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Research of Visfatin Regulating Chicks Feed Intake Based on GC-MS Metabolomics
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Abstract: The objectives of the study were to explore the molecular mechanism of Visfatin regula-
ting feed intake, and to further improve the theory of appetite regulation and energy balance in
poultry. In this study, 20 healthy Roman Brown chicks at the age of 1 day old were randomly di-
vided into 4 groups(group C, L, M, H). When the chicks grew up to the age of 10 days old fed
with conventional commercial diet, they were intracerebroventricularly injected with various con-
centrations of human recombinant Visfatin(0, 40, 200, 400 ng) in hypothalamus, respectively.
The cumulative feed intake was recorded after injection for 60 min. The chicks were then eutha-
nized and the hypothalamus were collected. Metabolomics analysis was performed through GC-
MS system. The PLS-DA model was built and the metabolic pathways of differential metabolites
were constructed by KEGG. The results showed that the cumulative feed intakes of chicks in M

and H groups were increased significantly compared to that in C group (P<C0.05). A total of 73
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differential metabolites, which were enriched in 51 pathways, were identified by GC-MS analysis.

The differential metabolites in hypothalamus were closely related to carbohydrate, lipid and ami-

no acid metabolism, and fatty acid biosynthesis pathway was one of the most significantly en-

riched pathways. The main reason for Visfatin promoting food intake is the change of steady state

due to decrease of central nutrients.
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FEIARE & A 7= b, 52 AR 7 1 R Y S KB Al
WEEEHRETEALY . FEMRETNZ B
SIS NGB =8 NSRS AW Taal 7/ NG eh T W B |
G TGS AES T RS AR L R 5
TORERMEEINL ST R SRR A
TE S RIEE KMAEM . Visfatin & H AR %K
FE 2005 4F & B iy 44 14 57 7 1 5 4 i 7, eD-
NA U 7 % B, Visfatin FHET B 4H M 52 B 3% 58 K+
(PBEF) D) J A0 i e 1l 8 A% W% % % I (NAMPT) J2 [7]
— PP R B9 A ) B R, Visfatin 8F, PBEF 52 5 |
HJE NAMPT py g she 0. H 2 A7 T4
W 145 20 ) 09 RN 2 S AR AR e e R LA
Wi N I 78 B AL S AUh o RS T 4R,
Visfatin 7E4 i A1 98 5 28 HEHT L 40 M 40 Ak 18 5 L
S IV ORIV RE 55 5 T VR R B 1R )12 6

2008 4F, M. A. Cline Z5"" BF 58 26 BH L 1) R T4
0 % N N B 4L Visfatin o] 5] R & & 5,
PR Visfatin A G2 J2& — S0 76 19 14 £ A3 2011
47, L. Brunetti 28 4l 77 A 32 5000 19 36 43 Ji R AT
AEE T ol 22 B (DA L Al [R5 79 i 8 45 2
SERRCCART) P S CRH 3 4 19 B AIK » AE A A AL 2
FEANEH . 4R %, Visfatin 78 R & R & &
HaT Re I B OCEE M . H AT, Visfatin (9 BF 5T 32 2
SR E N FLSh W L M6 58 SRR fef A T L ELAF ST
FEIE Visfatin EAF AL R EREX. X THES
R NR P TIE S RE AE  P S K
S RS A RN R (A 2 2 e D R R R R ) —
1B 26RO RE A I AR & rp BT S AR
JI 53 T L AT X 5 0 A o A 4 A AR b
T 3 1 48 7% 1 1 AL

AR B DA RS O B 580 4 38 3 ik % e 0 A
SRR 48 T A XS AN [ ) 4 Y Visfatin, WEEE B
R A8 Ak, IR B T GC-MS K i % A %t HF
Fr i 42 AT AR L A A D, B AE i — R R Vis-
fatin Xt Z &R EFHEMETIE . A EEXENE
T4 R B o - A 3 B SR A

1 MRl5F%®
1.1 Rz E5EH4E

ARG T 2015 4F 9 H-—2016 4F 3 HEI RA
KRB R IEAIH TR P OLRE RN, WM
B ZEFMARAGRMEN 1 H P 2455 4E
fit FREAME XS B AL AR R 2 10 H IS HEAT R N vE 5
FAEME CRJFIKE 3 d, Phik 20 HRTE AT Y R
AERSG 5 4 A AR B 430 e A X B2 C(PBS) (AIL ik
JE 4 1L.(40 ng Visfatin) , kB 4] M(200 ng Visfa-
tin) \ 2 20 H (400 ng Visfatin) ,
1.2 HARE
1.2.1 WM=EFEHE JRR T 7R G R BT 1) 5 2F
BEERKH IR 1 = 2 W IR & ¥ 50, 8 IR I T 5
(0.2 mL « kg WG IE A RRIE . K OT B S G
S 5 A = 4 i o7 M LAY Sk B R S A —
YO R EN N T RAREE S R 4
2 CR i A 28 5 /N i AL 280 AR IE B 72 0.5
mm Ak, ISk R TR R 7 s — R AL O/
FrHE SR MM IELR S KPS 45° /M, B8 4 &
BHAHAZ) 9 mm BIA] 37 K€ AL T ik R AR B 0
FTIH Je Ab RS 4 F 28 Bk 2K U8 45 75 45 1 52 7E 4fE XS i
B IFREEEE. EYARGEWRE 3 4, Phik ik
A I R ARG 20 HL 45 1T
1.2.2 &5 5 X AR HT A 3 b fl i
VES 2% CREFE 10 pL) . PBS 2 Visfatin i3 7], kb
20 B HO 43 5 S A [R) 5R) i Visfatin 5 pL, X BEZH
S5 L PBS MR I R & w1 ST A B 18 AT
Fefii N, B 429 1 min J5 PR 1 T NS B8 3R .
T4 58 UG S B3 8, 60 min J5 4 RHRE 13 R AR
KB, [ R ARG PR AR P, R AT i 4,
WA, —80 C M T IRAF#H .
1.3 HAHEMLARE

=80 C¥AEMNS T i 4l 2UREA , B F 1
I 400 pl oKV & 05/ W EE/ K R 2 2 5 ¢ 2)
IBAIR A 1.5 mL (% EP 4t T koK i k7



7 X5 3 % KT GO-MS R 2R 25 e A X Py 98 22 90 4 4 X85 SR £ WL 11 B0F 5 1253

HLS) M S W B 0 (14 000 r » min~ ', 4 °C,15
min) , L 300 pL BVEWE FH A9 2 mL EP 4,
BIYTHE A 250 pL €5 3% 9 H R, 70 TR 50 e . 4
CH#E 10 min, &[> (14 000 r » min ',4 C, 15
min) , L 250 pL B, 55 — KW LE R A
AT G s B I 200 p L SRR A B 58 3 10
pL 2 FUBEEE Dulcitol (0. 05 mg » mL ") N AR &
(14 v Tl S0 g B AT A /N S R R RO TR IO 5
] T M /N A 30 L FF AR i k1R A it E A T
(20 pg» mL "), ijE 30 5,37 Cl54L W 90 min;
A 30 mL () BSTFA fi 45 . € 5 5,70 'C
JW 60 min; BUH FEA, S B BCE % H i 1T GC-MS
PR 2 2 53 H7

1.4 GC-MS #&

A6 B #S B & h Agilent 7890A/5975C
GC/MS &%, BE4NE (154 0 Agilent J&W Scientif-
ic A A HP-5 ms(30 mX 0. 25 mm X0, 25 pm), #&
AR 2B 2R (A FE R T 99. 999V ME M S . A%
TUERE ERE R 1.0 pL, THERR T N AR IR 70
°CL 445 2 min, L 6 °C » min" [ BE T & 160 °C,
YRZEFELL 10 °C o« min™ W TFE 240 CL 3 E F
20 °C » min "AYEJE T E 300 CIHFHEHF 6 min,
HERE TRLEE 250 °CLET B F 5 I 290 °C, UK FF
B 230 CL R fERE RN 70 Ev, ABFFCR A 4
B 2 HE AT T G 00 5T 3 G 0 5 FEL S 50 ~ 600
moez o WAR T R AE S I B e R
SN AR AT R ALIY $E4T 1% 22 REAS 73 # o
1.5 KRSAZHBES W

GC-MS M ERANFEAS v 345 K bt 62 435 0 R i 4
KA 38 BRI T i A B AL K GC-MS i
WHAEAE R M6 TR A S MR )T AT
AL, FETALRE  FEL R R By IR
(] 42 TF L U X 55 R BT 5 04 v U & 4r B . 2% XU F.
Gao % B ARG BN . BT &Sl 80~600
' A AE Excel 2007 B AT S B g
AL 2K H T IR R RIVRE A 1) 95 38 111 2% T e 1) 1) B
FE B T e P55 e R 45 A 400 — e B i 4R
P A5 A8 B O A CREAO AR 1 A, 9 A5 4l
H—A B S5 5 B0 F 4 48 5 00 808 25 A
Simca-P B {F (B A 11, 0) 4 9 3k 47 & B4 43 Br
(PCA) Fil i fe /N — 3 75 HI 500 43 T (PLS-DA) . B!
TR H RPX 80 RPY TR . — ok UL, 147
AIME R T 0.5 R/ A8 80 T i B0 4T

me z

L6 E=RNKEMHERE

NATHE 48 22 S AR ) A I e, 2825 8 41
Z IR GETT 5  7E U SR B AR v T —fe A
22 5 PE AU ) 1Y B 2 A 2 PLS-DA (VIP=1) Al
Student’ s t test (P <C0. 05), 7284k £ %k (Fold
change) 1 P 21 [a] 1) °F- 25 15 — fk 06 58 BE LU (B DA 2
SR X BT 15545 1. Fiehn GC-MS Metabolo-
mics RTL Library.Golm Metabolome Database FfI
NIST & b B4 7 oFF © gl Ak i B3 3% B 2 5 36 b
HEJiE BEAT EEXT

2 & R
2.1 BXEESF Visfatin 3 EBR BB
ANTA ) i Visfatin b 2 4f XS 1 20F R £ & W
K1, K 1 84, W TS Visfatin 60 min )5,
rhye BE b BEOMOA R ok BE AL HO4H 5 X R4 C
ZHAH L AR XS A BRI AR (P << 0.05) 5
R LAMREE SRS HAMILZE R
A (P>0.05) HH 5% 2 C 40 th A 34
B,
2.2 GC-MS RiGtHEFEEK S
2.2.1  FEW5 53 Hr (PCA) X4 HBEA AT E
BT o B PCA A3 43 i & 2 o s 8R4 4 A F
gy BRI BRE B R R°X=0.58, — KUl
R*XAE KT 0.5 fi R/ Z B AL A 5, K X {if PCA
PR BE AT 5 3t T S e 4 AR AR 22 Ja] i A 35 25 R
FR A BEARLE T 95 %0 B A5 XAl A S AR, N

ERRaR(ER
Cumulative feed intake

C L M H
#4351 Group

ARG FHRFIR 25 B (P<<0.05) i [[ FH £ R 2R

A 3E(P>0.05)

Different small letters means significant difference (P<C0.05),

the same letter means no significant difference (P>>0. 05)

1 AREFE Visfatin R IBHEBHRIAXEE

Fig. 1 The cumulative feed intake of chicks treated with dif-
ferent concentration Visfatin



1254

B
3
I

48 %

PCA-X, {[Comp.1}/t{Comp.2]

20
10
S
-10
20
-20 -10 0 10 20
1]
"C L
s M T H

BEARAR R RS 1 F i B PCL T L1378 s A bR R R 46
2 F 4R PC2L A 215

X-axis show the first principal component, t[1]; Y-axis
show the second principal component, t[ 2]

2 PCABHE

Fig.2 PCA score plot

PCA 1§ EI I F B LHANZERIEF K. 5 C
HAMATE ZERN R E., CHMAM HY 3 H
FEAR Z B e PCL A PC2 | HA B M08 i &
it Visfatin 4035 vk B4 M vk 4] H 5 X7 -
4UAH B B E A2 S

2.2.2 Awde/h =3I 53 Hr (PLS-DA) H
TIHBRT SR E A0, R A PLS-DA 33X Fifr 58 1
MG T 7, BB R BR AL N 25 5 ™ i 4[]
2S5, E X 4 AAEA R PLSDA 43 # 24k 154 7
AT B R RPY =0. 539, i ] PLS-DA
BRI REAR UF R 4 AREARZ M B 22 5% . W& 3 fF
R-H 4L C 4l Bl Ak F PCL LR A M £ 4
P T LA Mg AL Fak PR B, H L4 5 A
FEAR AL N A S35 K R L4l kb F il 51045 1k
W B

2.3 ERKESWIH

2.3.1 SR i ik R T RRERWZ N
R I R & B G BT I b, B 4 AT
PR 2 SR SRR S S5 . b7 IR AR 45
P AR FRAE AR Z 18] 1 AF DL BE 2R 28 G & L 22 ) (9 A9 AR 45
PR 22 5P AR 4 2 B I AE DL R RO R (K
. LAY CHIMTMERIFEMS 748 4 A 2%5H
PAE Y o 3 AT R4 A EFM A C 4
A 27 A 4 B Z SR, 20 ST 7 A
EIHHAE CAHMtA R M2 Ry iRL, k59

PLS-DA, i[Comp.1}/{fComp.2]

10

12]
(=)

-10

=20 -10 0 10 20
i1
. * L
a M v H

AR R RS 1 R PCL, AT ([1]3R0R s YA AL AR KR 5
2 E R PC2, Y t[2]%RR

X-axis show the first principal component, t[1]; Y-axis
show the second principal component, t[ 2]

3 PLS-DA 54 E

Fig.3 PLS-DA score plot

B 4 O 2 5 AP Horb 45 AR RE. 14 A4 B
Fto Xt 2 R AW — 2 et o & Bk R
HIEE 2SR 73 4 20 2 XA A
32 SR AL A 20 SR DL IR AR B H
FENE W LR A AT BRI 4 Al . R
SRS E M 450 B 4L . H 415 %) B8 4 vt
) i) 22 AR 23K 16 4>, HL ol 8000, X 5ok &
R W B WA AR TR BT 2
AKX A A B 25 R 10 MR 3 E R AR
P ax 10 A2 AR W . 4 A3 TR 5 IR AR
i .

2.3.2  Z5AHY I T il IR Meta-
boAnalyst Xf 22 5 G ¥ i 1738 B% 70 Hr. S5 R B
SRR BRZ (L ML H) 5 0] B4 (O) 3Rk 45 19 22 5 AR 1
Yoy il & 4L 5] 9 45,26 S 43 Skl b o o E
S AL 51 5. LR AT 5 B BOR T Y
A NAN & P R aE DU RANTIE /A DN
H o WIS TR, B R R B AT, U
L2 A 2, 22 5 A Z SR R E
R A . Ry SR B I T SRR G I L H
IR L 22 AR AR I8 2 R A R R A I
AR FIEERS . K M4l C 44 12
S+ IAE R W R A ) A E % B R 4 FDR (N
0.030 1,



7 X155 3k 45 HE T GC-MS A28 2 4 AR X 1A B 28 94 45 40 X6 SR 1 L 9 B 5 1255
F 1 HEFS Visfatin FEBTERPT IR BFERY S
Table 1 Classification of differential metabolite partly in chick hypothalamus after injected Visfatin
ﬁiﬁwﬁ& i L wusC M vs C H wvs C
Metabolic Metabolite VIP{H P Z5bf§8 VIPE PE SRR VIPM P 2055
pathway VIP P FC(L/C) VIP P FC(M/C) VIP P FC(H/C)
SHEREERE Oleamide 1.943 0.004 1,006 1.184 0.034 1.153
il Oleic acid 1.88 0.032 —0.24 1.59 0.008 —0.310
R iR trans-oleic acid 1.767 0.028 —0.285 1.388 0.007 —0.313
F MR Palmitic acid 2.240 0.001 —0.196 1.183 0.034 —0.105
B ALt KR BE R Palmitamide  1.818 0.006 0. 853 1.133 0.046  0.886
;(iljbohsm W 52 Myristic acid 1.480 0.014 —0.710 0.930 0.031 —0.590
+ VR Oleic acid 1.880 0.031 —0.240 1.590 7E-03 —0.310
2 B Lanosterol 1.890 0.015 —0.630 1.690 1E-05 —1.490
W HRER 1-linoleoylglycerol 1. 690 038 —0.500 1.440 0.004 —0.700
Z. il Ethanolamine 2.019 0.007 —0.423 1.360 0.009 —0.526
FrBE R Citric acid 1.890 0.011 —0.233 1.673 3E-05 —0.484
- Xﬂifﬁf’;ﬁ?f}lm 1.998 0.020 —0.537 1.268 0.008 —0.558
Carbohydrate 3B TR R
metabolism Glyceric acid-3-phosphate 1.710 0.036 0.210  1.298 0.016  0.400
L;ff‘y*fi%m 2.027 0.006 —0.450 1.595 0.000 —0.314
L Bk 2 Cysteine 2.179 0.002 —0.418 1.478 0.003 —0.421
SO 24 5 Serine 1.840 0.019 —0.290 1.530 0.001 —0.392
Amino acid M R A A
metabolism Siifl]Lﬂfi%ne 2.030 0,006 —0.200 1,490 0.002 —0.730
H & Glycine 1.880 0.001 —0.520 1.380 7E-03 —0.640
Pt AL WS Hypoxanthine 2.257 0.001 —0.596 1.641 1E-04 —O0.607
Nucleotide
metabolism #IE % Xanthine 1.720 0.035 —0.270 1.360 0.009 —0.320
FC 2 log, (b FREH /% FE4H)D
FC means log, (treatment group/control group)
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Fig. 4 Heatmap of differential metabolites between treatment groups and control group
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Fig.5 Pathway of differential metabolite between treatment groups and control group
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