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[Abstract] Objective: To investigate the effect of Loulianwan on the gut microbiota of db/db mice with
type 2 diabetes mellitus (T2DM ). Method: Male db/m+ mice aged 4-5 weeks were assigned to the normal

group, and male db/db model mice of the same age were randomly divided into model group, metformin group
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(0.25 g-kg'+d"), and Loulianwan group (13 g-kg"'-d"'), with six mice in each group. Drug intervention lasted
five weeks. The body weight, water intake, and fasting blood glucose (FBG) of the mice were recorded every
week. After five weeks, the FBG, liver triglyceride (TG), liver total cholesterol (TC), glycated serum protein
(GSP) , and fasting serum insulin (FINS) were detected, and the insulin resistance index (HOMA-IR) was
calculated. The feces in the mouse intestines were collected, and the 16S rRNA sequencing technology was used
to detect the structural changes in the fecal gut microbiota of mice in each group. Result: Compared with the
normal group, the model group showed increased body weight, water intake, FBG, liver TG, liver TC, GSP,
FINS, and HOMA-IR (P<0.01). Compared with the model group, the Loulianwan group showed reduced water
intake, FBG, liver TG, liver TC, GSP, FINS, and HOMA-IR (P<0.01). The gut microbiota in the Loulian
Lills group changed from phylum to genus level. The relative abundance of beneficial bacteria increased and the
relative abundance of harmful bacteria decreased. Among them, the abundance of Akkermansia muciniphila,
Blautia, Ruminococcus, and Parabacteroides increased (P<0.01). Conclusion: Loulianwan can significantly
improve glucose and lipid metabolism in db/db mice with T2DM, and its mechanism may be related to the

increase in the abundance of Akkermansia muciniphila, Blautia, Ruminococcus, and Parabacteroides in the

intestine.
[ Keywords]
technology; db/db mice

2 FRHE DR 2 R TR B 2 A3 WA R R () JBE I
FAE R B BE L LA 3 ACHT Bl R A 25 6L o R AR
A8 AR e R AR B O R O B A A
(IDF) & #i 55 10 R > € 4 5RO bR s Hb 181 ) 80408 R
2021 4E R ERAA 5 AACHE RN B, Tl 3] 2045 4F,
2 BROBE PR A8 E N AT Rk B 7.83 42 0 i 3R B
PRI B E 29 A 1.4094C N, v 2 SR 4y 18 35 9
2R 2 BUBE B o EAG T, 2021 4 4 BROME IR A f B
TR 9 66014 TT, B E KA RA K T U
WA B R A T AR A S
B, 25 20 R A aE AR, B IE AR
2 AU PRI 0 kA R SR R B O E B AE Y.
F 9 3% W1 gy 3 VA1 AT o oA AU i 3 A P 3G i R
9iE 2N A 2 Rl AL 2 5 2 BOBE PR Y & A R R
PRI 9119 1 3 TR AR A YR T 2 B DR ) T T B

AR = 25 B U W DR 7 UH 8 T v R AR T
G WE Bl R BRI AN B 5 S R T, 24
= R TN Ry 3 1 9 1) R A9 AL A I R A DL B R
A IR AR, W B R R BOIR T DA T AR
FEA AN £, FEEAB A T(EAERS ), H
B R A AL, A K A B R R
B, BRI NMESECE G, o B R AE
KB I R 27 AR BE SR ) A B
1R 7 8, MM AR AR T8 ) rpac 20 “FE AR,
ESRERIZINE= 2% (TR IG5 7 LR /R A2 B L
WFoE R W, B34 R AN B B B % 1 B Bt 4

. 64 .

Loulianwan; type 2 diabetes mellitus; glycolipid metabolism; 16S rRNA sequencing

A I I A ] A RE s N A 22 i 25 FH Dk, W T 2 8
Bl PR BRI . DR, 3 2% rh i iE 2R L
TR TY 2 BB PR B 8 J, T LA R PR R AR
HORER AR S IR OB (5 2 hofobE L H R =R IR
[P it S A DGR AR . R B = 3R 0 LN g T
F52 B I 5, FECE R IR AR A E T 5 S Y
Jo 1 TR EA OGN B . PR, AR SE DL A R
2 UM BR 9 3h W A Y db/db /N BLUR BIFSE N 4, 3
16S rRNA Il J3> 4 AR R 58 2 3% XS db/db /) B 3 T
FER S, 5 78 D i 308 TR R AL ) D7 T 9 E 2 04 ALY
KA o

1w

1.1 sh¥  HEPE SPF 4% 18 H db/db /N, 4~5 %,
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NovaSeq il JF A7 X I )5 o T 46 57 4 5040 4
demux I £ JE 17 R 65 A0 B, cutadapt i 14 2817 51 91 )
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F®1 ZEEAX db/Ab/NRFHHE FHKEWFN (F+s,1=6)

Table 1 Effect of Loulianwan on average food and water intake

of db/db mice (x+s,n=6) g
4151 Hl /g kg T HE A g HE K
EH A 4.49+1.02 4.44+0.56
A 70 2] 8.80£1.257 24.26+1.58%
ZH UL 0.25 8.58+1.24 17.33+1.43%
ESUIR| 13 7.85+0.80 14.01+0.71%

T 5 IE A P<0.05, 7 P<0.01; 5 B 41 b 4P P<0.05,
YP<0.01(F 2-%51H)

Fi, 5 1E % 41 b e, B R 4 0K B B 3 T (P<
0.01) ; MY 21 | — FOUBUIDI 2 B 258 3 L 2 1A I 1 22
S G2 S LK — B, SHEAA L,
259 T 1S, & 2/ BRUPR Tk 5 ) % 1) 184 o i 3
K, &GN HSHR AR 2R TS IHEE XL
FE U] OB L 35 3% AL X db/db /N BRLAY 44 G
W, W2,

x2 EEAX db/db/NRERERIFM (X£s5,1=6)
Table 2 Effect of Loulianwan on db/db mice body weight (x+s,

n=6) g
4151 bk /g kg! e %554
EHH 20.11%1.00 24.30+1.07
A7 2] 32.46+1.08% 46.40+3.22%
ZH UL 0.25 34.42+2.61 46.57+2.04
# i Al 13 32.91+2.29 44.45+3.52

3.3 Xfdb/db/NRFBG JHFHE TG . TCHI &M 5 IE
WA, R4/ BLFBG . TC K1 B % TH i
(P<0.01); 5 LR P A, — SO R 25 3% L4 n] 2
% FEAR/N B FBG . TC /K (P<0.01) . 5 1E % 4148
o, B AL 20 /N B TG K P 35 B 35 T8 (P<0.01) 5 5 4%
RV LL A, 2238 L4l T 3 FEAR/N B TG /K F (P<
0.01), —HIXUIKAT BEAR /N TG K F B 22 R4 1t
RN, WK,

F 3 EZEHAI db/db/NFR FBG BFRE TG TCHIF MM (¥+s5,n=6)
Table 3 Effect of Loulianwan on FBG, liver TG and TC of db/db

mice (x+s5,n=6)

a1 7 FBG TG TC

- /g+kg"’  /mmol-L" /mmol- g’ /mmol- g’
I 3.98+0.43 0.59+0.11 0.18+0.02
TR 26.2242.55%  1.17£0.19Y  0.27+0.03%
U R 0.25  14.45+1.60Y  0.99+0.21 0.19+0.03"
E3i kil 13 12.4242.22%  0.77£0.12%Y  0.18+0.04"

.66.

3.4 % db/db /N L FINS .GSP 2 HOMA-IR 14 5
5 OF H 4 1 %, B 41 )8 KL FINS . HOMA-IR |

GSP /K- B E THE (P<0.01) ; SHIRI A i, —H

KUK K % i i ] g 25 FE AR/ B FINS \HOMA-IR |

GSP /K (P<0.01). W4,

* 4 EZE N db/db /s R FINS,HOMA-IR.GSP B & I (x+s,

n=6)

Table 4 Effect of Loulianwan on FINS, HOMA-IR and GSP in

db/db mice (Xx+s,n=6)

Zigl /jli" /n}:lleil HOMA-IR /m;’:f -
IE# 4l 7.78+0.20 1.36+0.98 1.15£0.19
FEALA 16.3240.97%  19.38+1.69%  2.27+0.22%
T 025 12.49+0.32Y  8.61+1.37Y  1.32+0.16"
AL 13 13.46£0.54Y  7.42+1.64"  1.40+0.13"
3.5 A/ B E R AT
3.5 Bl £k A Alpha Z AR TE BT AR BRIl 2R

(rarefaction curve) 32 % J M 25 A 7 76 AS [) I )3 43 i
BB I E W) 22 PR . B R D R e B B, & LR
T il £k 32 7 92, U Y A YR e i A 1 R T 2
T 25K, AT DU SR I e A A v 55 19 4 R 2 80
A P A5 2 (UL 5 3 R BRI kA k) o

Alpha Z FE R 258 TR R E KBS A B RGN
YRy Z #EPE . W B & 48 A5 £ %A Shannon 45
%0 . Simpson 8 %¥ . Chaol 3§ %¢ . Good's Coverage #&
%, H # Shannon/Simpson 8 £ I b o £ FE 1P
AEEARR, HAe 808w, ¥ Fh Alpha 22 R 1 B
Chaol 45 % 3 2 5 W AE i v B e B, 800 8 R AR
RFEA A B BEE £ ; Good's Coverage 1840 F % Jx
WA A o 1 0, LS BB | T A v ok A
0B BT L R N B T o 2R E
Shannon , Simpson, Chaol } Coverage ¥& %% &5 2
T £ 4 Coverage 5 F03%E 41 F 1, ) 3% B I )3 R )&
C 4 AR S B A YR . 5O A A,
17 41 Coverage $&5 B B B B Ik (P<0.05) , Simpson
5 . Chaol #5 %I 25 38 fin (P<0.01) 5 5 KR4 10
B, % % H.2H Shannon 45 £% . Chaol 45 £ 1 % (% T4
28 (P<0.01) , [A] i Simpson 5 %% [ i (P<0.05) ,
Coverage & £ B34 fin (P<0.05) . W35,
352 TUKPREBEFERZESR ETKFE, &40
B A E R BUFF B 1) (Bacteroidetes ) | J5BE B 1)
(Firmicutes) . 2% & i '] ( Proteobacteria) . Pt fik 7 1]
(Verrucomicrobia) %5 2H A , H: v LLAF T 1 11 J5E B 1
PR b B K . 5 IE % 41 be i, A5 B 28 JUUAT 147 1] A
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*5 BH/NRFHEEE Alpha S EFEIBELILE (v+s,n=4)
Table 5 Comparison of Alpha diversity index of intestinal flora of mice in each group (x+s,n=4)
20 51 Shannon #§ % Simpson & %{ Coverage 5 5 Chaol 5 %4

1E 41 7.33+0.81 0.962 1+0.036 6 0.993 9+0.002 2 1733.64+351.06

LT 2H 7.89+0.49 0.966 0+£0.014 6" 0.989 8+0.002 6" 2713.99+341.82%

M 5.24%0.39%" 0.930 5+0.006 8* 0.997 0+0.000 8’ 682.02+198.04>*

X B REAR, JERE TR A X E BE R 0. S AL
B, B UL R RE T ] R RURT TR T 3 B R AR (P<
0.05) , A8 JE 1 1T AVE B3 B 171 =F B 3 (P<0.01) , WL
5 R BEE kA kL o

353 JEAKPREBEFEE AER fEREAKE L, /MR
JV 18 DL 3 B 3 2N AT 8 (Bacteroides) | Rl 40
¥T i (Parabacteroides) . 3L ¥ & J& (Lactobacillus) .
Ve 7 2 M B 5 2 B R (Akkermansia) %% . 5 1E W H
Lo, 55 R0 20 AT 0 Ja AR X = BE S, AT TR T A
XF BRSO A PR, 2 AL ZH FLAT R A
FUHT T Ja A O 2 B U D 5 B UL TR e R AR B
ve S B A 57 R QR R BR R A X 3 R
(P<0.01), VLI 5 i RRBE Atk

3.5.4 LEfSe Z %W fl 2 5% 0 r  LEfSe & —Ff 1]
T BRI fige R v 4 R BCHE A= ) bR R R TR . LEfSe
3BT AR LUK i A 4 28 /KT [ B k47 22 S 40 A
[F] B 348 fiE - 4% o0 A 2 R AR el 1) 22 S M Fb, RIAR A
Fle JEMTTENE KT & HFEAR LDAE 1 KL, 9
A LDA {E T 5 AL AR 75, LDA (B >4 B9 ¥ Fh oy B
A8t 2R 0Y P . LEfSe /- th &5 R E£ W, 1IEH
DO S Tl A R NV 7/ I S B O S
(Bacteroidia) . £ ¥ & '] (Bacteroidetes) . 48l ¥ 1% &
(Bacteroides) . B 1 #} (Rikenellaceae) | 73 K # J&
(Alistipes) % o A5 R 21 v Xk BE 95 245 F4 52 I 558 K 4
A FLAT & (Lactobacillus) \S24_7 55 . FE1EILH
TRV WA SR KR R A B R A
Bl 5 2 B (dkkermansia) . Rl L ¥ ®H &
(Parabacteroides) Pt & ] ( Verrucomicrobia) , fi
4% [ & (Blautia ) 22 & & 1] (Proteobacteria) 45 |
DL 3 it BRI A

355 iAW RE DI AE IO AR5 A Ah BRI OTU
F {5 B ] PICRUSE2 # {4 %) db/db /) B 18 #f
i AT KEGG g R, S AL & 9 32 5 U fig il % 5
/I B 3 TR AR O, G b S B HEAT A 15 % 4R
FEA ok kA& W A B (Carbohydrate
metabolism) | BE & 1€ ifff (Energy metabolism) | # 5
%, 5 18 i (Glycan biosynthesis and metabolism) | %

F 152 1 15 (Amino acid metabolism) | K F F1 4k 4= &
1R 14 (Metabolism of cofactors and vitamins) . i 254k
AW MR A W A (Metabolism of
CH At O R G
(Metabolism of other amino acids) .\ i & 1% i} (Lipid
metabolism) | & il 1 1& & (Replication and repair) .
H ¢ (Translation) . # H B 1t #f (Nucleotide
metabolism) 55 . H i K 465 W AL B G a5 4R
i RE g AR A R A RN R o A A A S
PR 2 o5 ML 28 DA G, JHCAH DG [ 25 L T 5 0 db/
db /IS B T8 BEREJC TR D01 5 i R R L

4 Wit

Bl AL 2T R AR B S5 el A,
B R A B T BSOS PR Y R e R G,
BE PRI © B 4 BRES 3 0 ™ 5 A 3 N A fl B 1) 12 1k
PRI o R E ] 00 B 245 ) B RE 4R T i A  (H I
B FH 25 0 BN ] R % e 25 1k RS R R, A1k
MW R 3 S N LR b BE AR o R PR R
BITHEL AR, Wik, FR—F L2250 AR
J NN IE ST 7 AGB AE A B o B 25 9A 9T BE IR %
P AR ARV R D7 T B A 2R 2R
PR 1 ik A B T R Sk T RS T W PR
HY ST I AT o PR, AR B 5T DA 45 v B 2 o SRk
1 fil P 28 7 AU 2 RO PR 4 8 db/db /IR BEAT iR
I7 . 25T 5 A5, 2% AL AT B FE IR db/db /)
FL i /K 5 & FBG .GSP .FINS .(HOMA-IR .\ TG .TC /K
o BRI, 2 5% AT 0 db/db /0 BUBE AR 1R 35 K 7
FBRE 5 RAKHT .

Wi IR I R AE ) AE T B T B O A R 210 41, I
ARk i 5 A (4 B W ) b A KRR SUAE T T K
o B AE T 5 @ AR 58 RAEC MR ) 3E T W8
BLA RO EE T o b AR 5K 3k T A T T s R B
Z B2 E A H A FE O HEWOm 5] R
VU B LA T B AR VE TR, A
A TH T B R AR A R AL, B SO 5T AR
6T W OB PR ) b J & B 3% R A6 F e AT AR IR
e, N ARIBIT SRR I R A A T A3
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Fop P EERF B 1112 2 843 & 2 FUBE IR K R P
2y Lb T ST B, R AR A R AR
Ao I R AF 58 UE 52, B i i B 0 ) 5 o
0.08 g-kg'-d"fit fnt & ok 3% 2 BB IR i H 3 B AR AT
JKF T TG B EE EEE IR A S 56 B g R
W, ¥ 3% AT 2 40 ) R E T IL-6  TNF-a %35, 1
SiR TR I A0 LY L 0 T R HEPORE RO A Y A
DA S 6 AT 5 I S /N S T 2l 2 RURE PR K BROBE B
AR AT, JLAL AT BE 5 /N BE 038 2k 4 75 1 1 TR
W RE R AR BN A RO R
TR R LRSS B N A RIS O A A R
KA KPS B, /N BERE A T 3 A I T R T R
B hn f i v SCFA & i, 48 &5 i il b J PH 8 8 1 A
ZO-1 B R A R 23k, BRI 3 R A DG 356 X AN
8 98 B DN 1 2 3k, I 2 BIE 52 I 3B 2 405, 4
il 98 RE B I B ek 35 W DR 9 /s B FBG FIBE AL 1l 21 25
H (HbATc) K0 LO 0 58 £ W K ALK & A
A B I 25 A7 VAR TR 1% TR M B OB DS /N B
GRS AT (1R N AN TR E R TS
TR A6 36 T7 8 IR B B 9% 3 BN BT 2GR
T, B WAL ) 2 5 5 M 1 AR A DG TR i — D B
5o LR BESE R, FE LN T 2 BB IR R IR T
AT I 245 B 2R SR

J B R A T AR A S RS WA
PRAEERR R % M AMEH . RZ U5 R, 2 BUBE IR
5 B TR R E YL BRI R SRR E
M ECH B 3B R ) A A I 2 T
ZHAO S5 Bt 5% 48 H W 18 A 9 vl 3l 2 ik Ak &
Yy T 7= A ik NARA 2% 14 S 88 B U R (SCFA) L i 2
RUWE PR 55 J6 BE AR W R B = 4 2% . i R B T G
BEV Bl 4 RIS T4, b LA I T TR
BETA ] B 5, LRI T A AS L B 110, B
FeW, 3 JERE D 1T RN BUAT B 1T 5 AR R A 1 2
IR S0 e AR 58 v, 2o % b B i B RET) LR
F BRI, A TTKF b, A58 A JERE B 1) A X =
B 2 PURF T T AR 2 B b BT B ] 5 R B
BT HG (B (B/F) S 35 FAIS , 1T B/F T B IA Sl 2 i i
WITZEALM S Wibr ik . &2 LT HUE , JE i 1]
(EROE R TE S b (WS- T RN TTE Y|
FIARTH R B B/FEREAL, AT RE S & RN bR S S
FRAE A K . EJEIKOT b B R 2 T TR 8 A X
FRE AR FUAF AR R T . LA R R
A H R RSB, Y AL 25 ) R E KF T
S EU N LS S, PR U AR R R 2 v R 5% 3 AT T

. 68 .

AT B T Y & LT BUS , LA B AR X
JFE AR, B UAT 1 8 8 b 2R B s 2 B A 55 R I
PR KR A X S R RS N . B 1A g B AR B
S OEIRYT 2 BB IR IS TR AE Ak . BFSE R
W, B v 2 TR AT DL O R R R E T SRS, R R
PR AE T, DA R AR A K S . 55 A W ST UE S,
Bof o A TR I AT LA S RO P P R IR R K- 1
(GLP1) = P HLIAR BE S AR, s i A iR s
TG JE A 0B K SR, Blautia A] 3@ i 2 AR 41 R R
K b7 1k B A 1 o AR, O 38 Ak L R 5 PR T 4 A
SCFA I 7 A 1117 ¢ B0 10 B 4% o 1k R 4 55 4 2 i 2 28
VRS g8 Bk e L BIHUFE 8 T SCFA =L &
Wl R 9 Hh s S SCFA 7= 2 11 41 17 1T 344 i iy 38 T R X
7 RE A1, £ v R 5 AR DL R R R 2
AU PR db/db /)y BU 38 TR R AL, &l %
JUF TS A S, T BEAE b g R AR B 5 2
Blautia & 5 Bk B @l S0UFT BAAR X = B 45 O e 2
RUBE DRI

Zi Bk i JUE A R IR A AT, AT LA
T 2 BB PR db/db /N BUBE IR 1838 3L, AL
il AT e 5 180N B 1 v G A 1 B 5 2 1 | Blautia
T8 B BK A LRI B B A OC . BRI ST T A
A S O R R OR B R A S AT AR X R L AR
Jo S W BEFE AT I R AR L JF 45 A AR AL 2E R
FE DR A 2 7% B sk A 2 A5 AR OQ DR 9 T i, DA
AR R HAE AL
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