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ARTICLE INFO ABSTRACT

Keywords: A 12-week feeding trial was performed to evaluate the effects of metformin on growth performance, energy
Carbohydrate sensing, insulin signaling pathway, glycolipid metabolism and glucose tolerance of blunt snout bream fed high-
Metformin ; carbohydrate diets. Fish were randomly fed four diets containing two dietary carbohydrate levels (30 and 43%)
Fnesgy sy and two metformin levels (0 and 0.25%). High carbohydrate levels remarkably increased tissue glycogen and
Gl cone etk wiliim lipid contents, hepatic adenosine triphosphate (ATP) and adenosine monophosphate (AMP) contents and the

Insulin signaling pathway

Megibbroma andlycephalo ATPE/AMP ratio, plasma levels of glucose, insulin, triglyceride, glycated serum protein (GSP), advanced glycation
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Table 1
Formulation and proximate composition of the experimental diets.

C CMW HC HCM
Formulation (%)
Fish meal 8.00 .00 g8.00 8.00
Soybean meal 26.00 26.00 26.00 26.00
Rapeseed meal 17.00 17.00 1700 1700
Cottonseed meal 17.00 17.00 17 .00 1700
Fish oil 2,00 200 2,00 2,00
Sovbean oil 2,00 2,00 2,00 2,00
Corn starch 12.00 12.00 25.00 25.00
Metformin 0 0.25 o 0.25
Microcrystalline cellulose 13.00 13.00 000 000
Calcium biphosphate 1.80 1.80 1.80 1.80
Premix™ 1.20 1.20 1.20 1.20
Proximate composition (% dry matter basis)
Moisture 6.5 690 6.85 6.92
Crude lipid 5.93 5.98 5.71 5.78
Ash 8.46 8.51 8.28 8.12
Crude protein 29.82 29.91 30.12 30.31
Crude fiber 16.97 16.82 6.18 6.29
MNitrogen-free extract” 31.86 31.88 42.86 42.58

Energy (MJ /gl 19.09 19.12 19.14 19.18
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Table 2

Nucleotide sequences of the primers used to assay gene expressions by real-time PCR.

5 |¥FF5

Target gene Forward (5%-3) Reverse (5'-3) Accession numbers or references
AMPKal AGTTGGACGAGAAGGAG AGGGCATACAAAATCAC Gao et al. (2012)
AMPKa2 ACAGCCCTAAGGCACGATG TGGGTCGGGTAGTGTTGAG Xu et al. (2017h)
TOR TTTACACGAGCAAGTCTACGGA CTTCATCTTGGCTCAGCTCTCT Liang et al. (2016)
IR GAGCAAAGAGCGAAAT CAACGAGGAAGGTGTAG Gao et al. (2012)
IRS1 GTAAAGTGTCATCTTGTGGAG AGAAGTAAGCATACATTGGC Gao et al. (2012)
S6K1 GGTGCATGTCACCTTATGGG AGCTGGCAGCACTTCTAGTC EF373669.1
PEPCK TGGCCCGTGTGGAGAGTAAAA ATGTGTTCTGCCAGCCAG Gao et al, (2012)
FEPase TACCCAGATGTCACAGAAT CACTCATACAACAGCCTCA KJ743995.1
G6Pase TGAGACCCGGTTTTATGGAG CATGCAGACCACCAGCTCTA Gao et al. (2012)
GLUT 2 ACGCACCCGATGTGAAAGT TIGGACAGCAGCATTGATT KC513421.1

GK AAAATGCTGCCCACTTAT AATGCCCTTATCCAAATC KJ141202.1

PK GCCGAGAAAGTCTTCATCGCACAG CGTCCAGAACCGCATTAGCCAC Gao et al. (2012)
GS CCTCCAGTAACAACTCACAACA CAGATAGATTGGTGGTTACGC Gao et al. (2012)
FAS AGCGAGTACGGTGATGGT GGATGATGCCTGAGATGG KF918747.1
ACCa TCTGCCCTCTATCTGTCT ATGCCAATCTCATTTCCT Qian et al. (2015)
SREEBP1 GCTGGCGTGTCGCTATCT TGTTGGCAGTCGTGGAGG Qian et al. (2015)
PPARa GTGCCAATACTGTCGCTTTCAG CCGCCTTTAACCTCAGCTTCT HM140628

CPT 1A TACTTCCAAAGCGGTGAG AGAGGTATTGTCCGAGCC Lu et al. (2016)
ACO GCTCAACCCTGGCATACT CTGGCTCAGCTTTACACG Lu et al. (2014)
EFla CTTCTCAGGCTGACTGTGC CCGCTAGCATTACCCTCC X77689.1
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Growth performance of blunt snout bream fed different experimental diets*.

Parameters Diets P-value
C cM HC HCM C M CxM

Weight gain rate” (%) 268.89 + 5.81 22670 + 13.12 246.55 + 10.04 22091 + 7.61 ns el ns
RFI* (% body weight d™ ) 1193 + 017* 959 + 0.06° 10.14 + 0.09" l 9,01 + 0.02° e rak b
FCR’ 2.06 + 0.03 1.95 + 0.05° 1.82 + 003 1.77 + 0.04° rr wh ¥

WGR: e C : 30%HBK &Y

RFLAIHES S CM :30% B KALEH0 + 0.25% — FF ST

FOR:FRIE (LR HC :43% PO L E 71

HCM:43%5x 7K 54 + 0.25% —F UK
HCAMHCARR], MEERKCEYIKEAE, WGR, RFI, FCREFE,
A SIS FEERREOSEFRIINERIEIS R, MWmbHEERIERE, &
ZEI,
MCQEHICMQH HCHFIHCMARIEY, ZIN—EBEXENS, WGR, RFI,
FCREZMIFE, XoJee2 —EBXANFHE T EMAMPKEME. IHIEERX
ML ’ﬂﬂﬁ%% bl geE{BHERE, SEURERD.
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Tissue glycogen and lipid contents of blunt snout bream fed different experimental diets*.

Parameters

Diets

P-value

Cc

CM

HC

HCM C M

Cx M

Tissue glycogen contents f

Liver
Muscle
Adipose tissue

Tissue lipid contents (pefc

Liver
Muscle
Adipose tissue

Ll 1 b
MO BLyC oSy rites

17.44 += 0.38°

2 W m:ul:-j

20.54 + 0.53°

21.16 + 0.12
7506 + 0.12°

155 + 0.059 217 + 0.05°

1.08 = 0.07 1.34 + 0.03
nitage of wet welght)

534 + 0.03° 3.87 + 0.04°

16.72 = 0.41

65.13 + 0.12°

26.36 + 0.83°
1.82 + 0.05°
1.53 + 0.05

7.52 + 0.01*
22,15 + 0.06
84.58 = 0.19°

37.62 + 1.89°
278 + 0.02°
1.90 = 0.06

532 + 0.01°
18.15 =+ 0.32
78.64 + 0.12"

ns

ns
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Table § Pyruvate: A EHER
Plasma metabalites of blunt snout bream ked different experimental diets®. Lactic acid: ?L@é
Parameters Diets Pvakie
C CM HC HEM C M Cx M
e e
Glucose (mmal/l) A 106 = 002" 140 = 002 441 = 004 198 & 0.06" e bl b
GEP (mmal/L) 1306 £ 011" 9.9 £ 036 17.00 £ 014 1334 £ 004" e " "
AGES (ng/mL) 4.8 = r‘.],lfllh 217 £ 002° 3,82 £ 008 308 = r‘.].!lﬁb ey Ll "
Ingulin (pIU/mL) 1.92 = 012 1.9 = 009 151 = 016 344 2 010 "y ns ns
Triglyceride (mmaol/L) | 14+ 008" 0.9 = 004" 287 + 013" 111 = 002° e bl e
r i | oo rt T E—m « m o
Lactic acid (mmold) Vv [ 5.3 + 0027 5.55 ¢ 010" + (04" + 0.10° e th '
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