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ARZEK LY 4, (hematoxylin-eosin staining, HE ) W% 15 iy 2 it 995 3 A8 AL 5 520 5¢ 5 %€ £ PCR( Real-time PCR ) A6 JIH [& 15 )7 24 5T
454 & [ 1c(sterol regulatory element-binding protein 1c,SREBP1c) , I I Bk & AU fff (fatty acid synthetase, FAS) , i< %8 1k 4 1% 4%
Y1i0% Z R a( peroxisome proliferator activated receptor o, PPAR) J&[H 3¢ 35 5 IR 1 90,5 Bl 38 9% ( Western blot) #;  JIf 7 2 1% 1k &
1 % [ ( phosphorylated adenosine monophosphate activated protein kinase, AMPK) f1 Z, it CoA &2 1k i ( acetyl-CoA carboxylase,
ACC) BERR ALK, &R SERA LI, W3R 4/ RIkFi 4, FBG,CHO, TG, FFA B B REAR (P <0.05,P <0.01) ; HE L {4 fig
195 240 B 75 /0N g S ORI 5 B W7 404X SREBP1c, FAS mRNA 3R ik kaEE(P<O 01),p-AMPKa,p-ACC £ H K THE (P <0.05,P
<0.01), i r 3R W LA db/db /) BLUAE 07 AC 6 25 AL, 7T AR R 5E o 1 98 AR U5 41 40 AMPK, ACC B R 1k 7K %, F
SREBPlc,FAS mRNA k528,
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Effect and Mechanism of Apigenin on Fat Metabolism Disorder
AMPK Signaling Way in Obese Mice
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[ Abstract | Objective; To investigate the effect and mechanism of apigenin on fat metabolism disorder in
Obese mice. Method: Eight-week-old male db/db mice were randomly divided into two groups, namely control
group and apigenin group (50 mg-kg '~d '), and 8 mice were used in each group. Another 8 male C57BL/6]
mice were used as normal group. Body weight, serum glucose, lipid, histopathology and mRNA and protein

expressions after a 4-week treatment were measured. Result: Compared with control group, apigenin group show
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significant decreases in body weight, fasting blood glucose ( FBG), total cholesterol ( CHO) , total triglyceride
(TG), free fatty acids ( FFA ), liver weight of mice (P <0.05, P <0.01), and increases in fat deposition of
adipose tissue according to the histological examination. The expressions of peroxisome proliferator activated
receptor a« (PPARa ), fatty acid synthetase ( FAS) mRNA in adipose tissue of apigenin group decreased (P <
0.01), and the protein expressions of p-phosphorylated adenosine monophosphate activated protein kinasea
(AMPKa) and p-acetyl-CoA carboxylase ( ACC) were significantly increased (P < 0.01). Conclusion: The
effect of apigenin in improving fatty metabolism of db/db mice may be realized by up-regulating the phosphorylation
of AMPK and ACC and down-regulating the expressions of SREBPlc, FAS mRNA in adipose tissue.
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kinasea (AMPKa) /acetyl-CoA carboxylase ( ACC) ; sterol regulatory element-binding protein 1¢ (SREBPlc) ;

apigenin; fatty metabolism; phosphorylated adenosine monophosphate activated protein

fatty acid synthetase ( FAS) ; peroxisome proliferator activated receptor o« ( PPAR«)

Wgi i, R 2 A 1F 4 Bk & 0 & ik 20% ~
30% JIFAL FRWH LI, EERBEERAR
Yoo 5 BN N R B R S E 2 — s BRIz A,
TSRS R AR, 2 BB IR, 0, 3h ko B
B AL 25 2 R PEBERG M7 IR W A SUR HLAAR g
7 AR A 32 A, (] ek o 98 5 WL B9 1 A3
PUFE & TR 25 A 1iF 19 & 0 AL AT 9% & B, I 17 1R
T AL & U K(AMPK) 3% {b 4 20 T i £ Bk CoA 1R
PR (ACC) 3% Ak 5 ] Bkl 300 o] FIE [ st 7 255 O 1 285
M 1 (SREBPLc) , i i B2 £+ WU (FAS) #5 5t %
A, AT A0 A i 107 7 IR [ A g 4, PR, AMPK
BT WA 5 3 0 R 3 9 AR A A

Ji 3% % (apigenin) & —Fp 2 A 4L T RIKL W) b
IR A Ak 2 45K 5 € H, Oy, A X
PR RCR 270.225, BFGERIL, FR R A 2R A
YITE A A R (0 9 A A 15 5% = DL S
A M) B AT AR R A i
Sk RERE AL LA K M A e L A R R
B SER EA R G B AR AP
{HL2 I 5 A UK 3l 4 92 56 UF A L B A HE R ML, 1A
I, AS B 5 3 0 W2 SR RO R B AR db/ db /)N BRUBR i
AMPK {5538 5 (0 5 1), 45 LA F LA
1 &

L1 259 Bk R 3 2 Ol i vk BHE T &
AR LS 14013103, 46 B 99% ) 5 45 45 B i 7
& (A ALBEEE ) , SO E B (CHO) & K7 &
(COD-PAP %) , Hih = PR (TG) , i fLEF (SCr) , JR &
A (BUN) , R4 2 R 2 7 % il (AST) I 7 32854
& (GOP-PAP ) (A du & A= W BB B A BR A
H LS4 3o YZB/ET 0111-2013, YZB/ 5 0698-
2010, YZB/ 5t 06997-2010, YZB/ [ 2100-2003 , YZB/
[ 2102-2003, YZB/[E 2080-2003 ) ; i7 & g [ 2
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(FFA) 300 & (A st e e Wy BORBIE5E e, 41t HY -
NO057) ; IR AR R LT G (b 50 23R R BAT BR 2>
AL 5 4 B R 20160225, 20140916 ) ; GoScript'
Reverse Transcription System ( 3& [ Promega 2\ &), it
5 0000076581) ; SREBP1c,FAS mRNA 5| ¥ f 4 T
AW TR (R ) ey A R B 5 G p-AMPKa, p-
ACC,B-actin HTIK , HT Ao A BRE H (1g) G —HT (£
[# Cell Signaling Technology /% ] , it 43 %] 2 0012,
0003,0008,0026) ,
1.2 {U&%  E9032 RIPHRAL (SE[E Promega A H]) ;
Prism7500 % PCR 4" B4 {Y ( 35 & ABI /A #]) ; BX53 %l
2% 8% ( H A% Olympus 22 ) ; Mini-PROTEAN
Tera System 7 e P HL Kk {Y . ¥ # ## , ChemiDoc™
XRS + with Image Lab™ Software ¥ & 1% 14 & 45 (2%
[# Bio-Rad 2A#]) o
L3 ¥ lesnrdl 8 JAWE SPF 4kt db/db /B
16 H, [ JH i HE e CSTBL/6T /NEL 8 H, I R 50k
W) R 25 0T 5T BE, 3 M IE 5 SCXK (7)) 2010-
0001 ; 1l 37 Tt 5t sh ¥y S 46 L SPF sh s g =,
W (23 £2) C,IBJE (55 £10) % ,JEHR-2RIEE 12 h/
12 h JF36, A & &K, db/db /N R 5% 42t =
AR (AR 78. 8% , 85 BURy 10% , 3% h 10%
M EE 1% ,lHEL 0.2% ) ; C57BL/6J /N L W2 3% 3 8
G R ORL BURDRE o 28 v [ v BE R A B IR Al
PR W 5T BT 2 ) S5 9640 B Al i, 45 2016-006,
NP SR LRSS A B 4 R
BENLIY 2 A RERLAE T R, 4l 8 Hi 58 H
fil FEHEYE CSTBL/6T /) B IE 40, 3t 24 H; 3¢
AL RT3 F KW 50 mg - kg™ 5 4y 2 4
0.01 mL-g ™" {4 &, o A4x 241V 1 45 IR B A0 A 3 4
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12 b, R e J HR HIEE #5 Bk BB it ,4 °C,3 500 remin ™" B0
10 min i B A FH 5 408 30/ RO 3 i A 23 ol T
F1 =80 C FRAFE FH 5 AR 41 7] 65 150 WY 26 R 4G /) B
=G I (FBG) ,CHO, TG ,FFA , AST,SCr,BUN 4%
L5 JRARER-PLL(HE) Je WM, s D 2H 2L
A 10% ok R[] 2 48 h J5 , % LA B A2 3,5 pum
PR R R AL (HE) JriE e o, A U
FRI S 2K, I8 KRS QLW S s, 1% 3 R-2 B2 4 (1
30 s, R K10 min, WKL 1 min, LTS s, B
I T HIRBK R S B o OB T SR
JUE 5 H AR AL

1.6 Sim 520 E & &5 M4k X K (Real-time
PCR) 5 AHOC mRNA K3k BOR B K A7 19/ BUIT
ZH 2 trizol PEHEENZH 21 4 RNA, GoScript® Reverse
Transcription System 7| & 3t 17 fe #% 5%, 1 k 25 C
5 min, #Eff 42 °C 1 h, K3 70 C 15 min, 5 3
cDNA, 20 pL JZ b & &, cDNA # B 2 wL in A
GoTaq JX N 10 pL, Nuclease-Free Water 7.2 wL fll
SR &% 0.8 pl, B T Applied Biosystems 7500
Real-time PCR System #f 17 JZ i, JZ W £ 4::95 C
10 min,95 °C 15 5,60 °C 1 min( 3L 40 KAE¥H) ;95 C
155,60 °C 15 s #fif, A5 R A 274 MG @ Bk 1
BAAHEHbF mRNA Rk 25, SIFHILE 1,

x1 5I¥MF5
Table 1 Primer sequence
Gk gl KB /bp

GAPDH 3% 5'-TGAAGCAGGCATCTGAGGG-3' 19
i 5'-CGAAGGTGGAAGAGTGGGAG-3' 20

FAS 3% 5’ -CTGCGGAAACTTCAGGAAATG-3' 21
i 5-GGTTCGGAATGCTATCCAGG-3' 20

SREBPlec [} 5'-CCATCGACTACATCCGCTTCTT-3’ 22
N 5’-ACTTCGCAGGGTCAGGTTCTC-3’ 21

*x2 HFEERERX db/db MEERE,FBP, IMABMFIEN (2 +5,n=8)

1.7 HHEREEE L (Western blot ) & I #H 3¢ 45 (A
Tk BUEAFIR N A8, Fl 0 & S R IR BUR R A
#E,12.5% SDS-PAGE Ji5 100 V B3k 2 h, 2+
BERC LR 100 A 2 h, TBS ¥ W P& i 15 min; Blocking
one/Blocking one-P ¥t [4] 30 min,—4$7 (1:1 000)4 C
W E o, TBST e 5 —hi(1:1 7)) M EL h,
VWS, ECL &G = M N 1 min, BB AR R 56 %
% ,Image J 7.0 S0 Mr e (1 45745 .

1.8 Zril2Jrvk  RH SPSS 19.0 {4 b ¥ % 4
PG £ Fon, Z AR HRCR FHHLH FE 224
BT s PRI IR] LA, il 2 5 25 50 PR LSD A6 5%, N il
ST 2 FEPERT AR S B 55 P < 0. 05 R A 41t
2 #R

2.1 JFREX db/db NRART R AR E 5
1EH 4 H B, BEAL 2 /N BRUIR BT &, FBG, CHO, TG,
FFA 7K B BT (P <0.05,P <0.01) ; 57 44
o, PR R A /N RR T &, FBG, CHO, TG, FFA /K
S B B (P <0.05,P <0.01), WL#E2,

2.2 FEEEX db/db NEAT EIhfER T
4 JEJG A/ BRI B D RE TG W M 25 5 HEOR
TR E X db/db NI B, W3 3,

2.3 JVREXF db/db /N EUE R RE B A A AR
R 5 A R, AR A /N BROTE AN A T S
R B 05 B 1 2 A AR A B 00 5 5 R R 4 L
B, SR F AN A0 MY 2 N BRI & BEAIG, 40
oAz B A A R . DL 1

2.4 JrREX db/db /NR g A8 AMPK {5538
FEER M 5 OE 2 A, AR 2 /N BRUIR T 44 p-
AMPKa, p-ACC 7K B i fEAIE (P < 0. 05) ; 5457 4
#3417 BURR D7 41 41 p-AMPKa, p-ACC 7K
R ETE(P<0.01), WK 2,%4,

Table 2 Effect of apigenin on body weight, FBP, blood lipid in db/db mice(x +s,n =8)

20 53 F 4/ mg-kg ™ F /g FBG/mmol - L ! CHO/mmol - L ! TG/mmol - L ™" FFA/mmol - L ™!
iE# - 23.40 +0.70 4.10 0. 40 1.67 +0.26 0.53 £0. 16 0.37 +0.01
LAY - 38.70 £1.20% 20.37 £1. 69 2.45 =0.36" 1.42 £0.11% 0.63 =0.05"
EE 50 28.60 0. 60 10.26 1. 124 1.93 +0.27% 0.86 +0. 13" 0. 40 0. 08*

S IEHALEYP<0.05,”P<0.01; SHMA LK P<0.05,YP<0.01(%4,5[[),

2.5 Jr3REXF db/db /NEUIR T 44 SREBPlc, FAS
mRNA FRIKME N 5 1E 5 4 e, B8 4 /) B
Jli¢H 41 SREBPlc, FAS mRNA kB & F M (P <
0.05) ; 5 &L 20 A L, 77 3% 2 4/ B 7 4 41

SREBPlc, FAS mRNA F ik K B & T (P <
0.01), W%ES,
3 g
PR ZE A AE 2 — B LUOBE G 07 2R (AR
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®3 HFEZEX db/db NRBFS ThEE AST,SCr,BUN B0 (x =5,

n=8)
Table 3  Effect of apigenin on AST, SCr, BUN in db/db mice
(xxs,n=8)
& AST r BUN

L5 /m};i_l /U~SL'l /p,mso(l:-L'l /mrmﬂ-L'l

W - 65.45 £3.21  42.10 £3.43 4.86 +0. 63
T - 68.36 +2.47  45.73+£4.75  5.05+0.72
FRE 50 64.74 £1.36  42.64 £2.23 4.91 +£0.25

A B

AIEH 2B B PSR (K 2 7))
1 AREXN/NREMIEERITRARNIZN(HE, x200)
Fig.1 Effect of apigenin on fat accumulation in abdominal adipose

tissue ( HE, x200)

s R -
r-acc [ o< ..
ractn, —— 41 LDs

A B C
B2 NRIERARKZERER]K

Fig.2  Electrophoresis of protein strip of adipose tissue in db/

db mice

*4 HEZEX db/db MNRIEFAL AMPK ESEREARIENE
fig(x+s,n=8)

Table 4 Effect of apigenin on AMPK signaling way in adipose tissue
of db/db mice(x +s,n=8)

24 51 ﬁﬂi/mg-kg’l p-AMPKa/B-actin p-ACC/B-actin

IEH - 0.67 +0.02 1.13 £0. 16
(% - 0.17 0. 09" 0.68 +0.21"
3 50 0.83 +0. 04% 1.21 £0.13%

*5 FAXREX db/db /RS B ER X 151 48 5 SREBPIc, FAS mRNA
%ﬁ?ﬁﬂlﬁ](fc ts,n :8)
Table 5 Effect of isoquercitrin on fatty acid metabolism-related

SREBPIc,FAS mRNA expression in db/db mice(x £s,n=8)

Ml FEE/mg-kg ! SREBPIc FAS
EH - 0.56 £0. 13 0.94 0. 17
LT - 1.75 +0.21" 1.64 +0.25"
R 50 0. 84 +0.26% 0.52 £0.23%

AR 2L o AR £ 18 A A P, JFG s O A 38
FALRA AR T B IR A SR L
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AV 5 R 05 AR B LA R, 4E RR AR = AR r
W52 L AW h & B SR R R AR AR I AR b/ db
INRAA BT & LV FBG, TG, CHO, FFA 77, J3f Ho Bl
2 I8 7 4t v B B B AR, 5 R AR AR T T S R
5 A 25 LA AR — 3

AMPK 2 — PR FE =K EH, 0 «,8,7 3
AN B oo S BN, - A G AN ] (0057 6, 359 AT 4 i
b, Hoh JR g R 172 40 5 /) Wl R Ak %) AMPK 375 4 2
FEEPWHER . AMPK 772 4345 1 68 & A 15 1 &
L, Qe DT R LAE B RR O < A i g T Al
(2 2, o 4 i P 9 B A B e s o
5T 2B, AMPK 8 R 16 5 #5161k, 1453 /1N BT JOE fig
S5 43 %, 104 R B A Y . ACC %2 AMPK 5
(R W 4, R e T R 1 & B, HL A K £ BE CoA
Az N 1t CoA (Malonyl-CoA) , 5 B K B i 17 iR HiY
R, AMPK BBR 1k 5 {2 F ACC & /R R 1L 5 31
ACC R, N IAR FFA A i, ABF5E KL, T3¢
Rul LB E LRGN 4141+ AMPK, ACC % g 1k 7K
-, A0 AR TR G i . SREBPLe J& 7 g Iy 2 AR 4 i
SR LE SR T i D R A B ) HE R S IR, L g
ACC,FAS % i [ 1 & o 2 i B9 G ERG ™ 5 FAS
2 Ak £ Tk CoA FITY - HE CoA , 2 5 K 55 g 17 R
PR R PR IR R P, SREBPL Bk A9 /N LU LE IE
W /N BUAT BTG A U R U A i RRE I AR K FT . AR
58 v & IR EL 28 /N R IR 5 p-AMPKa, p-ACC & 11
KA T IE % 40 ,SREBPlc, FAS mRNA ik & T IF
W TR E A /N p-AMPKa, p-ACC 2 H K5
TIE % 4, SREBPlc, FAS mRNA & ik % 45 I 21 [
5, Vi WA S 2l ad i 35 AMPK i B 6 #0173k
A B s w2 AR o

5 LR RS e E AR A db/db /N B
it I A ZE AL, RT AR S R 4R s T 4 41 AMPK
T O HR  T ARAA A OGS i — 25 i g AR
BIL ] 2 1L 52 5 FE A o
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