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GLP-1 52 1A 3% 2h 3 % /s Bk (5 R Wi 40 i 3 [
%35 RN 41 B o3 A R B Y

dohtE B B B EER 2E HAE WA KX AL

[H#ZE] B# PR RA 1(GLP-1) 32 W sh 7%t /N B €0 107 40 M 3 B 56 B8 3 15 Fn 431k
BTER, Ak RIMNEFR/N RS NS B aT AR gl , i S LT 4 4 4. GLP-1 (10 mol/L) 41 . GLP-1 (107
mol/L) 4 . L-NAME ( — &L S BEHMEIF] , 107 mol/L) 4LANNE HRLH . T TEE 05 0 4 St A7 25 28 8L 0F
5%, 96 Bt PCR A A €0 iy 4 B 256 1R A9 3R 3 SR R B TR 38 Oy 22 40 A kAT Z2 A (B 80 L, B R
TEA2EWFE R I GLP-1 41401 PI N i %5 H Bont FRZH B S 14, 9 e it PCR Al i 7R GLP-1 4l ks g i
P SPESEIN [ AR (1 (UCPL) AIIFET- A T DNA T8RN FRESZ IR a( Cidea) (13 S bW B 5 Y0 34
THZAR y FBEE R F 1a(PGCL-a) ] FHEFEE [ PR A5 50 16 X (PRDM16) i 46Uk 4y i S 40 W) 806 32 A%
(PPAR-y) |\ %L ABRIEN [ N 2L A G T (eNOS) (5 T — S A G/ (INOS) | Rk &
TXTIRLH , FAE 0 17.36 .29. 57 66.76 13.78 4. 14 105. 47 346.57 (¥ P<0.05), £i& GLP-1 ik
PBNFR AT 8 3E o) B SR A A2 R A £ B U7 200 BEL D e 2 R R 1 BG n , BG s A LR T A 2L e, A2 2k A
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[ Abstract] Objective To investigate the effects of glucagon-like peptide-1 ( GLP-1) receptor agonist on the
function and differentiation of brown adipocytes in mice. Methods Primary brown adipocytes in mice were cultivated
in vitro. Before the induction, brown adipocytes were assigned to four groups: GLP-1 10 mol/L group, GLP-1 10~
mol/L group, L-NAME 107 mol/L group, and control group. Finally, adipocytes were put under morphological
observation. The expression levels of genes of brown adipocytes in different groups were detected by RT-PCR. The
single factor analysis was used for data analysis. Results The lipid droplets of brown adipocytes in GLP-1 group
increased significantly compared with the control group under morphological observation. The expressions of specific
genes [ uncoupling protein 1 ( UCP1 ), cell death-inducing DFFA ( DNA fragmentation factor a)-like effector a
(Cidea) , peroxisome proliferator-activated receptor y coactive 1a (PGCl-a) |, differentiation genes| PRD1-BF1-
RIZ1 homologous domain containing 16 ( PRDM16) , peroxisome proliferators-activated receptor-y ( PPAR-y) ],
nitric oxide pathway genes [ endothelial nitric oxide synthase (eNOS) , inducible nitric oxide synthase (iNOS) ] in
brown adipocytes in GLP-1 group were significantly increased as compared with the control group, F values were
17.36,29.57, 66.76, 13.78, 4. 14, 105.47, 346. 57 respectively (all P<0.05). Conclusions GLP-1 receptor
agonist may improve the differentiation and function of brown adipocytes in mice, thereby enhance the function and
induce the differentiation of brown adipocytes, the effect is more evident in high concentration of GLP-1.

[ Key words]  Glucagon-like peptide-1; Brown adipose tissuse; Exenatide; Uncoupling protein 1; White

adipose tissue ; Nitric oxide synthase

( Chin J Endocrinol Metab , 2013, 29 . 895-899)

R N R Wi 20 2L 0T 3 R BR 2 B8 5 20 28 (brown MUK BOARITERS 228 AERE, ANRF A O
adipose tissue ) F1 [ {4 5 5 21 21 ( white adipose tissue) . RN IR N N S i e B
i, e qERE IR . SCFEIRAK (exenatide ) |, R T

DOI: 10. 3760/cma. j. issn. 1000-6699.2013. 10. 018 FEZEAERK 1 (GLP-1) 2R3 sh , Z TRy IERERY 2
R TH (K AR LA T H (81270906 ) TSR HR . BRAEBFSEIES2, GLP-1 R H 2 it 50

YR 037 ;210008 P ¢ BB TR 7 vt s b K e P 0 A
EAEVEH . RKIE, Email ; zhudalong@ nju. edu. cn ST A ) JHH D e 14 ’ A 1 AN T IR B 2R T



- 896 - AL A R 2 A5 2013 4E 10 H 48 29 %5 10 ] Chin J Endocrinol Metab, October 2013, Vol. 29, No. 10
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GLP-1 HA7 P Bz A5 14 1 45 &7 sk /R, B — &AL A
(NO) A I8 I B2 R PE R L AR I 4l g
DA NO fe itk B 7 40 B £ A A 14 A= 9 A5 B, 43 fit 7
CHERFAR S B A P A A € A D 414, TT D &
FESGE R B ae Qi , AT el AR AR =l
PER™ BT, % GLP-1 ZENE M 40 1 F B B 5%
F2 A A X BRI 4 e 2 R R g 1) el AR
KR LA NE 7 40 B R o G I AUK A T B s, 7E
NHEEg g s AR GLP-1 (107" mol/L) LA
HERE A AR FH R 3 85 e BE (107" mol/ L) T 58
ARG S A T, AE LB i VR FH AT B B 5 A 4% . i
GLP-1 275 X b (g B 4L LM T g oAb — i 7
FEAEREI 1 ANTE 4, ARBFFT 0 GLP-1 Z K3 sh 71
SCFERR IR AR S 35 10 /N Bk G IR T An i, 15 A F
FEATRIR BE 19 GLP-1 2 138 8h 77 6 /I BUR € 1 7 20
W53 A RN e R Rk A, JF A LA HTSE i, R
GLP-1 ZZ {43 50 7 1V AL ) #h 70 2 — 25 0 BG83
il

MR T %

— MR

C57BL/6) /INER (M 4 S | L O35 E v AE )
BHEA R A A, 2 B A B (55 E Sigma A W),
DMEM =ik FE DMEM-F12 St ge bt i f s
(£ Gibeo 2~ w] ), LEEABIK (H Wbk, L EALKA
F]),L-NAME | Hi € K #2 ( 35 [ Sigma /23 ] ) , Trizol |
RNA $2 B0 & 519 (£ E Invitrogen 2 Al ) |, 16 55
S & ( H 2R Takara 23 A)), PCR i #] & ( 3£
Invitrogen AH]) . (1) ARG LA .2 RIRE R
i 1.5 ¢/L, 4 I3E F 8 20 ¢/L, HEPES g 1.2 ¢/L,
JEf ] PBS & 2 pH 7. 4, FHEF 37°C T, (2) k5

i 15 40 M 55 5% . 44% DMEM =5 B 5% 75 7 + 44%
DMEM-F12 &5 3R W +10% fa 4= 11035 +50 Ul HH &K
+50 pg/ml 555 & +20 nmol/L 1 & + 10 mmol/L
HEPES (i S/ME)J5 TN 1 nmol/L T3) 5 (3) A 4 i i
A0 A 75 5 WK - 44% DMEM (55 W% 1% 3% Wi +44% DMEM-
F12 B B 32 0+ 10% JIf 4 1035 + 50 UL 75 % & +50
ng/ml £E8 K +0. 25 mmol/L IBMX+0. 2 wmol/L i %€
KM,

—OTE

L. AR W 4 AR 85 355 .4 JE IS CSTBL/6)
T SRR 254 B8 U JiE D X MBS T A B i 1 2
SYAZ 1 mm® (/N A €8 1D A0 U0 AR AT T
f,37°CKIBIREH L 1 h, HAE B LR 30 B,
300 H AT Rl 38, 20, WO AN A R, A AT A,
P B, 3%x10% /ml ~ 5 x10*/ml J5 4547 €63 1 155 7 44 240 e
BRI A1 M IR, I R W RE Ik B A
P RCET e 40 e, 30 e AR I B 37°C 5%
CO BT IGF ., 2 d J5 , ¥ A i B i 243 A 6
FUAR, AR A o 1 H/NRV AL, 55 3R i
W, 34y WA GLP-1 Fil L-NAME . #5401 4> A A
2. GLP-1 10 mol/L; B 41 : GLP-1 10~ mol/L; C 4.
L-NAME 10 mol/L; D 4. X B84l . 2 d J5 e 4ni, #
JSUA EE i 15 A L 55 5 R

2. BEEOIRIF AN T 4 d J5 , AR 40, 32 RNA,
Wi SR DNA i H28 2 5 PCR AN AR € g ity 4t i
FEARTRI 25 MV E T i #iE & 1 (UCPL) (4l sET
520 DNA % I FFESZ 4K a(Cidea) | 3 AL W 1
HEFE Y Z A y FPE T 1a(PGCL-a) (PR 5
516 X (PRDM16 ) | izt %Ak 40y g 3 5 100 980 A2 1A
(PPAR-y) (W — AL A G B (eNOS) (3 —F
LR AW (INOS) FH Ay Fak i,

PN i PCR & KB 3R 1,

= GiteEab

x1 39Fs
Tab 1 Primer sequence
. LU T
Gene Forward primer Reverse primer
(5'-3") (3'5")

UCP1 GTGAAGGTCAGAATGCAAGC AGGGCCCCCTTCATGAGGTC
Cidea ATCACAACTGGCCTGGTTACG TACTACCCGGTGTCCATTTCT
PGCl-a CCCTGCCATTGTTAAGACC TGCTGCTGTTCCTGTTTTC
PPAR-y GCTGTTATGGGTGAAACTCTG ATAAGGTGGAGATGCAGGTTC
PRDM16 CAGCACGGTGAAGCCATTC GCGTGCATCCGCTTGTG
eNOS CAGCTGGGCTGTACAAACCTT TGCAGGGCAAGTTAGGATCA
iNOS CAGCTGGGCTGTACAAACCTT CATTGGAAGTGAAGCGTTTCG

1 : UCPL . f##H43% 2 -1 Uncoupling protein 1 ; Cidea; 4NFET -/ T/ DNA # A I FFE 214K a Cell death-inducing DFFA ( DNA fragmentation factor
a) -like effector a; PGC1-a; i ALY REHE L P0G Z AR v 05 R F 1o Peroxisome proliferator-activated receptor vy coactive 1 o ; PPAR-y it A Ak it e
WO 7 AR vy Peroxisome proliferators-activated receptor-y; PRDM16 ; PR &1 16 X PRD1-BF1-RIZI homologous domain containing 16 ;eNOS ; A Rz 78— 45
b A B Endothelial nitric oxide synthase ;iNOS; 75 55— % {L & A B Inducible nitric oxide synthase
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TiHG
Before

intervention

T §
After ‘;

intervention

D

1 GLP-1 . JETHHEZ FEIK 1 Glucagon-like peptide-1 ;A ; GLP-1 108 mol/L; B: GLP-1 10~ mol/L; C ; L-NAME 10> mol/L; D : %} & Control
1 AR R s 4 T TR i

Fig1 Cytological features of primary brown adipocytes in mice before and after the intervention

K H SPSS 13. 0 G it 8k F AT AL B KU LA x+ s
TR o AU RIME Aok FH AR R R 22008, REAR [
R ¢ K50 DL P<0.05 WESHGIT%E Y,

# =X

— | YIRS

VLT, A 0 BB T AT A4 L 2 AR T 1 25 A
MRS S WHESE KR TE . 41 iR 9 TE s
i, RN AR FE AT IR DT AR IE S . 7500 ik
2.d 5, BB A AR AR O, AR I I B4 HCA 20 /N R
N2 4 d J5, 353 4 A 5310 B A A% 06 7 4
JL, F A A AR RIS K, 2R BDE MR & A K
/Mg , ELRETAREUIN 50 H 2 BR i 2R 4L T i Mu % 5
(B1),

= POtE i PCR RTINS (R 1D 20 M L R 3R 58

1. GLP-1 s g i 40 i 45 5 1 56 ) UCPI |
PGCl-a,Cidea B3k (E 2A) : GLP-1 (10" mol/L) |
GLP-1(10°mol/L) T 4 d,A 41 B 415 D M 1L,
UCP1 \PGCl-a,Cidea 35 B BT+, 22 F A Ge il
HE Y (P<0.01) , H & W GLP-1 4L/ F i iH &2,
P27, GLP-1 AT LABG JinAs 6618 iy 40 e e 5 1 R TR 1y 5%
I, DT 34 i € i 7 A 2L T e, L vk GLP-1
VRS

2. GLP-1 i i A G Hi 44 A 105 240 M 43 £ A i s 1
PEERRITAML (I 2B) . FE25 W Tl 4 d J5, A i is
gL 5L PPAR-y . PRDM16 5 D 4HAH b FK k&
T, E2R A% L (P<0.01), H PRDMI6 Xf
GLP-1 13 1Y 52 17 b PPAR-y B &, #2275 GLP-1 ] A
IS HE R AL N PPAR-y [PRDM16 Y3k, FEiM{E
HERR U D7 FT A 40 B ) % € B8 I A A Ak . T B 4
i, PPAR-y Ik S D ML, ZRESHIT¥E

(A) 6~ o
be E C
« B3
4 4
& B A
&
~ ad s be
~ 5 '!:(
h 3
0 E = mE " %
UCP1 PGCl-a Cidea
(B) 4 -
bd ac
3 4 bd
a9
Ko o
= i
1 o s o fn, “-\.;-.2-"
0 =, Bt B
PPAR-y PRDM16
©)

RT-PCR

eNOS

eNOS

L (A) BRI D 240 B 2 3L Specific genes of brown adipocytes ;
(B) 5 BB I 404k 3£ A Differentiation genes of brown adipocytes; ( C) —%&,
LA &5 5 Specific genes of nitric oxide signal pathway; D X} I 21
Control; C; L-NAME 1073 mol/L; B: GLP-1 10~ mol/L; A: GLP-1 107%
mol/L;vs D,*P<0.05,P<0.01; vs C,°P<0.05,'P<0.01
2 THURAHILE KT

Fig2 Different gene levels after the intervention in each groups
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TEPE AR HE T R SRR 3G i (181 2C) A B 4019 NO
WA SR L] eNOS INOS Ay 2 3k 5 % B8 2H 41 1t B
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GLP-1 MIFEFEE B &

4. Ml —E LR A B (NOS) EBE T GLP-1 %S
(AR €5 R I 200 A 35 PR 36 T v A A € fb 1 o3 f ki
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A €0 200 M A S P R P 3 3 % R PR KT T 9
HETAS BE A€ A € 5 17 21 24 Ty B 384 5 A0 i 0 bl €
M3 26 P4 A 4 Bl 2 eNOS L iNOS 7K - 1) 2 2% FEAIG,
L-NAME [+l 52 GLP-1 fdbA5 A ig i 41 8L oy g
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WA AR
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SRR IREN ) e N R i e K AW IR ]
ST HEE B RHEENEM ., AONENHS FEIRE
B2 RE T, AR R DT 2 RA B 78
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UCPI Cidea PGCl-ac, I, A T i AE BEAREZEL,
e S0 T A 10 A0 o3 e 5 A Y T T AL
i, 3R G2 AR €8 5 200 B i % 3 R S 1 B TR A
SR D A 40 B 1 R A 6 D AN o)Ak
7 o A O I I A i B o A R AL AR A R AR 2
PRDM16( PRD1-BF1-RIZ1 homologous domain containing
16) S 23 TA Y I8 35 i € 1 105 200 JH AR ) O i e ¢
T, R VAR CL N 1 (5 017 40 A S e A PR SRR
535 I1 %, HALHI 2 C R Siméh & 25 H Al S A P it
PRIGFE RGP SZAR v (PPAR-y) Hi Bl #0E 5 1 (PPARY-
coactivator-la and B, PGC-1a/B) 3a P45 & PRDMI6 ,
K i PRDM16/CtBPs 1 PRDM16/PGC-1s #4542
B, HE PTEOE AR CUR D e e L R B 3R 3A 5 3l 4
GISREN RS 320 9IS N SR ~ S N |3 i e
w2 EE R T, W PGC-la A
PPARYy, PPARvy JEARHM g I 40 i T2 B 0 O B o 45
T A E R T SO (IR W 20 2L P i R v 2=
KEHE, PGC-la £ PPARy PPARa il ERRa 313
P, AT LR s = Hoad AR S R = A 5 uePt
Cidea FL[AZ SR AR N AU Pt 2
GLP-1 SZ AR 7] (SEFEMFAR) PRIHC XS L Jpe s s
IMRE L a1V, % HE JHE B 2 2804 PR S8 A B 1Y

BIFRCRY  GLP-1 B HIEESEAE /N R AR YR S
PRIt 5 B 200 6L, 358 JF AR D A % B, 5 4 W vk
FEMCH M B , et o B AR, SEAR 1B HE 2, R A
H GLP-1 ZEA K ZF s iy 2R A S35 B R
FEAEZ AR, A AR AR Al O JE B S SR
SRINT , 7630 AR (0 32 2 41 R AL 206 W BT ALY
o HET, HORBIESE A, A7 o5 A A7 A6 T AR REAS I HE
MBS AFEHI L BEE R GLP-1 H 38R ABIAIR, £
FESE P8 R AE X Sl ZUrh ] BRAFAE 5 C A2 R R TR
HIRFIR SZ AR B 5 AL

AP EIER , GLP-1 K Ho 32 443 s AR AT LA gl 36
B AR AR | 30 X5 1M 45 P 1 D) R B i B AT B 1Y
#5500, HAZ 30V 218 1 eNOS ( endothelial NOS) H
NO FiA- S92 Gu 257 5@ i 1) & iR ik B S Ao e
JHE/INERE S GLP-1 25814, & B/ BRUFFE H PGC -t
PPAR-y 8545 €0 i 17 21 205 5 M 0 b 1) B P 38 2k 4%
T, FLAE A € i 105 4 2 v 4 2 0 B IR 1,
GLP-1 7] DA iof Hh e A2 (i A I I 20 2L i T e 1
5, (HHEARBLH] 1 AR, Lockie 251 3 1 i /N B
Fiki 28 VEST GLP-1, & 90 GLP-1 SZ AR 35 AL AT LUIA S/l
B I DA €00 JI T AL 80 1) 7= 0% sl (%) 388, 32 T ik
INEUAHE DI AR R 22 R SE B GLP-1 215 558
Al E A S A IR D AL 2N P IE L, AT R B
GLP-1 1 LA3E i3 i 42 42 1 A% €0 i 7 20 2 1) fig 34
.

A5 38 3 1 % A € B i A 40 B, SRR T
GLP-1 7] DL o HE 2Ly A% (1 tF A €0 B e S5 3k X
AR FE R K1Y B HZAE R A2l T eNOS
- FHY NO 42, FE(EH GLP-1 Z2 A 3h 71 3 ZEAR ik
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W NOS 177 A=, H 5 vk BE A P, NO AT LIl
PGCl-a IR IF 40 ] (1 €5 1 7 2 20 40 i ) 7=
AT PGC-la S B MR AE S R AR 00 R U0,
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