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A Bk 2 BUREPR R Y K R B RS XI5 A0 7 iE E A R R2 i

EXR ', BEE L, e ERE L KRS, ARG, ZAE, A, XA, ek,
M AT (LT RERIREA R, T R R5E 523808; 2. I R ERKE B A2 — R, I AR AR %E 523710;
3. T EGIINT NP N R EBE 2SI, T AR 518001 )

& E: BH HERAERKEST 2 BRI (T2DM) SRR BRI R E R m . ik SRAE R EGHIT
FIE IR R (STZ) BeA i m MR R 2 (4 59 , 37 T2DM JBE % AT R BUBEAL B K R4 R IE 3 4] AR —
FOBUIRE S AR T T2 AR IS v s il i, Sk 25 2 6 JR) , R H2s 16 b (FBG ). 23 B 5 & (FINS) ik M 21
1 (HbAle) /K-, AR R REEE (TC) H il = (TG). = %5 5 8 1 I [ B (HDL-C ) IK%% % 5 2& (1 IR [ 8% (LDL-C )
BY7KF-5 FFR ] 16stDNA 3 3 &2 0 73 4G K B 38 R R AL RN 4584, SR FH e sSCRORH i v Al K BRSPS A v 2 B S I
Mz (SCFAs) FrigBbiE il SR AR MKHUA R i 20 34 W] FRAIR 2 BUBE SR K BUFBG . FINS., HbAlc 45 B 5 77 (P<0.01
8% 0.05), FFRIMASFE PR TC. TG, LDL-C fY7KF (P<0.01), FFEHDL-C FJ7KF (P<0.01) o bk, ARk T, nTLA
PR BRI () OUTs £ H , #2715 Chaol, Shannon 5 Simpson $8%% (P<0.01), & JEEETE 7] . $OUFT 18 1 T RIE A 1] i) 2
(P<0.01), A BT TAARIE B 1 TR F B2 (P<0.01 5% 0.05), JFAEESCFAs (170 8538 A= KiBAT 2l T2DM B K
SRR I, JCHLRI W] B 5 s 1 3 DAL AE (R AL I R AL A O

SR : AN 2 ORI s KRR MBI i R
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Effect of Shengmai San on glucolipid metabolism and intestinal flora in type 2 diabetes model rats

QIU Wen-long', PENG Yu-wei', YANG Xin-yi', TAN Xiao-jun', ZHANG Xue-yang', ZHAO Wen-chang', WU Du-du',
LU Hong-mei’, LIU Xiao-liu®, YUAN Yong-dui’’, CHEN Zhi"" (College of Pharmacy, Guangdong Medical University,
Dongguan 523808, China; 2.The First Dongguan Affiliated Hospital of Guangdong Medical University, Dongguan
523710, China; 3.Medical Laboratory, Shenzhen Luohu People’ s Hospital, Shenzhen 518001, China)

Abstract: Objective To investigate the effect of Shengmai San on glucolipid metabolism and intestinal flora in
type 2 diabetes model rats. Methods An insulin-resistant type 2 diabetic rat model was established with the method of
intraperitoneal injection of low-dose streptozotocin (STZ) combined with high-sugar and high-fat feed. The rats were divided
into the Control Group, the Model Group, the Metformin Group, the Simvastatin Group, and Shengmai San Low-Dose,
Medium-Dose and High-Dose Groups. After 6 weeks of continuous administration, the fasting blood glucose (FBG), fasting
insulin (FINS), and glycosylated hemoglobin (HbAlc) levels as well as total cholesterol (TC), triglyceride (TG), high-density
lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) levels were detected. The composition and
structure of intestinal flora of rats were detected with 16s rDNA high-throughput sequencing, and the content of short-chain
fatty acids (SCFAs) in feces of rats was detected by high performance liquid chromatography. Results In all Shengmai San
groups, the FBG, FINS, HbAlc and other blood glucose indexes of type 2 diabetic rats were all decreased (P<0.01 or 0.05), the
TC, TG and LDL-C levels among blood lipid indexes were all reduced (P<0.01), and the HDL-C level was increased (P<0.01).
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In addition, the intervention of Shengmai San could restore the number of OUTs in the Model group, increase the Chaol,

Shannon and Simpson indexes (P<0.01), increase the abundance of firmicutes, bacteroidetes and warthomicrophyla (P<0.01),

reduce the abundance of actinobacteria and proteobacteria (P<0.01 or 0.05), and promote the secretion of SCFAs. Conclusion

Shengmai San can improve glucolipid metabolism in type 2 diabetes rats, and the mechanism may be related to improvement of

composition and structure of intestinal flora.

Key words: Shengmai San; type 2 diabetes; rats; glucolipid metabolism; intestinal flora

2 ARUBEPRE (T2DM ) 2 £5 35 N 2 it B i) 8 R 9%
5, HORSERAE IR OIS 2 I o = A7, 2 H Rl &
ZAEBRTE WA AR DA, 7EFR [E T2DM 14 20 %
ik 11.6%, T2DM [R5 IE E s 0 2 Hg
T2DM A RSB Ry A 2%, {3530 TA kit £ R KT
JET2DM (4 2 R AL o 1 18 B R S DR ) &
AR EEVIFOC, 1B W AR RS R &R K
JES R R T BEREEAMEAT, HL, # R
it BT AR = , 1 il B RS WA
JEIBYFT2DM A RCT-BL

AN AR E SRR E T TE YRR T,
JE LUV B HE 55 R AR, SRS R R () — i v 22 S
PG o ANHIFE F I, AR AR A A 1 5 AL,
WA 4 3% T2DM BB I I RRE AR AV AAE 72 B e
i I 5 BRI FMLIRI AR B T, AR50k
I T Bl A A5 A 9 R A A R T R R AT
T2DM AT BEVEFIMLAL , & 78 > L A N F 4R (L8
NS BARAE

1 #RITTE

1.1 A

1L1.1 3% $EFESD KL 70 K, bk, SPF 4%, Bk
i (100.0£10.0) g, M) ARERFRSFBEsh P 5L 5
O RAE, VFATIE S S SCXK () 2013-0008. T A 54
PIAETCR JELR A PR P iR SR O B VR A PR fef
Y RIRRF AR AR BRI 2= S OB R 5125
HEvfE, IFRESE T A S sh i FE A A T S T AL
BRI

112 2950 22 AERKE, 254l gk
HEU 0 S B TP R 2R o (O RlsE ) SR
WORTER © NS 24 T4 3 1 3 1 2 LU, A&
SRS 9 g FAL 9 T 6 g, LL R E4
FARF LA 10 f5R/KRIE 1.5 h 5, AS 10 f5K5
FI 1S h S U8 25 AR 29 2500R & 1L 0R, Wi
% 0.5 g/mL. FZGFIEMIE 2015 421 € rhAe A RSEA
25 0 ), MRS AN Sl A 2 i BT B 1 A5 A o L
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I, 25 R 200 me/kg, Bz R T
&, K. Lm0k 50.0. 200.0. 400.0 mg/kg.
X2 . (1) $hig — W XUIK, 250 mg/f, bR AL
2l A BRAN F, [ 2575 H2003 1134, Fi BRI R H 7
G AN, N 4.0 mg/kg; (2) b
1T, 20 mg/ i, WiV B2l ey A BR 28 ), [ 240
H20000009, 44 eIl R & FH 450555 25 sh e i , 741l
TN 0.32 mg/kgo SR A0 AT I o 0] & L R
5 2 ik & R BB 2230700 & . DNA 423G
£ (321 Cayman KA ) BENRIA R (STZ, EH
Sigma A ) o
1.1.3  FEUEE AUWI20D M7/ KF, Shimad-
zu AT, HZA; DYCP-24DN Hyk{X, dbHis—1L s
I, E; TQ8040 “UAHE -k X, H AR S wl
MiSeq PE300 i &l 7 F- 75, 5% [ Illumina 23 7
ABI 9700 %455 PCR 1, ABI /A ], 3£[E; PikoReal
5 GEEPCR {X, Thermo Scientific 23 F], 35 E; iMark
fitbRAY . S E Bio-Rad /A F] .
1.2 #5454

KEAFE T RERREBE P LR G, EH
TR (2542) °C, BB 50%~70%, K 12 h 1 12 h BBX
[T IR A, 4 R 28 Tk 1R, sE ARl 1k, JIf
SRR, sh) F ORI, 4ERE R R T AR
BERMR 2= B S g PR At TS NAPEMESE 1 S,
FREEHLIX 419500 M IEH 2 10 2, iR 60 H. i
FHERE R RR R R0 - RERE - W58 - X9FR « W RLRDARL
=10 :20 : 4 : 3 : 63) FFLEMEFE 8 FIFA AR E ST 30
mg/kg Flf IR TR 2R 755 K BRI A8 OB R B A, TE R
A SINE s T G A e A A BRER KA A X R
1.3 FT#Wu&x

T IR S B ) 19 S 56 P AR DR s K BB AL 234
Ay M IE w4 AL XUIRZH (4.0 mg/kg)., 1%
BT 20 (0.32 mg/kg) . A BKEIRH & 2 (50.0 mg/kg,
L-SMS). A=z ki - 7] &4 (200.0 mg/kg, M-SMS) Fl
Az Ik iR 4 (400.0 mg/kg, H-SMS), 441 10 H.,
BEGUA H EAE BE  gh 2, AR E A 4
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FH (1 mL/100 g) A BIER KT S %2k 6 J8, Wil
B R SR

1.4 #enmdsies 7k

1.4.1  [iL7% FBG. FINS, HbAlc UK i sh
TERARAS AT ES I H BUOK, 256 12 h J5, SRATSY
BB M # KA A B 0.2 mL o4 T Tl A o,
3000 r / min .0 15 min J& , BUALTE FH PR A0 24
Y115 973 1 1B (FBG ), %5 HE IS 2 (FINS ) b
L IMZLEE 1 (HbAle) 7KF-, A FBG fiff 4 5 4 4R
PR SR , FINS SR B 5 22 e i 30 A
1% " HbAle fff FHAH SR G it A Al

142 IMARZKP-ROAI I 58 /N SR B I IS, DA
/INERUAR BRI, JBCIfL )5 R FH SR FA 7 I A S8/ NERL
A ZETRFFE 3 h, L3 000 t/min 5.0 15 min, 25845
MR I J2 M R, R R B B AR AL 53T It v
HUEIREEE (TC) . Hh =g (TG). =% B g 8 I &
Fi (HDL-C ) I %5 B s & A [ B (LDL-C) 7K
1.43 DNA 2T k1 DNA $& Bt & 4
A 21 /0N B2 W B B 2500 h I 3 10 5 DNA
XIFEMB AT PCR 3734 | P2y alifh . SCE il 45 5 PR J
Miseq AL . R overlap ¥ XU 1 T HHE
FEUEFT AR A A AR g , R4S R R A s . Hh
TFREHVECR e, ARG X e AR AS 1A e A 7
97% MIARIEE RS, A FEARME P2, 2300 U singleton
JPA, RIS 2y OTU R RAURIF A, #E— DT
ZREVES T . EARFR M 73T ( principal coordinates
analysis, PCoA) A=Y TA @ 4Ll 25 5753 W46 o
1.4.4  JHsENRRR S EAME DA R
0.1 g BT 2mL Z.08 ™, fin 500 pL A7 S Akl
W, VKIS N RFTRENLITREI AT, B 20 pL
10% H,S0, W, RA#IRGIRS), 038 KU o
500 puL Jo7K Mk VA #R ARG TR ST, 14 000 r/min £5.0
15 min, JUE3EWE T2EA 0.25 ¢ TOKBEREAT 2 mL
BLOAE T B DARIRE ) S5 R0 TS T AR

|2 RO R BUALAR A

HREI
1.5 %itsam

N SPSS 26.0 #AF AT e 220 ], T Tk
DI+ prife 23R, SRR3R 5 22 734 JL LSD-¢
K. P<0.05 WZERAGIFE L.

2 H#HR

2.1 AERRBAT K R4 3 vh

HIEHH A, BRI KR AYFBG . FINS ., HbAlc
BT E (P<0.01) 5 SBERIA LU, A DKECAS [F]
K41 FBG ., FINS . HbAlc 7K F-HIF4AK (P<0.01 5§
0.05), H LR VE FH Bl 70t 1 in g o, e L2 AR ik
BRI 2, HBOR S — W SR 630 , 45 2Bk mT
FAARR IR 5 R B IR K S0 L3 1

Rz AEMKECT KB (X+£s,n=10)

G FBG/ FINS/ HbAlc/

- (mmol/L) (U/L) %
1EHA 4.97+0.28 2315322 4.18+0.39
FERIZH 16.38£1.56"  49.51+6.17°  5.88+0.72°
HBUIRAR 9.43+0.60°  25.36+3.62°  4.35+0.45°
AR ZH 13.38+1.14"  40.88+4.91™  5.82+0.11¢
AP R 12.5240.46™  36.28+3.95™  5.31+0.13%
AEKECERIEZH 10.98£0.21°"  28.88+2.84"T  5.06+0.10™"

SIEWH . “P<0.01; SHAIL . *P<0.01, ©P<0.05;
5 XU FeE : “P<0.015 S5 BREGHI2H He A ©P<0.01,
P<0.05

2.2 AERRHBOT K R oA g KR 69 %

HIEFAML, BRI KERABRRIZ TC. TG,
LDL-C 7K+ (P<0.01), HDL-C 7K A% (P<0.01);
SRR F R, S AT AR A A TR 3 2 Y
TC. TG. LDL-C K[k, HDL-C /K-F-F+ i (P<0.01
5% 0.05) 3 JuHIEA: Bkl i d , R ROR 51k
T T FEA— 3K, $EoR A WK B RE % MGE R IR K BT
F/NRIM AR 2 AL IS . W 2.

2.3 AR K R iE A AR S AR R R 6 R

TEH A AR | A AT ) 2 0 A B )

(x+s, n=10)

41 5l TC/(mmol/L) TG/ (mmol/L) HDL-C /(nmol/L) LDL-C /(nmol/L)
IEHH 3.76£0.24 0.770.06 2.97+0.46 1.20£0.16
FEEFRI 2 4.75£0.58" 1.13+0.13" 1.54+0.22° 2.36+0.37"
FfRAb T 3.91£0.27° 0.85+0.10" 2.62£0.35 1.31£0.21°
A kAR 4 4.33£0.13% 1.04+0.04" 1.93£0.12% 2.63+0.11
A kR E A 4.12£0.15 0.96+0.05™ 2.08£0.06™ 2.35£0.08"

A Ik R 4.01£0.10° 0.89+0.03" 2.69+0.11% 1.47+0.04"

SIERHE: *P<0.01; SHAAHE: "P<0.01, P<0.05; S¥RMITH L ‘P<0.01, P<0.05; 54 PRk 4 i

'P<0.01, 2P<0.05
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A WL E] 1034, 755, 894 F1 971 MFA OTU
o SIEH A, BARIZL I OTUs U B iR
FE 52 AN [R5 4 A kU, OUTs #5 H 3 i A2 A5 —
SERREEHE o X RIEMKECH R T I AR IR R

FE B W 1.

Madel

T L-SMS

Control

B 1 KEGERE$OTUs 4377 1Y Venn ¥

Alpha ZHHE FE 5 H M AEEMDC, B
RIS TR S B R EALHE Chaol $54K,

T B A 29V 3 24145 Shannon A11Simpson #5648, 5
TEH A G, FERIZH %) Shannon DA A Chaol $55H4R%
ik (P<0.01), 1A= Pk SHAIAAR L, REA T
Chaol, Shannon 5 Simpson #§%% (P<0.01) , [iR%k
FER AR DKHICAT LAAT 2587 LA PRovs K B B 1 2B 4
FEF S B M 2R RREAIG . ILER 3.

R 3 ARMKEON K EUIE R Alpha ZHEMER2 0

(Xx+s, n=10)

45 Chaol Shannon Simpson
EH 397.44421.67  7.54+0.68  0.98+0.02
FRZH 305.80+14.41°  6.15£0.37°  0.90+0.05
AEKHEOCRIEZH 357.25+17.92°  7.15£0.39°  0.96%0.03"
MRk AL 369.32+18.23"  7.26+0.48°  0.97+0.02°

HIEWA LA : "P<0.01; SHAIZLEES: "P<0.01
R E IR Z M 22 5, T T B 2k
FF #E 4T F W43 43 #r (principal co-ordinates analysis,
PCoA ), HA5 R ANE 2 itz . MIEL 2 A UL, B AR AR AT
AR BT 3 R BT HRSR 0 IR 45.39% F113.28%, 843

R4 ERKHOT R BB B THEE T 1A MR 12 )

L RBUS, MAU QER 4 B | AR PR
2 FIA KIS 7)) AR S DX B S, b AR KA
T 2 A A KR 79 e 2 5 I 2 R AR S /N
U ZH F10E 5 2H (R AR S, Ul B AR KT T A TR 2
FAA ) 1 5 2L PR R AR =R i a3

Rt — VAR B R R AR AR A, AT T
IR 4328 o FET TR b, SIE R 4L s, 1
T2 fin 1 T R T T VRS B TR R T, SRR
BRI ABLAT T 1] = BE R AR (P<0.01) o i S5 5 750 2 A
Eb, A KA R BE TR 1] AT B T RIS 1 =F B T
1R TR T VRIS TR T 1T B AIK (P<0.01 5% 0.05) .
XA BT E— e R b Bl M o K LA P
R RERELACIRES , S I A Y4l sk &2 paE
HRFARE . W 4.

0.5
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PCoA1 (45.39%)
2 KEHIEFREB ZHEMERIPCoA [

2.4 EBRHOT R R EAR P AE4E I R B E 00 R

KR ROGRAR 8k, 558 T A KON KBRS
H1SCFAs &t 52N . 50 &I, 20 B e i A ik
UG , R ERZEAE 7K o0& it T IR R 4, R WA= kit
e B —E i@ E Diae; 5oh, KERZE/H
SCFAs %) 75 i A8 1 8 2 RS R 2 S5 A 15 I, WA= ik
HOREA R e 2E K U8 N 7 SCFAs i 35 58, 38
SCFAs M= f ., W3 5.

3 itig

Bt AT A3 7 AOEHOR TR S R AR A, (4%
T 0O o RO PR 2 2 A8 PR AR PR B i 56

PCoA2 (13.28%)

04 05

(x£s, n=10, %)

M5 JEERER] PUFFBA T pedIn 2iA | RGN HAh
B 69.63+6.51 22.38+3.94 3.57x0.47 3.70 +0.42 0.48 +£0.07 0.24+0.03
AL 56.01+4.92" 12.15+2.71° 13.66+2.84° 16.80+2.63" 0.46+0.03 0.92+0.02°
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RS AERKHOT R RIS P SCFAs R 121

S| KA /Y%

JEBENRIRR R/ (pe/g)

MR LR (] IE TR ST TR LR
E#A 55.36 90.41 49.75 20.68 1.24 17.82 0.92
AL 43.58 62.04 33.52 14.81 0.98 12.55 0.80
AR ke 61.07 114.48 20.92 33.60 2.75 30.54 1.67

HEKEGH = 400.0 mg/kg
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