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Nutritional status alters the mRINA expressions of galanin and its receptors in

taste buds of rats
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Abstract: The nutritional and metabolic status alters the peripheral taste perception and food intake by participating in the modulation of
taste information integration. The taste receptors and neuropeptides in the taste buds are the important targets of this modulation process.
To explore the effects of nutritional status on the expressions of galanin and its receptors in the taste buds, we compared the mRNA levels
of galanin and its specific receptor GalR2 in the taste buds among the high-fat diet induced obese rats (HF), chronically restricted diet rats
(CR) and control rats. The high-fat diet, half of chow diet, and normal chow diet were given to HF, CR and control groups for 6 weeks,
respectively. The body weight and some metabolic indexes, including blood glucose, triglyceride and cholesterol levels were detected.
The mRNA expressions of galanin and its receptors in taste buds were determined using real-time PCR. Results showed that compared
with control rats, the body weights, levels of blood glucose and triglyceride were significantly elevated in HF rats; while the mRNA
expressions of galanin and GalR2 were dramatically decreased. However, galanin mRNA expression in CR rats was increased to 2.3
times of that in control group. Considering the results obtained from our previous studies, we conclude that the behavioral changes in tasting
choice of HF rats may be related to the expressions of galanin and GalR2 in the taste buds. The changes of galanin and GalR2 in taste

buds are involved in the peripheral mechanism of nutritional status regulating taste perception and feeding behavior in rats.
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NSRRI Kk, BRE Lk
A T Ao 22 368 o S 2 T R DR A TR AR S R ) A
"o HAMK (galanin) #f 2 iX L 8 B fP&IElT Z2 —.
Galanin /& 1983 4£ Tatemoto %5 A\ WS /N HEELH
REHHERE . BT Z A TR LAMNEME 258, A
SNAHZE I TR 3 2 S LA IR K N 3 i Sl RE B
Galanin it 53 3 i G AR A 45 & k1L
FEI)fE : galanin 52 {4 1 (galanin receptor 1, GalR1),
% 1K 2 (GalR2) F1 3% 14 3 (GalR3) ", 2006 4F Seta
S NUE SE K BRUWR 75 1 %6 80 7L Sk b B 323X galanin
¢ GalR2 mRNA, 17ij H 5 W3R 57 4% 5 8 H a-gust-
ducin, i G i (1) B ZE A1 B IR S C-B2 (phos-
pholipase C-2, PLC-B2) #iAF{EILFK A . B FLIE L,
galanin 75 IT AN TIT B9 ok 5 8652 4w e ik 'Y, 11 7Y
Y0 BRI IR SZ A, TR SZ A [ R R o R SR
HIA R DAE 5 T B0 2 H A7 s — 5
TR ANEA KA R AM, EAER S S W
MK ) 326 P % % EE AR 1P 24K GalR2 7E Ik
W RIS FEIR galanin B G A (A ik B0E 0 8 4%
AP, Wn Rl GalR2 1E H 483 IR 5 52 14
I % HE AR BEAE . 2008 4E A1 2009 4E 5T 5
7~ galanin 2214 o & B EE = 52 /N BRO6 R BT B Y
TN, X — it R AT RE AR A TR 10 AR b 4 g
(¥ R B AZ IR SR e i 11 . 2013 4E U WF LR
71 K B 508 ) A 28 21 2 R WL 408 X 3 S ABL TR 5 o &5
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Z T A UE S8 FRARSDIR A 1 S0 23 oA L A4 e ik
oo R R, X PR AR A R i A 1 B b %
AREKFR A A P20 R IRATIHE I, Ak R
7 galanin 7K 1R ] GE 9 4b T WA E FRARUDIRES (1)
PN o BTN T = I £ 75 R IR O B
2 B ) P £ KRR A R T R R A K BRI T UK P
galanin % GalR2 mRNA F£i& )84k, YL RE
FIRA HIRE galanin ik 2 [A] FH B G 2 1 28 Jifd A0
TR, IR S galanin 5200 bR 50 8 %0, 3F
T 52 W0 55 B3 AN X — 52 8 ML) o 7 9 ) £ € B 0
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1 R %

1.1 SERzMMIRESTE ARSI AL A T AL
TR AR S A R O SR AL IR TS IR . is
) [ 15 1 1 V4 Sprague-Dawley (SD) K B, #1444k
H 70~95 g. BT s A B 7 BRI,
W) IR B YEFRAE 18~26 °C, YRGB 12 h:12 h
(08:00~20:00), JoumZ A R . HIRE B AT/ b
WA TSR 1 LIS IBENL o 3 A - (1)
Xt ZH (control group, n = 8): 45 TARUEREE (12.98%
G W7, 58.62% fix /K AL &4, 28.40% & A )i, 2.86
keal/g), HHBENKIZEY) : (2) millRHE &4 (high-fat
diet group, HF, n=28) : H B AK & E R E (50.52%
JE W7, 31.50% fx KA & ¥, 17.98% & H i, 4.14
keal/g) ; (3) M2 VLRl P4 &4 (chronically restricted
diet group, CR, n = 8) : HHI/K, HATFTIEFHE
B, IR 6 . SARE K. shk
RIS Ih S 5, £E 10:00~12:00AM i1 kb 48 5 )
A BT XS SEG S i AR BE 5 G387 6 [
) 26 sh ) BEAC ), JF45 3 7 22 50 il K2
S SN ERZE 51 23 AL

1.2 miEHEkre&sm 1 20% 24730 (0.5 mL/ 100 g)
R R, B ESIKEUME T 1.5 mL EP & . MK
T4 °C "~ L4000 r/min [ #% 3% & 0> 10 min, 200
ul/ B or%E, WRAFT 80 °C UKAH, LAZARI . 45l
39 FH S JE [ 0 5 77 & (CHOD-PAP ¥4 ) FH i
=5 ELISA 377 (b5 /Rl AR A R A
) AU ALY i = e A E [ A 2K P, ] Accu-Chek
Advantage 11 (Roche, USA) Ifil § {3 K6 I 45 2H K B 11
MR, K FH R B 2280 %% 305 & (insulin RIA ki,
Royal College, London, UK) &Il fIL75 i &5 2 7K °F o
1.3 BRERM MR R DA, B e
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E. BTuKAEMEKE. oA LM ibgE
AZ] 0.9 mL B EEHAW, B EF 15~20 min J5, K4
ALk VI RN, B TR 3 mL oA TR A A T
(85 15 mg HPEE AR, 3 mg REHEF 1.5 mg
JREJE I ) 2SI PN, R B AR 25 5 B a] LI 2
FE. LEIHRY, RIRSRRAE A, BB
B BAHSURLET —80 °C UKAH, LA .

1.4 ESERERE PCR

1.4.1 $ZEURNA FHM Rz 000wk 25 4 i ik
AL (B OKEE EFied ) 4N F, i\ 200 pL
Trizol, FHWF B HRAF BE H% e ik X, S ik I ik
N 1.5 mL EP % /1, $% f} RNAfast1000 /& RNA
PO R G & (Bl R AR AR AR ) B
IR, K RERAE, 3155 RNA, 5145 T —80 °C & .
HY 1~2 uL RNA F£ i3 T 1 mL @84k, A5
I3 I E AR AT B RNA (2l IR . dl 1.2%
B IEWE &L (50 mL), Al $2 B RNA [ 58 % B
KAHMT T 18S 1 28S 2kl B TEMT. & B A,
I H 28S (158 R 242 18S I AF LA L, BEHA
RNA 5 8T i .

1.4.2 ;%33R cDNA 1% M8 TaKaRa & #5587 £
(TaKaRa, Cat. No. DRR037, H A ) KI5, Kk
BN B kAL 2 00 2 S ) AR & (10 pL AR R ) -
2 uL 5 x Prime Script TM ZZ{#¥#4, 0.5 uL Prime Script
T™M 504 1,0.5 uL Oligo dT 5/44) (50 pmol/L),
0.5 uL FEFLSI4 (100 umol/L), 500 ng RNA, #t/g
jn DEPC 7K, E& % 10 pL. 7E RS F 37 °C
SN 15 min, 85 °C 264 FRBL5 s, ZJFiliEE T
UK EAED, FrE it cDNA T —20 °C {174 H .
1.43 S|¥g&tHRERER PL NCBI GenBank ##
HE KBRS B cDNA J7 %1 F 154k,  F Beacon
Designer v 4.0 (Premier Biosoft, USA) & {4 % i1
174, FAE NCBI W L H 2 5] 945 57 P (Blast)
frill, BTt SIS (3K 1) RS SRR
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1.4.4 Real-time PCR 1% TaKaRa iR 7 & (Cat.
No. DRR037, HZA) KB, KK LA a7
## PCR W A& & : 12.5 uL SYBR Green premix Ex
Taq TM, 0.5 pL 1E[A) 514 (10 pmol/L), 0.5 pL j[7)
5149 (10 umol/L), 2 pL ¢cDNA, #J5 /i DEPC /K&
25 uL, HRFIRE], B . BT BIO-RADIQS % GE
& PCR A% NI RT3 « TR (95 °C,
10s), 1 MEI; PCR [ (95 °C, 5's; 58~60 °C, 30 s),
40~45 NMEI 5 a2, BN HEE KRR
B S PR AR R PCR S S 2 (R BA 1 % [, DA
HEBRERAE ) DNA V5 5%,

1.4.5 PCR HImBedEREAR Rk TCH 4% 3ifig
PREERS, XF PCR P29 T Hvk. k& 1 h)5, &
H B % R G RAE B -

1.5 BES A HdEYLL mean + SEM IR
K Gt AT Prism 6.0, XK &7 229041 K ¢ 4656
HATZE S REEMG 00, BLP<0.05fENfA
BEMEZERNG bR, 2 & PCR H 2 K
mRNA X RIE R RA 27 R F IR g, i
/N W/

H R AR A = B g )ACL I (1fFReL - ekl )
(E - )ACt BRI (RIRAL - SEGAL )

E R B IR IRIE 5 E s NS H R T
KL 5 ACt A2 5 X R4 Ct (cross threshold) [
ZEAB . SEURLH 5 R4 2 JR] 1 3 R LR R R 3R
75 Z 4 BT, SERTE & PCR 145 5 F REST %43
1T HT.

2 R
2.1 FEIEFRESARAENILKER

WK 277 220 i 45 B« KRR 4L, HF 20
CR 41 3 40 K B R BN S8 — & [F(2, 21) = 34.228,
P <0.001] BIZE/NE [F(2, 21)=32.239, P < 0.001] 4
RIHEEEZES. WE 1w SiEEERSE 6

4%.1. Real-time PCR 3|4 5 71|
Table 1. Real-time PCR primer sequences

Target gene Gene ID Primers sequence (5'-3") Orientation Product size (bp)

Galanin 204236 ATCGGTTGTTGCTCCTTCTCTG Forward 80
TTGTGGTCTTGTCATCGTCATCC Reverse

GalR2 29234 CGGCGTCTGGCACTTTGGG Forward 147
CGGAACTTGGTGGAGGAGATGG Reverse

B-actin 55574 CATTCGGCAATGAGCGGTTCC Forward 146
TGTGTTGGCATAGGGTCTTTACG Reverse




Wi 355 B IR AR K SRR H PIRE L 2 AAmRNA 3R IA

JJE, REMAEEZFEN, &A&E(G71.15+4.12) ¢
(n=28), SXIE4 [(335.20 +4.41) g, n = 8] #H L,
HINZ) 20%. 5% A A b, HF K RAEZH 4. 5.
6 JH R PR T B2 N (P = 0.003, P=0.004, P =
0.001) ; {H CR KB E BN L%, 1E5 /N I
9 (234.88 £ 4.20) g (n = 8), MEBE—JHik, CR A
Hh BT X 4L (P <0.001).
2.2 FRIEFREXBHMEREER

PATTRLI 7 A [E]E FARAS K B MLIE IH [ 1
WM=HE maEREA R SRR g5 B, HE X
B PR H v = e 2 X R 1 2.2 £i% (P = 0.003), fH [
RSP E I EEaS, (AIHFRRNHEEZR. CR K
B 1140 L ] P A0 Ve = P 7K~ 5 0k R ZHAH L 350 PG
#, LEEZ. CR KRMIMEH M= (P <
0.001) FIJH [ i (P = 0.049) 7K V- kb HF K R & B¢
ik (& 2),

I HEAH S A s« HF 35 S A AR R KRR I
B 7K1 5500 A A LE 2 2 38 0 (P = 0.038), 1 CR
K BRI BB DA 5, 2 — 2o iR B CR KR
I BE 7K P b HE KRR 3 PRI (P < 0.001), HF K
I35 i & 2K 7 5 06 FRZH AR LEE B 3% 454K, T CR
R BRI 375 R & R 5 %o B4R HF 4 b3 8 3 1%
ik (P <0.001) (& 3).
2.3 EFERSH KB KEgalanin R HZ 4 mRNARIE
E5p AT

K 4 BoRKERIEE R galanin K2 H 3244 GalR2 ]

400+

-@— Control group
-~ HF group
—A&— CRgroup

Body weight (g)

Time (week)
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Fig. 1. The body weights of rats upon different nutritional status.
The body weights of high-fat diet (HF) rats were significantly
higher from the 4th week to the 6th week than those of control
rats. During the whole experimental period, the body weights
of chronically restricted diet (CR) rats were lower than those of
control rats. Mean = SD, n =8, P < 0.001 vs control group.
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Fig. 2. The plasma triglyceride (TG) and cholesterol levels of
rats upon different nutritional status. The plasma TG concentra-
tion of high-fat diet (HF) rats was significantly higher than that
of the control rats. The plasma TG and cholesterol concentra-
tions of chronically restricted diet (CR) rats were markedly lower
than those of HF rats. Mean + SD, n = 8, P < 0.01 vs control
group; “P < 0.05 and **P < 0.001 vs HF group.
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Fig. 3. The blood glucose and insulin levels of rats upon differ-
ent nutritional status. The blood glucose concentration of high-
fat diet (HF) rats was significantly higher than that of the control
rats. Plasma insulin level in chronically restricted diet (CR) rats
decreased markedly compared to those of control and HF rats.
Mean = SD, n =8, P <0.05, ""P < 0.001 vs control group; ** P <
0.001 vs HF group.
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Fig. 4. The mRNA expression of galanin and its receptor GalR2
in taste buds of rats upon different nutritional status. The
expression of galanin and GalR2 decreased significantly in high-
fat diet (HF) rats compared to those of the control rats. Galanin
expression level in chronically restricted diet (CR) rats was
markedly higher than that of HF rats. Mean + SD, n =8, P < 0.05
and ""P < 0.001 vs control group; *P < 0.05 and *P < 0.001 vs
HF group.

mRNA FIAZ 28 FRE B35, HF KRR
galanin [¥] 3 1% 5 5F I 20 A1 L 52 25 FE IS (36%) (P =
0.016), CR K B Wk F galanin (315 & 2% 1 =, 2
SRR ZE AR 2.3 fi5. HF A1 CR KRR 2 i)t L 30 1 i %
PEZ 5 (B 4). HF KUK 1) GalR2 ik 5 xR
ZHAH EE SR 5 PR AR (P = 0.024), CR KB 5 XS A
FLok R B B % 2 5 (P = 0.656), {HEL HF 4%k
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3 i

UTAEOR, ORI Z W TIESE, B TR R,
JCFEZ M FE AT I3 52 WAL A (0 S onn B 35 24T
Ay FA R BV A A 2 AL BATTLART Y
WU, i R £ 3 (0 A PR K BUVR 25 R 3 52
& TIR2/TIR3 {)RIE W E Wb, HNE 50T
IR A A4, XA AT e T EUIE R RO
AT 11 50 07 2 B B RN S 2 i D 1 S R 2 — 19,
X — G RAUESE T LIS TR IR A R Wi R i B2 R
ERZARRE, R GE REAARA  fHk
HEM, WRAE B2 5 AN IR A S R
eI il BB A+ E RIS TR 2 T .

N T BRI —HEWT, IRAR LA E FRACERR
A L R BE I ) Sh A B, LU BRTE galanin £
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HrbEm e, AN T HF. CR KRR K
F- galanin 2 H: 324k GalR2 ff) mRNA %Kik . 45 1 BoR,
EXIRLAHEL, HF 4H galanin F15244 GalR2 fr1ZEik /K
P32 AR, 17 CR KBRS galanin 152 & GalR2
MREH R, a2 Ra R ™, TN,
B FRIRASANE 5 K BRI TS 1R 52 A4 S H R TS
SATIRE, WEmRE LS50
i 57 galanin f)RiE. X mRNA /K132 407 fE
FE AN [RNE FRIRAS R RN DR 0 S 52 B ANAFAE 5
ZE S B BHLH 2 —. WK galanin &I AZ4K GalR2
S R 3R IE 1 Ak 2 5 18 42 K BRI A1 Jo ok i S e

IRZWFICIESE, B IR ARUPRAS 200 If137 galanin
IR L HAE PRI FE ek . IR LEE i galanin
KPR S, HoKSP5 5 =AU H il = EEK
SR IEAM K, RIS galanin 7K F 50 L # 1)
AR 2 DR 9% B 2 AURE BRI galanin K
SR E N, fERE RN i S T R A R L
galanin 7K “F 3 fin 1, SD kB & IE B Zucker K
G N = IR & 5, HAX galanin f H 32K (1) R 0A
s 2 BUBE R0 /N B 5 galanin mRNA 1)
FiE L, TR MRIER/D>, galanin 7] RE @IS
i B i1 2 5 A T AR 12T IR LR FUERIE S
7% galanin 7KF 5P E FRESHTIAE G, X
FA1JE galanin (1334 /K P& kb T HLAAE FRARHDIR
BMREZT. LEFRER, TEIERE. HEIREE
R FHARE T, galanin 78T Fr ik 1M D () 2214 1
I, ERGIE R RIE R D . AR ER galanin 76 AL
JHEOK BRI 8 128 s /b, i BH AR K AN A J 41
LN FRILBUIFA I, IRV E FRIRES T RE 2
T AN [ 145 538 B 0k U8 5 40 JEL R AR galanin [
Kiko

ITAESR,  HORER 2 (1) i 5T 55 galanin i i
WX AN AL S 58 E A, SRR BEIR %
R A AR % DA 5 U 7, Galanin 38 b 39 0 g 15
FPUBRPER®) 2 BB IR R A, X —EH 2
1 KX galanin 3% {& GalR1 1 GalR2 3k 58 i (] P,
FEAM A, galanin 8k $0 60 R ER B 4H A 43 WA IR 5 2%
i B UAN G I 22 B 1 R U, S 5
AP P AW RS R BN E IR S e
JE K B Wk 3 K O galanin K 3 52 44 () 2 38 R D,
Wt B 48/ 7B R 25 7K F galanin (K208 k55 . B4
JE I £ 75 A M R BRUIR B 2R WA I n BB M DL
55, VAT IOBE IR BE 0958 2 15 5 41 A galanin J H
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AR R IR AR O, CR K BB 5 K F
DR A galanin 2 5 H i ? X SLHFE B — P
B FCAE SE o FRATTHE IR AN IR T AS[FE 72 RS N i
galanin 7K°F, HAh4h 2121 galanin e H 2 kR IA
A4k, 4k iR NR 1T galanin 2 58 FRIR S A 1%
(A AL o

TR SR E. B EOERKE, &
FRR A 5 R B BN 2 B A B R RIE A+ G 2
A FARS T8 IR XS WK 7 galanin f H 57 &
mRNA Rk R, KR galanin 2 55 77 48
R TR 4% A0 R B n] BE AL . AHE Fi s SRR
B IR A AT BRI I 5 A% B AL 5 e A JE R
Horb ik J Wk # /K F galanin f% 3 3% /& GalR2 mRNA
RIBMAA. RATHIHE TN mRNA 7K P ik — P HiE
SE T E /BRI galanin A1 GalR2 32 44 7K~ ()
RIESZHIE FRRE R . BRI R R IA AR
Y] ik — 25 52 1 A0 A (1R B BRI TR R N I AL
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