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Exendin-4 promotes the anti-diabetic effects of puerarin in
high fat diet diabetic mice
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Abstract: Our previous report demonstrated puerarin protected g cells by up-regulating the expression of
glucagon-like peptide-1 (GLP-1) receptor (GLP-1R). However, whether the anti-diabetic effects of puerarin in vivo
depend on GLP-1R activation has not been clarified. In this study, the GLP-1R agonist exendin-4 (Ex4) and the
GLP-1R antagonist exendin 9-39 (Ex9-30) were used. Type 2 diabetes was induced in C57BL/6J mice by a high fat
diet (HFD) and divided into the following groups: control, HFD, HFD/puerarin (300 mg-kg*-d*), HFD/puerarin/
exendin 9-39 (Ex9-39: 10 nmol-kg*-d*), and HFD/puerarin/exendin-4 group (Ex4: 10 nmol-kg*-d*). Animal exper-
iments were approved by the Research Animal Care Committee of Affiliated Hospital of Integrated Traditional
Chinese and Western Medicine, Nanjing University of Chinese Medicine (AEWC-025). Puerarin was administered
orally, Ex9-39 and Ex4 were administered by intraperitoneal injection for 10 days. Compared with HFD group,
after 10-day treatment, the fasting blood glucose and oral glucose tolerance test (OGTT) of diabetic mice were
effectively improved by puerarin (P<0.05). Meanwhile, serum insulin levels were increased by puerarin, and levels
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of glucagon, triglycerides, and total cholesterol were significantly reduced (P<0.05). Importantly, Ex4 significantly
enhanced the anti-diabetic effects of puerarin in HFD mice, while Ex9-39 markedly inhibited the effects of puerarin
(P<0.05), which indicates that the effects of puerarin depend on GLP-1R activation. Furthermore, results of
Western blotting of liver tissue showed puerarin effectively activated AKT and inhibited FOXO1, which relied on
GLP-1R activation as well. Taken together, our findings demonstrate that puerarin ameliorates glucose homeostasis
in HFD mice and is dependent on GLP-1R activation. This study provides experimental support for the potential

application of puerarin.
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ik e IR X FEAK-1 (glucagon-like peptide-1, GLP-1)
& — P BB A R R R R R, wid S
GLP-1%24A (GLP-1R) &5 & KIE(EA . GLP-1 A {2t
R 5% 2 4 W 0 1) R vy T 35 7K S 1 i B 2 AR A
TR R 5 p 2N 55 22 1 ) 34089, [k, GLP-1/GLP-1R
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HEBT B G PR GBI PR AT HT AR TR
P, B A E G R RS B4 i GLP-1R 3Rk, B
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H@mEIRF  Exd (F25 E7144, Bik% 0.1 mg, 46
J&>97%) Ex9-39 (E7269, ¥l #% 4 0.1 mg, 4l J& >95%).
% B (585 G7021, 4115 >99.5%) A% H 3k 2T 4 & 4
(CMC-Na, $%*5 C5678), I H 3£ [EH Sigma A #l; iR &K
155 P111270, 46 )% >96%), " [E PR B 5 R H IR A
A5 H I = A R R R, R A T
B 5T P I &% 25 15 e van ot 28 s o e e kR &, o
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AR E (A B M = Bk BE) A R R (5 S HY-
K0021, B [F sy 401 1) ok 12 e T T 22 ST 7 L T Tl T
filg [ & (W R B PPL A PP2A (1) 3% 1), 2% [ Med
Chem Express 2 7 ; RIPA £t 124, HHE =KADY
HARH WA A, BCA & A & & f & A ECL A2 &0k
S, A T E RS N F]; GAPDH Bk (1245 2118) . p-
Akt Fi Ak (155 9271).p-FOXO1 FiifAk (% 5 9461). Akt
Puik (1845 9272) . FOXO1 ik (T2 5 2880), 5 [ Cell
Signaling /A #]; PVDF i i B (G AR, 48 E ' IRA A .

IR KX, &5 ACCU-CHEK, & [H %
K A 7 ; Western blotting #E Ji& HL ¥k ¥ i & 4t , Mini-
PROTEAN Tetra System, 3% ¥ Bio-Rad A & ; Milli-Q %Y
ai /KB, 3% [ Millipore 2 w5 iy 18 ¥ R BS O L, B 5
5430R, 2t [# Beckman 2 1] ; 652 KOG BER & R 48,
155200, E¥g Tanon KAEA A

STEIRBIBN SR IR CkE
MR PR RS R G R 4 S R B s e B 2
HEHE (HHES AEWC-025). 4 i HEN: C57BLI6 /)N fRIE
H e s LI S WA IR FTT A ], 3650 R, Y ATHE
%5 9 SCXK () 2017-0005. /) il A 3% T 4 B fir SPF
s s G, IR 23~25 °C, W EE B, HARKR
12 WERIEIR . /N RIE R FR— 5, 10 RN DL
AR FRE X IR, 40 H/N B UL AR 1RDRL high-fat
diet (HFD) (L 173 70 A &), p1400f) PR 2 7 /) BB
PROIAERL, RS R, N B R ROK . FREE IR
12 8 J, A /s 6302 B AR KT, 23 I8 k% >8 mmol-Lt
DUIIA g PRI RS B AR R Tl o 4 7 R S A R T P /S R
BEAL A A, FIgRH8 N G RITR: X
M4 (3@ AR 7R, con), AR HUOKEE S WlEA (=
JRVAIRIE SR, HFD), A H K, WlRERRA 4 A
(HFD/pue), K 0.5% f CMC # ¥4 it 1l % S IR R IR &
¥, 300 mg-kg-d*, #E H 25 24 & IR/ i & /EX9-39 4
(H/pue/Ex9-39), Hit 2 300 mg-kgl-d, #4424, Ex9-39
10 nmol-kgt-d, i f& 33 5 45 25 v MRS AR FEx4 A
(H/pue/Ex4), %5 R % 300 mg-kgt-d?, ¥ B 4 2, Ex4
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10 nmol-kg*-d*, BEISIFEI 45 25 L2525 10 K Ja, 4k
BEAH A o

SRAERMMESDN DR E 12 h AFK, 4
I B4/ R ) 22 AR EE (fasting body weights), SR
ACCU-CHEK I {3~ RE 8% (fasting blood glucose).

ORREEFEM & SL48 (oral glucose tolerance test,
OGTT) ##545n, MAE T 12h, #EBHEBE2 gkg?
HEAT OGTT SE46 . 43 7 & 0% 1747 11T O min, B 447 5
30,6090 #1120 min f¥) /) B MBEAE, T+ 55 8] 16% {8
2k N1 AUC (h-mmol-L™Y) = 0.5%(1/2xBG0+BG30+
BG60+BG90+1/2xBG120).

MEHREXDTH /R IREREUL, #7555 )=,
253 B850, 3000 r-min?, 15 min, B EE MG . S
DA & 10 B A, A0 /) B 5 2 5 R vy T 2R, DA &
H I = R A I [ KT

Western blotting SE3&  FRHU /N BROAF IE4H 21 &Y
80 mg, I\ RIPA 2L (41 4UZL AR W=1:8), [ %
Eb A o N B 1 i 0 o1 700 0 Tl R T A 1) R, T o S
fi#t, VK _L.# & 30 min J5 12 000 r-min‘t, 4 °C > 30 min,
I BRI BB A, A BCAVEM EE AR E . WEA
P 30 pg 34T SDS-PAGE 5t I Hit ik K2 % et 11 5% M
JE W5 % TBST ¥ ¥ £ A1 1.5 h, Jin—4tT (1:1 000 % )
4°CHEH A . TBSTIHEMRPENR 3 IR, B 6 min, Bk
Rt AP B bR e T (102 000 FifR), =imME 7 1 h,
TBST ¥t 3 Ik, & 10 min, &5 i ECL KOG, KL

2R NER A R G, AT B REFE T
Gt FE S HdE H Mean + SE %78, % H SPSS
16.0 G it AR AT e it o3 #, 4HLIR] ELRER F tRE 56

Z#HR
1 Ex45Ex9-39 X ERFNE HFD /MR = IE M AERY
AL

W LB, e AR VR SR I 1N /s BR s I i mE (]
1B) 5k E (& 1A), 1 & i 3 A U E M HFD /N iR 1 =
I M B, R T B MRS . GLP-1R 377 Ex4 45 2%
Hom B LR M PR AR (8 1B), I HL P X H s e
ik HFD /) B 7k # (& 1A). 11 GLP-1R #% 470 7 Ex9-39
X B AR 2R IR B A R I 2 2 kA (1 1B), X
ANRARET R . LRSS RR, GLP-1R WU AE 8 2
HE B AR 2R B AR, T BH BT GLP-1R JE %, %5 4R = 1)
BB A FH A4 1
2 Ex4 5Ex9-39 X EBRFNE HFD MR OGTT #Y
A

AR G, WA/ RIEAT OGTT (K 2A), It
SR T iU AP 2% THI AR AUC (1 2B). HFD FE bR 9
/N BRLPH B R B T 28 S T v, BT S A, T B AR R A
547 3003 HFD /N BROPETN & . B4R &5 GLP-1R #3)
FEx4 AT, X OGTT o3 AR R W e 2 v 22 7 (K
2B). 1M GLP-1R i #71 71) Ex9-39 & 2 1 #1l & R & %f
OGTT & EH (&2B).

Figure 1 The fasting body weights (A) and blood glucose levels (B) of mice after 10 days treatment. n = 6-8, x = s. "P<0.05 vs Con;
#P<0.05 vs HFD saline; "P<0.05 vs HFD/pue. HFD: High fat diet; Ex9-39: Exendin 9-39; Ex4: Exendin-4; pue: Puerarin

Figure 2 The results of oral glucose tolerance test (OGTT) (A) and area under curve (AUC) (B) after 10 days treatment. n = 6-8, X  s.

"P<0.05 vs Con; P<0.05 vs HFD saline; "P<0.05 vs HFD/pue
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/N R IILS75 B 5% 2% (1 3AY) 5 i s b 5 (1 3B) Wl
B R R, FAR R AENE LV S & AT M 4 ik
MAEER . 5 Ex4 B, A 2500 55 5 i R 1 1k 5
FAEH, ARG B R 2R A 3 s e (8 3A), T
55 Ex9-39 I FH I, 55 AR 28 0E i 5 3% A i v I AR 2R 1) 1
TR ek 55, FE R B AR R TT R E i S GLP-1R il
44 DA T VR 17 R 85 2 R e LR 2 KB L o

Figure 3  The impacts of puerarin, Ex9-39 or Ex4 on serum in-
sulin (A) and glucagon (B) levels of mice after 10 days treatment.
n=6-8, x £s. "P<0.05 vs Con; *P<0.05 vs HFD saline; "P<0.05 vs
HFD/pue

4 Ex45Ex9-39XERFMEIE(EM I

A SIS SR FH 1 I PR TR T TIE R B R e /) BRUASE ARY
/N SRR B X 25 BB, 2 TR /0N B R AR 4 A L
H il =8 (serum triglycerol, TG) il & fiH [& F% (serum
cholesterol, CHO) t#E4T /A& . 25 R & 4A 4B Jir
7, HFD 41/ BRI TG A CHO ¥y % 2% v T X IR 4,
B AR R AR S 0 3 R AR IR T vt = I A I [ KT
FLFC B AR 1 F R 52 31 GLP-1R s 1 %, # GLP-1R
BTN Ex4 BT 58, 1055 GLP-1R 5 $i 5 Ex9-39 B,
FLRE a4 P A ek 55 o
5 Ex45Ex9-39XERERDRIEHIEARFN

e, it Western blotting SZ6 k6l 7 55 A 250t
/N BRI R 5 R A5 S @ B R EH . AKT & — 4
RATRIT5 2 R 8 WO, XA PR v R B U B (protein
kinase B, PKB), & Jik it 2 A5 5 18 2% 1 (1) 8 2L 5 1,

Figure 4 The effects of puerarin, Ex9-39 or Ex4 on the lipid
metabolism of HFD mice. (A) Levels of serum triglycerol (TG),
and (B) levels of serum cholesterol (CHO) of mice after 10 days
treatment. n = 6-8, x + s. "P<0.05 vs Con; *P<0.05 vs HFD saline;
"P<0.05 vs HFD/pue

AKT BB AL G # B0E, I N2 MEE D, RIER
HEWE A B A 2R SRR R T 5 2 E AN
MR, i # 5% K -7 FOXO1 (Forkhead box protein O1)
B R 30 S A4 T B 4R A, S M T 2 PIBKY
AKUE S IE B, B AKT BEIR AL 5 2 is Y,

E RN 5 AR, S5xIRALA Ee i, m R4 p-AKT
5 p-FOXO1 7K ~F ¥ & 25 FEAIK, 1 & AR 2 Ae % _E i p-
AKT 5 p-FOXOL1 7K, 1k 52 55 AR 22 500 i 5 2% sk B
BOCEEH . S2ards RAHKEL, B0 53 Exq 23
1458 B8 M 0t p-AKT Fl p-FOXO1 (2 1E i, 1 & R
1 AE H 4% Ex9-39 4 RLBH Wr, #2778 GLP-1R £ F iR &
i &% 25 8 RO E A 0 SR i T

Figure 5 Results of Western blotting assays (A) and comparing
changes (B) of p-AKT and p-FOXOL1 in liver samples of mice. (A)
The representative pictures of Western blotting assays were shown.
(B) All bands were quantified by densitometry and were presented
as fold change compared with con. n = 3, x + 5. “P<0.05 vs Con; *P<
0.05 vs HFD saline; "P<0.05 vs HFD/pue

g

i Ve LR 2% BE K GLP-1 /2 H iz L 40 it ik 1) —
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51 B 20 B T, R R S B A M P AR, R AR
GLP-1 -3 iR & 40, ToVRAE AW, XF GLP-1 4%
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M REAT 240 5 DAk, /2 5 08 BT 24 Wi kI G R g 1Y,
ERFF 76t B, 5 B FR 5 A5 L 205 47 B Ak 41 4 ff 55 56 v
B BE S S ] GLP-1R [ 2342020, [A] b, B B
BT GLP-1R KA (W FEAIK, T REAE — & AR FE bz
GLP-1R BN IS 2597 2%

AR ZH T BRI FUARE T Hp 24 AR M Ry B AR
HFEFELE AL, RBLE IR R HAES B
Y1l GLP-1R (1) ik, HE 1M 14 5% GLP-1R 3B I 0, ¢
LR R 5 B A L, A1 T35 J5R &% 35 20 b, PR AT JR i /N B
MBERIVER . ABF e e H AR I, 3F— 2P i@ HFD B
PRI BB /N BRSE 56, 2R B VAN T B R % 5 GLP-1R ¥
3l 7] Ex4 B¢ GLP-1R # #7177 Ex9-39 FJ K A 25 25 AR .
SEIR R, FAR R AT UK HED R 97 /) B 25 B I
5 ifu fig 7K F, 2038 HFD /s B0 11 AR 8 460 0 i 52, F 1
1375 PR 5 3 7T 17 S Ot v LW 37K F o T B AR 30
/I BROWE R AR 1 G VR, 2 B GLP-1R T 1) 2 3
PR, A F 4 Ex4 36 58, 1M 8% Ex9-39 A 4% FH W7
IE Ak, EAR K BES i HFD /N BUFFIE 4121 b p-AKT Al
p-FOXOL 17K T, 38 58 gk &% 25 BUR %, AR H R 2
F| GLP-1R #3075 GLP-1R $5 P77 A 4%

25 TR, AR AR IR GLP-1R J2& 55 R & BB o 2%
H ) SS PEIAE 2 T, BAR R e B GLP-1R [
Fik, 558 GLP-1R FIBUE AR . B AR 2 (11X — ShAR1E
FAMU, A EGE S RIS T GLP-1R FIRERIE, I
R 3 GLP-1R Wah IR 25 G I7 BOR, NEIR S
GLP-1R Bl I 25 Wik B I AT e $ kSR 56 S0 4% .
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