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() B0 LT a0 o 2 XR8P 4 48 4% B B B (short—chain fatty acid, SCFA)4% 34 7 V3 F# 4% 3 ik 7 (Zuogui Jiangtang
Tongmai formula, ZJTF) T 2 & 4% 7% (type 2 diabetes mellitus, T2DM) &y ¥ #E 4%, F5E B 12 X SD A B 4 % & (Control ) 41,
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(DM) 4 ZJTF %5 & (ZJTFL,12 g-kg") %4 ZJTF & %8 (ZJTF.H,24 g-kg") 24 = % S AL 150 mg-kg+FTH A& T 10 mg-kg'(MA) 4,
TR 4 A, ENAREHRA KFE S AL ELISA 40 i1 % & % (insulin, INS) {4 i1 41 & & (glycosylated
hemoglobin, HbAlc) K4 B F 8y K F 5 4 A7 3 A o A % #L 4 & s HE 26 0 2 4 177 2008 5 16STRNA W2 28 T A 4 40
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(P<0.01); % fE [E B (total cholesterol, TC) ., H # = 8 (triglyceride, TG) i % £ fIg & & FE [E B (low density lipoprotein cholesterol,
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Effects of Zuogui Jiangtang Tongmai Formula on glucolipid metabolism in

type 2 diabetic rats based on intestinal flora and its metabolite SCFA

PENG Lanyu, LI Dingxiang, YAO Jingxin, LUO Zheng, DENG Yihui*
Hunan University of Chinese Medicine, Changsha, Hunan 410208, China

(Abstract] Objective To investigate the possible mechanism of Zuogui Jiangtang Tongmai Formula (ZGJTTMF) in the
intervention of type 2 diabetes mellitus (T2DM) based on intestinal flora and short—chain fatty acid (SCFA) of the metabolites.

Methods Twelve SD rats were selected as control group and fed with ordinary diet. Forty—eight rats were used as the modeling
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group, and a T2DM model was prepared by combining high—fat diet with streptozocin (STZ). After successful modeling, they were
randomized into model (DM) group, low—dose (ZGJTTMF.L, 12 g-kg™) and high-dose ZGJTTMF.H, 24 g-kg™) ZGJTTMF groups, and
metformin 150 mg-kg™+ atorvastatin 10 mg-kg™ (M.A) group. Drug intervention lasted for 4 weeks. Mental state, body mass, and
random blood glucose of rats were monitored. The levels of serum insulin (INS), glycosylated hemoglobin (HbAlc), and inflammatory
factors were measured by ELISA. The routine content of blood lipid was determined by biochemical analysis. HE staining was used
to observe the pathological changes of colon. The intestinal flora structure was observed by 16SrRNA. Serum SCFA levels were
examined by GC-MS. Results Compared with control group, DM group showed symptoms such as polydipsia, polyphagia, polyuria,
and decreased body mass. In addition, blood glucose, INS, and HbAlc significantly increased (P<0.01). Moreover, the levels of total
cholesterol (TC), triglyceride (TG), and low density lipoprotein cholesterol (LDL-C) increased, while high density lipoprotein
cholesterol (HDL-C) significantly decreased (P<0.01). Besides, the levels of interleukin-1 $ (IL-1p), interleukin—6 (IL-6), and tumor
necrosis factor-o (ITNF-o) significantly increased (P<0.01). The lamina propria of the colon shows partial interruption and loss, with
swelling cells and disordered villi. The relative abundance of Firmicutes and Proteobacteria, Enterobacteriaceae, and Escherichia
Shigella increased in the DM group. In addition, the content of acetic acid and butyric acid in serum decreased (P<0.05, P<0.01).
Compared with DM group, blood glucose, INS, and HbAlc in ZGJTTMF group significantly decreased (P<0.01). TC, TG, LDL-C also
significantly decreased, while HDL-C significantly increased (P<0.01). The levels of IL-1B, IL-6, and TNF-a significantly decreased
(P<001). Besides, colon cell swelling and inflammatory infiltration were relieved. The abundance of Bacteroidetes, Verrucobacteria,
Lactobacillaceae, and Akkermansia increased. The content of butyric acid and acetic acid in serum increased (P<0.05, P<0.01).
Conclusion ZGJTTMF may play a role in lowering blood glucose, stabilizing blood lipid, and alleviating inflammation by regulating
intestinal flora and SCFA levels.

(Keywords]) Zuogui Jiangtang Tongmai Formula; type 2 diabetes; intestinal flora; short—chain fatty acid; glucolipid

metabolism
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FrRBERR AN 28 v (L5 . C1013) TR AR R -Prer (o
WS . G1120) ¥ B ALt R R RHEA RA R
4% % R HEE (HL5 . BLS39A , A B YR A
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HbAle) ik & (5 . H464 -1, B st i A= 4 T 7%
WFSE T ) 5 195 5% 2% (Insulin, INS) i H) & (45 . CK-
EN30973) . 1 40fi/ % - 1B (interleukin—1 B,IL-1B)
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A+ —o(tumor necrosis factor—a, TNF—a )37 & (41t

: CK-EN31063) 3414 { JE1']¢ B AL PR L A R

IMAIIR L (#95 ; ONE TOUCH Ultra Easy,
FEEANF); G RVRE L (B . 5418R/
5702R , i WAL 7D ) s ZHEV3AL (LS . TEC 6-
EM-JC2, H 4 SAKURA A F)); Y1 FHL (LS . leica
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BRI T ), F BB 30 mg- kg ARFI R S AR
KRBT 1 WIS, 7 dJ5LL 25 mg-kg™
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SR, R SEIRSE , 55 iE A, BT,
PRPTE R, oK & R IR AR R
PEBEREHLINAE =16.7 mmol -L™ H.IMBELESRF 10 d LA
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29 R R AR SR AR LU R2
R T AR 5 U, LA 60 kg B H IR 25
vt 5 320 g KRR E A ILEHH AR R
H#ehie, B R1=346.68,R2=9.63, H:rh D1=144 ),
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BERE 42,3 000 remin™, 4 CE.LO 5 min( B4R
178 cm) WU EIER R ZE TR0, F12 000 remin™
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TR, MFE IR By 2255 USRI R Oy 2545
BT, I ELECR I LSD—t #5563 Jy 22 R FF M FAES 8L
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5 Control HAHLL , DM 41 K UK #1382 , )
KMEWERRGE B AN B s, ok #F i R
I, 5 DM 4L HEL, £ 259 T AL KBRS #R4¢
U, 2 e AR A R oK & e e R A
X

5 Control 41 4%, DM HAEER S 167 e A5
i N (P<0.05,P<0.01);5 DM 41t , 45 25 T 1
HAEIRYT 5 IR BT & 478 (P<0.05,P<0.01) 5 5
ZJTF.L 4, ZITF.H 240 M.A 4K BRAEIRYT 5 1Y
TR B 2 THR (P<0.01) . TEILER 1,

R 1 ERABEEEKAXT T2DM XRERER0E

(x%s,n=10,g)
25 RS BITIE
Control 21 408.6+14.2 472.3+13.5
DM 2 372.2+16.8* 320.8+10.0**
ZJTF.L 2 370.3+12.6 348.3x15.4"
ZJTF.H 4 371.1+£20.3 360.6+14.1%44
M.A 2 370.9+£18.6 367.1+16.6%44

1. 5 Control 41 Fb#E, #P<0.05, *#P<0.01; 5 DM 41 FL#¢ ,*P<0.05,
"P<0.01; 5 ZJTF.L 4 lb#s , 24P<0.01,
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5 Control 2l b4, DM 4111 I \HbA 1c INSH
WHEIN(P<0.01) ;5 DM 41 b, 45259+ il b |
HbAlc INS ] i #AIK (P<0.05,P<0.01) ;5 ZJTF.L
ZH He %, Z)TF.H 2050 M.AZH 1fi 8% HbAlc INS B
FEAR(P<0.01), TEILE 2,

Fz 2 AVAREMEERKAXS T2DM X BRIMAE B NI ER  ESENRM (xts ,n=6)

20 51 FERS MR/ (mmol - 1) VAYT IS MU/ (mmol - 1) HbAlc/(ng-mL™) INS/(mIU-L™)
Control 21 5.8+0.8 6.6+0.4 148.31+5.75 12.77+1.19
DM 41 26.243.2%% 27.4+2.6%% 325.5348.43%% 36.60+4.59%*
ZJTF.L 41 26.5+2.9 20.3+2.4° 253.07+4.78" 27.102.07"
ZJTF.H 4 26.6+2.6 15.1+2.1%44 188.36+2.88"44 19.28+5.05%44
M.A 21 26.8+3.1 13.9+3.2%08 172.68+2.89%42 17.4043.60%4%

.5 Control 41 Fb%, ##P<0.01; 5 DM 41 % ,7P<0.05,%P<0.01; 5 ZJTF.L 41 He 4%, #4P<0.01,
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5§ Control 41 b5, DM 40 KA TC TG . LDL-C
JKH 8 THE (P<0.01) ,HDL-C BH S F#A% (P<0.01) ;
5 DM A IWE, 25 T & 419 TC TG \LDL-C Bl i
FAIK (P<0.01)  HDL-C W1 F+& (P<0.01) ;5 ZJTF.L
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(P<0.01) ,HDL-C B & 7+ (P<0.01) , #0L3% 3,

F 3 EVAREYEERKITXT T2DM X R MLAS B S HE

(x+s ,n=6,mmol - L")

2171 TC TG HDL-C LDL-C
Control ZH 1.98+0.07  0.65+0.03 1.78+0.04  0.620.06
DM ZH  6.1220.14%* 234+0.23%* 0.62+£0.06** 1.960.08%*

ZITF.L 4 3.65+0.10%  1.62+0.08%  0.99+0.05%  1.70+0.08*

ZJTF.H 41 2.76£0.06%%* 1.08+0.06%** 1.51+0.03*** 1.37£0.06%"*

MA 4  235£0.13%4% 0.93+£0.06%*" 1.58+0.06%4" 1.26+0.09%4%
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s Actinobacteria === Prevotella_9 s Lachnospiraceae
= Desulfobacterota £ ~ Pseudomonas E:d «== Pseudomonadaceae
£ 0504 = spiochacon £ 0504 |  Ligihctobacillus 4 5 ] — Muribaculaceac
B —— Vemcomicrobiota 5 || = Lactobacillus = Lactobacill
% . Protcobacteria = s Escherichia-Shigella actobacillaceae
e R === Enterobacteriaccac
0254 i 025 m—Bacteroides 0251 == Bucimidue
mm= Akkermansiaceae
0.00

Control DM ZITFL ZITFH MA Control DM ZJTFL ZITEH MA Control DM~ ZITFL ZITEH MA
Eib) £ 5

B4 ZVFBEFEERKFTYS T2DM KR EREMR] L BAKFEaR0m

[T (Bacteroidota) FIE i I [ ] ( Verrucomicrobiota ) i T # Bl (Bacteroidaceae) . Bl 58 % B Bl (Akkermansi-
VD Z)TFH 4 MLA 21305 W33 ks 1T oA aceae) . FLM2 7 F} (Lactobacillaceae ) A7 X} 3= | B i1
HECIKFER A E B ZERKFE B, DM gz T8 T IAFF H# B (Enterobacteriaceae ) = B, ZJTF 1)+ i
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Wi T AR, FAE TERKE L R LA T )
FRETE ZITF THUG R4 T WAL ZITF W 1
ST B 5 B @ (Akkermansia) F V0 T IR A
H- S W E R (Escherichi-Shigella) B -
3.6.3 AN {# A Spearman XF ZJTF ¥6 )7
T2DM KU B9 13 2 Ak da bn Hig B Qi 20 K+
S EHREE PR 5 g 1 TR R 28 1 AR ST 3 A, A B
I"J/KEHY) Firmicutes 5 RBG \ TC. TG fl IL-18 £ 1F
e, 5 HDL-C £ fiAH% ; Bacteroidota 5 HDL-C&:
1EAHZE ; Verrucomicrobiota 5 TC 2 Az, FlKF
fY) Enterobacteriaceae 5 LDL-C F1 IL-6 & IEAH G,
5 HDL-C £ 11412 ; Pseudomonadaceae 5 TC £ IF
5%, 5 HDL-C 20K, JBAKFY Escherichi-
Shigella 5 LDL-C 1 1L-6 S IEAHSE, 5 HDL-C &1
K s Prevotella 5 TC 2 1FARS , 5 HDL-C B HAH%
TEILE 5,
3.7 ZVABEFEERK A XT T2DM K BRI SCFA &
ER R

Frifdh TIC BT W18 BE & H GC-MS Xf 4518
AT B 2 B 40 A, B 6 AT WA 2R e
IRBEXTFR , R 355 B80T . QC-RSD {H ] /R4
AN R RS E I, 4528 SCFA Y RSD {E<30%,
Tl I S B AR A AR P 5

1.5e+08 1

RBG 0.6
FINS l

e 0.4
TG 0.2
LDL-C

HDL-C 0
-1 B o
IL-6

TNF-a & 0.4

BILI3]0B( 03101 .
| |

£101QOIDIOINLIB A

elopIoIalIEy

SNOITIN ]

2BIDEPIOIIEY

CLERIHACI BN [VAC 10 §

9BAVE[[12EQOIE ]

BISUBTLIYY Y

e[[a10A1d

eIRBIYS-TYoLRTsT

QEddepeuOWIOPNRSd

5 AVAMEHMEERKFTIATT T2DM XREERE#H SRS
EIRRITRR S AT L E

5 Control ZHAHIL , DM 4H K FUME 2R . TR &
H I B R (P<0.05,P<0.01) ;5 DM 41 He%s , ZJTF.
L ZHFIM.A 41 LRI T (P<0.01) ZJTF.H 2H 1)
TR & B R T (P<0.05,P<0.01), 5 ZJTF.L
L, ZITE H 41 2R 7 W 8 T /5 (P<0.05) .
T8 FEA AR B SRR 1) & &, S T4t 3
WS,
4 it

P TR NAR S K “ g 28 B, AT e iss
SRV AGERE PR R R A
MK E R EREA 1 000 28, 46 K3 HIRA

0

-
= g
B
_ 1.0e+08 { g o
2 R
g é
= a &
2
5.0e+07 1 g o |
= — R
0.0e +00 1 A L 2 E 3 3 E 3
3 8 2 2 s =
4 6 8 10 12 < g 3 a g g
Time/min a K4 2 T
6 SCFA kRS TIC R QC-RSD {&
x5 HEAKRIMTFE SCFA &8 (x+s,n=6,pg-mL")

215 L 5] TR T SR CiR
ZFHA 50.96+6.04 0.34+0.08 0.11+0.10 0.18+0.07 0.02+0.01 0.05+0.03
DM #H 43.33+3.60%* 0.30+0.04 0.05+£0.02 0.11+0.06* 0.10+0.15 0.03+0.02

ZJTF.L 4 67.79+8.95% 0.39+0.13 0.06+0.03 0.22+0.04 0.01+0.01 0.04+0.03
ZJTF.H 4 82.41+18.42%4 0.48+0.13 0.09+0.10 0.28+0.04* 0.03+0.02 0.05+0.01
M.A 2 70.43+14.31% 0.46+0.19 0.06+0.12 0.26+0.19 0.02+0.02 0.01+£0.01

.5 Control 4132, #P<0.05, *¥P<0.01; 5 DM 41 b4, *P<0.05,%P<0.01; 5 ZJTF.L 41 b3, “P<0.05,2%P<0.01,,
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B, DMUFT R T] JERRER ] IR ] TR T 1A
AR 11X AT IRy 32, Hor SO B T AR R
11 L 90918, ML A 1423 7 i e A 1 1) o
A E TR P AR &2, e TR DL 518 &
FHEAER, Smm 1 3 GRS, F WA VE A
MELLTH AL (4 IR £ £F 48 53 % 4 SCFA b SR &b iy
ZhE SRR A 2 5 IR SO 28388 5T 1Y B il
0 EE RS T2DM FEEIMIE, MimiEE
EHBLEEAL , Sk S50 TR A Py i) LA A0 Bt 2 25
VERPUR RS F e R G, 75 R IR -1 R
BOA , R THRAUA T T B QU 5 238 42, 5 —
D5 T ML A QI 2L AR RO RR , 2 S 80U
FEAR A FA ™= P R, W AW & s i
TECI A7 PR S ML Gy S 7 A 5 i 5 RS PN AR A
A E SAE K IR, 520 T2DM 1) & A R R,
5% & B, T2DM F8 35 W 1B T RE g B
R FEE A H A B AR Ak, EERIU T ERUEY)
PRIAE G RIR, —T0 5 2 5 R () B 5 R
PRI (diabetes mellitus, DM) i LT I & 1948
5 HAR Y B B HDATC S IE A E R B8 Ak />
S1i#% HbAIC JRE R TG R HAAMIC, 535k, BUEAFT
P ADURT oA BT o 2 B AN AT PR 5 T2DM 2
TS, AT B A & T8 5 T2DM 2 IEADE,
YIRS, ARFCERHEROC S DMK RS fE
BHEEAT 16S TRNA MIJF , & 3 DM A1 K Y2
EERDEER b KT AT T S 2 B0 T A b
el s sk b i B A B RES 5 T T2DM &R
SRR, AFFEE X T2DM K FURZREEFT 168
fRNA I &3, 5 DM 20 [ # , ZJTF.H 4419 Ob-
served species Chaol F1 Shannon ¥8%( " Ft. /M
BRI AR S , RIAETT B @ AKF I Z)TF.H
YA 25 PE , WD B T DRI SR 1] | Bl 5 e R R
FURR TR | ] 5 2 TR S 25, JEERE T ) RS T TR
U7 AT AR A % A S0 TR AR X T2 B D AT
ZITF 3697 T2DM KRS iy 2E A bn Mg s
YERE PR F IR (K 15 i 18 B R b 28 0 A S 743
MG AL, S5 BOW R 5 RBG \TC TG \IL-1B F1
1L-6 SIFAHE, 5 HDL-C 2, A5 wEES TC
ARG, XG5 R, ZITF (T i/ — e R A
FEGET T2DM AR K BRI B RE LS 1 B S 2R
PE, BRI DI 4 5 S TR 52 M A A s

5 RAE R

SCFA 1y Ji i v 1 e EZE AR = 2 —
Z 5 M AR T AR B sk s vh oK AL &9, &
S5 IR AR AR, 251 NI S SCFA MR
NI i 1) 328 it i T KA, R B FE SR TR AT
2, o5 bR 60:25:151% ) HS o3 i il 2k ) S oA
o b K AT B RE 352K 1 SCFA, BRI DARR IR A
TREE 7 1 I RS IR AR , 38 T DA 2R 200 AR o
W S BOR TR AR, TR T B 5 T, SCFA
A LA 2o e A A I B 2R BBURR A | AR 1E R AR
T T R0 D AR R DM O I 9995 S5 Xl
PEBER Y AR BT AT Z Y SCFA 2R 2
i IR TR, Wil N AN TR & =B 1) SCFA 3/,
IR T G BRI 2K 41 ik BH, S 508
i JER e o L 2R R -1 e, B R AR
Tk g I i SRR AR G BRI ERSZ AR 43
(G protein—coupled receptor 43, GPR43 )¢, 7] BH
TR A, 5 ) R I 5 RARHTARAE Y, SCFA 38 7] L)
S GPR43 48 i AH G I A5 -5 3 B ok IR 4 AL
PRGRERAE SN, BH L E AR I R E AR A
WF7Ei S GC-MS A&l T2DM Kk BTG AR L AP 3 2
f) SCFA /K, KBl DM 41 L%, Z)TF.H 40 T
MR LR Tt . IXRW] ZTF AT LIS InA Y SCFA &
i, HXRh R 2 450

Zx LTk, Z)TF AT Ll i 4 T2DM K R iE
PR ESSF B e A B g AR =4 SCFA
i DR bR B , MO ER AR S
i 2N, NTIA BB ¥4 T2DM B9 H Y, ZJTF LLgiE
R B LA I P2 ) SCFA S 8 50 i 18 T R —1X
W isAe, FTRESN T2DM A9 T B FA T $E (T B
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