R, R AL R
B K AL W) 28 U BT R AR 4, 51T
JEA 05, 1 HCVD; 4L AST Hl ALT i PRI
RUTEIN VD3 HAT A7 2 S AT A e 14

3.3 SFERRTIRMN VD, X R EEEC SRS
W5 2 A S A R A U I, R sh iRy

https://www.china-fishery.cn

WA IE X2 —, EHUARE RS o 3 HIRE 1Y
PRIERY, AR Sz v s BRI K 35%, =
TR EERREIT 2 R, SR RBE AR R
&R FFIE A, 30 TR Y SR, R A )
FREAA P AR FIE MR o e i H R R 3 VD, fiE
% A A v B O YT IUEE PR MR A K-, AR AR I )
fiR R, i s s ), AR A s B Y
VAo VD3 VR —Fh I REPEGS N, B E S X
B 18y A R B AR A P I, E XAl A 38 Tl 1 1
FISEI 1 OIS . ABESE R B, bl H R REAS 32
e JHJEE W 3 e AF DG G 1) 15 P, o B B T i ik Kk 1k
GV ARG, JLFE A R R R (PFK) 1T
BN (HK) B35 1 A7 B35 32w, IFJIEh PFK
I AT B T B B K A B KPR R T T
X 5 BB (Acanthopagrus schlegelii) 11 B 5%
A FEARSLIR R, IR B 8 I R 5 A
%) I MG W 35 s e, X S R Y g b
WIS WSRO - 1,6- BRI W (FBPase) 1 MM X
PR R R B (PEPCK) BB S AATE 22 5 . TR L fig
FRLa o HUE R ErE R, SRR A g

E @ e oY S W N = il S S
TSRS R AR, 3K AT B B M AR X = ik
IKAL AP0 38 10 AN Bl 30 TR il H R s
Jn VD S5, JHRE PEK PN R 2 SR (PK) #9935 74
BEZ FRLLIgsR, HEREIE A S m B AR, VD A
A G el o | S SR A T A R D RE A A
TEEE R . ARSI b, EE H RO B
WUBE 5 JC W3 MR A, X 5 7R PLAE TR X AR
(Litopenaeus vannamei)™ |1 ) IF 5T 45 e — 2. 1M
VD, XL PIBEACE 1 5 e 75 i — 2D AT .

3.4 SHEBRGRM VD, W REER AW R FE
BERENER

200 N 1) SR 0 2R e Ay R AL B 2
S 8 DRAIE ST 3 T B A AR G 1 o A R
fU45 T-SOD, CAT. MDA %, ZEARSLE KT,
e WK AL B W R 2 AR T S M Y T-
SOD Al CAT {fit, MDA &% L7, 3]
[E A /IR NTUE 1 =R A= A S B
AEE [Channa maculata (9) x C. argus(3)]™" WS
25K —3, Lin F™W P WRY, mikokibay
TR E—E R E A T AR R S R A . A S
WA T B EIR, FRTEAR SR g 2
TEm KA S AR RN VD, J5, BESGE T
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%
B RN 7 3 AP ARRE T, BRI AR 8
Wi AR K e de e, HARRE R
T8 A PR AR I AR A SRR, R B R R 48
208 i, D] - ] 308115 1 0 9 9 S B Y, R R
B AT R B, R KA PR R A R T
+ IL-18 1 MyD88 S ) 3Rik , S EURAE W &
A, AR R —BUN LR . YRR TIREZ
FNGIET, FLA G RTE Y B Y BB B ) RE 1Y)
W EREN (Z0-1. Z0-2. Claudin-12) ) 3L [H
FRbEZ T, 30 VD, 5 B 5% M T Bk
JW 308 S BN, R4 v T B i B T R
FE R AR IAAKE . B, SR Esin VD,
AT MG TR A AE I I8 e, WUDME RN, REE
EoEREPE, MG sz B DR . A PR
i, RIS I VA ] 0 R 1 g 38 B RS,
HE A S A EHER—B, W TR R4 A R
BINF (AndEA= R D) XF 7K™ 3 i 5t B 035 1)
IR RIE R, 7758 10 25 i 8 A0 G H8 br 1 IF A
R4 I R PEGEA: R DR A PPN B AL TR 1 SR

4 #5ig

L5 TR, BB (35%) H M4 B EFRARSL 5
AR . BT R R | FRACH ST L e
1 IR TE AR i B GRS i 2 000
IU/kg VD; J&, I 4 R 4T A A R o A s
71, SERIE BB DIRE , F I R AN R
AN, EREERL R IR AN VD, 21 5 A R X Y A
FRE

(3 7 B0 A SUT 52 B s A2 B Al 22 o )
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Effects of VD5 on survival rate and glucose metabolism ability in
Monopterus albus fed a high carbohydrate diet

LUO Tianlun'!, WU Shanshan', LIJiamin', SHEN Kaikai?
FANG Peng ', JIANG Jiawei', PENG Mo "

(1. College of Animal Science and Technology, Jiangxi Agricultural University, Nanchang 330045, China;
2. School of Life Science, Nanchang University, Nanchang 330031, China)

Abstract: To investigate the impact of dietary vitamin D3 (VD3) on the survival rate and glucose metabolism abil-
ity of Monopterus albus fed high-carbohydrate diets, healthy M. albus juveniles (17.13£0.08) g were randomly
assigned into 3 groups, each with 4 replicates of 60 fish. The fish were fed diets with normal, high carbohydrate
level, and high carbohydrate level supplementing with 2 000 IU/kg VD; (referred to as the CON, HC and HCVD;,
groups, respectively). After 8 weeks, no significant differences in growth performance or body composition were
observed among the groups. However, The survival rate of HC group (82.22%) was significantly decreased, but
after addition of VD3, SR (88.89%) was significantly increased, and the difference was not significant compared
with CON group (90.42%). The visceral somatic index (VSI) and condition factor (CF) were significantly higher in
the HCVD; group than in the HC group. The HC group showed the highest levels of serum alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST), while the HCVD; group had the highest serum triglyceride
(TG) content. Intestinal amylase and trypsin activities were lower than in the HC group but higher in lipase. Liver
glycogen content in HC group (124.45 mg/g) was significantly higher than CON group (99.55 mg/g), as were the
activities of hexokinase (HK) and phosphofructokinase (PFK). In contrast, the HCVD; group (89.44 mg/g) had
lower liver glycogen but higher PFK activity. Muscle PFK activity peaked in the HCVD; group. Additionally,
catalase (CAT) activities in the liver and intestinal tract of M. albus were lower in the HC group, while total super-
oxide dismutase (T-SOD) was increased, and malondialdehyde (MDA) activities were decreased with VD5 supple-
mentation. The HCVD; group also showed significantly higher relative expression levels of intestinal proinflam-
matory cytokines (/L-1f5, MyD88), anti-inflammatory cytokines (/L-10) and intestinal compact linking protein
genes (ZO-1, ZO-2, Claudin-12) than the HC group. In conclusion, a high carbohydrate diet reduced the survival
rate, increased liver glycogen accumulation, reduced antioxidant capacity, and impaired intestinal health in M.
albus. Supplementation with 2 000 IU/kg VD; mitigated these effects, improving survival and enhancing carbo-
hydrate utilization in fish fed a high-carbohydrate diet. This study provides foundational insights and guidance for

glucose metabolism regulation and the artificial feed formulation for M. albus.
Key words: Monopterus albus; vitamin Ds; glucose metabolism; antioxidant capacity; intestinal health
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