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Hypoglycemic Mechanism of Gegen Qinliantang: An Exploration Based on
GPR119/cAMP/GLP-1 Pathway
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[Abstract] Objective: To explore the effects of Gegen Qinliantang (GGQL) on the proliferation and
apoptosis of intestinal epithelial cells as well as on the expression of cyclic adenosine monophosphate (cAMP) ,
G protein-coupled receptor 119 (GPR119), and glucagon-like peptide-1 (GLP-1), so as to explore its potential
hypoglycemic mechanism. Method: Twenty-five Wistar rats were gavaged with GGQL at the dose of
23 g-kg' crude drug, twice a day, which meant that 6 mL was administered into each rat per day for preparing
the GGQL-containing serum. After seven consecutive times of administration, the intestinal epithelial L (NCI-
H716) cells were cultured with different concentrations (1%, 2.5%, 5%, 7.5%, and 10%) of GGQL. The cell
proliferation was evaluated using cell counting kit-8 (CCK-8) and the apoptosis by flow cytometry. The GLP-1
and cAMP contents in cell supernatant were determined by enzyme-linked immunosorbent assay (ELISA). The

mRNA and protein GLP-1 and GPR119 levels were assayed by real-time fluorescence quantitative polymerase
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chain reaction (Real-time PCR) and Western blot, respectively. Result: Compared with the control group,
GGQL significantly reduced the proliferation of NCI-H716 cells (P<0.05). As the GGQL concentration
increased, its inhibitory effect became more obvious. GGQL at each concentration significantly promoted the
apoptosis of NCI-H716 cells (P<0.05). Compared with the control group, GGQL significantly up-regulated the
expression of cAMP, GLP-1, and GPR119 (P<0.05). The results showed that the effect of GGQL was
positively correlated with its concentration, and 10% GGQL exhibited the best effect. Conclusion: GGQL
effectively inhibits the proliferation of NCI-H716 cells and promotes their apoptosis, and it may promote the
secretion of GLP-1 by up-regulating the expression of cAMP and GPR119.

[Keywords] Gegen Qinliantang (GGQL) ; intestinal epithelial cells; cyclic adenosine monophosphate

(cAMP) ; glucagon-like peptide-1 (GLP-1) ; G protein-coupled receptor 119 (GPR119) ; type 2 diabetes
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W PR 95 2 — Bl ™ T e N 2 R A 08 v AR
PR, RS AR 25 10 30 4F B, 4 i BB R H
B FE T 28 R0 I A8 O T i R A= 6 B 2 AR, 2 ek D
T2 RS PR R R BE T XURS: AT R A X 3G i T
25 R A EREE JUR EBFE Y Q] A %8 i I
W Wl 2 W5 PRI I K RE 1 & 2B R R AT R E T R Rf
fiffe P T [ L ST AR i TE N 4 6 L AN LA WY G
HAMEBAZ R 119(GPR119) , i Ik 8 3% e g 1Bl 22
FEBK -1 (GLP-1) 3% ¥ 5| & 7 0F 52 & 19 6 1 .
GPR119 75 JFE I B 41 L A1 7 16 L 4 i I 38 , w4 8h
J 6T 4 P 4 B B B TR I (cAMIP) Y UK 2 3
HE— 54 HE B B %, GLP-1 43 W', GLP-1 7E i
FENEE /S B R U |7 s U G 7o =
W 22 R AR 9 AU A 2 W v B . TR AR I 5 3R B
GLP-1 AJ LA SE 22 B HE 25 40 i) £ &k 30 1 B 41 A
T, I AT S 2 R AEORE PO A O I A XU
fT L, 3 F GPR119, GLP-1 % 25 ) H #if B #:% 7 7T
KN 2 BB DRI BIR T o

BRSO AR ) & 4 0 ik
DL R 2y, 80 w5 o R gy H R o fli 2y,
AR YT A N B 2 B BT A BT A i R BIF 5 K
B, AT A R AR 2 OB R e B I BE KO, O AT
5 7 UMK By ) 5 2 ROBE BR R R B I B 4
il AR S S AR I, AR KR 1 T A AL
o 2 RUBE DR R BRI JBE B ZARHLT, O X B IR
KR ZE O =GR R LA RITERY . B
O A 24 3 2 D 9 0F 592 38 43 v 24 40 88 3% K LR 4y
T M R 4 BE A A80OR) /N B GLP-1 BB I & s
SR 24 52 5 % GLP-1 5% Wi K HAIL i 0F 52 A1 55 20
SR R A& L AT BE Y OB BIL T, AS BIF 5 00 0T 0 I R
KSR FE b HEAT RSN SE g BT, LA I b R LA
Ml 2 NCI-H716 41 Jfl o 5 Y, 38 o B 5% 55 AR % 1% ¥

. 26 .

XF NCI-H716 4 ff B 35 56 F0 8 17 0 52 e, &z ) 41
W W PR R IR Y (cAMP) , GLP-1 75 1, K6 1 48
Jifl % i GLP-1, GPR119 mRNA K& % [ &5 % 5
B AR 7 X L4043 W GLP-1 19 5% ) K i i
GLP-1 43 W B AL, DT BH B 28 07 3R 97 2 905 R
¥ TEAE A 5, O & 07 I IR 2 A Bt S 56
S/

1

1.1 Zh¥) R SPF 4% 8 J& & I v Wistar K B, 3
W ok 5T b o A S R AR S S W R A R A L B
Wy VAT IE S SY XK (26)2018-0104 , 7 52 46 45 15
RO ERB A ) H R A BR A ) 3l Wy 18 B2 51 2 it
(LS HLK-20190612-01) , 3256 34 2 45 & sh W)
B G4 S )

1.2 29 R H BIRESEG AT A EAR E S
W% K H R (S 405 901101,901111,901102,
903004) , 25 B4R - H 1 A6 R B 251K 7 A BR A H]
PRt I 22 Wb b B 25 K2 24 2 B X B W 2042 5
N IE s NCI-H716 20 f (v [ B = B it 40 i %, B
Sk TCHu210) 5 36 EL E 2280 (36 [ Sigma 28 Al L it 5
P3761) ; DMEM 5 3% %t , RPMI-1640 5 ¢ 5 ( 56 [{
Hyclone 23 7 , 5% 5434l 4 SH30022.01B, SH30809.0
1B) ; i 4 1L 3% ( 35 [ Gibeo 23wl , #25 10270-106) ;
1R £h 22 vh I (PBS) L 0.25% 2 45 11 1 , 40 it 14 5 5
TEPER I (CCK-8) ik il & (b s R E R A RA
", 58543 % 4 P1010, T1350,CA1210) ; AnnexinV-
FITC/PL i T & W i 57 & (¢ & BD A #l , 52 5
556547) ; A cAMP, GLP-1 fiff 5 4 58 W B 0 22 ¥
(ELISA )i & (R W g s AE R A BR A | L 62
54y 9 Sk HM10168, HM10799) ; TRIzol ( 2 [H
Ambion A F] , 5% 5 15596026) ; SYBR FAST 5 i 772
I R A W 4 20 1V (Real-time PCR) 5 £ ( 36
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KAPA Biosystems /A &) , 55 KM4101) ; 38 %% 5 fiff
i & ( H A Takara 2 &l , 4% 5 2690A) ; & H i
Marker( 3% [# Helix 28 7] , 925 P12103) ; |+ — % L 4%
% #f (SDS) , TEMED, i #it i2 £ , Tween-20, RIPA
() 41 2040 e e 24 A T, BC A R P ¥R B3 T 5 3k 741
& (3£ Solarbio 24 H] , 525 43 4l & S8010, T8090,
A1030-1, T8220-100, R0010, PC0020) ; PVDF #%
fE Ak 27 K Y6 7 (36 B Millipore 28 &), 585 433l 4
IPVH00010, WBKLS0500) ; GLP-1 #i & ( 3% [#
Abcam 2 # , 5% 5 Ab23468) ; GPR119 By 1Ak ( 3£ [H
Novus A A, 585 NBP2-47661) ; T i i -3 ik i A
fitf (GAPDH) ¥t A& , 111 2 P G f 2 BR 2 4 (1g) G 41
T 3BT/ B 1gG Be i (DU DL B 3R A W BB A BR
N HE L, ] 5 4 Wk PAB36269, SAB43706,
SAB43714).

1.3 {¥#% NovoCyte il i 2 40 o (£ EH X HE A
#] ) ; CFX-Connect 96 %! Real-time PCR {¥ , mini
protean 3 cell 8 H Kk {X ( 3& [&] Bio-Rad 2 7] ) ; Tanon-
520 8 4 H Zh Ak = R OC B AL ( Bl RABE A ) 5
MK 3 B AR AL (FF 2 WA ) o

2 Fik

2.1 SRR SR vk M i S I OCHER
[10-1113F i A el i#F , >R FH 25 L SPF 2% 8 JA] % i Pk
Wistar A B, 16 7P M 3% 1 JR S, R BRI A I
Fe IR 2523 g kg WEE TR TR R 24 2
WAl (1 FEIR ) IR A S, B AR - B 5 - - B 8130 3¢
2, BRI W, k4 L, R AKBEI A,
KR E 1L REHRAKRT ZE LG & &
1.15g-mL". 25 H RRELH#EE 3.5d, 8 L K&
KHEHE 6 mL(4r FMi4 3 mL), 4 HH#EE 2R (g
AHFR 12 h, 5L 8 I (B 8 ) , B LR 25 25 TIK .

2.2 WRACRE W LRFEE R, 1% B L
YRR 1, DAL 3 B0 kR I, ol BE ER R 3 h AL, ARl
el 46 R )5, 1 500 remin” B0 15 min( .0 2F R
9 cm, FIAl); JC B W B B2 & 25 103 , 56 °C/K B K
{6 30 min J5 , 0.22 wm L FL o 3 4% U8 2 bR, %
J& =80 °CI-4 .

2.3 A A IR B AR AR R R A 0 40 DA i R
W JE 8% 2 37 °CoR I, (o 240 M sk il Ak . o O
A7 58 4 RilAb IS A AR T 2 B0 L A
S IR 5L 4 mL,400xg .0 3 min, 7+ L, 4 i &
BETE T | mLIE SR R BRI, A S
R IR 4 mL, B T 37 °C, 5%CO, 1Y 15 55 46 N 5
IR BE24 h R 1 REE IR

2.4 CCK-8Hu il 40 fa 3 58 18 o W AE 4 b, AN 5¢
A B 7 5 R A R WV B, 4y T 96 LR, 3%
10° A /4L, AL 100 pL. # B[R 204l (25 H 4l
1%,2.5%,5%,7.5%, 10% & 24 il 7 ) A K5 78 5 |, 4k
ZEREFR 24 ho HUH 40 55 37 A, ) B AL M CCK-8
V10 pL, 4k S2 3% 3% 4 ho 7E BB G 8 RS T AR
450 nm &0 25 FLIIROEE A
2.5 i A AR I 4 AR T AR A A AN i, B
1x10°/™ 1% 7% 3 5 2L A 40 i, 400x g, 4 °C .0 5 min,
FE B I A B PBS 1 mL, % 55 W T 1R &) 40
400xg, 4 °CE 0> S min, 7 L ;B MR EE T
PBS 200 pL; il A Annexin V-FITC 10 uL Al PI
10 uL, BRI AT, 4 °Ci#E LI F 30 min; il A PBS
300 pL, Bl B E AT 3 A o
2.6 ELISA il % cAMP, GLP-1 & & ] %€ cAMP
o ER/NRE 6 H AR S 4F 5 8, e TE & /i
A I AT R B BT 100 L, R YK FR B 320,160,
80,40 nmol- L™, 7 i b5 £ Bl Al | 520 B AL L AR IR
TS [7) 9 B3 B9 6 BRUE 50 pl . 76 B bs f B Al 1 7
TRE &AL e ke B 40 uL, SR RN AR ) R bRl
Pt cAMP HT 44 10 pL. AL A0 AR5 1057 50 pL,
25 FHALER AN, 30 B B AR S 37 °Clit & 30 min,
W 30 5 vk 4 Uk R T ZEIROK 305 B e A5 . 18
P AR, 3 MR TR T, AL n R R, R
30 s/ Ik E A SR T AL A R 6
A S0 pL, FA B 65K B S0 uL, BREE GRS,
37 °Cikt 6 i 5 10 min, & FLANZ 1L 50 pL, 2 1k
I o PA2s 1AL L 450 nm ik K AR F I 5 4 L 1Y
WSt B 4. K8 Rl 4~320 nmol- L', R <
0.8 nmol-L", il GLP-1 &4 /MR 6 2K
W i U5 B, S 7E 25 /N A Ao AR BRC R RE
100 uL, 1K K # B 4 1 000, 500, 250, 125, 62.5,
0 ng- LMY BTt ik o AL BRIR] b, 4G 0 T 12.5~
1000 ng-L", REE<2.5ng-L",
2.7 Real-time PCR £l 4fi Jfd % ifii GPR119, GLP-1
mRNA 2 i85 B4 U 38 1x10° /41 81k AR
100 mg, f#i i TRIzol 7] 1 mL #& B & DNA , Iffifi H
i i IR ) £ B R cDNA, ¥4 1 45 1 19 cDNA i
7 PCRY 4, PCR ¥ 14 45 14}y 95 °C il 22 P£ 3 min,
1B ;95 °CAE 1 5 5,56 °CiB K 10 s, 72 °C i fif
25 s, 40 MIEFR . R 272007 BB 4 4L U
GPR119,GLP-1 mRNA X} ik K. 519 i Ei)
K—MExEWREARAE SN, 59T 5
W1,
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£1 307 3.2 X NCI-H716 4i i T- /e mg S5z [4dlth
Table 1 Primer sequences iﬁ? , Z: lﬁ.‘ %QE E,(] E" mgﬁ {fl ﬂ] Eﬁ ﬁ’f}@ ﬂ NCI-H716
g1 FAI(5-37 K& /bp ML JH T (P<0.05) , 10% i 55 MR %5 3% 7 4L 7 3R 0

GPR119 i TCTCCGTACTGTGTCTGTT 233

Fif GCACCTTCTTCACTCCTA

GLP1 Ilif AGCGAGGGGAAAGAAG 98
T if GGCGATAACCAGAGCA
GAPDH i CCACTCCTCCACCTTTG 106

T CACCACCCTGTTGCTGT

2.8 2E A Bl i (Western blot) A& il GLP-1,
GPRI19HE A EIX B HE AT 20 pg BIFAE Tt
BE B IR AN RE 22 R T )R W S mine HHE A RN
95 G Je 11 12% | ot FE B R B A B SF R B R
S, SR LR R B R A R LM . e =N A
P 9% ph R BB AL RN 1 h, FRAE 4 °CTF 54T GLP-1(1:
1000),GPR119(1:2 000) W HiAMHF . K5,
FH Tris 28 wp ER K DE W B, OF AE =0 T 7B L F 40
IgG Bk (1:2 7 ) s 1l E 5/ B 1gG i i
(1:207 ) 55952 2 he il 3G 58 Ak 2% kOGP 22 o
T 3 LY €8 S I W € G 9 R M o i Gel-Doz-
EZ AR A3 4 4t Jf B, 38 5F TANON GIS #4132 B
HH G 4548 JK B {H L LA GAPDH 7E S N 2, 31 48 X
i

2.9 GiborHr LK B R A SPSS 19.0 #i i itk
G, TH R R X+ £oR B R O 2
Oy T LB 4% 4 TE] 22 5, P<0.05 2 oR 2 F A4 G it 2
3 &R

3.1 Xf NCI-H716 40 g 35 58 () 52 el 5 25 F 4 1
5, N TR BE 5 MR 25 5% 7 41 NCT-H716 4l Jid (1) 3% 5
W 4 B AR (P<0.05) , HLBE & &5 AR % 3% 17 25 W) vk s 1Y)
o, A E S e, Wk 2,

*2 BIRZEFHWNCI-H716 HEEBEH N (T+s,n=3)

Table 2 Effect of Gegen Qinliantang (GGQL) on cell
proliferation in NCI-H716 cell (X+s,n=3) %
4 51 B 50% 12h 24 h

2 H 99.99+0.95 99.99+0.99
BIRE %7 1 90.25+1.11" 83.37+0.69"
2.5 85.96+0.95" 82.94+0.74"
5 80.07+0.76" 71.57+0.74"
7.5 71.46+0.73" 68.55+1.10"
10 72.23+0.64" 65.81+0.74"

524 e P<0.05(5K3~6F) .
. 28 .

e W3,

£3 BRZEZWNCI-HT16 HMBAT WM (3+£s,1=3)
Table 3 Effect of GGQL on cell apoptosis in NCI-H716 cell (x+s,
n=3)

4 51 B 50% T 2/%
2 7.07+0.27
AR 1 14.40+0.72"

2.5 18.33+1.54"
5 24.52+1.00"
7.5 30.53+0.36"
10 35.98+1.14"

3.3 X NCI-H716 4 Jfl 53 W cAMP, GLP-1 1 5%l
528 VA R, AN T v B8 (%) 65 AR %5 3% 17 24 ]k 42

= T GLP-1 1 cAMP {19 43 b 5t ( P<0.05) , H & ik 7k

RS E R RIEA G, k4,

*k4 BRZEZXNCI-HT16 4 4 i cAMP, GLP-1 B % I

(X+s,n=3)

Table 4 Effect of GGQL on cell secretion of cAMP and GLP-1 in
NCI-H716 cell (Xx+5,n=3)

4151 RS 8/%  cAMP/nmol-L"  GLP-1/ng-L"
= 56.60+0.50 148.44+3.32
AR 1 65.23+0.24" 194.65+1.52"

2.5 78.47+0.31" 246.84+1.26"
5 96.75+0.45" 264.89+0.60"
7.5 101.27+0.49" 280.07+1.73"
10 104.03+0.65" 334.81+0.85"

3.4 X} NCI-H716 41 i GPR119, GLP-1 mRNA #%
IS 52 A LR R R EE R B AR K
4 B B Tt GPR119, GLP-1 mRNA i 3 ik (P<
0.05), L5,
3.5 X} NCI-H716 408 GLP-1,GPR119 % H £ ik Y
S 5 A R, O R IR BE A AR K i 7 Y 4
Jin GLP-1 fil GPR119 £ 1 2 i [ /K °F- (P<0.05) , I
FEAER AR . WLIE 1,3R 6.
4 itit

2 RRUME PR 9 o — i LA PR RE BB R KT
IR I &4 R A8 3 Sy AR A B4 AR 9 0, AR P il R
R R TR R R I, K A oA 4 S AL A 5 T
R Z I RAE R AR T B, R R BT
GLP-1 & — ol Ji7 U514 W5 00 50 30 3=, ol IR o A 28 )
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R5 BIRZZEHX NCI-H716 48 GPR119, GLP-1 mRNA % i%
IS0 (X+s,n=3)

Table 5 Effect of GGQL on GPR119 and GLP-1 mRNA
expression in NCI-H716 cell (x£s,n=3)

2151 RT3 B0/ % GPR119 GLP-1
%5 1.00+0.02 1.00+0.04
WIRE 1 1.38+0.03" 1.46+0.06"

2.5 1.61£0.05" 2.14+0.10"
5 2.07+0.17" 3.59:+0.06"
7.5 2.66+0.36" 4.84+0.50"
10 3.06£0.25" 6.63+0.42"

GLP-1 W R - A & & 21 iD:
GPRII R B S S - - ;0.

carpH (D D D D SN S ;-

A B C D E F
1 &4 GLP-1,GPRI19 E B RiL Mk
Fig. 1 Electrophoresis of GLP-1 and GPR119 protein expression

in each group

® 6 BIRZEHXNCI-HT16 42 GLP-1,GPRII9 BB REH
Mg (x+s,n=3)

Table 6 Effect of GGQL on expression of GLP-1 and GPR119
protein in NCI-H716 cell (x+s,n=3)

41 51 B3 8/% GPR119/GAPDH  GLP-1/GAPDH
gE| 0.535+0.002 0.181+0.001
WA 1 0.564+0.000" 0.325+0.001"

2.5 0.580+0.001" 0.345+0.003"
5 0.607+0.004" 0.365+0.002"
7.5 0.641+0.004" 0.436+0.002"
10 0.683+0.001" 0.557+0.001"

LD A R, 5 P I LR R s e iR
AT E B R O R VRS AR E Y
98 & B, GLP-1 1] 748 J 30 1) LA 28 A4 ot 14 7 =X
BN 5 B AN AR B JBR 5 2 It BE Ak, GLP-1 AT ]
i i v L 2 R, I ek AR I £ 2 i U O
FESR B HEAS DR ST M . S B R E R
P, K K P B9 GLP-1 -t 2 2 BUHE PR % 4 B 2L [ (X
2 BB RS B E ) 25 MR 5 GLP-1 K- 8 3%
A, I 2 Fh GLP-1 Z R 3h5 (GLP-1RA) B 4
FE % 3 R FH 0 RS o d T H A B A R 1 R
BLA 16 PR B 2 A ] & A ARG i XU 224K, O HL 38
I KA SIS HF S UE W, GLP-1RA X0 JIE 0 1L 45 7 A=
ELBEVE R, O Ao T O A | R A i 4 A i

U/ A Al 7 VS ) 32 R T AT A 00 A1 O 6
f& B3 0 IS KU . H A A 9E % B, GLP-
IRA X R4S Jm HoA A s m e , AR BIRE ,
GLP-1RA A H B 1l B K % /8 & 5 o g Ak .
GPRI119 /2 —Fi G & AU B2 1k, 248 N M 1R
fi B 40 AN B T8 (B g W AR ) ek
GPRI119 1 1 23 3 BUAH ML cAMP K- It & FL
T JBE 1% 2 B, AL 45 GLP-1, GIP F1 GLP-2""', 7£ 5l
P52 5 HpUE 52 GPR119 388l 77 25 7= A e A1 48 28 4R 1Y)
YRR, IR A 2 P 38 Al A i e, B AT
224 GPR119 B3l 7 AN R S 55, 2R 97 2 BURE IR
975 245 0 ) B T o AR TUAIE 9 R B O [V B S AR
X5 8V ¥ R i 3 4R NCI-H716 48 Jd 4> W GLP-1,
cAMP, I NCI-H716 4l fifl X} GLP-1 F1 GPR119 %
ik, H 525 u BE L E AR OC  IX R W B IR 45 % 1 1Y
R A1 FH T BE 5 H 0% GPR119-cAMP-GLP-1 38 i
EEP

MR B2 R B, BAR S S 2T
MBS BRI CHRT 4 BR b 25 2 R, FE S A A
EARER CEAR  BE EA NEERRH R R
B AE Y Ay nlaE g 20 2 E S Ok &
P Lok 35 1 2 22 HET o B e AR P AU BT sk
FEMAERP ., AR R EREE G EAT
] GPR119,cAMP /K i #F GLP-1 %3k K #4 H Ak
VEHT, 9K 10 v 24 3 AV 0l 4 L o538 e 5% 3R IRt iy L
T AR, S A A Al 3 P SR A5 AT 2 B GLP-1
g 5 3R 4 Wb B B AR KR il A v B I R ATY
LB DU T A s Tl R VR T .

[FIFEMR] AXRGEEMTHHEF R,

(&% k]
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