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(FEE) BE LT 8 8 KR #7404 8 B 8 (short—chain fatty acid, SCFA)# it 2 V3 & 4% 3 Ik 77 (Zuogui Jiangtang

Tongmai formula, ZJTF)F 7 2 % # & 4 (type 2 diabetes mellitus, T2DM) # ¥ s L4, Fik B 12 2 SD k & % & & (Control) 41,
R R R 48 RO R N A AL, DUE R A R A 2 R 45 T K (streptozocin, STZ)#| 4 T2DM # AL & 4 k% o Jg B AL 9 9 A

(DM) 41 ZJTF 1% 7 & (ZJTFL,12 g-kg*) 4 ZJTF & 7 & (Z)TF.H,24 g-kg) 4 . = B FAL 150 mg-kg '+ & 43T 10 mg-kg'(MA) 41,
HHFWA A, B KRB ARA KFEE S B AL ELISA % U M1 % # & % (insulin, INS) # f 11 20 & & (glycosylated
hemoglobin, HbAle) % 4 B F & AP 5 4 164 47 s AR T A % A1 4 B S HE 2 2 W %2 45 1% 22 208 5 16STRNA WL 42 7 3 1 24 45 4
GC-MS £l i 7% SCFA K-F, 8558 5 Control 41 th 2 , DM A WM Z 41 & &  F R M E WM F IR ; fn# INS HbAle ¥ B E 7
(P<0.01); % f & B (total cholesterol, TC) . # i = B (triglyceride, TG) 1% % & Jig & & i B B (low density lipoprotein cholesterol,
LDL-C) K F 7 , & % % s & & 2 B 8 (high density lipoprotein cholesterol, HDL-C) ¥ & £ {& (P<0.01); & %4 # /- % —1B (inter-
leukin-1 B,TL~1B) . & 41 ji /> % 6 (interleukin—6, TL~6) & fif /4 3F 7 [ F —a (tumor necrosis factor-a, TNF—a) & 3 91 & 7 5 (P<
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T B A SCFAs KP4 2| 5 i 8% A4 i A 4% R KR B 1B AL

(S$BR) 72 V3 PR 4% Ji o7 52 AU R Om 5 W T AR AR R A ER B Mls RO

(FE S ZESIR285.5 (kAR ED A (X4 S )doi:10.3969/].issn.1674-070X.2024.03.004

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 ¢-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-1pB), interleukin—6 (IL-6), and tumor
necrosis factor-o (INF-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 ZGJTTME 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<0.01). 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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4% 2% B WP (5 . BLS39A,, “ A B AW RHEA
PR 2> H] ) 5 #4121 25 11 (glycosylated hemoglobin,
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3.1 ZVAREHEERK 7 3T T2DM K RBHIRES KR
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KRG8 B AR MER %, ok & & R
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55 Control # FbA5 , DM 4 AE B 5 347 5 IR B
i T R (P<0.05,P<0.01) ; 5 DM 41 L3¢, 4 254 + 1
HAEIRYIT G R T 5 3 T (P<0.05,P<0.01) ;5
ZITF.L A I6H,ZITF.H 41 M.A 4 K REBRITE M
A5 i U S T (P<0.01) , TEILE 1,

R 1 EVFAMEEEEK A X T2DM K R R E /%0

(x+s,n=10,g)
2 51 TR BT E
Control 41 408.6+14.2 472.3+13.5
DM 4 372.2+16.8* 320.8+10.0%*
ZJTF.L 4 370.3+£12.6 348.3+15.4"
ZJTF.H 4 371.1£20.3 360.6+14.1%4%
M.A 4 370.9+18.6 367.1+16.6"4%

T : 5 Control 41 1b#2 ,*P<0.05,*%P<0.01; 5 DM 41 It 45 ,*P<0.05,
#P<0.01; 5 ZJTF.L 4l b8, 24P<0.01,
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5§ Control 41 b, DM 419 1fiB% HbA1c INSHH
BN (P<0.01) ;5 DM 2 He#, 45 24541 Tl 4 i A
HbAlc INS ¥ U] i [ A% (P<0.05,P<0.01) ;5 ZJTF.L
1 H % ZJTF.H 21 A1 MAZH 104 HbAlc \INS W i
BEAR (P<0.01), TEILEE 2,

G M (x+s ,n=6)

21 5 3 A5 1%/ (mmol - L) V67 5 B/ (mmol - L) HbAlc/(ng-mL™) INS/(mlIU-L™)
Control Z1 5.8+0.8 6.6+0.4 148.31+5.75 12.77+1.19
DM 4 26.2+£3.2%%* 27.4+2.6%* 325.53+8.43%%* 36.60+4.59%*
ZJTF.L 4 26.5£2.9 20.3+2.4% 253.07+4.78% 27.10£2.07%
ZJTF.HAH 26.6+2.6 15.1£2.1%44 188.36+2.88%44 19.28+5.05%44
M.A 41 26.8+3.1 13.9+3.2%44 172.68+2.89%44 17.40+3.60%44

TE: 5 Control £ ILEE,*#P<0.01; 5 DM 4 L #2,"P<0.05,%P<0.01 ;5 ZJTF.L 4 1L %¢, ~*P<0.01,
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2 53] TC TG HDL-C LDL-C

Control 41 1.98+0.07 0.65+0.03 1.78+0.04 0.62+0.06
DM 4 6.12+£0.14%% 2.3420.23**  0.62+£0.06%* 1.96x0.08%**
ZJTF.L 4 3.65+0.10%
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DLFEL K, Mo E R AEE R, 5 DM 4L EE, 2
Yyt AL s Ji b B A A 1 K B 48 A TR
{8 Y445 A [ 72 B2 G2 i, I 900 B A e A
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| BAZHARFRETU(HE,x200)
T BTk O b Bz A Fe



370 W1 e T = 24 K2 244 hitp://hnzyydxxb.hnuem.edu.cn 2024 55 44 5

B 2 ZVAMEFEE KX T2DM X RB7E & 8 Alpha S %R

B3 ZJAMEMERERKT I T2DM X R 718 & 8% Beta Z#EMEEI R0

4 ZEVAREMEEMK X T2DM X R EMEME] M BAKFHZm

[T (Bacteroidota ) A1 ¢ 1 1] (Verrucomicrobiota ) i ¥ B B (Bacteroidaceae ) | BiJ 3¢ 2 B B} (Akkermansi-
E9 /D ZJTE H 48 MA 4T 305 W58 %s T iR aceae) . .12 B Bl (Lactobacillaceae ) A XF = B | 3 fin
FETIKCE B AR =F B, FERKF 1, DM A /> 74 T % ¥ B FF (Enterobacteriaceae ) F & |, ZJTF 19 T il
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Wik TR, FEE EEKCE I R — LA
FESE ZITF TG KA T 8% 0 Z)TF 355
T B 5= B R (Akkermansia) E BE W > T IR
i — i B8 1 8 (Escherichi-Shigella) () F ¥
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UL S,
3.7 EVAMEHEE KA X T2DM K R M iF SCFA &
=3:0p-A |

b i TIC &1 AT B 8 BE 45 o GC-MS X 454X
WY R AT TS A A BT, B 6 T UL A AR Y i P
IBERIHR , 2R W35 53 B 4T, QC-RSD fH 7] i 7R 8
ARG ) 7R A AR A 1, 4528 SCFA 19 RSD fH<30%,
Y I VR S 30 B AR AT

B 5 AEJFMRMEEIAIRT T2DM AREEZSEH SR
EFREI RS AT E

5 Control HAHI ,DM 4H K RIMVE 2 . TR &
TR T M (P<0.05,P<0.01); 5 DM 4t %, ZJTF.
L ZHFIM.A 211 ZFRWI T+ (P<0.01) (ZJTE.H 4111
TR . TR & W B T (P<0.05,P<0.01), 5 ZJTF.L
B, ZITE.H 1 £ 12 & i W] JH & (P<0.05) .
H T30 40 R AR A AG I B R 1 & i OR T 4Rt i
n#s,

4 i

Ji T8 W B N AR e KRB “ o g ge B, Wl i i
SRR BE TP R o T R R E Y, E A AE
A ERNREREA 1 000 £ 5, 48 K35 8R4

6 SCFA #r# & TIC B & QC-RSD &

x5 HHEKRBME SCFA &= (x+s5,n=6,pg-mL™)

51 LR MR 5t TR T St IR =iy
ISk 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 41 43.33+3.60%* 0.30+0.04 0.05+0.02 0.11+0.06* 0.10+0.15 0.03+0.02

ZITF.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 4 70.43+£14.31% 0.46+0.19 0.06+0.12 0.26+0.19 0.02+0.02 0.01+0.01

11 : 5 Control 4 %2, #P<0.05,*#P<0.01; 5 DM 4 % ,*P<0.05,%P<0.01; 5 ZJTF.L 24 L35, 2P<0.05, 44P<0.01,
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R, DAADURF TR 1) JEERE G T R TR 1] AT T8 1) AN
T T 1 AT IKOF S 3, Hov SO0 78T 1 0 RS
I e 909%™, MILAAHRE AR £ 9 25 1 B i TR I 1
f AR R = 2R A AR T, AT AT DL S
MIEAER R e 2 RS, & 0 1E A
e LA Ak 10 I B 27 2 4 i SCFA b B9 b i)
ZHE I Re A S SR Ol 285 T Y A
F IR RS S T2DM #UIM K, Y ipiE F
T B SEAL A1 ok B0 B A AR 1 A 20 il 4 43 2
ViR B JE R s 3 s R G SR R IR-18 £
A RA [ BT AL AT AR 5 A 4 o —
77 1 HUABERR AR ZE AL A B, & 5 B0l W
FEAROCH FAR ™ Bl i AE W 6 BUE R
T 37 T B LA G RRE ;2RSS 51 I P AM
T JAE B TR, 520 T2DM 1) % A % e,
5 & B, T2DM 835 i 16 oA ) 4B L B
55 (e R H AT B AR Ak RN R A
PARE R 12— 0 35 2 JE PRI e 1) 0F 7 2
JRI% (diabetes mellitus, DM) & 2 ZLAT 8 A9 35
SR P B B HbA1C S 1E A 5%, 42 0 s A9 i />
S ibE HbA1C SR TG 2R, 73 4k, UL FTF
B OURT PR B v 2 R R A R S T2DM &2
TG, AR FT T8 AT - T8 5 T2DM 5 IEARDE!,
hYSI T TE, A BEE R R R RS DMK RS (8
W REIEAT 16S vRNA W), & B DM A5 A0 K B 3%
TE RN ES R T B ERTA W FT T8 25 L 23 B0 TR K0 1
TR, i3k s 2 B AL PGB s B B BE S 5 T T2DM kR
5 R 8 , ARFSEE X T2DM K B 2648 4T 168
rRNA M7 &8, 5 DM 41 4 ,Z)TF.H 4149 Ob-
served species Chaol FI Shannon 8% T, 43 #Hrid
RELS A AN IS, R AT B R K F b ZITFH
LA 55 B, AABURF B8 1 RIS Bl B 1] L B o 2 B Rk A
FLER B RL | B o 2 1R i T G, R RE T )RR
I A TR A5 2% A S50 B A X B AR
ZJTF 3697 T2DM K UG A9 I A A s b A5 S fR i
PEAE PR S I (X 5 i 308 T A A 25 0 M DR iR A T 40
Mrim & B, & 0% HE B S RBG . TC TG IL-1B Al
IL-6 £ IEHH5E, 5 HDL-C S 7A 56, A7 35w #E S TC
B, XL RERW  ZITF T W7 — 2
EGE T T2DM AR K B B R A AL R e 2R
P ELAT DL S 7 T 5 2R s TR 5 o i A 1R

55 RAE B,

SCFA 1 4y Joy 380 1 1 e 2 B AR = ) 2 —
2 32 AR TH AR OOy £ W 5 s b i B K AL S W0, 28
55 iy A R ST T A 7 AT, T 9GS SCIFA k3
M S 38) 328 S 32 T R ARG, 2 B G SR (MR AT
M2 , i FE oA 60:25: 155, o i il i A 1 K H A
o b K AR A B RE R H40K B SCFA, B AT LAREAIR A
VRS i B A BRI IR B E |, 38 mT LR 328 240 A AR A
Ik 25 AE B0 T AR P AR TR O T, SCFA
AT LA A i e MR B B AU A R IE R AR
P18, T 250080/ ME JHE (DML L8 5 0 25 A
PEGG B & H R, F 982 1) SCFA 1208 2
M2 NBR T IR Wil N 40 R K 8™ LR 19 SCFA 87,
NI FH) G E AR 41 ik L, S B8
T JOAC Bl JB R I 2R R IR -1 A WA D 5 R R Y
e i E TR w0 SRR S G R IR SZ K 43
(G protein—coupled receptor 43,GPR43) &k [, ol FH
R TR AR, 51 A I 18 SR AIRPUIRZS 2, SCFA ik mT LA
i 3 S GPRA3 45 T Ui AH O B9 A5 5 1 ok I £ AL
PRGIE JAE S, BEL 1E AN A O B B e AL A
WF5EiE S GC-MS Kzl T2DM K B i v o JL A 3 %2
1) SCFA /KF, & B 5 DM 41 lb %, Z)TF.H 41 T
W LERTI . X AW ZJTF AT LA N SCFA &
i, HX A A 5 i,

L LRTA  ZJTF o] DL o i 7 T2DM K Bl 18
PRAEAS I 2 E e 2B B i 3B AR = ) SCFA
R, R b BRI R B A, Bt R A R
SiE KN, T S5 2 B iA T2DM 19 B (14 . ZJTF DL iE
PR E B LA™ W SCFA #5004 “ i 38 7 F — 1%
g ATRE S T2DM 1 T FA o7 B s S %
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