#2224 Acta Pharmaceutica Sinica 2024, 59(1): 135-142 < 135 -

INEETR AN A4 B BE A {6 B AT iR 32 Bas-TGR5-GLP-1 & T2DM
KRB EEERK 5

{

xR Y Rk O EL F KR, OBAAL 0 2T, R T
(1. WEIRVEE RIS, BApIT BRI 150076; 2. EZR T 0B A R & S b, J65T 100070)

THE: /NEEDK (berberine, BBR) J& 35 3% 1 5 BEE 1 A 43, A3 B A% FH, 1B e -1 0 IR A= P R0 ARG, BR 1) 1 Il
RN . REE (cinnamomum cassia, Cin) [ 2 By i 43, % 2 BU8E IR (T2DM) B 28 . & A N AT #E 2 AN
PRI o AT 0 3 3o 0o 9 DK B IR & PR 26 190, R I 2 T 4 11 AR I B 11 T 00 R B L) o 88 368 R T 1) K R
WLA> 2 5 21 [ SR % REEH (Con)/NEEFRZH (BBR) W Z 1 4 (Cin) A 20 (BBR+Cin). — FI XU (Met)] 1 IE
HRHR A (Nor). 1ZENMY)s2i6 153 7 e B 2 B 2 p ikt (kv S HMUIRB2022003). 4 H45 T 524, X IR 4
TR, R EARE . 4525 30 K S AT 11 RRE AR I s 06 R 2R AU S e, AR T 4 A i b
(FBG)- fL. I35 2& [ (GSP). ML 5 5 2 (INS) 7KF, SR FH o 388 2 W0 3 1 A A 00 7 38 BT A 440 i, 52 ) 5 0 5 & PCR
(RT-qPCR) F1 & [ 4192 EJZF (Western blot) 43 il k6 I T AE A 25 i 40 230 G AR (BB S2 4k 5 (TGRS) A1 & 109 254
-1 (GLP-1) MRk . 45 IR, SR IR LU, B 2H KR FBG (P < 0.01)\GSP (P < 0.01) /KFBEAK, R &=
IO, SR T BBR A . A A ERBG N 1 AT 1 8 4 75 1K T A0 LA 1 i MR X 3 R, 0 /N BE AR B 15
S FUAT B B D 1 45 B, B A TR 3E TGRS A GLP-1 361k 45 b, B4 P PR £ T A /)N B LG 2 i
FH /I BE G0 56 T A bt R Y R o /N BRI £ A R 22 I T S O M B, 3 0 TGRS FH GLP-1 2 AR IE, B
2 BN PR K BRI p A W Ty R, AT T 26 b 8 55 B A 3

KBEIR): /NEETR; PR 2 B IiE R A, 2 BORE PR R AR

FE 52 R66 XHRFRIREE: A EHES: 0513-4870(2024)01-0135-08

The combination of berberine and cinnamon polyphenol can improve
glucose metabolism in T2DM rats through Bas-TGRS-GLP-1
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Abstract: Berberine (BBR) is the main pharmacological active ingredient of Coptidis, which has
hypoglycemic effect, but its clinical application is limited due to its poor oral bioavailability. Polyphenols, derived
from cinnamon, are beneficial for type 2 diabetes mellitus (T2DM). The combination of both may have an additive
effect. The aim of this study was to investigate the hypoglycemic effect and mechanism of combined medication in
diabetic rats. The modeling rats were randomly divided into 5 groups (berberine group, cinnamon group, combined
group, metformin group, diabetic control group) and normal control group. The animal experiments were approved
by the Animal Ethics Committee (approval number: HMUIRB2022003). The subjects were given orally, and the
control group was given equal volume solvent and body weight was measured weekly. Thirty days after
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administration, oral glucose tolerance test and insulin sensitivity test were performed, and fasting blood glucose
(FBG), glycated serum protein (GSP), and serum insulin (INS) levels were detected; high-throughput sequencing
technology was used to detect intestinal microbiota structure; real-time quantitative PCR (RT-qPCR) and Western
blot were used to detect G protein-coupled receptor 5 (TGRS5) and glucagon-like peptide-1 (GLP-1) expression
levels. The results showed that, compared with the diabetic control group, the levels of FBG (P < 0.01) and GSP
(P <0.01) in the combined group were lower, and the insulin resistance was improved, which was better than that
in the berberine group. Combined treatment increased the relative abundance of Bacteroides, Prevotella and
Lactobacillus, reversed the decrease in Lactobacillus in the berberine alone induction group, and the combination
of the two could promote the expression of TGRS and GLP-1. In summary, the combined application of cinnamon
and berberine can regulate glucose metabolism better than the application of berberine alone. Berberine combined
with cinnamon can improve the function of pancreatic islet § cells in diabetes mellitus type 2 rats by changing the
intestinal microbiota, increasing the expression of TGRS and GLP-1 proteins, and thereby better regulating glucose

metabolism.
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Effects of berberine (BBR) and cinnamon polyphenol (Cin) on glucose metabolism. A: Changes in body weight of rats; B:

Fasting blood glucose (FBG) level before administration; C: FBG levels 30 days after administration; D: Glycosylated serum protein (GSP)

levels after administration; E: Insulin (INS) levels after administration; F: Oral glucose tolerance after 30 days of administration; G: Insulin
tolerance after 30 days of administration. n = 10 (A-E), n =8 (F, G), ¥+ 5. P <0.05, "P<0.01 vs Con. BBR: Berberine group (200 mg-kg™);
Cin: Cin group (20 mg-kg"); BBR+Cin: Combined group (BBR: 200 mg-kg", Cin: 20 mg-kg"); Met: Metformin group (180 mg-kg™); Con:

Diabetic control group; Nor: Normal control group
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Figure 2 Effects of BBR and Cin on the richness and diversity of
intestinal microflora. A: Rank abundance curve; B: Chao 1 index;
C: Shannon index; D: Principal coordinate analysis (PCoA,
Jaccard distance); E: Principal coordinate analysis (PCoA,
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Figure 3 Effects of BBR and Cin on intestinal microbiota composition. A: Relative abundance of bacteria at phylum level; B: Relative

abundance of generic level bacteria. n=5,x £ s
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Figure 4 Effects of BBR and Cin on intestinal microflora metabolism. A: KEGG pathway analysis of Con and BBR+Cin; B: KEGG

pathway analysis of Con and BBR; C: MetaCyc pathway analysis of Con and BBR+Cin. n=5,x*s
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Figure 5 Effects of BBR and Cin on the expression of G protein-coupled receptor 5 (TGRS5) and glucagon-like peptide-1 (GLP-1). A, B:
TGRS (A) and GLP-1 (B) mRNA levels; C—E: Western blot of TGR5 and GLP-1 proteins. n=35,x+ 5. "P < 0.05, "P < 0.01 vs Con
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rRNA I 7y 70 5 B, BBk & 6 7 AT DA OS2 i 3 2B )
T R IR 485 K A b = 5 i PCoA 0 T B, ¥R T
T X ) T At 2, R R 5 R LA & iR T R
W 4 K SE O R 2 By T AN 2 /DN BETR . AEIR A A
BRAE v, FOURT B 10 B0 A X = 2 S 25 80, AU B8 I
TSN TE B F AR, AU B R R R AR
TEAT B AR, BA SRR I RE " SR, BE
TOR U AL FR AL B0 JEBE T 1) S I S 40T 1 1T B A
P A 5 A B ARAS TE 2 JEBE B T 1 AU B T b
B SIS A K, & FBUR B REH.
1, Bk A Kb B 6] 4 4 0 XA 10 T80 T RE S AUAT I 1T
JEBEGE I ARAC A 9% o 5 7 R B IR AT 7L IR 1 e 3 1
o A TR, R A AR 2 R A v B K AL S P I E
FE A T, 3 7 A 40 1 1 I & A0 BE rhOUL 5% B AR X
FESEI . BEAb, /NEERRAL R BEAR 1 LR B 7K P, 12
CSURSTAEEE A1 SEg (SE SUR LN o L L MR 2 S D)
P THE T & 1K, 1 — 45 R 5 Cao S IHT FT 45 2R
FAAL

AN 1 ol A A A 6 A, R 2k AR A
FE 5 15 2 10 A A G 2 T RE T th R OGB4
Bk, ATt — 2 b T P A 2E S AR
g te. BRE B DL E 3R T BRACHS, 1M/ BEhR
5 27 SR PR ARG, /NBERRZEL IR 45 R 5 Yao 21
WHFRARAE . T IR ER S — b b B e MR e A
TR NG TR, AT SO i 5 P, PR 18 RAEZhBE. T
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1% 5348 BT LAJE I 52 1 B 5 F5 N R R St RE DL A3 v iR
5y R HUBHE M AE T2DM R I7 R FEAE Y. Sk
Ui, /INBE 5 PR AE 2 T Bk 68 FH 5 o Al FH /) BE R 11
AN [A) 22 AL AE T 555 Ji 3 Ak A= D AR (1 2 T, BR VR T
A DME G5 5 F R e i 7o o 2 50 Tl A W B 11
UK F

FIEY TR T DA 5078 i 3 26 2 7 1 2EL B, T A A= 4
T ) 4 R B 3 ok SCRT LR R T R 19 A8 4k . Bas/
TGRS/GLP-1 i i /& 2 15 4 ) Bl AQ U 1) 3 2445 5 i %
Z—o TGRS &—FMN S RGE S H S Z 14k,
R GLP-1 43 6, 338 IR JR 3 240 10 53 Wil i 15 3%, B A1
IBE 7K P i T8 A ) A 1 25O, R FL R AT B
2 FLA RH AR /K A B (BSH) 96 P 14 i, m] LA 5 RE v
P AR, 3 T 5 ) 12308 % O B B 1 AR R IA . AR X
i 8 TR T (I 9 4 SR R IR, S8 /N B A A 2 1 1)
G i, T2DM K BRI 7 18 1 B 45 4 AR T B A
1, JE e FURR AT B DA B T T A AR R A . Al
Bas/TGRS5/GLP-1 i #% b AN X 8 3 TGRS & GLP-1
7E mRNA FIEE [ KPR A0 R B, 5 B
HRZH AR EE, /NEEDR 5 W 2 By B & 8 FH v DLAR &
TGRS F1 GLP-1 ik 7K1, I H & T /N BE GRS 0 ¥
ST . X — 45 KW, BA IR T Ae 8 @ i 1 9% Bas/
TGRS5/GLP-1 38 %, {2 1 J & B 240 i 73 ilh JB 55 2=, NTT
7S 2R MR KPR VR L, B 6] g v B A
YRR

gx L RTIR, NBERS S P RE 22 W I 4 A R DLd o
TSR g A TR B IR 25 4, 7 A v ) TGRS J¢ GLP-1 %
ik, WA R 5 B 4 i 5l ik & 3%, 2 38811 i b 7K
SRR T, R DA b SR 0 A5 /0N B T B A A0 T T
BEARYS . AT FE AT BN A Ja B0 ST SR A B Bl TT
RENIRYT T2DM FALHT ) B

{1 SRR I B IF 61 FF 007 R B M
XT3 FNGEAE A7 57 9200 TAR L BB 2 FER Pk 4 11 57 1K)
FSE R IR 28 SR AR IR 08 SIE R Rl 21 (1 0] B 4G T
S

FIZE S P 1R 29 7 AL 2 1 58
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