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it AR XS 2 AR DRSS R A BB i 1A
BN A

$EE, LR, HTFE, LA, £5%, Tit, 62X

WPPEZRE, LTALHET 2K IR 795, 110847

[(BE] BH WiTEBELT2ABRBGTRERIG ., Ak KA SKEARRAE S — KRB EESH
b WAL T & 45 malkg #1442 BB SRR K RABEA . R A 32 RSD K ALy AR, S Rka, —
WAL, #ARM, FA8R, FHXEBIAMBRRGSDRASAATEU, S4BRML TSR A6
(kg-d) BEH, —FRINAL T HBR_FRIKK 150 mg/ (kg-d) EEF, ZERAAL T HAH A 150 my
(kged) R, a2, BAMALTO0. 1ml/I0gAERERET, SMHHER 1R, EF48/5E, HEFENK
BUKFHABREF L, MNEhtE, kHE (INS), Hihsskda (HbAle), BA2EE (TC), H b =8
(TG). IKEE R EGRER (LDL-C). &% EREGEERE (HDL-C) K-F; KA 16S rRNA KM T &4
KEMAEMO B RARFLEMN, HiTa ZHBRIBEIN . BFLLRSH . LESe $ B M HF £ F F) 3] 5 7 .
COC I izH, N EZFMERABL lE, hIERFHOMIBETIN, R RELREF, EAA,
SARAH TR EZNMAREN S LR e Bl%; = SUINZEAR L K b dm JL kb b2 TH 5 3508 B 20 0L 3% 0% 17 4%,
2 LR e A A R, BE i, BAAK R, INS, HbAle, TC, TG, LDL-C/K-F
% coverage 35 %7 %, HDL-C7K-F | shannon #§4&. chao 3§ 854k, M AR PR LA NFAEHEANFEH
B, MARNFEBEK (P<0.053P<0.01), HHEALALE, = FRINEFe S48 R4 b INS, HbAlc,
TG. LDL-C /K-F A%, HDL-C/K-F . shannon 4§37+ %, H A H L mHE | coverage 1§ M EAK; = W WINLL & 5
BAINFEBRK, REANFENSS, SBRADFRAN ., RAANAZHEBANKRIK, ZARADHE
. RBE NI EmALETT., ZEITHRK (P<0.053P<0.01), 5 = WFRINLILER, #4804 & 3547
EZFH ARG FEL (P>0.05), Hamgari, 4@ M0 INS, HbAle, TG, LDL-CK-F3¥HH 3,
HDL-C 7K-F | shannon 3§ Ak, WAFE T, EHENF A ZmALBE . 2B TFEBK (P<0.05
RP<0.01), £2FFIR S E®, TOLASBAEZFEH (BK), BALAINLZFHAH (J&), = F UK
WA BANEZFAH (&), BBRARINANLZFARE (B), 3ARABAASNEFRAAH (B, COCHy k£
HRER, EFXRABILEY Bt fRig, RARSERNRM, X, L6, TAFEE, &
F . BABREN A AR ASTBR, MERSNE T, EHBANEINSHTCAFEEZRZFH E4% (P<0.05K%
P<0.01), &5t HAEETAT 2R KB KXIAERAM, ARE_FRINE S ML THEAR, LA Tk
58 & AR AR A A X

[R$EiA] 2R B RR; BEAK; MERAF, SBER;, —FUK; 247

HEETH P EFE L ERFEIA (2021M693852) 10 T4 “ 24T 8 A TR 4R RAA GBI H (XLYC1807145) ;15 74 AT H T AA %
B H (2020921039) ;3L T A FHET L RIS ZhiH81(2021-BS-183) ;1L 7 HP BE 2 2 2020 4R 181 J5 i 31 5242 (21601A2011)
iR shiyan@Inutem. edu. cn; (024)31207185
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WEIRIG 8 TR T4 “THEE Gk,
UTAE R WE PR SRR A 0, E AT IR B R A
FREIRHN 11, 2%, HpJuPl2 BUBERSE (type 2 dia-
betes mellitus, T2DM) £ "2 HPE ™ E G
TR E N BRI A S B R DT A R
DA, (RAX - A8 2= U 3505 T
WG, Fa HAEHE PRI (490 BIL B e HH B R 1) 56
HER . BRoE Y R, BESEMESERE
I, M2 AT AL ST e, R 45 T 5 ] °F-
iy, SEMT BB AR ;I RS 2
MY S TR, S nE MR . S A
g8 0 B, BEIREINEA . KRS HIER Y]
FHOG, TS Pl R RS SR IR YT R R 1 B 2
Bto PRI DL R F 2 R R R
FF7 g FERRAE I A, BT RIESE T R B S
55 EERA X T2DM A B B ia e, nT LA
SO TORERR AT o AR ST DA T8 T AR 25 1 AR R
5 BREVE 5 B B A8 A YT T2DM /4 FT BEVE ML,
DA Sy 225 W R A PR R FH AR o AR 5% i ik
LT R 2 KA S ) SE R4S PR 2 D1 S AR A i A
(5 21000042020033)

1 M8
1.1 %%

R ER . RS, AR, Bk, AS. W
RF. g, 3. =k, kE, ER. HE
(14:6:6:12:6:6:6:6:3:3:6:4) 4%,
Y Tl T R RE R R 122 R, A
WAL 2 gml T . 4 25 DA R [3 g
B LR R . RERRILAT A . PIEOBUEAT R, AT
CF7 N ) fl B = 5 A5 BR A A, 2y i = .
20090356 ] ; A&AE 1k (Fhe —H WA, 3%k
i B E R AR A F, S 1407082); HENRME
B (STZ, F[ESigmaA#], 5. V900890).
1.2 shah B Aa#t

SPF 4 ek SD KRR 40 H, R (200+20) g,
AT TR AEYHEARFR AR, LRI
5. SCXK (iL) 2015-0001. iR faL 7 i
RAFLE P, N 6% N, 10% 54
M, 8% FENE, 1% NBRREN, 1% MB[EEE, 74% %8
T Ak
1.3 EZRXMNAME

DNA #2375 & (32 [H Omega Bio-Tek 23 7 ,
5. D5625-04); 16S rRNA M Tk K & (£ EH

Mumina A7), L5 15043895); HE 4 ik &
(AR REYHEARBRAR, #it5: C0105);
% (INS, it 5 . 202101) . H# 4k il 20 & A
(HbAle, #t%5: 202101) il &, LiBILELEYD
FHEARA A Hl =85 (TG, #t'5: 20210115) .
MABRFEEL (TC, #t5. 20210115). @& EISEN
JEEEE (HDL-C, it 20210115) ., K% A5 &
FARE B (LDL-C, #it%5 . 20210115) X5 &, F
RN AY TSP ; AxyPrep DNA Gel Extrac-
tion 33 ] & (3£ [# Axygen 28 Fl, Hit5 . AP-GX-
250G); NEXTFLEX Rapid DNA-Seq i 7] & (3% [
Bioo Scientific v F], b5 : 5144-08),

i 5 R R E AL (FEE Eppendorf A 7],
#15 . Eppendorf 5424R) ; PCR Y (3% [H Applied
Biosystems 2y F] , #l %5 . Gene Amp® 9700) ;
QuantiFluor-ST Wt EE RS (EHE Promega N
A, %5 Quantus™ Fluorometer) ; 5 il i —fC
AL (EE Mlumina AR, A5 . Miseq); HLEKAL
(dbm i N—IXE8T ", ®S . DYY-6C); B#s
(5[ Eppendorf 3 H), 5. N13462C); BEbriX
(£ [H Bio Tek A H], K% : ELx800); IEE G4
MRS (HA Nikon A F], %5 Eclipse Ci-L);
w24, 250 HA (85,
PANNORAMIC), )% #| 3DHISTECH A w3 =i
GA-3 BUIMAEAY . 5 i GA-3 BUIMAM IR LS, =ik W
TRy AT BR A
2 %

2.1 A HuMALY

40 HSD K RRUIE R MR 1 G, He R
BN, TIPSR 8 LR 2 |
M, TEEERR SR, HA 32 HOR T e ik
M, B E R (20 9 thoKk, S (9] #l
£ T2DM K FRUBEAY 32 HUR B i AR IR 5% 4 )]
JAEE A 12 h, —IRMENE IS5 STZ 45 mg/kg,
ARG TR 2% v W (pH 4.2 ~ 4. 5) LA 1% 1Y ¥k
FEE MR T2 05, HESE3 KA i [a] B g ik R I A
W45 20 KR BRI K F 3 KRN K T 16. 7 mmol/L
INGE A T2DM BRI 2y ' 32 HOR R4 1 A5 R
FMBEACE AR B =R, SR 5 FIRENLE 3R 73
PERUZH | EBHRRAL . UL, 2R, A
8 K T HIXUIA 25Tk —H SUIKA 150 mg/(kg+d)
W, mAEWHS T AWM 150 mg/ (kg-d)
M, EPEREAUR YR AT TGS IR Y AT 2 R
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2556 g/ (kg d) HEH, 25 T4 MBI R KRRy
EE AR KO0 1 ml/10 g0 AR H 1R, HELE
HEE A B2m A [ AR RS T 1 e i
7%, HRKAT = ARREIRSE

2.2 e T RO SR

BHRBEARRAEESE 12 h, MO E KB
e K I A IR Ko DL 1% GBS HE 28 4 ml/kg
Ji B VR SRR JE MR R Sh Bk, R BT EE
2500 r/min., 4 CE L (B0 10 em)20 min, B
W, 80 CIRAAETE

25 2R BB S TGH T RIS, BB B 2,
Hr AW HEE WS, -80 CHAF, HTit
B RS R; MAISUH 4% 2R EERE E, H
TME N H LGB
2.3 MBHIELE

4% Z R W EEE E ML, Bk, i,
Yk, HEYLE, Sei F U mA SUR LA .
2.4 g, f5AR X IEAR

o7 FHBRHER G R W BFH: (ELISA) 2 K Bt 2%
o HbAle. INS/K-F, A AL I 3% h TG, TC.
HDL-C FI LDL-C 7K F-,  ELAARHRAE ™4 42 BRI &
W5 32E1T .

2.5 16S rRNA ¥ 3 5 ) 54 i)

25 4K B RE ML 2Rl 6 HOR B i 1
WARYIREA, R DNA fili3 00 & 42 e, #ES
MORAR S, B AR 20 R DNA HEA T4 | ik
i S S R R . R A B 16S rRINA JE R B
AR V3-V4 X FE47 PCR 788 . [ 3% 51 4 338F
(ACTCCTACGGGAGGCAGCAG) , T i 5| 4 806R
(GGACTACHVGGGTWTCTAAT) , 51 % K J&F 280 bp.
BAFEA A PCRER, K 34HE M PCRYR
B AT 2% 35 i v e e Uk R DU 7 1 .
AxyPrep DNA Gel Extraction i 77| & VI Rk, 47
PCR™“W2liAk, 2% Brfabs e Uk AG I 4052 . PCR
721 FH QuantiFluor-ST W {4298 & B R G I T8 =,
Z e R AR A (A0 SRR AT AR VL LU A8 TR
4o M3 NEXTFLEX Rapid DNA-Seq i & #E17 2
P2, ) A Mumina 23 &) B4 Miseq PE300 *F 5 #F 17
WF .

2.6 A ESITHRAR

fifi FH fastp 0.20.0 # /4 (https: //github. com/
OpenGene/fastp) Ji5t i i 7 1y 4 i A7 4=, fdi ]
FLASH 1.2.7 %k {4 (http: /lwww. cbcb. umd. edu/
software/flash) #EATPFFE, [RIES XS 7 21 a2 B4 7 o

FERRLE, XOREARR T 2R 850 (0TU) Rk
ST AVIRR 3265 o b . BT OTU RS 45 2R
I o ZFEHEFRE BT AT LIS B h Rl 24
P B BERESEELR, H shannon 58RI
M HEE ZAEPE, chao FE B R] e MRBEVE EJE, cover-
age T8 BT S WAE P BT 0 E o F— 20 X e R
e, BTG, s MoK Ly
REVE A5 K 20 B, RO IEAT W R A R0 B . LEfSe
(http: //huttenhower. sph. harvard. edu/galaxy/root?
tool_id=lefse_upload ) £ ¥ Fl 22 5 ¥ 5] 43471 . COG
Iy 8 1 & (http://huttenhower. sph. harvard. edu/gal-
axy/root? tool_id=PICRUSt_normalize ) .
2.7 %itFF ik

K I SPSS 25. 0 F A EAT GE v 3 M o T EEBORL
FFE RS VUK B bRt 22 (ves) o, 241
FEBCR B R 5 22 00, PP FE R T LSD %
AFFE RS E Ao o6 % (M (Q1,
Q3) 137, Z ) Bk H Kruskal-Wallis HAG %,
PR LG 38R R 2 46 Y O 22 90 W o 22 57 o 1 TR
(LTI S IfE . AR A ARG R H] Spearman
FIEAHT. LA P<0.05 hZEFAGIE L.
3 HR
3.1 &4AK R e A8 X 38 AR b AR

FR, SEAALE, BAIMEE. INS,
HbAle K F-FHE (P<0.01); SEIAIZ1ILE, —H
KU ZHL A i B B 2 06 . INS. HbAle 7K - [ %
(P<<0.05 8 P<<0.01), g 2 BA 4 K B I0WE A
(P<<0.05); 5 HIXUIRZH LoAe, g A= 0 2H 18 |
INS. HbAle K2 J+ 1  (P<0.05 5 P<0.01) ,
i PR A R bR 22 S TR GE 7 3 3C (P>0.05);
G ai B LU, s AR AL MM . INS. HbAle 7K
TR ETHE (P<0.053K P<0.01).

F1 AARBUMBAHCHE bR LE (¥s)
4 B B /mmol L

INS/mU-L" HbAle/%

254 8  4.930.49 29.55%2.15  4.06+0.39
AL 8 18.13x1.50Y  41.34+3.89" 5.370. 62"
THAUIRA. 8 9.33x2.28"  34.06%2.59"  4.47=0. 41"
i Bl FEZH 8  6.48£1.29”  35.47+2.74”  4.60:0.53°

WEWAL 8 15.12+1.477 77 40.6121.777 " 5.41x0. 427 ¥

i INS, JEEE; HbAle, #HLIMLIEM.

a) @A, P<0.01; b) SHEEA L, P<0.01;
¢) SRR, P<0.05; d) 5 H XU L, P<0.05;
e) S THISUMALLLE, P<<0.01; f) S2aBERE4LE:, P<0.01;
¢) SaphEREA ke, P<0.05.
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3.2 AR R MmASAE X IEAT LA

2, SEA4E, B TC, TG,
LDL-C /KTt , HDL-C 7KSFR#E (P<<0. 05 5] P<
0.01); SR gy, — FFXSUNRZH A 25 4 BE 241
TG. LDL-C K F [ A%, HDL-C KFTHE (P<
0.01); 5 HXUMAL i, 54w TG, LDL-C
K- THE, HDL-C K F B (P<<0.05 8] P<
0.01), zWERAXIEIR2ZE SR ITHE L (P>
0.05); SRR, AW TG, LDL-CK
FE TR HDL-C KPR (P<<0. 058 P<<0.01)
3.3 BUARKAMUBRENSLER

F 1R (FfARC 4EmRER), a4

KEGHL S Z RGN, RRZE E %, i
B FE . HR RS BRI s AR LR
ST A AR — P OSUDICZE 8 WL 5¢
PEYH ML 0 5 g AR R 2L 7% 14 1 48 Tty b ¢
gt i Ry i S R R NUARE A7 A
3.4 BKRAWEWHEIH

3.4.1 o ZHMSH RKIN, SEALNLE, &
2l shannon ¥ 44 . chao FREXFIREAL (P<0.01), #
U2 coverage F8 BT (P<0.05); HHEAIZ H
B, THUOBUIA . 25 8% B 20 shannon $5 503 T+ 5
5 4= W 4 coverage ¥8 B [ I8 (P<<0.05 3 P<
0.01); SaiMiFRA e, 55 W4 shannon F8 4L

F2 ASHREUMIRAHCHE bR AL (%s)
2H 51 L TC/mmol*L-1 TG/mmol *L-1 HDL-C/nmol *L-1 LDL-C/nmol *L-1
R 8 3. 65+0. 23 0.78+0. 07 2.94+0. 36 1.18+0. 11
RERIZH 8 4. 170. 25" 1.12+0. 12" 1. 58+0. 32" 2. 3820. 39"
ORI 8 3.9020. 29 0. 8720. 16 2. 4220. 35" 1.35+0. 23
A REZH 8 3.83+0.25 0. 7620. 12° 2. 5220, 23 1.21+0. 13%
AR 8 3.83+0. 52 1.080. 11" 1.7120. 35" ¥ 2.2320. 327 ¢

e TG, HIh=HF; TC, BHREEE; HDL-C, M2 ENRECIHEE; LDL-C, {I%%25 R85 0 .
a) HaAYHE, P<0.05; b) H54A4E, P<0.01; o) SHEI4IHE, P<0.01; d) SHIUMA AL, P<0.05; ) 5H
WAL H#, P<0.01; f) HagEREALLLE:, P<0.05; ¢) HafbRE4lLbE, P<0.01,

F3 SAKRRIGEEHE o M ITE R R D)
2051 TR shannon 5 %% chao $5 %5 coverage F5 44
E{EE 6 4.3293+0. 1813 631. 05+38. 99 0. 9976x0. 0003
EAIZH 6 3.10110. 1804 * 391.97+69. 98" 0. 9982+0. 0004
b 6 3.5239+0. 3037 415. 69+65. 37" 0. 9981+0. 0005
Enaiis e 6 3.6398+0. 1993 421.21+59. 59" 0. 9979+0. 0004
8 A T AL 6 3.0787+0. 3565 * 452.04+115. 19" 0. 9976+0. 0004’
e a) HEAHLE, P<0.01; b) SFEA4LE, P<0.05; ) SHBIZAILE, P<0.05; d) SHEBAILE, P<0.01; e) Hah

e HEE, P<0.05,

T amma
e BAOSERE L IrE Y O B IE B L R AN, SRR Sk TS S A PR A Rk R
B1 HHEKRHALURBIEEYORE (HEY M, x200)
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& (P<0.05),

3.4.2 A AR SN R, SEAALEK,
R 2 gy T TR AR R A T AR TR B T B T
PR T EEFRAR (P<<0.01) . SHIBIA LEL,
TSR AR A T E AR, R T B T
Hs te MERRAL AT . PEROR T, AR T
FEAK; oA PRALIUAT R T] . PERREd T 1T, R
1T, HABETTRRAL (P<<0.05) . — W XSUIKZH 1 25
VERRA AR T TR B e 2 R g E L (P>
0.05). 5 W XUIALFI 25 MR A Hedss, 2Rl
AP, AT F BT, MR, oAl
BT EERME (P<0.01); 5 H WAKH H &,
i AR TR AP T BEREAR (P<<0.01).

3.4.3 LEfSe % B Mh#t 2 FHI 3 o4 KA
X2 AR R, #E—P R K R iE A
BB R S BERRERPERI B8 (LDA) >2H
P<0.05 WA () 1ENZESWEEE, 4
B, ZHAHA SN ESFEH (8), BRI S
NESER (U8), ZHFIKAA 13492 7w
(J&), MHRAR NAESERE U8), 2ERA
HSANESER U8).

3.4.4 COGHaeiB F5m, FAXRBRBIER
HE COG £5 DI RE /K V- vE BEA B AHIE , i 45 DI REAE
ANFIZA R = RS BN, 22 5 B R b 52 M ik
G a R, FIELmEE R, e, &
Wil EAABE, BE. BRSS A R,

Fa4 SUKRBRIGEEFEET IO PR B (%, %+s)
2051 AL JEERETR] FFIET] TR TILHET] PEHOAET] oAt
IRk 6 71.79+10.02  22.78+8. 44 2.06%1. 35 2.96+2. 84 0.07+0. 14 0. 22+0. 40
k| 6 67.57+5.07 1. 57+0. 85" 12. 68+6. 62" 17.99+7. 13" 0. 030. 02 0. 14+0. 18
PRI 6 74. 64+3.21 3.51+3.52 13. 59+2. 60 5. 84+4, 52" 1.97+1. 44" 0. 42+0. 54
SR 6 73. 634. 61 6. 34+6. 10" 12. 85+4. 42 5.76+6. 46" 1. 14+1.76" 0.22+0.23
Ty | 6 66.99+19.76  13.68+10.57" < 6.46+6.36" 0V 11.83+16.38” "  0.83+1.26" 7 0.03x0.02"” ¥

e oa) HEPAE, P<0.01; b) HHEEALE, P<0.05; ¢) STHRIRALE:, P<0.01; d) SR LI, P<0.01.
RS HAKRBRHEREEECOG YIfeFE

BYI IR i B e B2 ZHIRUIRAL T HERELH 8 A A AL
TR A A e i AR 2289428 2401683 3334329 2917877 2318784
IgEARm 2313125 2440545 3184462 2715297 2213262
GRS A 2301019 2431784 3159991 2709198 2063879
A — e Ty i i 2274291 2305328 2997701 2597727 2013570
LTS 2276352 2224456 2996151 2595878 1947487
il mEAMBE 2107192 2178353 2782416 2434205 1828655
BIIR . R UREE A 1912017 1996941 2574373 2228762 1762757
2 I /L A B A ) R A 1789223 1747158 2360297 2043270 1625451
RE Lt A Ak 1707675 1659106 2187271 1850800 1425915
TCHLES T i FAG 1527143 1518213 2007923 1758339 1398860
{55 P 1547349 1444707 2101724 1775690 1262364
Tl i as AR 941140 928974 1275955 1091071 835326
T e s ARt 862868 951770 1217486 1053422 851281
B AL 893717 899282 1239986 1084994 779317
BRER B . R . 2T A 899782 905021 1155008 975280 787224
50U i AR 691367 669508 893735 764362 612438
a1 o I 8 SN LR R N 437374 438320 592478 501852 366586
NI . il MEiEE 378510 405940 448377 385923 351942
WA A Y6 . e dd oy A Qs 229419 222522 266856 223290 190365
Uiz 3h 261832 246571 195994 175719 170488
GRS S 4159 2207 2224 1477 1270
RNA fin T H1& i 538 2657 2457 1824 1699
Pt BT T RISl % 2343 812 1675 1352 751
S5 178 1052 333 305 629
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L E RS B AE ) A, R A A AR I
3.5 BAXAMERARL oE bfEe XIS
“%R

Fon, TR0 7B RS IR g
HAE DGR o, AR TR 15 INS Fl TC /K 52
BFEMEK (P<0.058 P<0.01).
4 g

TS 2B TR BRI R N D S A T4,
HAE T2DM K H I RRE 1 B s bt LR 34 o AR
UL TE I TR H R R IESS & 5 ) 2 W R g7
BRI, MIBISTA, 8 a4 I R S B 01 il 25 47 Bl
I7 o ZITREL T EBHIEIS IR FIE AR A R, H
A2 RarkE . BEREENR S IGRDE
5 CUER, RS WE X BE PRI KO &R AT AT )
BiiafEH . AR R BN, bR AR T2DM
PR FRUAHE, IR A K -5 [ 20 2L 2
g WoR, BIRVZH g 95 T b K A 7 R 2
M R BREZH G AT B R . ieAh, S5 Ad
L, HEAYZH 7 38 TR B chao F5 4. shannon 5 £
EREAL, 1M coverage FEEUTH R, FRPABIAIL 7 iE
WREREVA FE . M B8, EaiEEn,
P25 T2DM K B 1B BHE & A 2L i = OB
125 B B 2H shannon 8 B Y 41 I 2% (M1 9R, 427K
PR 225 6] TRRE S5 40 1) Z2 PR PR AT S 2 kst LSRR Y
2 A TR L AR R ZH ) coverage TR AL, 5% 25 b Bl
2H shannon FEEXFEAL, 487 4 A2 TR AT k3 T A 0 7
WA, AX TR ZHEENSCERCRS T 4
WEBE o

AMRER TR, S HALE, KR4 YIE
PR A T TSI BT T 425 g 1, #UAF
PR R, SocHkiGE v —8. BIRETTE
— KA FEME, AIER G IE R ZE R &
Py, X — 25 ESE T2DM K RUH PR T i 8 A

K &Y TR, MR E S TR )
AP FE, BRI ETT R, R KR
A RS WO ] PeiiE
FTRBEEER, HS M RSCRAEY ;24 Wil
FRBTT . PEROAT T T, R A
WEREAL, BOHIXT R BB E A — o s
Mo Mesh, MRS RE xR, BIREITS
INS, TC/K VPR EAHC, HAMRES Rrhal
DUV K RS IE BT TR B s, TRl ] WL 5
HIEAHSCH TCFNINS K3 I s i S8 AUZH AR L,
to MR TE 1] B W 3 R IL, S5 IEA G
INS /K- e 3 A

PR K BB R )RR E R, FHREA
At 2R MR E 2R YR, HrhmERAa
NUAZEREIE, #aX 1148 T RE A 5E /Y
AR, ATVE RIS R B S OCTE . Ah,
XEHE (J8) COGIIfRgsrRa RN, 27t
R A i AR, &R 2 AL
W, sk, . mEAMBE, BIE. AL
Y LA, AR A kA, R
FUAL SR I, B Il TR R R 1T g S B0 ¢ 1)
REM S, MZES el — P uUEmEARSE,
A A

Zi b, fRBERERENS 2R Y T2DM ALH K B
11157 1= N T 1) 7B = 1 o =N W 7 ]
FTRRE, BRIRASIE TR JF Bl i 45 A
IBe Y el As 55 08 . 1 RS T8 b (8] A7 7E Sk 2 A DG
WAL, ASHIF5E 25 A Al [a] i Xt 25 A T ) AR Ak SR i
TIPS, 455 R 25 A TR R R T2DM K BRI
JEREIE T K R A R A, 5 SckdaE e —
e, A OBEDRAE B Im PRI TT 25T AR S L AR
TF 5% i PR A AT 2 I3 75 SR AR A AR AN 2, S
LEFE ORI A S, I 2D X S B AH G
T TR SE .

RO T TR Ml HES U . AR SR PRAHOC R

Ji 1B A A 1Ak INS HbAlc TC TG HDL-C LDL-C
JERERT] -0. 04297 -0. 10379 -0. 11394 -0. 28996 -0.01316 0.28172 0. 09016
ERTAET] 0.28712 0.27523 0. 12380 0.20558 -0. 00384 -0. 13771 0.11099
AT -0. 28001 -0. 25633 -0.24514 -0.20146 -0. 10609 0. 14045 -0. 15018
ARE ] 0.37361 0.37847 0. 34922 0. 58404" 0.23821 -0. 28830 0.23541
PEAET] 0.03164 -0. 05125 0. 06127 0. 26365 -0. 17750 0. 04494 -0. 13494

. INS, BRE 2 HbAle, WbILATE A ; TG, HIM=HE; TC, RJHMEE; HDL-C, S ENEE AMHEEE; LDL-C, %G8 1 IH e,

a) P<0.05; b) P<0.01,
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Effects of Yitangkang (zi#i5) on Regulating Glucose-lipid Metabolism and Intestinal Microflora in Type 2
Diabetes Model Rats

HAN Xueying, SHAN Guoshun, YANG Yufeng, WANG Lingling, DOU Degiang, YU Jiaxiang, SHI Yan
Liaoning University of Traditional Chinese Medicine, Shenyang, 110847

ABSTRACT Objective To explore the possible mechanism of Yitangkang (##§5) in the treatment of type 2 dia-
betes mellitus (T2DM). Methods The model of T2DM was established by high-fat diet and one-time intraperitoneal
injection of streptozotocin (STZ, 45 mg/kg). The successfully-modeled 32 SD rats were randomly divided into model
group, Yitangkang group, metformin group and probiotics group, with eight rats in each group, while 8 SD rats with
ordinary diet were also set as blank group. The Yitangkang group was given 56 g/(kg+d) of crude Yitangkang by ga-
vage; the metformin group was given 150 mg/(kg+d) of metformin hydrochloride tablets by gavage; the probiotics
group was administered with 150 mg/(kg-d) of probiotics granules by gavage, while the blank group and model group
were given 0. 1 ml/10 g normal saline by gavage, once daily in all groups. After 4 weeks, the pathological morphology
of the intestinal tissues were observed through HE staining, and the levels of blood glucose, insulin (INS), glycosylat-
ed hemoglobin (HbAlc) , total cholesterol (TC) , triglycerides (TG) , low-density lipoprotein cholesterol (LDL-C)
and high-density lipoprotein cholesterol (HDL-C) were measured; 16S rRNA technology was used to determine the in-
testinal flora structure of the intestinal content, and « diversity index analysis, species composition analysis, the lin-

ear discriminant analysis effect size (LEfSe) of species differences, and the COG function annotation were performed ;
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the correlations between the differential intestinal flora and blood sugar and blood lipids were analyzed. Results
Pathological results showed that a large number of epithelial cells were shed from the apical intestinal villi in the mod-
el group and the probiotics group; inflammatory cell focal infiltration was occasionally seen in the metformin group;
the shed epithelial cells of the apical intestinal villi of the Yitangkang group were significantly reduced compared to
those of the model group. Compared to those of the blank group, the levels of blood glucose, INS, HbAlc, TC, TG
and LDL-C and the coverage index of the model group significantly increased, and the HDL-C level, the shannon in-
dex and chao index were all significantly reduced; the abundance of Actinomycota and Proteobacteria significantly in-
creased, while the abundance of Bacteroides significantly decreased (P<<0.05 or P<<0.01). Compared to those of
the model group, the levels of blood glucose, INS, HbAle, TG and LDL-C in the metformin group and Yitangkang
group were significantly reduced, and the HDL-C level and the shannon index significantly increased; the blood sugar
and coverage index of the probiotics group decreased; the Proteobacteria abundance of the metformin group was signif-
icantly reduced, and the Verrucomicrobia abundance significantly increased ; the Bacteroides and Verrucomicrobia of
the Yitangkang group significantly increased, and the Proteobacteria significantly decreased ; the Bacteroides and Ver-
rucomicrobia of the probiotics group significantly increased, while the Actinomycota and other bacteria were signifi-
cantly reduced (P<<0.05 or P<<0.01). There were no significant differences between the metformin group and
Yitangkang group in all indicators (P>0. 05). Compared to those of Yitangkang group, the levels of blood glucose,
INS, HbAle, TG and LDL-C of the probiotics group significantly increased, while the HDL-C level and the shannon
index significantly decreased; the abundance of Bacteroides and Proteobacteria significantly increased, while the
abundance of Actinomycota and other bacteria were significantly reduced (P<<0. 05 or P<<0.01). There were 53 dif-
ferential flora (genus) in the blank group, 8 differential flora (genus) in model group, 13 differential flora (genus) in
metformin group, 11 differential flora (genus) in Yitangkang group and 5 differential flora (genus) in probiotics
group. COG functional classification showed that differential flora significantly affected carbohydrate transport and me-
tabolism, amino acid transport and metabolism, transcription, replication, recombination and repair, ribosomal struc-
ture and biogenesis pathways. Proteobacteria was significantly positively correlated with INS and TC levels (P<<0. 05
or P<<0.01). Conclusion Yitangkang could regulate glucose and lipid metabolism of T2DM rats, whose effect is
equal to metformin and better than probiotics. The mechanism may be related to its function of improving the composi-
tion and structure of intestinal flora.
Keywords type 2 diabetes mellitus; glucose and lipid metabolism ; intestinal flora; Yitangkang (585 ) ; metfor-
min; probiotics
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