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WE: B ATHEWEE KT HRERY -4 BOBRAEIE, Fik 72 R SPF Bk SD K&, MALs AT aA
(C) HERA(M) AR -4 FHA(S -4) B 2427 1 (QSZR) b G &7 75 41 (QBDK) 4 & F 7 7 41 (QXHQ) . &k
BERHM(QBB) B AR (SZR) & 2R (BDK) (& F jr (XHQ) (FE R 2 (BB) (&b AR 28(Y) o AR BART
R 4 8 An 52 30k 388 ( chronic unpredictable mild stimulation, CUMS) + %} & 3k /& %8 ( parachlorophenylalanine , PCPA ) 7% & &
RIRK R, G S ANATEEYERF T A, AEH1.215 g/kg,C AF M AL T ETHBAKR,Y BAFH 1.8
ml/kg, WEBFEEBERR—BRRESLEMELHE, iP5 - #E (5 - hydroxytryptamine,5 — HT) .y — & & T 82
(y — aminobutyric acid, GABA) | Z Bt A2 #% (acetylcholine , AChE) | 47 1 i % D2 ( prostaglandin D2, PGD2) \P # /i ('substance
P,SP) . 2% & M 1 ik ( vasoactive intestinal peptide, VIP) | % it % (gastrin, GAS) &% , &AL 5 T o w4 L P iF 54 —
# M £ 4B (inducible nitric oxide synthase,iNOS) 4%, A B 718 H &% 16S 4% 454K DNA(16S ribosomal DNA identification,
16SIDNA) , 4R B HZREMUARABRTEFTLLEZH R HARESEZ, LA LU RAREFTTARRAE
BAsh, SR HE 262 TR A TRARARBREREEA XA RE TN, MAKXK K hiF PS5 - HT,GABA,
AChE .GAS VIP X 8 % % (P<0.05),4 05 Fafm INOS KE R EHZH(P<0.05), S-4 4 B FK EX T 40
(P<0.05), 7 P& 2ESRRAKAY LS FARTF AR ARE, FFATRHRARTFRAEEIRE, EXFEME T
LR LR ¥ INOS /KT A e /1 ik, A IE B BB K T 3 B L0 W7 18 Ak A2 M BE SR AT 54T, $ A o 2L A B B R R &bt
F) 5 R F A7 (LESe) , ih ik h k4 £ 58 % T 4, @8 oA LA P EAASTARRAEZIRAY miE ARG FEL, &
—F IR ME R EL b ELISA 38472 069 % &, fF 443k E UCG_002 5 F o fimnsr INOS 2R 2% EA0% , THRING
5 4R INOS ik VIP 2 2 5 B4, REATH 5 ik CAS 2R F 40X, 4k FHAY -4 7R LWHH 5%
TR B AR A S R IRABE A KR AR R IRAR KA 238 R KA B R H AR T AL,
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Effects of Mongolian Medicine Sugemule -4 Decoction and Its Decomposed Formula
and Single Drug on Gut - microbiota in Insomnia Model Rats

DU Lina ', YANG Dezhi >, WU Lan' ,MEI Li' ;WU Sarula' ,BA Yasula' ,BAO Yongchang' ,SU Rigugaqigige' ,SONG Lin'
(1. Inner Mongolia Medical University, Hohhot 010110, Inner Mongolia, China;
2. Inner Mongolia International Mongolian Hospital , Hohhot 010065 , Inner Mongolia, China)

Abstract; Objective Based on gut microbiota, to explore the compatibility rules of Sugemule — 4 Decoction. Method
Seventy — two SPF grade male SD rats were randomly divided into control group( C) ,model group(M) ,Sugemule —4 Decoction
group(S —4) ,lack of Suanzaoren( Ziziphi Spinosae Semen) formula group( QSZR) ,lack of Baidoukou( Amomum kravanh Pierre
ex Gagnep) formula group( QBDK) ,lack of Xianghangin( Cuminum cyminum L. ) formula group( QXHQ) ,lack of Biba( Piperis
Longi Fructus) formula group( QBB) ,Suanzaoren( Ziziphi Spinosae Semen) group ( SZR) , Baidoukou ( Amomum kravanh Pierre
ex Gagnep) group(BDK) ,Xianghangin( Cuminum cyminum L. ) group( XHQ) ,Biba( Piperis Longi Fructus) group(BB) , An-
shen Bunao Liquid ( ZZfH#Mi7& ) group(Y). An insomnia rat model was established by using chronic unpredictable mild stress
stimulation( CUMS) + parachlorophenylalanine( PCPA) method. After modeling,the corresponding drugs were administered for 7
days at a dose of 1.215 g/kg. Both group C and group M were given the equal amounts of distilled water,while Group Y received

a dose of 1.8 mL/kg. The general state and colon tissue morphology of rats in each group were compared after treatment, as well
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as the levels of 5 — hydroxytryptamine (5 — HT) , y — aminobutyric acid ( GABA ) , acetylcholine ( AChE ) , prostaglandin D2
(PGD2) ,substance P(SP) ,vasoactive intestinal peptide( VIP) and gastrin( GAS) in serum,inducible nitric oxide synthase ( IN-
0S) content in colon and hypothalamic tissues,and 16SrDNA analysis of gut microbiota. Results After treatment,the circadian
rhythm of the M group rats was disrupted or even disappeared,and their mental state deteriorated. The mental state of the other
groups improved to varying degrees compared to those before treatment. Colon tissue HE staining showed that each treatment
group could improve the pathological changes of the model rats to varying degrees. The serum levels of 5 — HT, GABA, AChE,
GAS and VIP in group M rats were significantly altered( P <0. 05) ,while the levels of INOS in the colon and hypothalamus were
significantly increased(P <0.05). The S -4 group was able to significantly improve these changes (P <0.05). Baidoukou
( Amomum kravanh Pierre ex Gagnep) had the strongest regulatory ability on insomnia related neurotransmitter levels, Xianghan-
qin( Cuminum cyminum L. ) had the strongest regulatory ability on brain gut peptide levels, and Biba( Piperis Longi Fructus)
had the strongest regulatory ability on INOS levels in colon and hypothalamic tissues. The gut microbiota of each group at the lev-
el of gut microbiota genera was analyzed,linear discriminant effect analysis( LEfSe) was used to compare multiple groups,and 7
key differential bacterial genera were selected. Through analysis, it was found that each component in the formula can regulate the
disorder of gut microbiota to varying degrees. Further exploring the relationship between the gut microbiota genus and the ELISA
indicators detected in this article,it was found that the Coriobacteriaceae_UCG_002 showed a significant positive correlation with
INOS in hypothalamic tissue,Anaerostipes showed a significant positive correlation with INOS in colon tissue and serum VIP,and
Bifidobacterium showed a significant negative correlation with serum GAS. Conclusion Sugemule —4 Decoction and its split for-

mula can improve the changes of insomnia related neurotransmitters, brain — gut peptide content and intestinal microbiota in the
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body of insomnia model rats to varying degrees.

Keywords : decomposed formula ; compatibility rules; gut microbiota; insomnia ; Sugemule —4 Decoction
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EEZ IWIEE R, BRE - 1 — ol 432 1 32 3y o0 35 o R A 7
Shy , IR A B A R B P D A o AL o 2 S A
R MRS 2 5 301 18 T BE T RE IR0, R RS P At 8 W 3 T AR A
PR T o AR T Bl R A B KB A b R
AT R G, T 3E AT RS 5 A 2 R e i
a5, 5 R AT LI 15 TR i el A e IR B v % 4
LHEB/ERT . 5 - %Al (5 - hydroxytryptamine 5 — HT) P
¥ )5 (substance P,SP) | Ifil & 15 14 7 Ik ( vasoactive intestinal pep-
tide, VIP) | H 0 3 ( gastrin, GAS ) 25 fif 7 ik 5 B HIS 52 3 B #2 A1
X 5 —HT .y - %3 T (y — aminobutyric acid, GABA) . Z,
B A, ( acetylcholine , AChE ) | Hij 41 i 25 D2 ( prostaglandin D2,
PGID2 ) 4 228 49 J2 1 I /S W7 st 388 B,
HS — HT GABA Ji T4 i 1 o 22 36k 50, ] e od 410 ) b 22 T 0%
B2 L ST R FERE R AR . A — L A Tl
(inducible nitric oxide synthase,iNOS) J& 1 5¢ 7= 4 — & AL & ( ni-
tric oxide, NO) ffJJ§ , 76 1E % 45 1F FATEE T R 25840 .
INOS 45 J8 1 NO 543, 15 48 5iF 75 N 19 25 o 2L 4E B AR
KT S T LI B N R T S e

IR AR — 4 o [ BRI 5 S F LA B % 37, H
BRI G RE A TR R R AR, TR R AR A 1% 5 R 1 2
e, s RAEFRSEIET GC - MS HiAR S T A% & K
O I SR UESE , TR Al — 4 3R] T N RO B )= 4141
15 -HT GABA H&Em . L FIRER, B R Ok AR
B, TIOR8 26 R ER 1 o (R T B 3R P 9 A ) — 4
VS AT BT 22 5 (R8T 5 i e e B e B U2 1
FEE) o BRAEALRTIIOFTE W T8 AR H) - 4 17 BE 203 R MR ASE
BUR B — RS K AT 22 008, T & I3 5 i 4 41
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AChE 5 - HT J GABA #rit MO ke " o SR B2, S
AT 5 6 405 0 5 LSS, B A D L BRI R L K A
7 R AR 25 0 56 36T AR IR Y I 2, L
WREGHT A | R G AR T O IR PR 0B 2 1 £
JHTO 720 LT R 25 4 4 7 Y SRR A FH A
Wi PRI, il ARV ALy 2500 TR P A P B i T A
TE R RIAE P BRI 4 B2 00 28 B i ik 2451 4141

55 FIRALEUH INOS i, LRI 8 BB 0 R L 3Lt
T

1 RS

L1 g

72 HfEME SPF 2% SD KB, A5 &k (200 £20) ¢,3 ~8 J&]
i , S Z Wy B AL 5T DR S A BR AT A R AL PRl e
5 SCXK(5%)2019 - 0010, 1 5% T i B (22 +2) °C, A
45% ~65% B s b, JC IR A B E D 12 h B9/ G IR 3R,
K E AT BB POK R 3 £ 45 . YKD202302055
L2 Skl

X5 A% N & 2 ( parachlorophenylalanine, PCPA ) M\ SIGMA
AW WG, ToK LB (5 5:100092683) \ —HI IR (1] 5.
10023418 ) FRPERSIEE (525110004160 ) JA [ 24 £ 141 4 271585 A
FRZA RIS, HE ey (17 %5: G1003) ) Servicebio 23 H I
4, AChE( 452 .RX302125R) . 5 — HT ( %% 2 : RX303050R ) .
GABA (4% :RX303082R ) \SP( 1£*5; RX302949R ) VIP( 55,
RX302215R ), GAS ( %% 5: RX302271R ), PGD2 ( 1% 5.
RXJ302409R ) K INOS ( 5% 5 : RX301689R ) ELISA & 7] & M\ &
(EEa7/EEN
1.3 %

IPRRAA " (HL°5-:2109001 ) | [ 25 (L5 €357210602) |
AT (145 :20220401 ) (EEZ (4E'5-:2104001) 25641k 1l T
WEE KESE P EAARIUEA A, h NS ERER 5 2
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SEBERARE A SR8 R B o 48 P I I VDA 5 PR BSAR SE 300 24 M ik
AR (Hit'5:2111281) 915, B 15 f5 4k J5 &= 25 Ak R
(BB 15 g, A 15 ¢, FRIT10 g, BEX S ), ¥piEad 80
H i, sk 450 mL, 231 1 h, il 55 25 30 min, BIE J5 08 259
F 150 H2jduifi g g, R4, BT - 30 CHidR, Ml s
BT 280 (BB B W% e B s e
28 M AR 2GR (WBRA ™, A ERE, B BT, BEAE ) % Lk il
B R S AT 3

L4 L3k

L4 1 RBRBAXKES  SD KFUEMEMSE | G, b
HLAY A A (C) (n=6) FIHRL (n =66) ,iELE 14 d X
2R BRZA T 18 1 A ] S0 L A 3808l 8 ( chronic unpredictable
mild stimulation, CUMS) , RPSEEGES 1 RAS /K 24 h 52 K
R HIRHORL 24 h 5 3 KARHIAE 5 CykoK FilETk 10 min 5 4
KR E 40 CHUKPIEIK 10 min 55 5 KIEFE 1 min 5 6 K
fifi FRAEMRT 45° 40 24 h 58 7 KFFEEIR 24 h 3 4~ JE 1
THe)G 2 d ¥ PCPA i1 45 mg/mL [k B LA 43 100 g 24577 1
mL (SR RS, IE R 0 BRI RUAT 12 d R HEFFATAi]
AR B S 2 d 25 TR IR0 A A R AR s T . i AR
Ja HEAT— MRS AR, AL 3 A5 2 15 AL , AR E WS A0 9 52
I8 R S SR 25 R B B A Bl 3 20 (REAIR VIR B ROK e
FRE . BREHIERWAREL ARG BRI,
MATPERETR T R 5 A 2 AT O R R WK R IR
U £ B o

1.4.2 A ss KB a BRI (M) Fhs R
-4 A4 (S -4 1.215 ¢/kg) SRIRAA-TT AL (QSZR 1.215 ¢/
kg) A SE AL (QBDK 1.215 g/kg) (AT 707 41 QXHQ
1.215 ¢/kg) BREEZ J7 A (QBB 1. 215 ¢/kg) (FRA(- 4L (SZR
1.215 g/kg) . A 41 (BDK 1. 215 g/kg) (& 5 41 (XHQ
1.215 g/kg) EETK L (BB 1.215 g/kg) EPAMRHAL(Y 1.8
ml/kg) . CZHF M AL TERAEBK. B HE B 424 M
Y1 IR ESA]T d,

1.4.3 & ZWMALKFRGRAFHEFEN FTRE—IKAZY
FIWREE—FOR S IO i ok 25 0, FH T R i S VA, 2R A
K12 he BJa—WR425 2 h g, FEoRUbe Rk A, B, B IR
B0 20 min, B I, 72T - 80 CUKAR, HE I T4
Mro B — B4 AR, T 10% WL BHBEHEE, 1T
HE Jifa,,

1.4.4 #ms HE el 7 050 5 s 2K AR b U0 i
A B R T 20 min— K T 20 min— LK LB 1T
5 min—JC/K ZEETT 5 min—75% 4S5 5 min, H KB ; AR
gt Y AR R GIRYE 3 ~5 min, HRAKVE, 5-LR L,
H2R K B, 3R W GR B8, TOK e Pran g U R IR IR A
85% 95% MR EETEIRE LK & 5 min, ALY P Y8 5 min;
BRSO AR A TG K ZBE T 5 min— TG 7K ZFE 1T
5 min—Jo/KZEENS min— —HF 15 min—» _"H KI5 min &
A, R A s AR A, R R AT

1.4.5 ELISA #m  BtH4 ELISA X577 &, 2518 4 30 min, M\
=80 C PKAS H ICHE A5 A A UL 5 M 4 VR AR, B TR U
Ay A TRRUE S RS A FLINEE JRE (G IR DR n
Wity Lk E . FEANS BRI BRI A T

1.4.6 JfHiE i & 16S 4 #E4k DNA(16S ribosomal DNA identifi-
cation, 16STDNA) A7 R ] 16SIDNA JE & I ¢ 4% AR #4746
o BUREAS R DNA $2 ORI & %R AR B DNA JE 174042,
K PR A3 GG TR DNA JEA7 7 &, 7530 52 B DR W 1
B TR B, L 341F (57— CCTACGGGNGGCWGCAG —39)
F1 805R (5 - GACTACHVGGGTATCTAATCC - 3°) Ky 8| ¥ %
V3 - V4 W AR X 4T PCR 473 , B 5 R S M 0B i ARl
S0 5 v, HXHE A5 9T F . PCR =458 13 AMPure
XT BRaliAk, @5 Qubit e &, Hl &4 1 7T w354
BITEAE Y 5B ORI Tlumina SO 72 B8R & L PEAL §7 34 1 3C
PRI R/NFIE . 7E NovaSeq PE250 V-6 F X SO HEAT I T
X RO BRI T 50 s L 2 DR L G AL G 15 )
AR . B LA — 6 20 AH [F A9 781, 8 QUIME #144:
X o F B BREPE YRR A REAS A AL K E F AT T .
1.5 Siit#r %

IR R I SPSS 26. 0 Gei AR AT /0 b7 R x £ 5
Fr WIS REAR LLACR H 1 B30, ZREAR BB R A %
75 25301 (OnewayANOVA) A5 92 50 404l Ry Al IE A M40 13,
IR PR FN A6 56 ( Kruskal — WallisH 6 55) o % 4 Fh iy Fi 5
AT IAHE 2 A3, B0 4 T B2 4 v e e — ORI s 14 HE
%0 SZR > BDK > XHQ > BB, A w4} B 401~ (1 9%
EETEARIRIR S 4.3 2 134 Bl 75 2 v xof 8 — 00 00 46 A 11 HE 44
7 QSZR > QBDK > QXHQ > QBB, IRk W BR A~ . [ U FH R
T BEZEMRURI A 1.2 3 4, P45 W 2 09 4 07 43 BOHE o, IR A
M — 28I A 4 4, MR A R 733 25% (—2%
Kb, B AR AR A A, C 415 M2 35 25 511
AT ARRN) BT TEX 4 8 FR 1545439 0 8.6 .4
4 5ro A, BREARYIMAUE ST T LA AL LR AR 12 8
43 =(8x0.25) +(6x0.25) +(4x0.25) +(4x0.25) =2 +
L5+1+1=5.5 4, 3383315 - HE 2 PE A 3wk B 24 5% 3% 07 19
DTHR. AHOCPESR ] Spearman #H56 RESM T, LLP <0.05 22
SEAGHE L,

2 #R
2.1 —HRAREM4ARHE 34

TR AT AR RS MRS BT W IR 4T 3l 1 47, % B
v A e, BRES C 4t , M 41K BB R 1 AL
ERRE MoK, e BIERT 5 Y% %A bR , vod
PSSR . 25T 25IRYT S R A RESBAR T HIA AN R R BE 4%
W2 RO A IR YOK IR A, [ BB Wi R 6%

HE Qe n] W, . C 5 QXHQ 25K UL HA S B AR fb , M 21 K
MR R MG T AE D, a2 n] WL A i R 1 e A0 i 7%
B J2 W MRS g b , o] DL SR D B IR R e i
WRELAN A . QBB 21 i 41 20 RT U /b a5 A R A I
HoAh S AU DBk AR . 2R 0 LI 1,

2.2 FPRERARK A A UK m

ELISA 5 I 4341 45 20 K UM T 2% WA G4 28368 UK OF-, &
PUiEA 5,5 — HT. GABA . AChE /K% i 2 %&£ (P < 0.05) ,
PGD2 7KV JC I 2 el 4%, 7 Ik BIR AR 780 R B ol 48 388 Joit 7K1 2k
i, By TH)E,S-4 45 -HT .GABA BJ B & (P <0.05),
AChE Il Eladh (HEFHRFEI¥E L (P>0.05),Y 45 -
HT GABA ,AChE B & (P <0.05) , 3= W 2 i Mk 1 5 9%
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A -4 FRERIET YT 5 - HT .GABA Fl AChE /K7, A5 1L
P23 TR BT VR 37 I B2 T BT B 4 FpRJr
4 Fhep 2 Re i 2 0 M 5 - HT .GABA /K7 (P <0.05) ,4
T 5 JBDK Al XHQ ZH 4 BB L VE AChE 7K-F-(P <0.05),
SZR 5 BB 4HA JI# AChE /K-y #a %, HIC G2 5 X
(P>0.05), 180, %5 - HT (3567 BDK > XHQ >
BB >SZR J% QBB > QXHQ > QBDK > QSZR , %4 1] 1 (4 5.3 %}
5 - HT g i, KR BB 5 H BT, AR 4
GABA [y 3£k /7 BDK > XHQ > BB > SZR % QXHQ > QBB >
QBDK > QSZR, 44 Al 1 (1 B3 Xt GABA 38 fig 1 i, Huk
BB F BT SR RS % AChE k3568 ) BDK >
XHQ > BB > SZR % QXHQ > QBB > QSZR > QBDK , &4 1] 1 4
GREXT AChE BEERE ) I o, IR A2, F R SRR UGS RE T
FHIR) o H G T UL 5 5 %o 2 MR AH 6 A 28 388 o /K OF- 1 4%

e o
#1 YIRS 5 - HT .GABA ,AChE \PGD2 /K-t (v +5)
) 5-HI/ GABA/ AChE/ PGD2/
(ng/mL) (wmol/L) (nmol/L) (pg/mL)
QSZR4L 6 2.68+0.13"  0.99+0.11°"  37.42+4.67"  288.31£36.25
QBDK4 6 2.81£0.21  1.00£0.10® 35.944.77%%  307.27:29.75
OXHQH 6 2.99+0.29"  1.19+0.11°" 38.60+1.89%  265.79£16.92
QBB 4 6 3.10£0.32%  1.17£0.13%  37.7422.86%  283.53£21.21
(il 6 3.91£0.22 1.59£0.06  46.00£2.73 277.91 £40.74
M4 6 1.89£0.06°  0.62+0.03" 28.46+1.78"  293.43+24.86
S-440 6 2.91£0.21"  1.06£0.10™ 31.75£3.97°  299.85£27.84
SIR 41 6 2.45£0.15%  0.87£0.11°" 29.37+3.00°  303.22£21.62
BDK 41 6 3.13£0.19%  1.18£0.12%%¢ 37.95+2.128  264.80 +29.81
XHQ4L 6 2.93:0.22%  1.01£0.03> 35.20£2.79"  296.48 +30.90
BB 4 6 2.51£0.16™ 0.89£0.10™ 30.84£3.77°  287.15£35.77
Y4 6 3.66£0.23%  1.40£0.09"™ 39.06+1.79%°  287.95£45.09
F§ 37.34 39.56 14.22 .15
P <0.001 <0.001 <0.001 0.343

WCHL (ML) MAL(HIRIA) |S -4 4 bR H) -4 ¥4 | QSZR 4L (BRFARS 7
41) QBDK 41 (BT TR Jr4) QXHQ 41( G 5 7r41) QBB 4L (BREERH741) | SZR 41 (%
R{-41) BDK 41 (T4 XHQ 4L(FEA4) BB 4L(ELA) Y 4L (ZHAIELL) ;a
575 FAALHILL, P <0.05;b SETRALAILL P <0.05;¢ 5 S -4 4LAfI1L P <0.05,
2.3 iR KT
ELISA 610 437 45 41 K SRUALTE Avi i BK K, % B A
VIP /K53 T} 5 (P <0.05) , GAS 7K i &A% (P <0.05) ,
SP KB HmERE HER TG #E (P >0.05), BRk
IR TR K UG 1 B K S 265 . 4525 T s ,S -4 #41 VIP B3
FEAG(P <0.05) ,GAS BB 7+ (P <0.05) , SP 7 F Akt #, (1
PSR TGAITH#R (P >0.05),Y 4 VIP Bl @ AL (P <0.05),
GAS H It ey, SP A Il B R LE T # B X (P>
0.05) , FHAZ MK T 5 90 A% K B — 4 37 REAS [R) 7 B b 1 1
SP \VIP | GAS JK -, ELA 0 i o Ak 0 A 9 4 5 3 0 B B 2
TS B8 XHQ ,QSZR . QBDK 41 ik 3 i VIP /K (P <
0.05) ,BB 1AM A 41 AT FEAIG VIP KA 3 (B S 112
B (P>0.05) ;QXHQ 2 AMH-Ath -2 ¥ REHH . 2l 3% ML7E GAS
FKFE(P <0.05) ,QXHQ 414 F+ i GAS AKFAytash  H 43T
2R (P>0.05) ;4 iy Jy 5 4 Fhp 24l 4978 AL SP K-
R AT E L (P>0.05) , PAFK 2 0l L, % VIP 11
3k 7 XHQ > SZR > BDK > BB % QBDK > QSZR > QBB > QX-
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HOQ, Z5 & W HI& 25T VIP BeEfe i ok, HIRER (5
BER O AT s % GAS I RE ) BB > XHQ > BDK > SZR
S QBB > QSZR > QBDK > QXHQ, Z54 Al HI 7 /7% GAS Pirs
RE T IR, HUOE F T e FIEE 22, IR R /e 5 BT LA 52
X I g R 7K T I 4 B T ek o

#£2  BHKBUNTE SP VIP GAS K- (x £ 5)

ZH 5 n  SP/(ng/mL)  VIP/(pg/mL) GAS/ (pg/mL)
QSZR 4 6 7.44+0.62 150.42 £29.09" 218.81 +36.89"
QBDK 4 6 6.84+0.89 139.85+20.26" 216.57 +21.08"
QXHQ 41 6 6.86+1.23 157.17+17.79 201.95 +38.91°
QBB 4] 6 7.36+0.97 156.90 £31.52 232.90 =16.02"
CH 6 7.44+0.69 152.51+17.35 228.46+13.48
M 4 6 7.65+0.71 186.32+21.66" 185.53 +18.04°
S-44 6 7.08+0.74 154.57 £15.44> 214.28 +28.03"
SZR 21 6 6.88+0.60 179.23£38.87 219.39 +18.33"
BDK 4 6 7.30+0.95 180.37 £31.38  220.45 +17.55"
XHOQ 41 6 7.17+1.10 150.79 +36.49" 231.05 +9.71°
BB 41 6 6.86+0.98 188.85+31.85% 243.09 +16. 14"
Y 41 6 7.19+0.66 150.79 +24.15> 202.59 +18.14

FAl 0.59 2.17 218.14

P i 0.826 0.029 0.005

H:CH(EAH) MABRIA) S -4 HOBMMAY -4 HH) .
QSZR 4 (ER#~J41) \QBDK 41 (k4 Z % 5 4l) . QXHQ 41 (it
EFEJ74) JQBB 4 (BEEK J74H) (SZR 41 (R {~4) .BDK (A &
SEAL) XHQ 41 (F5741) BB 4L (¥EFEAL) Y 4 (LM AMNR4L) sa
s adiALl, P <0.05;b SHERILIAHLL, P <0.05;¢ 5 S -4 4141,
P<0.05,

2.4 3 INOS A Fth &

ELISA #4347 & 2H K B INOS /K-, & B , 45 4
LT hZHZh INOS JKF- 25 T (P <0.05) , 45245 1 i
J&,S -4 HE AL 5T B gl 2 INOS /K B EFFR(P <
0.05),Y AT FfaZH LR FnLs i 21 43 INOS ZKF-A R a4,
225G i 2 L (P >0.05) , F W2 fhorb i vl 5 75k A
) -4 R AR HIR S AN 5 T F 44 INOS /K
- AR INOS M AR IR A% AR ) — 4 318 7 58 ) BE 0
P 5 KR T ST R 4 FhiR 5 S 4 FhEp 2 3 s 45
HEUH INOS K- faH (BG4 L (P >0.05) ;BDK 4]
5 QBDK ZHBEH] il 38 T i INOS 7K (P <0.05) , HAth 45
HAUEE T Lk INOS K-y a3, B RS # 2 L (P>
0.05) , MFR3 AI UL, XE5 AU T k2 41 INOS /K P35
%47 BDK > BB > SZR > XHQ /% QBDK > QSZR > QBB > QXHQ,
SR AT HIBETE W ek i 41 40 INOS W) B35 A8 f1 ek, Uk 2 H &
AT R IR . AT ILEE X INOS sk 45 g
Vab L
2.5 Xt T A H R
2.5.1 M B # alpha HMESMH N T MMS - 4D Xt
Je BRI B 18 Sl A e 2L B 98 P T EVE L FRATTN R R
FEMEUEFTT 16SIDNA FER Y o Zead BT il J5 , A 72 A~k
DEEAS AR BT 14 011 A~ ASV B 4E 741, I F T LA T 4087
BifiJ5i , @13 Chaol Al Shannon F7 %l £& (1 TILNE 2A 4 vT LK
2B) #1 4 4~ alpha ZFEMFE5, BI2ELTF Chaol ,Shannon A1 PEAL
HAREIR MM 2R, YT AR nE] 5000 B, ZEEA
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Hir i M £ T~ 30, UL Bl REAS TR % 5 g B AR B
BE YA EE BT AR B R A K, 7T 300 P e 2H K R AT
FEA s SR I I TE R E W) AR RS B BRI TR 26004
H27/3 8T Chaol \observed species 5%/ B B =F & & , Shan-
non , Simpson JZ WL BEZAENE , Goods coverage B] DL PEAl I e 2%
FIEHRMEA P Y R B I, f1 R 4.3 5 a1y
goods coverage >0.999 , LAIREA HIAM(E . 5 1IEH 41 LL#K, 15
HI2H KBRS {H A Chaol | observed species ,Shannon ,Simpson 5
TV 22 TG S SR L, SZR \BDK 41K
FRSE R observed species ,Chaol 404 T JH#a %, B 44541
£ ETHES Br QSZR 4 AMRI 4 45 411 Shannon 45 4052 T i
Ha T IRYT 4 Simpson FE 5L TR,
3 BRGNS T EAGg1ZTh INOS /K H# (x £ )

4151 n o %5 INOS/(ng/g) T M INOS/(ng/g)
QSZR #H 6 115.46 +34.79 108.15 +41.91
QBDK #H 6 117.60 +£33.57 103.59 +36.45"
QXHQ 21 6 128.95 £39.97 125.56 £27.23*
QBB 2 6 137.30 £27.52 117.76 +35.61*
C4H 6 109.74 +25.53 81.15 +26.48
M 4 6 147.67 +22.53* 141.64 +21.77¢
S-4 4 6 109.77 +23.13" 99.23 +33.34"
SZR 2 6 145.99 +36.11% 128.91 +18.98*
BDK #H 6 133.28 +24.42 94.35 £25.28"
XHQ 41 6 139.03 £34.39 132.46 £25.19*
BB 41 6 135.55 +22.51 110.93 +38.36
Y 4H 6 130.79 +41.63 124.49 +33.01*

F 14 1.09 1.93

P{H 0.385 0.054

FCA (A4l MA (RIS -4 A (g KR -4 74) .
QSZR 4 (BRARA=J52H) QBDK 4 (19 557 41) (QXHQ 21 (B
SLFE4L) QBB 4 (BEEFR T4 ) (SZR H (MR- 4) BDK H( &
REA) XHQ 4 (FF/r4dl) BB A (BEXRA) Y 4 (L AMNEELL) ;2
S5 H4itEL, P <0.05;b 5B, P <0.05;¢ 5 S -4 AL,
P<0.05,

T4 BURMEMEEBEBE LB (v x5)

A5 n Chaol 551 observed species 1541 Goods coverage F541
OSZR#H 6 967.19+71.65>  963.17+71.34" 0.999 518 £0.000 282"
OBDK4l 6 854.50£142.89  850.33 =141, 14 0.999 478 +0.000 206"
OXHQ4l 6 867.59:167.16  863.83+169.13 0.999 547 £0.000 236"
OBBY4l 6 834.83:113.64  832.67x113.24 0.999 645 £0.000 116
(o] 6 718.82£95.31 717.00 £95.00 0.999 743 £0.000 164
M4 6 775.33+98.15 774.17 £97.57 0.999 768 0. 000 124
S-441 6 798.63:130.46  794.67+138.24 0.999 561 £0.000 179
SIR 4 6 775.05£95.01 772.50 £94.49 0.999 630 £0. 000 149
BDK4l 6 753.27+77.25 750.50 £77.36 0.999 623 +0.000 161
XHQZ4l 6 895.75:116.03  889.67+115.99 0.999 333 +0.000 164"
BB 41 6 834.28+152.14  830.17£151.85 0.999 460 +0. 000 084"
Y4 6 797.08£87.46 793.17 £85. 63 0.999 561 +0. 000 248

F i 2.033 1.994 2.582
P 0.041 0.045 0.009

L CAL( A4l MALGERIAL) S -4 41 (GRRs A -4 %41) QSR 41 (BER -
#0) BDK 41 (BRETHAE741) QXHQ 41CBUE 774 QBB 41(BREE J ) (SER 41 (F
A{41) BDK 41( 1T A1) XHO 41(F 5541 BB A1) Y 41 (ZMAMAL ;b
SR, P <0.05,

K5 KRS R R (v £5)

245 n Shannon 5 %§ Simpson 8%
QSZR 41 6 7.74 £0.38 0.98 +£0.02
QBDK 4 6 7.03 £0.98 0.96 £0.03
QXHOQ 41 6 6.95 +0.94 0.95 0.06"
QBB 4 6 7.36 £0.60 0.97 £0.03
CH 6 7.07 £0.52 0.97 £0.01
M ZH 6 7.61 £0.47 0.99 £0.01
S—-421 6 6.94 +0.99 0.95 +£0.06
SZR 21 6 7.00 £0.66 0.96 £0.05
BDK 2 6 7.21 £0.46 0.97 £0.03
XHQ 24 6 7.72 £0.44 0.98 +0.01
BB 41 6 7.33 £0.50 0.98 +0.01
Y 4 6 7.25 +£0.45 0.97 £0.03

F1{H 1.199 0.990

P 0.307 0.466

H:CH(ERH) MABAIE) S -4 HOBMHMAY -4 HH) .
QSZR 4 (HRERAA=J541) L QBDK 41 (B &5 4l) (QXHQ 41 (e
BIrr4l) (OBB 4 (BEEZE T 4L) (SZR Al (R {-41) .BDK ([
) XHQ 41 (R dl) BB 4l (BEZELL) Y 4L (CZ MR 4L ) 5 b
SRR AL, P <0.05,

2.5.2 Jpid beta ZHMSAT  H PO, AT I 005 0 A
(‘principal component analysis, PCA ) | 3= 4 #7543 47 ( principal co-
ordinates analysis , PCoA ) 457 B R PG AN [R] FEAK 5] iy 3 1o 2E )
HEM beta ZHEYE. PCA 4387 R, & 41K BRI 2R 90 3 401 g
AW AR (R TUKE 2C) o [ B, PCoA 43 # 7w, % 41K
BU0 3 82 P B AR W35 22 57 (i JTLINEE] 2D) , Anosim (A-
nalysis of similarities) F{IPEAT T 45 R /R — 1 < R =0. 404 569
<1,P=0.001 <0.05, £MKIE 12 HEMEF BERTAHAN
ZE 57, UEHT 12 20 K Ay R 8 A M AL AP AR 22 57

2.5.3  BAR-FanAr oA MG IE RIREE KT XS 2% 4 1E
TR T EAT 2317, FEARAT 648 AT R 43 2K W Flr, Rom-
boutsia Fl UCG - 005 {EfTA 12 4L By b f#, F E HE 44 Al
30 e AR DULNE 34, AHASTF C 41, M 41K Bl 38 1A R
TR 28 FEJE & AL T BE AL, SRR LLEL, 254 Ak BT
J5 TS [ AR b 0 i R i %

2.5.4 REEZFEBAT ZAIPAIR HUECR N
J7 AT (LESSe) , 45 H U6 UIXIE 3B, 45241 b & 21 25 R
JE A TRI 8 375 | AR 40 2 0531 43 A7 (. ( LDAscore ) KT 3
YL SHH RS 50 07 2 22 55 1A L DA JUIX I 3¢,
6 PR, 5 C AL, M AL3 AT i (Allobaculum ) MARZFAFF
Wi ( Clostridium_sensu_stricto_1) ¥t AT & ( Dubosiella ) I F
®i ( Bifidobacterium ) \£T. W% # UCG_002 ( Coriobacteriaceae _UCG_
002) . T 129K (Anaerostipes) B VD[ K B ( Parasutterella) =F
THE (P <0.05) o 5 M ZAHELHA% A M) — 4 75 L AR IR T
Y EAT Ul SR AR AR K U 1 A B AR (P <0..05) 5 4F
Ji BT B 4 Fidfs 5 o 4 Rl B2 S RE UGS I 1E N
FAFIE RORZFEAT AL FRAT B OSUBAT I 2006 B UCG_002 1y
FRE(P <0.05) s B SZR A H Al & 2H B RE 3% T IR NI = 2
(P<0.05);QBDK ,QXHQ.QBB 4 fig it ek x&m v 1IN E
o MAFR 6 W IL, Xof A 1A 1 B R ) BE T i, BR A e 59 5
X B AR ZF AT T Y A0S R ) A R AR, R A 5 s X AL IR

243
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P A RIS BE ) 1 25 i o, TR A i 99 5 0 DUBEAT 19 1 i 5
AEJ) A 5E A T R R], B e85 X AL T UCG_
002 1y RE ) 1 505 e o, PR A die 5 5 X T BRI I 1) ok 7
AT 7 S BRI, R E S TR AR s X RV T IR
B SCRE BE ) R A R, S A S

6 BUKRIEME P2 WA T (x £5)

am e i BIRFAAE AR WU 1A
QSZR4L 6 2.024+1.084™ 0.565+0.287" 0.034£0.009"  0.068 +0.033"
QBDK4 6 3.200£3.561" 0.959+1.120° 0.119+0.061>  0.194£0. 123"
OXHQ#H 6 3.001+1.510> 0.980+1.038" 0.162£0.139"  0.355 +0.226"
QBB 6 4.428+4.072> 0.780£0.355" 0.097£0.086"  0.167 +0.123"
(i) 6 5.853£3.920  1.375+0.847  0.1490.116  0.200 £0. 104
M4 6 10.232£3.970%  2.622+1.340° 1.448£0.494%  1.055 +0.348"
S-441 6 1.352£0.972* 0.920£0.768" 0.074£0.062"  0.200 +0.360"
SZR 4| 6 2.660£1.736 0.953+0.566" 0.071+0.046"  0.073 £0.045"
BDK 4 6 1.660+1.338" 0.859£0.534> 0.017 £0.010>  0.057 £0.053"
XHQ#H 6 1.759=1.402> 0.6080.578" 0.0660.046" 0.058 £0.041"
BB 4 6 0.787£0.552%" 1.331£0.623> 0.024£0.015>  0.027 £0.032"
Y4 6 5.252+3.847% 1.135:0.584> 0.077£0.067"  0.189 £0.168"
F§ 5.758 2.886 37.734 14.716
P <0.001 0.004 <0.001 <0.001
4% n R UCG_002 TR R TRE
QSZR4L 6 0.005 +0. 005" 0.127 0. 183" 0.285 +0.142
OBDKZL 6 0.0130.009" 0.061 £0.077" 0.167 £0. 100
OXHQ#H 6 0.064 £0.055" 0.207 £0.323" 0.247 £0.301"
OBB 4 6 0.010£0.013" 0.194£0.299" 0.183 £0.075"
CH 6 0.005+0.006 0.036 £0.025 0. 142 £0.090
M4 6 0.3570.166" 1.385 £1.324° 0.591 £0.492°
S-44 6 0.005 £0.004" 0.078 £0.036" 0.192 +0. 126"
SIR 41 6 0.022£0.026" 1.623 £1.549% 0.373 £0.242
BDK# 6 0.0080.010" 0.318 £0.175" 0.848 £0.392°
XHQ#H 6 0.026+0.025" 0.119 £0.244" 0.767 0. 438
BB 4 6 0.001 £0.003" 0.140 £0.236" 0.439 £0.193
Y4 6 0.023 +0.021" 0.228 +0. 505" 0.759 £0.416*
F§ 21.759 4.303 4.872
P <0.001 <0.001 <0.001

VECHLOE D) MALCKRAL) S - 4 AL CREAH) -4 A1) QSZR 41 (SRR
#1) QBDK 4 (SR GE i 4) \QXHQ 41 (B R i) (BB 41 (BrEE i) (SIR 4(®
R41) BDK 41( [ F A XHQ 4L(FETE4L) BB 4L Y AL T WAL ;2
575 AR, P <0.055b SEFRALAEL P <0.05;3¢ 5 S -4 411, P <0.05,
2.5.5 K&t EFMHiE A RS ELISA S aodr  Rik—
BT IE B 5 AR SO I ELISA 4545 2 RIK 5% &, R
spearman FIOCHEMT 28 T FI# (8] (A OCHE . A DULKIE] 3D
Al DLAT A B UCG_002 5 FrfifiZH 4 INOS & i 3 IFAH G, TR
NG 545440 INOS 5 il VIP 2 &3 IEFH G, BUBAT I
51liiE GAS 2 R E R, LARETREEREAY -4 %
R IRAE T B SR EE WA SRR, AR Rl — IR
AWFFE RS .
3 itig

Ji T8 R AREVE N il 22 I A = B A P ) el N RE TR

M TCAME A GABA 5 — HT 23 2858 i, 354 W o ik i 22
RGEINAET o GABA A g — b 35 B2 A 40 1 o 2888 0, A5 By
FHERE AR P25 2R G0 22 TT 24 B R ] (9 B AT A7, 6 KMk &
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BFHIRE R EOMER 2 L BFIEIE 82k 280 IR
(i B 24 A () 32 25 TR ML A 30 5 o 2858 5 GABA 83
ARy - EIE TR ARIE™ . S - HT 22— Fh i A5 1
), A TR B 28 2R 0 b BLAT S EL TR B PR A4 9 1
ZERASENE PO Ak B RE IR B 25 L A W R SRR
() %15 W PR ACKE ek 28> . PGD2 Al 5 IR NR , 3
T RETERE MR M 28 RGP T AR ) o B LAAS RIS i i
PRARTIAR A — 4 37, I35 4 2238 JFt GABA 5 — HT | AChE |
PGD2 FHEYIA RV T 3R A — 4 v i 1 R i 22 138
25y . BLSRAR AR Bl — 4 A REIRI I 5 5 — HT . GABA #0
AChE /K-, BLA i 36w 2038 TR R A 09V L4 R v 11 5
X 2 IR 6 o 28 398 /K S D 2 B ) it

Ji T B RE — T T KA A RV 5 1 — 15 514 v B
HEEZELT, SPRPHEMZ R G A e 2 R 2R,
B S 5VF £ A4 AR A P B A4S IR A A G AT
Sy VIP S —Fh 28 A G HE R i R 28 Ik, X R 290 B B A
A IB AN T RE 9 % & A K 0 ) B AT £l A 0 R BLAE
T T 309 12000 5 R MR i T O 3 L A ) B0
SR SRR 1 A IR B G A A B AR
e A o 25 UL 1 T 35 2% RV ko 26008 I A7 AE T B 38 P K
Wz RGN BIR 20 H Y o AT S i PR A R - 4
i, R BLIRRAR) — 4 3 e [5) 2 b 98 45 16 395 i i ik SP
VIP GAS Ffit , e — AR T IR A — 4 5 v 9855 i i Bk 4
4y KB A TS i B S0 0 M A 4 B ) Bk, A
M WL L I 2 HE Yeta R B, 4207 4 R 7 &% 4 Fhipzsy
Bl e e 2 A T80 L T 4 4 A B 2

INOS 1 NO 12 738 H 2 3 7 3 1936 57, INOS 5 42t TH i
S2ff NO A, SECEH AL I . TR INOS 5
NO ) 2 15 15 B IR 5 5 R 5% 2% M1 56 3R AT A0 BT 98 00F 52
CUMS + PCPA & /5 , Bk RS I 2141 % T M4t IN-
0S [y A2 AR B . JRAR AR - 4 R i 3 e
LERA AN S R 414 INOS 7K. 4 Fla] 4 v A 2E 45 %)
INOS 7K -5 HE 1 fie ot

P 308 AR A S T LS 3 A B S8 T LS PR b 28 R
Gio WFFEA I, I3 T 10 T i 2 B B AL 1 ) S e 3 Y
BFFE W] AT 1, BORZEFORT 1, A ECFF I, 2086 1 UCG_002,
RV 5 A8 A A 5 T IR 5 @IV 1] %
PGB ARIE " A . AR IR AR - 4 A OR
/D SR MRS BRI 88 1A A B 1 2 o 10k DA T T 52 18 T
T % i T8 ) R ) 5038 15 2 MR 14 A 6, TR AT TR AR D6k
BFFE SN EDE T 33— 5. 4 243 0 ok 6 4 5 3 A ] 2 4
—SE BRI o

L5 LERR M) -4 3% R HAR 7 5 28 0] R [ R e
3 2 M 5 BRI Py 2k R X ol 220 R T ke 5 ik J% 0 3
TETEGZE AL, DT ke 36 i TEDIR 75, B 2R IR . 4 443 22 1) 1
B, G RE R R T A 0 00 0 K BE X INOS Kk
SRR 4 ALY XA RS T S HE— E WRIE, AA
B — BT WK IR BT AR A -4 .,
5 % 3Tk
(1] Bk, XM, JH%, %. WIS KRB (1], 5
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AR -4 A REFTE BT RIRRE K Bz E = B R0

(IESTI 239 -245 TT1)

HCHCEAY) MR S -4 41 (A& RS -4 %4l) \QSZR 41 (BRERAA-J541) \QBDK 41 (H (3 T H4) .QXHQ 41 (i
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