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[ Abstract | Objective: To study the effects of Wumeiwan on blood glucose, intestinal microflora, tumor
necrosis factor-a (TNF-«) , interleukin-10 (IL-10) and dietary fiber fermented by intestinal microflora in type 2
diabetic (T2DM) rats. Method: Totally 80 SD clean rats were selected as experimental subjects, and 10 of them
were randomly selected as the normal group. The remaining 70 rats were given high-sugar and high-fat emulsion for

8 weeks and intraperitoneally injected with streptozotocin (STZ, 35 mg+kg ') to establish the rat model of T2DM.
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The fasting blood glucose higher than 11. 10 mmol+L ~'was considered as a successful model. The rats that were not
successfully modeled were removed, and the remaining rats that were successfully modeled were randomly divided
into model group, metformin group, high-dose Wumeiwan group, medium-dose Wumeiwan group and low-dose
Wumeiwan group, with 10 rats in each group. Normal group and model group received (ig) normal saline
(20 mL-kg "-d~"), while metformin group (ig metformin 200 mg-kg '+d '), Wumeiwan high, medium and low
dose groups (ig Wumeiwan 20, 10, and 5 g-kg '-d ') received corresponding drugs respectively. Blood glucose
and body weight of rats were monitored regularly before and after administration of the drugs. Blood and feces were
collected after four weeks of administration. 16S-rDNA high-throughput sequencing technology was used for gene
sequencing of intestinal flora. Enzyme linked immunoassay ( ELISA) was used to detect the serum levels of
inflammatory factors TNF-a and IL-10 in rats, and the contents of acetic acid, propionic acid and butyric acid in
feces were detected by gas chromatography. Result: As compared with the normal group, the body weight
decreased significantly ( P < 0.01 ). Bacteroidetes, Actinobacteria, Bacteroides, Clostridium increased,
Firmicutes, Deltaproteobacteria, and Lactobacillus decreased, fasting blood glucose and serum TNF-o levels
increased significantly (P <0.01), IL-10 level decreased (P <0.01), and the contents of acetic acid, propionic
acid and n-butyric acid of short-chain fatty acids decreased (P <0.05, P <0.01) in model group. As compared
with the model group, the body weight decreased; Bacteroidetes, Actinobacteria, Bacteroides and Clostridium
decreased. Firmicutes, DeltaProteobacteria and Lactobacillus increased; fasting blood glucose and serum TNF-o
decreased (P <0.01), and IL-10 increased (P <0.01), contents of acetic acid, propionic acid and n-butyric
acid increased in Wumeiwan high-dose, medium-dose and low-dose groups and metformin group (P <0.05,
P <0.01). Conclusion; Wumeiwan may prevent and treat T2DM by regulating intestinal flora, improving
inflammatory response, increasing SCFAs content and reducing blood glucose.
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e N B £ [ 52 G DL 2 LB SR 9% (T2DM)
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FE(E LI 21 DNA 48 O ) & (R AR LR A BR
]S Q5306) 5 K BRI KL I F-a (TNF-a) |
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R G VL 75 i A S0l A BR 2 W), 4k 5 4300 o MME-
0180R1,MM-0046R1) ; ’K £ F&R P R . 1E T iR X il
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mn A FRZS AL it 24691933 )
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WAXplus {434 ( REHH AR REHARAA) .
2 FHiE
2.1 g5y T2DM BLAL B 80 H SD ¥ i P 1 K
B, BEMLIE R 10 HAE D IE# 4, IE% A HIKE K
Ko 4 70 H UL #E e LR (8 im 20% , T A
30% ,JH[EEE 10% , IR §M 2% , PN il 80 % g 0. 1% )
WEH 8 R Ja , ME ST STZ (35 mg-kg ™', FREL STZ
2 gF 100 mL 0. 1 mol - L™y 45 W& -7 16 2 B 2% vh
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11. 10 mmol« L ™" Asf 03] 52 5 T2DM A Blas 1 57
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SRR LA FEEEK 20 mL-kg ™' o d T HEHE (ig) ,
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WA L, U S
2.3.2 ELISA #l K B 3% TNF-o, IL-10 fi & &
JBeh Bk B M3 500 remin "' B5.0 15 min B E W, ™
¥ 4 B TNF-a, IL-10 32500 &5 08 BH A5 i A7 K

2.3.3 SMHOERN R N IE TR &5
2.3.3.1 3% 5M gk H . ZB-WAXplus 414
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250 C#E KA A, i =99.999% 5 # < i &
3.0 mL-min " PERE DT AP AERE s R L 500 1, i
e o 1wl &6 I 2% 38 B2 (FID) 250 °C 5 JHilR 72 7
80 °C,10 °C *min"',180 °C .

2.3.3.2 mrdEM LW A B R XA
47.71 pL, N R XF B8 & 50.33 pL, 1IE T R & I 4
51.87 pL,aE A% 5 mL, il A% 10 g- L A9 RE, TR
WCRER 500 L FHH B2 2 5 mL, il 1 g- L7
S RIBOR R E R 1 g LT AR 3.75,2.5,1. 25,
1,0.5,0.25 mL, ¥ H H B0 M€ 45 2 5 mL, 430
AR vk B S 750,500,250, 100,50 mg - L™ 4 VR
b, BRSO . ARAE 2R DI RR L IE TR A v B R U
AR OC R 2 bn it 2k o

2.3.3.3 HMPHE BHRKRIRIEMO02 ¢ T
TR BN, IMA P B K 1 mL # & 10 min, #&
ViR ) W FE M A W . 15 ok it IR A pH 7y &
2~3, 8 E S5 min, H IR GRS BOR. B O L
5000 r'min"" B . 20 min J5, B I W W
5000 remin " B.0> 5 min, B E _EALEI

2.3.4 16S-rDNA Il ¢

2.3.4.1 KRZEE DNA BOFREC (01 2 0 4
K TG TR B 1E AT B R IR RRU B £ 2 4, D) L
180 g/c £ B F oW &5 .0, in A 22 nh i GSL
1.5 mLiEA) & F 95 CHEH 5 min, iE 15 s J5 it
FTE0 (12 000 r+min~',5 min, F ). B LHR
1.2 mL, B A #0060 50 0% Bt A InhibitEX, 8 3% 5 min,
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P <0.05 hZEFAGIFE L,

3 HR
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Fig.1 Effect of Wumeiwan on body weight of T2DM rats(x +s,n =10)

3.2 X T2DM R EMAERY S 3BT, R B2 )
% ¥ J® T OE # e B B S, R R o >
11. 10 mmol-1,"" , 5 0E R A He A AR 24 1 AR 3 T
r (P <0.01) ;% A28 )m, 5 KR 20 e ¢, B #g AL
e AR 2 K HYOBUNE JH 24 5 i AR B S B
(P<0.05,P<0.01), W1,

F1 LBEAX T2DM KR MAEHI M (x 5,0 =10)

Table 1 Effect of Wumeiwan on on FPG in T2DM rats(x + s,
n=10) mmol-L !
i i R _—
4153 0 T A R e
/g kg
1 - 5.10 0. 67 4.90 +0.59 4.40 0. 65
i - 4.86 £0.57 22.98 +5.48” 21.64 £5.43

R BUNR 0.2 4.84+0.52 21.43+7.11% 13.98 +7.61%

Ly dL 20 4.40 £0.84 20.68 +5.90% 12.94 +6.85
10 4.16 £0.75 20.50 +6.82% 12.05 £5.23%
5 4.76 £0.70 17.49 +6.23% 11.43 £5.15%

EHEWAED P <0.05,7P<0.01; 5EMALE P <
0.05,YP<0.01(F£2,41[).

3.3 X I wRE 2 AP RS2 R ()RR RS AT)

3.3.1 #f5h Phylum 23 2R0K-Frdflp i 51EH
A LLH BRI AT 147 1] ( Bacteroidetes ) i 13, J5
BEEE ] ( Firmicutes ) , 28 H2 B | ] ( Proteobacteria ) =F J& i
SR AR O 3 ST LN (171 o2
Bacteroidetes %X & ¥ W, />, Firmicutes ¥ i,
Proteobacteria & ALy G 5 4139 I, — HOBUIREH |
L g Sh v R i 2 B D o R 2H R 5 g AL R R
LAGINARE & b oRAT TMT T 1T H B, 1E 5 4 = H UMK
AL IR B2 A TMT BT, LR 2,

c11 -
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M @ Tenericutes @ Facklamia W Treponema
BN @ Verrucomicrobia [ Helicobacter B Unclassified
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Fig.2 Spectral histogram of sample phylum classification level

3.3.2 Kl Class 732K Fb ot SIEH 4
FRAE, 455 B 2 ik 2% T 4 ( Actinobacteria ) & 1Y AT,

AR B 4 ( Deltaproteobacteria ) ¢ 18 I W i 2> 5
TR 20 3R, Actinobacteria 1 7 — B AR 4H 2 #5
Fuim R A D 5 A o e 5 2 P T
157 , Deltaproteobacteria % & 7£ — B UMK 2H B 15 4 HL
mL A R, WK 3,

100 7w === — @ Actinobacteria
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Fig.3 Spectral histogram of sample Class classification level

3.3.3 K Genus 73 2RK-Frh R oM HIEW
AL B, BT A AU AT T 8 ( Bacteroides ) , 12 TH J&
( Clostridium) , 3% 75 ik K J@ ( Prevotella ) = J& 14 3%
I, FLBR B ( Lactobacillus ) - FE W B AR 5 5 1 40 21
P, — WOBUMK 2H K o Mg oL L b IR A2
Bacteroides , Clostridium 5 [t ¥ 745 A [a] #2 B 54 U 2,
T XK EH Prevotella = J& W & BEAG, 2 #F AL & 4AH
Lactobacillus F & 7+, WWE 4.
12 .

3.4 % T2DM K B %t A F TNF-a, IL-10 %) 5

5 OEH 41 e g, SR A I TNF-« 7K F i 3% 1
Fb,IL-10 KF W F > (P <0.01), SHBIAIA [L
B, AL o AR AL, U I 7 TNF-a
KB S R B, IL-10 KB | FH (P <0.05,P <
0.01), W2,

£2 LBiEhaxt T2DM X Rl TNF-a,IL-10 7k EH S0 (X + 5,
n=10)
Table 2 Effect of Wumeiwan on serum TNF-a and IL-10 levels in

T2DM rats(x +s,n=10) ng-L~!
2 5] Flf /g kg ! TNF-« IL-10

EH - 227.25 +27.24 97.53 +8.88

A - 388.89 +26. 177  60.45 £2.39%

OB 0.2 348.14 +35.18%  71.88 £13.09%

Ly AL 20 290.34 +18.45Y  67.69 +15.02%
10 330.07 £30.86%  76.97 +5.60%
5 318.93 +30.39°  71.88 £8.23%

3.5 X T2DM #%I Kk Bl SCFAs [ 520
3.5.1 FRdEdhgk 4% 2.3.3.2 Wi or ik, LA TE
(wV xmin) AR, LU LR N IR VIE T R 1Y ik B
(mg-L™)VE R B4R bR, 40 R 15 28 IR L IE T
i o 1 o P 2 [ U A R O R B, LR 3.

#3 SCFAsHIZLMEMPAFESHXREY

Table 3 Linear regression equation and correlation coefficient of
SCFAs
% ERi iy R?
218 Y =414.22X -10 553 0.996 4
R Y=782.42X - 10 124 0.995 2
ETHR Y=1003.2X -7 344.7 0.997 5
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3.5.2 X% T2DM £ K Bl SCFAs W5 m 5 1E %
MR BRI TR IR B T R & & ¥ U] B B AIR
(P<0.05,P<0.01); SH AL P, — I XUIICEH A
OfgdueE b KR R4, O VN VE TR G &
B @3 (P <0.05,P<0.01), %K 4 &S5,

F4 Ligh3t T2DM KB X R SCFAs IR IE (x +5,n=3)

Table 4  Effect of Wumeiwan on SCFAs in T2DM model rats
(xts,n=3) mg-g !
Fillh . . .
ikl - . 1A E T
/g-kg
IEH - 3.00 £0.56 0.97 £0.24 0.66 0. 13
A - 1.42 £0.16% 0.54 +0.04" 0.37 +0. 11"
—HUIR 0.2 4.23£0.31% 1.67 £0.40% 0.71 0. 09>
5 1 AL 20 2.09 £0.04% 0.89 0. 16> 0.68 +0. 15>
10 2.95+0.21% 1.35 £0.03* 1.05 +0.26%
5 1.85£0.04% 1.05 +0.22% 0.71 0. 16%
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Fig.5 Gas chromatogram of SCFAs in faeces of rats in each group
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