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[Abstract] Objective: To discuss the effect of modified Gegen Qinliantang (MGQT) on blood glucose

and lipids and Takeda G protein-coupled receptor 5 (TGRS5)-related pathways in pancreatic tissue of obese type 2
diabetes mellitus (T2DM ) mice. Method: A total of 10 male specific pathogen free (SPF) m/m mice (7 weeks
old) and 50 male SPF (7 weeks old) were adaptively fed for one week in SPF laboratory. The m/m mice were
included in the blank group. T2DM was induce d in the 50 db/db mice. The model mice were randomized into the
model group, metformin group (0.2 g-kg"), high-dose, medium-dose, and low-dose (31.9, 19.1, 6.4 g-kg")
MGQT groups, with 10 in each group, and the drug dose was10 mL-kg". The model group and the blank group
received distilled water of the same volume. The administration lasted 12 weeks (once/day). Fasting blood
glucose (FBG) was detected regularly. After 12 weeks of administration, serum levels of glycated serum protein
(GSP), serum glucose (GLU), total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol
(HDL-C) , and low-density lipoprotein cholesterol (LDL-C) were detected. Pathological changes in the
pancreatic tissue were based on hematoxylin-eosin (HE) staining. Western blot was used to determine the protein
expression of TGRS, protein kinase A (PKA ), phosphorylated (p)-PKA, cyclic-AMP response element binding
protein (CREB) , p-CREB, proprotein convertase 1/3 (PC1/3) , and glucagon-like peptide-1 (GLP-1) in
pancreatic tissues. The level of cyclic adenosine monophosphate (cAMP) in pancreatic tissue was determined by
enzyme-linked immunosorbent assay (ELISA). Result; Compared with the blank group, the model group had
pathological changes in pancreatic tissue, high levels of FBG, GSP, GLU, TC, TG, and LDL-C (P<0.01),
low level of HDL-C (P<0.05), low protein expression of TGRS, p-PKA (Thr197)/PKA, p-CREB (Serl133)/
CREB, PC1/3, and GLP-1 in pancreatic tissue (P<0.01), and low content of cAMP in the pancreas (P<0.01).
Pancreatic tissue lesion in the treatment groups were milder than that in the model group. Both the high-dose
MGQT and metformin can reduce the levels of FBG, GSP, GLU, TC, TG, and LDL-C in db/db mice (P<
0.05, P<0.01) and increase the level of HDL-C (P<0.01). Except the GLP-1 protein in the medium-dose MGQT
group, the protein expression of TGR5, p-PKA (Thr197)/PKA, p-CREB (Ser133)/CREB, PC1/3, and GLP-1
in the high-dose and medium-dose MGQT groups and the metformin group increased compared with that in the
model group (P<0.05, P<0.01). The content of cAMP in the pancreatic tissue of the high-dose and medium-dose
MGQT groups and the metformin group was raised compared with that in model group (P<0.05, P<0.01).
Conclusion: MGQT can improve the glucose homeostasis in db/db mice with T2DM by regulating TGRS/
cAMP/GLP-1 signaling pathway-related protein expression.

[Keywords] type 2 diabetes mellitus; modified Gegen Qinliantang; bile acid, G protein-coupled

receptor 5/cyclic adenosine monophosphate/glucagon-like peptide-1
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Table 1 Effect of modified Gegen Qinliantang on blood glucose of db/db mice (x£s,n=6) mmol-L"

215 it /g kg + i iy FH1HE FHi2HIE T3 A

S 5.72+1.22 6.17+0.83 6.82+0.85 6.47+1.60

AL TR 2] 19.97+3.24% 23.25+4.18% 27.37+3.81% 31.48+1.48%

I XUNR R 0.2 20.25+3.65% 23.17+3.89 25.47+3.41 28.27+1.75

e 2l g 7 o A1 31.9 20.32+2.64% 23.17+2.65 25.8242.23 28.32+2.30"

rp 2l ep ) R 4 19.1 20.82+2.98% 25.42+2.28 27.75+1.54 30.45+1.50

2 % ) o 4 6.4 20.32+4.58% 25.05+1.99 28.53+1.45 31.23+0.83

TE 52 L E  P<0.05,2 P<0.01; SRR 4 A Y P<0.05,% P<0.01(F 2-3 5[A])
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3.3 b db/db/NEURARIE A 5 HA L,
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0.01) , HDL-C 7K *F- W] fi B I (P<0.05) ; 5 AL AU 41 [,
5, w2l e AR e 4 B ORI ) R 3 B AIK db/db
/N BRI H TC L TG, LDL-C /K ¥ (P<0.01) , 3 &=
db/db /N KU 75 H HDL-C /K 3 (P<0.01) , H1 25 H1 5]
A fE B3 B IK db/db /b R 3 R TG 7K F (P<
0.01) , ¥ & db/db /N R Il 7 H HDL-C /K - (P<
0.01), H1 25 #1541 TC .LDL-C & " 24 fif 5 i 41
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K2 MHKEREEZI db/db /N REERIFHZIE (3£5,n=6)

Table 2  Effect of modified Gegen Qinliantang on glucose

metabolism of db/db mice (X+s,1n=6) mmol- L
21 51 /g kg GSP GLU
=Kl 3.51+0.78 6.03+1.23
H R 241 5.78+0.45%  33.38+0.97”
ALK 4 0.2 4.38+0.629  27.34+2.89%
rp 2 ) = 4 31.9 4.76+0.54"  28.94+1.27%
rp 2 R 19.1 4.71£0.77"  30.20+4.38%
2 (% = 6.4 5.67+0.46 32.84+2.91

TC.TG.LDL-C ik /K ¥ FE AL , HDL-C 3K ik 7K °F- 3
mLHERTGEIT¥E L., WER3,

3.4 Xt db/db/NRBEAR A LR EE SR 2 H
2 /)N BRI R &5 4 o, At i HE 31 8 5, AR A S
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®3 MERBREZIEFT db/db /MR BIHIHIN (x+s5,1=6)
Table 3 Effect of modified Gegen Qinliantang on lipid metabolism of db/db mice (x+s,n=6) mmol-L"'
21 51 il /g ke TC TG HDL-C LDL-C
2 H 4L 2.65+0.55 1.43+0.55 2.03+0.13 0.04+0.01
H R 21 3.92+0.49% 4.80+0.65> 1.44+0.57" 0.33+0.08%
P RUIRZE 0.2 3.12+0.17Y 1.64+0.56" 2.10+0.13% 0.09+0.03
rf 24 1 7 A 31.9 3.16+0.21Y 1.93+0.63" 2.49+0.36" 0.08+0.03"
2R A 19.1 3.47+0.14 2.41+0.99" 2.07+0.26" 0.20+0.04
TG 6.4 3.62+0.67 4.26+0.45 1.88+0.38 0.22+0.06

B HEF B 5, P43 WA I TR R T, A4 e i S i
5, AR PEIR AL, JTC AR PE A IR 5 a8 (A g,
TR 20 /)N BRI A 2H 2 v ] D R I 240 s vt AR o
i 25 45 A5 T, B A0 ML FR DL/ S 43 B A 114 R R 2 2
A 43 W6 1] 5T b AT D gk 40 IR i 5 RS R A LY
B IR YT G R 2H 2 v N G DS IR 5% A4 i 2 3 A
VAR i 25 45 78 1 0 D8 B B T IR Bl A 245 ) Wk R
S NC SR U - U S RO S R R TR 2
I i 2H 2R A 43 A R 18] S5 v ik 8 200 i 92 i il s, R A
s 75 R B A W A TR AR 4 N R . R ORUIIR 4 sk R
R g s Adl. WE L,

3.5 X db/db /) LB B 2H 22 h TGRS .PKA \p-PKA |
CREB .p-CREB .PC1/3 .GLP-1 & HF£ X mH 5
25 LA L 3, 1S A0 A /)N UG R 4 20 TGRS\ PC1/3 .
GLP-1 & [ KB 7K F B FE L (P<0.01) ; SRR
Fo# L B b 25 v ) B 40 GLP-1 & (1 4h , h 2 s R
i 2 M W XU B Bt 41 21 v TGRS . PC1/3 .GLP-1
B R B KA R A R R i (P<0.05,
P<0.01). SRR E M5 EE H 021 R
UE W IR Ak 2 A 8 Ak, 5 A A LA B A A /N
SRR IR 41 40 h PKA .CREB#ERILEH 5 MEA L
B35 B 2 FEAR(P<0.01) , 5 BIRLAL L35, Bk v 244171
41 CREB B MR L85 11 5 A (1 L fH B e 28 4k

A BRI C UL D P 2y R B 4, B
25 rh AL F b 2 L (B 2 1)
1 MHEBREEZS db/db  MNRERARFERSHIN
(HE, x100)
Fig. 1  Effect of modified Gegen Qinliantang on pathological
morphology of pancreas in db/db mice (HE, x100)

Ah, £ H 2541 PKA (CREB 8§ i 16 85 (1 5 508K 11 F B
B & 3% 5 (P<0.05,P<0.01), W4 &2,

F4 MKRBRZEF3T db/db /MR EEBRE L TGR5.PKA CREB.PC1/3,GLP-1E A REKFHHEM (¥+s5,n=6)
Table 4 Effect of modified Gegen Qinliantang on protein expression levels of TGRS, PKA, CREB, PC1/3 and GLP-1 in pancreatic tissue

of db/db mice (x+s,n=6)

g1 bilh=:s TGRS p-PKA(Thr197) p-CREB(Ser133) PC1/3 GLP-1
/g kg /B-tubulin /PKA /CREB /B-tubulin /B-tubulin
2 H4 0.73+0.04 1.58+0.08 0.63+0.02 0.64+0.03 0.81+0.06
R4 0.34+0.03% 0.59+0.03 0.30+0.02” 0.27+0.04> 0.61+0.06>
TR 0.2 0.66+0.04" 1.22+0.08" 0.52+0.05" 0.52+0.03" 0.72+0.04"
vp 2l e R 4L 31.9 0.59+0.03" 1.15+0.06" 0.50+0.04" 0.50+0.03" 0.71+0.01%
R v 3 e 20 19.1 0.49+0.03" 0.87+0.06" 0.35+0.02 0.33+0.02% 0.59+0.02
rp 2l IG5 R Al 6.4 0.38+0.03 0.72+0.03" 0.32+0.02 0.29+0.03 0.55+0.02

.29.
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TGRS D s SR S — am— 33 kDa
p-PKA S e D S g 41 kDa

PKA P i i -- 41 kDa

p-CREB SR s S s s s 37 kDa

-

PCL/3 = "N S Smms S a=s— 84 kDa
GLP-1 | s— — | 21 kDa

= TS TS TR 55kDa

-tubulin

A B C D E F
2 db/db /MR ERARH A TGR5/cAMP/GLP-1 fE SEBER X
E Rk
Fig. 2 Electrophoresis of key proteins of TGR5/cAMP/GLP-1

signaling pathway in pancreatic tissue of db/db mice

3.6 Xf db/db /Iy B JEE AR 20 21 rh cAMP 5 Y 52

s Al g RN /N B cAMP 7 i B 3 B AR
(P<0.01); SERVZH LA, 2 ikl Je —
MAKZH cAMP & 1 W i A+ 55 (P<0.05, P<0.01) , th 24
IG5 41 cAMP % it A Tt a3 (0 2 5 g it

£S5 MKRERZZEZ db/db/MNREEIRA L cAMP & EHF M
(X+s,n=6)
Table 5 Effect of modified Gegen Qinliantang on camp content in

pancreatic tissue of db/db mice (x+s,7=6)

21 5 /g kg ¢AMP/nmol-L"'
= HH 62.27+5.31
R 27.17£11.34%
ZHUIR AL 0.2 55.08+8.15"
Hh 24 e 59 Ak 201 31.9 47.38+9.45Y
w24 v 58] Ak 201 19.1 37.0613.017
r 24 (155 6.4 31.75+7.06

4 itit

W DR 2 — b LA LB 7 SF T 8 O R A Y 18
ARSI , B2 90% HYHE IR [ & 9 T2DM, Kok
T BIL B2 52 2% , 5 et A% PRI L B B A D 2 RE
itk A5 5 UIAR OGO CHE AT PN 28 ) o 5 8 DR AR DG 1Y 38
AU ST B AR g AR T
PNEFI S Ny B IER 7S bl R i R
PR 22 i K E AR H R R, B i AR T A s it
PR B, BN B KWl B AR 2 3 ol T B
697 HE BRSO, OB AR s O T B AR T A
T, B RO A R e T T T A H R R I R

. 30 .

BRI 2. A /NREER IR YT T2DM B, [R5
W WGP R RS W )
UL E R Z T2 i 22 M, HB0E (B 98
W, T2 R e U R R
WA A LR kR R T o I PR S8 B IR
ST B AR M 0] U T2DM I R | i B A8 35, Bl
S I G I SR AVICEE L AN OB B = N
e VLIE A — AT R IR B AR B 4 e
R 340, 400 R 1 PSS T°15.9.3 g, WSk &5
X% % 7 R TR Y R i e BT IR 97 T2DM 1Y
Jrak's .

T2DM Hi B0 1B T e e ph e 8 o ot R e B AR
FH 55 45 3R 2Z 100 52 444 F I 3 380, e 0 3 0 1Y)
FRAE 2 52 28 43 00 BN 2 IR GLP-1 B il 5 14
g 3 SF VR 1) M 8 BB 5 2R 9 3 GLP-1 mJ 3l 2o o 4 JBE
55 0 B T R WL T U A5 R s o AR AR
PC1/3 FA K [ 5 2% J5L % Ak TR 15 2% T il 4 3% 5%
164 GLP-1 () D fig , H 2 g B % mT fig 75 & JBe i 3% A
GLP-1 /5 % B o BH T 18 2 AR e A 1R i 7=
Yy, A AR R b 5 s T AR
o, WF 5 A BRA T R 1T O M A R T SR o
16 A PR S T B EE AR . A 5EE IR R
ZAK TGRS 1Y G 7T 5 BURE & 18 A6 , 7F 0 ok 35 W
PR, WA K 1A 9T T2DM By W 7805 M0 Y
TGRS 32 1A ] il 8 GLP-1 {9 B 5L, 4 5 g 15 % 7
RO AR T RENY . RO &K B, B g Al 1
TGRS 7% A LASE e 5 28 43 ' o IR i 4 it
A 1 2 (TUDCA) AT 3 i 3 3% TGRS 32 1K o 15
cAMP/PKA/CREB i [ #l #  15 2 /', 55—
5 K BH , TGRS #3071 Al 3 3:F cAMP/cAMP 3T 1
22 e 2 11 (Epac) /8 A5 B C (PLC) i 48 38 in 21 fig 4
Ca™ ¥ JiE DA ) 3% B 4 B g 5 28 43 W . kb,
TGRS WA VEH THES a 0. WF5E £, TGRS 34
S R v %) SR P R TN o 0 P R
) GLP-1 L5543 Wb 7 sUVE T T B4l L ™' cAMP
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