RN RAR-PEIIH * PEAIDKRIAF

EimfERASGRATHZNE &8 % ik QA
5 & Gty 69 4 £

PREME', A4, RO, Fm, WERTT, BRI

(1. L P BE 2R AR B S B T A B T R S s i
2. LBHATSE S ANRERE I 110000)

110000;

 E.B4 KT IEBEH AR B T 9% (Non—alcoholic fatty liver disease, NAFLD ) 12 # 24 453 & 4 )
BHBBERLL o F R, Fik &4 4046 NAFLD 2 #2525 &%, 19 4] NAFLD A AR I & %
#3261 4 A, SRR 16S tRNA 37 38 - ) 5 B AR A ) 7 18 18 B, LC-MS/MS 3 R ) o 354X 4 , W 38 1A #F
Fo s 5 KA 09 BB AT R A Spearman £ A % . 2R S R AT R AL NAFLD B A A 24 & KAF A
JE T T AR AT K B AR AT I AR B, SOBURF ) E AR A F L EAK, A R B BE AL NAFLD AT ARBY i 28 55 i B xt 8. 20
Z A ZF R FEN . 54 R B A NAFLD AT ARBY R 2806, NAFLD 2 #2845 0 & BB K -F 229 55
L AR NAFLD B R B Z EH HRBKFI G, EARSLEFHEZAMAX, FRRE RAIHH
B A SR B AT K B B AR, 54 AT IR 4 fe NAFLD AFAR B 8 28 06, NAFLD i2 #4 28 25 20 F 3k
M E KT R E AR 54 BRI NAFLD iR 44 25 45 B % K o R R T & ,NAFLD AF AR % i 40 0k | 2K
RETH, PRIREZL ELE B R4 HA B Subdoligranulum 2 % 4% . 5 & B %t B 28 F= NAFLD AT AF
&R 40 NAFLD 72 # 24 45 28 7K -F Inosine 5’ —Monophosphate , & *% %4 ¥ ¥ £ %71 % ; 54 R AT B 4Lt &
BRK-F ¥ 2% I3, 5 NAFLD AT ARBY j2 406 2 5 463+ 5 & L, Inosine 5’ —Monophosphate 5 B % 2k &
EEAMKX, ERHEAFRBER DX, BRBF 5N B RB B EEAMK, i NAFLD BRALIEEF A
BB AR R AFRMFE, NAFLD BREBZIEMARAH L AL B L ERR KRR AR FARMEILE
R ki

SSSRAR - 3k U M B B A

doi: 10.11842/wst.20220620009

BB HERARE AR
P 5 £5:R575.5 L ARARIR AL A

4 BR AR AR T A 1 8 5 74 7 (Non—alcoholic
fatty liver disease, NAFLD) f5 3R £ 4 6.3%-45% ()
1 H25.2%) , H E NAFLD £ AL F o oK EY,
NAFLD AU AT DL S 3O sk e Fst T, b v 2 5 2 7Y
BRI AR EE B AE | Bl BB Ak o i A8 995 LA S AH
A bR S ) KR VB S5 IE 2 NAFLD & Dl

K AS B :2022-06-20
521 B #7:2022-08-11

PRUEEE PR BRI S R A A i A W) S R B 4
—i8 BRI FHAL " S AR S A 5 TR DL
HA R R TR AR AR A Y U - A 25 A 2 A A E
e L% 7N R R M G B 2 P Y ST G 2 LY
ZI L RVIIUA S PR Z [ A B AR R
FEFR W i A AL AL 5 TP BRI 2 1] B A — i A R

* FORAFELERAFFAF LA A (81803860) : 4k iF H bE A Wy I I 24 28 45 15 1 i W BEAFAE B I 5 78 £ A 22 T ALHUHRI AT 72, 5T
ATEEE B R O RRFALER 2@ LA A (82074145) : & T Wil 14 B 3K 2 % 5 BLAZ 43/ Apo A—T/HDL 32 3 AR MHR 3 IR 7 J5 #2540 15 77 49
T AU, RFTAC ST B LR T P A A I AT A X (RC210094 ) < & T AR B A 5T 4n B 5 -5 9 20 B, crosstalk 4834 & 458 %

B ot 3R V8 AR VL TS B VE AT 9 09 A R AL, 51 e A PR LR

ok GBARAE A R AR HIL, P RS TGS B R W R, BUL, B K F B E S G R
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PEMS UTAER I 18 R 5 e E A A AR B A 3
Tz R, 22 B RS SA T 18 TR A
Y AF PRI AR 24 1 Bk VR YT NAFLD B9AE
BILHI 3004 AR 185 1 T e g R R A e e
A H KA . ASBFSE R 16S rRNA 373 70 17
FAR N LC-MS/MS Hi A, LU I8 1 B H 5 1 AR
A EAEF YA S, JT J# NAFLD {8 25 45 (B 5%,
A B T8 75 NAFLD 18 JA 285 45 0F 7 18 T 5 1 =400
MICF , W] NAFLD W2 A2 45 3R (1 H1L , 7124 NAFLD
1) B8 24127 AL SIS AR A A

1 MEEFE

1.1 AR %

JIT A s 5 FO6 BRIA K B T 2019 4F 3 A 2020 4F
3H TN NREEBE . NAFLD 8 #4245 i &
40 1511, B AE 28 19, L Pk 12 Bl , 4F- 9% (49.59+10.88) % ;
NAFLD AR 2835 19 6], 55 % 12 61, 2ok 7 1], 4
1% (48.22+12.18) % 5 32 4 filt B AAE Ay filt R X fR 4, 55
PE12 4, L PE20 44, 4F 0% (45.84+13.83) &, = 414F i}
FLi 22 RG4S W e 2 55 A G 24 &
o FATIR IR A R AR IE i NAFLD & UL =
TEAR , R I 16 F NAFLD JFAIR 9 e £ 2 4 Sk ot R 2™
LN RS2y A T VAW NI Y Y (8 B R 1 R 5
(L5 :2018-05-002-02) , I A MR M L HIES S
BB R
12 Ja% k54704
1.2.1 NAFLD# Wi 474

% 2 (AR T A 1k B 105 PE B9 B 96 35 7 (2018
BN
1.2.2  FFARRE BB SEAw iR 2 28 25 5E 69 35 W7 AT

Z M E RS E S RGN Tl 2
B IR MR M e vh P B 45 B2y B
(2017 4F) ), LAN UEAG B 22 « HLA F20E 2 WURIUAE 1 8§
201, 5% H kG MR A, B IEE 2 W 44
200 T\ B FALE IS, B WAGE— 0, R
M5, HBE WG — M1k

(DB IRZTEEUE

FAE : O A7 LR IR s @ B R Ok I8 ik 1
BRI ORI, YoiE : O 5 H & B /M
ot @ E L ;@1 1 Kk RAL, A
ks WK% T B A

(2) AR MEL R IE

FA5E QWK 1) s QMARAEF s OB R Z 15
DIRATE . YE : O KA ; QAR R ; @80
At s @FKAE AR ; OFF R B Tk & R, &1
FEk A TR koX 4t
1.2.3 NAFLD 2 # 28 25 i Fo IF AR IR 1B JE A G A7

DAFEI 18-72 % ; Q#7512 Wi 4 NAFLD ; @4F &
P I8 B 2 45 T R MBL R I FE IR AR A , 45 R0 [F)
FESUE
1.2.4 NAFLD # k7 k

OJFFBE AL A g | 2 R e P
IETE MR FHBGE 34 A Mk 3 stk ny b 2y a2 3
QFRAEDT = 1K 36T 5 W AT = F 160 mmHg, Fl/
S A7 5K AT T 100 mmHe s Gk IR | 5% Kk O i
AR IUEIE  PCTAR G OB TV 2 (& A0 L
BIRFL) OINREA 4 T 9 K LA b (41290 JIE 55 B
23) U AR | S A ZE K I BH €
PRI il P s s | S g 4 (Il BUN . Cr
M S E LR LS AT L) o I 5 G890 5
JE 90 s ORGP s OBE PRI s @ M E RS (i 22 34
H B RKFEE 3R LA 1) s @ FHE A (1 25 34
AP, B JEHEE 2 ke DR, A HEE R E ) ; @ 4F BRI
KW ELIE L Qi 340 A IRAPTA ZE IR R 2
YA 25 R s QOIT 1 & 4 5 48 v an i
W EY .
1.3 AR ATRR

O 18-72 2 ; @ IMLAG . IR -2 5. AT AT
PR Q% B AE R A .
1.4 HAKE

W5 NAFLD W2 A2 25 F 5  NAFLD AR g A8
ORI B i 2 0 2% T JC W IR A4S T
NAFLD 1@ #4285 25 5% NAFLD JFAR Mg 5 2 4 e
A ZSWE# KL, T 4000 r-min™ 250> 10min, B F 3
1.5 FZEXAEME

ik # : OMEGA Soil DNA Kit (D5625-01, Omega
Bio—Tek), Quant=iT PicoGreen dsDNA Assay Kit
(P7589, Invitrogen ), B ({4,33540 ) (Thermo Fisher) , H1
iR (o354l ) (Merck) , O (35 40) (Merck ) , 2- A&
NZ % (Thermo Fisher)

A 2§ : Tllumina MiSeq(Illumina) S REAY (Aglient s
R QTOF/MS-6545) , i /55 %50 AH €4 1% 1 (Aglient,
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151290 Infinity LC) , i BER £ 4 ( LR E , 5
MIX-200) .
1.6 o fig Fo BT 2 g Ao

ol = B I SN A A o VI IO o1 =R & O R
(Triglyceride ,TG) . 5 BH [ i (Total cholesterol, TC) . /5
w FE MR & B W [ (High-density
lipoproteincholesterol, HDL-C) i %% Ji£ i 25 1 JIHL ] st
(Low—density lipoprotein cholesterol, LDL-C) ; - 2 fE -
2% TNz 2 il (Glutamic—pyruvic transaminase, ALT) (4%
5 5 i (Glutamic oxalacetic transaminase,, AST) &
Pk 4% BK I ( Gamma—glutamyl transpeptidase , GGT) o
1.7 Wi @ A A

K J OMEGA Soil DNA Kit 7] £ 2 B3 {# DNA
Xt 16S rRNA 1) V3-V4 X JE4T PCR 973 , 95 7 My fik
PRl D, 9784 7 By 26 i >R Hlumina 23 7] #Y
TruSeq Nano DNA LT Library Prep Kit ffill £ i 7 3C % .
XM Agilent High Sensitivity DNA Kit RSO e
A& ALY SCPRERE BERRE S L MR AR T it L e 6
AHRE HEAIR &, T 48 NaOH 22V Ry BREEFEAT ALY 5
& H MiSeq Reagent Kit V3 (600 cycles) ik 7] , # FH
Hlumina MiSeq )7 {34 T B0 T
1.8 AR AL

IR 100 WL A 1.5 mL B4, A 300 pL
4l (5 1 ppm 19 2-FA AR N AR ) ; W HE 2 min, L
A=20°CORAIFEE 0.5 hs 3 2 min, 12 000 r-min™ 4°C
£ AF T B0 10 ming B 200 pL 5 W RS 2R
15 mL .04 W, -20°CH# & 0.5 hs fR4F E I W AE
12000 remin” 4 CAAF T EL 15 mine B E3HRCT 2
PR, T LC-MS/MS 73 Hr o (4% 4E : Waters T3 C18
H:(2.1 mmx100 mm, 1.8 pm) . L 30AH A:0.04% HI R/
KB B 2l 2 (0.04% RIHTR ) . FET :35°C, ¥
#:0.3 mLemin™", HFEEE: 1 rlo JTE S I B TR
AN HE250 V, A8 Lomin™, i HLE 135 V, <
PRI FE 325°C, 22 I 325°C, 53 11 Lemin™', W§ 55
#5405 B FREEUT iU 1500 V, AR AR 5 E B
T AR, WA TR 2.
1.9 %t ot

Xof Jig 3 TR A0 R AT o 0, MRS OF OF
{8 DADA2 i M BR ik £ & . NAFLD {41454 5
NAFLD AR B2 21 NAFLD 15 £ 25 25 21 15 feke B of 1
1L %5 R JH LefSe 43 BT (LDA Effect Size>2 and P<

®1 EBTFRIANEEEEFMGE

ff i (min) 3k (mLemin™") A(%) B(%)
0 0.3 95 5
2 0.3 90 10
3 0.3 79 21
5 0.3 50 50
9 0.3 30 70
10 0.3 10 90
12 0.3 10 90
12.01 0.3 95 5
14 0.3 95 5

*2 ABFRIEHESEG

B (min) & (mL-min™) A(%) B(%)
0 0.3 95 5
2 0.3 90 10
3 0.3 79 21
5 0.3 50 50
9 0.3 30 70
10 0.3 10 90
12 0.3 10 90
12.01 0.3 95 5
14 0.3 95 5

0.05) . AR Ao Hr i AR S 5 RO i R R
B FRPE S E H AR B metDNA 7%k . SR H
RAAH SPSS13.0 B MF it A geit=v i .. Geit b
Iy KRR R G o T 2 AR S G A A, B
BT HT A Student” s t—test F1 25 AR5 EU BT, 275 &
GEiTor AT R 1 A e /N — 36 1 2 31 (Orthogonal Partial
Least Squares—Discriminant Analysis, OPLS-DA) 73T .
25 S T RE RN 22 S AR 4 DG BBk 0 A >R ] Spearman Bk
M. LLP<0.05S M ZERA G .

2 #R

2.1 BAABEN R AIEAFAFIE

F3PR, Sl HEXT AL H , NAFLD 1 342 25 41
TG.TC.LDL-C,ALT, AST /K ¥ Ft & , HDL-C /K F
W, 2R B A G275 L 5 NAFLD JFAR G HE 41 1L,
NAFLD {425 45 2 LDL-C K P B ET i, R HA
gt L.
2.2 NAFLD 2 # 24 455 B % 1 18 1 BH4F A

T i NAFLD {2 325 45 00F 02 5 5 g 18 v R
WA O, XN G 2SR ATELT 16S tTRNA § 15 -
Foatr. B 182w, hFEEE (Chaol F1 Observed
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F3 HEABEIGKELIBFREFE x+s, M(Q25-Q75)]

MM v  BAELvs
S 2 B At R4 JF AR B 28 R ZELE ik BT B2 S AR B8 2
T or ZIP T or ZIP
TG(mmol - L") 1.00+0.29 2.39+1.62 2.17+1.16° -6.05/0.000 0.587/0.560
TC(mmol -1.") 4.78+0.60 4.88+1.24 5.34+1.14 -0.64/0.011 -1.38/0.174
HDL~-C(mmol - L") 1.73+0.45 1.43+0.41 1.43+0.39 3.03/0.003 -0.04/0.972
LDL-C(mmol-1.7") 2.91+0.60 2.93+0.64 3.55+0.93"" -3.50/0.001 -2.61/0.011
ALT(U-L7") 15.15 (10.53-20.00) 25.62 (12.33-39.15) 31.11 (21.00-53.89)" -5.61/0.000 -1.60/0.110
AST(U-L™) 18.16 (15.89-21.75) 22.00 (18.00-25.66) 23.83 (20.72-30.00)" —4.20/0.000 -1.48/0.140
GGT(U-L™) 18.95 (13.06-29.75) 31.00 (19.60-53.48) 31.29 (23.00-72.84)" -3.92/0.000 -0.60/0.551
4 BERT R AL, TP<0.05; 15 AR B 28 4R, PP<0.05
Chaol Simpson Shannon Piclou_e Chaol Simpson Shannon Piclow o
P=046 P=063 P=059 P=083 P=029 P=0.66 P=098 P=0.67
1000 1.00 1250 1.00
§ 0.8 8 0.8
800 095 7 1000 095
0.7 7
0.7
600 090 ¢ 250 0.90
06 . 6
0.85 0.85 0.6
400 4 o 00 .
A L 0 W% ks W% e % e ry < 080 ry ~ ry ~ p S
Observed_species Faith_pd Goods_coverage Ozl e Faith_pd et G
1000 P=057 70 P=0.64 P=084 1250 P=041 P=0.1 1000 P=0.009
Groups 70 Groups
0.998 2
300 o 1000 .
60 0.996
0.996
600 o 750
50
0.994 0.992
400 0 500
40
0.992
A% i * 4% i A% i & o ~ ~

El1 Alpha ZHEIEHH S HELE

7 ch ST B, 29 NAFLD AR AR 4B 28, 2 : NAFLD I8 #4 25 25 20,

species T8 ) . ZHE 1 (Shannon Fl Simpson 45 %) & T
HEAL 1 Z M (Faith” s PD $8410) (35 2] i (Pielou’ s
evenness T8 %) 75 55 1% (Good’ s coverage 18 %) f & %5
A T VARG A D 75 1 alpha Z2FEVE . 1811 UK,
NAFLD % £ 25 25 20 15 B 4 NAFLD JIFAR B i
] Alpha R A2 57 LG L (P>0.05)
K2 ®mw, 5T EKF, X @EE
(Faecalibacterium) . Blautia . Gemmiger . XX A H R
(Bifidobacterium) . % K 1 J& (Roseburia) . 5 Bk 7 J&
(Streptococcus) AT @ (Bacteroides) . 2% Bk 1 &
(Coprococcus) I G E B (Prevotella) 988 B B H &8
(Ruminococcus) Dorea NI M7 K J& (Collinsella) 7
B W OJE (Shigella) . [Ruminococcus]. ¥ W J&
(Clostridium ) . Dialister .Akkermansia JAlistipes VEEROES S

T 20,

& 3 o, T 8 7K F  NAFLD # #2845k 5
F i 1 & (Megamonas) N SIFT 1# & (Acinetobacter) |
AH &8 2k 1 )& (Leuconostoc) . Odoribacter . Butyricimonas .
Anaerofustis . 7 5% [C 1 J& (Shigella) A Ak 37 [ H &
(Collinsella) . > 3EAT T8 J& (Agrobacterium ) KUEFT 14 J&
(Biﬁdobacterium) .
Subdoligranulum \WAL_1855D %5 [& 7 5 & %5 PI A
2.3 NAFLD 7% # 28 25 iE % 3 ofn 7 AR 40 4 A2

T B AT A ST AR - e R AR R
NAFLD R 25 25 B9 ¥ AE 2 IR, i LC-MS/MS AR X
IFFERT R BEAT M ACH 0. K4 2 OPLS-DA
AL B 4a Fl4b i NAFLD VAR 20 25 41 5 fd e FR 4
G35 ke F T k1 Y A I A T 25 S T

Eggerthella .

Butyricimonas |
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(a)

Top 20 genus

B Alistipes
[ Oscillospira
B (Eubacterium
Bl Akkermansia

(L]

60

]

Top 20 genus
B Alistipes
[ Dialister
B Megamonas
B Lactobacillus

Dialister Akkermansia
Clostridium = 40 Clostridium
[Ruminococeus] & B Ruminococeus
Shigella 8 Dorea
5 Collinsella k] Prevotella
H [ Dorea 2 [ Bacteroides
Z Ruminococeus 2 [0 [Ruminococcus]
s B Prevotella P [ Collinsella
g [ Coprococcus  E = Coprococcus
5 B Bacteroides 3 B Roseburia
& B Steptococcus % B Bifidobacterium
B Roschuria Bl Gemmiger
B Bifidobacterium I Streptococcus
Gemmiger 20 Shigella
[ Blautia [ Faccalibacterium
[ Faccalibacterium [ Blautia
0
=
B2 WA mAER
E che B ST B, zg: NAFLD AR 4B 28, 2 : NAFLD I8 #4 25 25 20,
¢__Gammaproteobacteria
f _Enterobacteriaceae
o__Enterobacteriales
p__Proteobacteria o
g Shigella ¢ ClostridiaA
f__Coriobacteriaceae o__Clostridiales
o__ Coriobacteriales Eocerthella-
c__Coriobacteriia g _gg
¢ Collinsella+ g__Subdoligranulum+
f__Fusobacteriaceae c__ Bacilliq
o__Fusobacteriales o Lactobacillales
p__Fusobacteria- — Group

c__ Fusobacteriia-
f__Rhizobiaceae

g Agrobacterium

' Megamonas-
o__Pseudomonadales
f Moraxellaceae

. Acinetobacter

' Leuconostoc

g_ Bifidobacterium+

f Bifidobacteriaceae
o__Bifidobacteriales
f [Barnesiellaceae]
f_[Odoribacteraceae]
g Lachnospira

¢ Butyricimonas
_Odoribacter

g Anaerofustis4

LDA Score (log 10)

f Xanthomonadaceae+

o__Xanthomonadales+
g__Stenotrophomonas-
f Pseudomonadaceae

f Caulobacteraceac
o__Caulobacterales-

g_ Pseudomonas-
g WAL_1855D+
g_ Asticcacaulis

1 2 3
LDA Score (log 10)

B3 Z=REEER

7 che B ST B, zg: NAFLD JFARIR 4B 28, 2 : NAFLD I8 #4 28 25 20,

&l 4c Al 4d Hr , NAFLD {2 #ZE 25 41 5 NAFLD JF-AB AL
2 43 B R AR S 15 B R LV A T 22 SR
NAFLD #2425 25 41 5 {dt Fe ek FEZH e, 1 6304~ 2%
SR MY, T 259 25 7 B A ;
NAFLD ¥ #1425 45 4 5 NAFLD T AR 40 e %, iR
329425 5 i A AU, R 220 4> 22 5 B O
HA

R A5 i 1 PR I A QI 24 1 KEGG 3 5 43Br
G AN 22 AT LR AT A R LA K B R F S
Bk, T T ORI 2R | I 2 R RN €8 2R 0 2 1 6 LR

AR TR A A= W5 ORGSR i S A
HERR IR A A 2R S AR AR

Hi 4 s, IE B T RET 55 B X i 4H AN
NAFLD JFABIALERE 41 L , NAFLD {83425 25 417K F Inosine
5’ —Monophosphate i 2 Ft 75 ; 5 {@ BT BRZH L, NAFLD
T #2825 5| Wk 20 i (3—Indoleacetonitrile) 7K - i 25 [
%, H & # 2 A R (Glycochenodeoxycholate) \ TG(a—
21:0/18:0/15:0)[rac] . TG(a—21:0/8:0/12:0)[rac]. TG(i-20:
0/i-17:0/10:0) , TG(i-21:0/i-12:0/12:0) . TG(22:0/12:0/10:
0).TG(i—24:0/i-17:0/20:0) . TG(21:0/21:0/16:0)7K -3 {2
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(a) Scores OPLS—DA Plot (b) Scores OPLS—DA Plot
2 ° 100 ® o o
/\ ® o
e \\\ —_ °
= [ =\ 5
@ 20 . [*% < 50 -
- |® \ =
= ‘ ° | =
) ® | 2
g ‘ ¢ - | Group| 8 / \ roup
a0 { ° | - hb / \ - hb
~ | L ° ®7sb E 0 J/ \\ ® 7sb
E | . s* g ] ‘\
5 AT o | fee% e
) |~ % | = \ & o
5720 .\.. .. | = \ .w“
E \ | o \ /
o \ [ /
\ °? /
\ / =50 \\ /
\ /
10 A% L
—20 o . 20 -20 -10 0 10 20
Tscore[l] (863A)) Tscore[l] (21_5%)
R2X=0.119 R2Y=0.962 Q2=0.846 R2X=0.362 R2Y=0.888 Q2=0.839
(c) Scores OPLS—DA Plot (d) Scores OPLS—DA Plot
. 80 °® o0
[
\ . |
50 \ §
< / ﬂ “
% R 2 40
* [ ! | ® w4 =
= of | | KILL% 2
= [ . %> roup § roug
5 ‘ B E | e o %
& g ’ °
= 50 - g0 L] °
= —40
o—100
—40 -20 0 20 —20 0 20
T score[1] (11.1%) T score[1] (28.8%)
R2X=0.195 R2Y=0.908 Q2=0.822 R2X=0.381 R2Y=0.944 Q2=0.913
B4 FHANBMFRE OPLS-DA S
?i:hs:{i%/%xﬂ”,ﬂﬁéﬂ,zsb:iﬂmiﬁfaﬁﬂ,zgh:ﬂ’fﬁﬁﬂ?—ﬁéﬂ;aﬁﬂc:i%%"’]‘ﬁi‘—]‘-,bﬁ"d: NBEFEXT,
F4 EBFEATERKEY
R4 RT(min) 2T & (gemol™)  EALAEZH (25/h) P T ACAE I (25/2g) 2
Inosine 5’ ~Monophosphate 4.0514 348.0470 3.830 <0.05 5.52 <0.05
PS (18:1(97)/24:0) 8.6045 873.6459 119.98 <0.05 14.6 <0.05
TG (a—-21:0/18:0/15:0)[rac] 11.7716 536.1530 2.930 <0.05 = >0.05
TG (a—21:0/8:0/12:0)[rac] 9.0283 220.1463 5.120 <0.05 = >0.05
TG (21:0/a—15:0/17:0)[rac] 8.4300 508.0675 3.090 <0.05 = >0.05
TG (i-20:0/i—17:0/16:0) 3.5362 544.0523 3.210 <0.05 = >0.05
TG (22:0/12:0/10:0) 2.5641 232.0042 5.220 <0.05 - >0.05
TG (i-24:0/i-17:0/20:0) 5.9674 234.1256 2.630 <0.05 - >0.05
3—indoleacetonitrile 0.9546 156.0687 0.230 <0.05 - >0.05
Glycochenodeoxycholate 7.0425 449.3141 2.180 <0.05 = >0.05

25 4k

Zin 75

E :zs:NAFLD A ,#L

3974

2 57¢: NAFLD FFAR AR B 28 s h - 4 B st

it

4,
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x5 HBETEATESREY
Rt RT(min) 4 FE(gomol") T AAFH(2zs/h) P T AAE 3 (28/28)
L~Thyroxine 5.6978 776.6867 0.29 <0.05 0.36 <0.05
L~Tryptophan 2.4242 204.0899 2.21 <0.05 477.38 <0.05
L-phenylalanine 1.9090 165.0790 91.95 <0.05 0.19 <0.05
Protein serine 0.8067 105.0426 2.08 <0.05 2.02 <0.05
GUANOSINE 1.3856 283.0917 3.59 <0.05 4.74 <0.05
Phospho-L~-serine 0.7209 185.0089 3.90 <0.05 0.25 <0.05
TG (i-21:0/a~17:0/a=17:0)[rac] 2.4325 310.1205 332.92 <0.05 = >0.05
TG (22:0/i-15:0/i-22:0) 8.8550 518.2305 5.75 <0.05 = >0.05
TG (a=21:0/18:0/22:0)[rac] 8.9630 398.0849 222 <0.05 = >0.05
Glycochenodeoxycholate 7.0354 449.3141 2.39 <0.05 = >0.05
Deoxycholic Acid 8.2069 392.2927 3.13 <0.05 = >0.05
L-Ascorbate 0.9286 176.0320 0.12 <0.05 = >0.05
Xanthurenic acid 3.0973 205.0375 66.81 <0.05 - >0.05
Glycocholate 7.7417 465.3090 2.08 <0.05 = >0.05
Uric acid 1.2277 168.0283 4.24 <0.05 = >0.05
Ethanal 4.0593 44.0262 13.19 <0.05 = >0.05

E:25: NAFLD (B 34 28 25 40 5 20 NAFLD AT AR B B 2 5 h - 4 B 3 FR4EL

F6 NAFLDERABLIIEFEHMNERFRA TERMBFREHWAXEKES ()

B A Inosine 5’ ~Monophosphate 3-indoleacetonitrile Glycochenodeoxycholate
Megamonas .163 -.044 -.138
Acinetobacter .071 -.071 .199
Leuconostoc 293" -.005 .014
Odortbacter -.131 .031 -.220
Butyricimonas .064 -.029 -.192
Anaerofustis -.072 -.046 .043
Shigella -.056 .030 .105
Collinsella .166 -.074 -.013
Agrobacterium .159 -.193 .031
Bifidobacterium -.403" -.037 .004
Butyricimonas .064 -.029 -.192
Eggerthella -.039 267 224
Subdoligranulum .176 -.264" -.139
WAL_1855D -.085 .075 -.199

7E:*:P<0.05,**:P<0.01,

F T, 5 NAFLD IR 20 1L, DA AR 22 5 TE
it X

E Fﬁ/T B BT, 5 R X R A
NAFLD FFA 2 28 L, NAFLD 383 34028 25 21 (0 1 (1-
Tryptophan ) | Protein serine , & 1514 4% 1§ (GUANOSINE )
TG (21:0/20:0/i-12:0) K ¥ ¥4 . 35 Tl , FHOPR A 3R (-
Thyroxine ) 7K V- i} 2 FAIK 5 5 (g FExT BEZH L, 2R TN 24 R
( L-phenylalanine ) Fil Phospho—L-serine KR ET
5 NAFLD AR HE 2 Eb , 7K TN &R ( L—phenylalanine )
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il Phospho—L-serine 7K - i} 2~ B 5 5 i X HE 4 1
H & # 2= S IH R (Glycochenodeoxycholate ) | it 4 IH @&
(Deoxycholic Acid) | # JR ik (Xanthurenic acid) , H &

B 12 £h (Glycocholate) | JR M2 (Uric acid) .
(Ethanal) . TG(i-21:0/a—17:0/a=17:0)[rac] .

Z W

TG (22:0/i-

15:0/i-22:0) . TG (a=21:0/18:0/22:0) [rac]/K *F- 34 & 2& T}
15, 44 F C(L-Ascorbate ) 7K i 3 AL (P<0.05) , 5
NAFLD AFAB I 40 1L, LL EACST 9 22 5% 5 it 2
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R7T NAFLDBREFIEEREHMAE FREATERMBREWHKEED ()
wat L-Tryp- L-phenylal- Glycocheno- Deoxycholic GUANO- L-Ascor- L-Thy- Xanthuren- Glyco- S Uric ac- Protein  Phospho—
tophan anine deoxycholate Acid SINE bate roxine icacid  cholate id serine  L—serine
Megamonas -.020  .090 .057 -.034 -011 -217 -269" .229 153 151 -.077 248 .160
Acinetobacter -.049 138 154 050 174 -152 -3437 3377 262" 160  -.154 3207 .030
Leuconostoc 228 121 174 184 3447 -170  -159 301 3487 2817 -.039 3217 .038
Odoribacter -.067  -.109 -.127 -.154 -.129  .054 172 -272° -227 -.245" 053 .027 -.268
Butyricimonas .071 -.111 .023 -.141 -.119 -.023 231 -.182 -.113 -200 -.063 -.063 -.003
Anaerofustis .000 -.069 -.160 -.146 -.094 -012 .016 -.145 -207 -.005 -.129 -.011 -.043
Shigella .109 .074 .097 .057 .150 -.086 -.210 .159 244" 227 018 044 122
Collinsella .023 .009 278" .025 154 —121  -174 3727 116 188 -.103 .393" .096
Agrobacterium -233" 013 293" 172 -.026 -.117 -.084 .145 .010  .032 066 220 -.101
Bifidobacterium ~ -.053  -.015 -.187 -.126 -.197 121 .038 -.180 -.075 -.081 -.090 -.119 .061
Eggerthella -.057  .096 .031 117 -.011  .001 -.100  .098 d14 146 -.097 .057 .016
Subdoligranulum 031 .209 -.018 -.115 .022 -.156 =239 .109 .047 120 -.078 .170  .052
WAL_1855D -.118  -.187 -.073 -.228 =175 224 .220 -.122 -.069 -228 .122 -191 -.199
VE:%:P<0.05,%*%: P<0.01,
2.4 NAFLD i #2258 2 5t W A e 2 5 i Rl RRIEP R B, S5 R XT BREH L, NAFLD B A2 45 4 35

9 K BT

H % 6 fff 7~ , Inosine 5° —Monophosphate 55 B HB Bk
W JB (Leuconostoc) & 1F #1 5 , 5 X K T H &
(Bifidobacterium) & 1 A ¢ 5 Wl B & g (3-
Indoleacetonitrile) 5 Eggerthella 5 1F M & , 5
Subdoligranulum 2 AHIC . HE 7 s, 21 (L-
Tryptophan ) 5 + 34T 5 J& (Agrobacterium ) 2 71 A 5 ;
H & # 2 B R (Glycochenodeoxycholate ) 5 ] AT
W & (Collinsella) . X 3EAT 7 J& (Agrobacterium ) 5 1F 4
5 5 5 EE S B (GUANOSINE) 5 W & 2k i )@
(Laumnoﬁoc)ﬁ%ﬂi*ﬁ?é;qa%ﬁﬂﬁgf(L—Thynndne)fﬁﬁi
A s (Megamonas) A FE (Acinetobacter) .
Subdoligranulum . Odoribacter 5 1 1 % ; ¥ JR R
(Xanthurenic acid) 5 A 8T 5 J& (Acinetobacter ) B £
¥k )& (Leuconostoc) ] R ¥ % B @ (Collinsella)
Odoribacter 5 1F A1 5 ; H & JH IR £L (Glycocholate ) 5 A
ST I8 (Acinetobacter) (W HE BR 1 J& ( Leuconostoc) | i
G & (Shigella) 2 IE ARG ; £ (Ethanal ) 5 W] 32k
I J& (Leuconostoc) . Odoribacter 5 1F A7 ; Protein serine
S5E¥HEE AT HEE (Acinetobacter ) . B Ff BR
J& (Leuconostoc) . 1] #k #r % H J& (Collinsella) .
Odoribacter F:1EAHE (P<0.05)

3 g
AW FEAEBRTT NAFLD {5 #4285 25 0F A 35 i 18 1 R
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B EC TR T R A OT G B i AR 3 B R, SUEE AT
AR = BRI, DA L R FEAE NAFLD HFAR IS i 41 5 ke
XTI Z ) 22 R TG 2# E Lo Astbury 5B 5% &
P55 X 2L EL AT A T K R S AR X = 8 7 NAFLD
B ETHE . AN RS RS & S AR AL L W
AR AT AR ST DG B J AR T B S G AT AR G R
J& (Ta—EF2FEAL AN B ) 1R AR 3 R AR Ik G IR T
iR, 3B YR R TR 1) 77 A 1T BB S B R B Rl 5 o i 2
5 NAFLD 9 & "™, iR F B A= 22 R4 B -5 S0 AR
W I & 1y 980 5 2 R G IR PR MR B R R A
K WY s A IR B 5 NAFLD & 2B & e % 1)
AR, A5 fa Rl ot B 2 L, YR P2 5 T 468 i e R
PO e £ R E A, ERIREE R
PG BFV I J /N TR, B 2500 kg g 3 2 ) 42 200 7 40 i 2
HAME I E BT, e — T B AE REY) , v
TE b R s ™ R AR R R A R . A
SEUIRIESY e RS i R R L, PN AR T GRS,
FTER 8 2 B 38 T I o B T R DK I £ 21 4k %
PR ARG = A J A AR TR o 8 B IR 7 R 7 NAFLD [ &
A SR AR T E BT AL AT e b o A A A
FRR ARG O 3  18 Bt B 5 G N A IR R A
K FERFGE = NAFLD 15 3428 55 1E 45 AR ek i
TIE i B EE ] o) A7 25 S5 1 i S DR R, W 1 TR
Y4 NAFLD W25 S5 0E A= Wi bs i A — 2 1 SR BR 1
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54 Bl MBI 48 78 NAFLD {3 2R 459w b, I A
NAFLD fyH B= 25297 B A7 R BRI e A

R PR G R v AR 2 0 B MR A ) B AR it
95% 114 U7 5 (0 S R ok Il AR AR o 6 R 7 | W
Jie 2,3 RO AU 1 VE R A R PR | #F— 20 [ 1
RERIR , AR ZEIL S 5 RIEMEE 5
ZEAAE ARZE A AE P e B 5 A b 20K 1 52
B AP I R A R M RIS T R B f R R A
ARG LR 7 I AR MALRE 20 e, NAFLD M P2 45 20
TR KT W 2 T SR AR LE , NAFLD JB #4251
S5 B IRIRK T TR o B2 IR A T R A i 2
2 BRI A VS B R K RRUAE TR (L R L . A
INTESECORE S e AR TEORG P B I 1 e P IR AR AR
ORI 8 AW AR T B e R AR
i, FRIGE T AFEPRIFGY & B HAEE 28T T nT R AIpE
PRI B R RO PR IR % 1 . 22 5 DA RE AN 22 AR
WG AT 7R (0 202 5 AT TR S 00 A DG, B R TR
SRR R R W RS BT AR [CTE | Odoribacter
JERIEMSE . B BT & B I8 R A R R s (o e R -
RIRBFRIEAE , 5558 5 R PR R A i a8 42 1) BR ot g s |
Wi JHe 2,3 XU S A 136 PR 25 DIAH OC™, skl L,
NAFLD {425 25 5 Ji7 18 TR - (0 2R - R IR & iR i 44
PRI ZEBL B VIAH G

RNEARNE I NELTFARRZ —, 5 52
g A BN e vk RE R v IR R I E
2 RUBE PRI A, IR AR AE AR N KB o S R T
i ¥ A A A A FH 40T BT 2202 L P v T SR 2 il
AL A-FR R TN A R , L REHE AL FOR AR 2R . HUIR AR
2 A] o i A AR R A AR E 3 (Angiopoietin—like
protein, ANGPTL3) & 12 238 NAFLD K B U 728 14
FREEERT, RV SRt ] i 2 R R DA R, i — 2545
FIROR . TR 5 I WERR D5 A8 % ™ B R B 22 OF
AHOC, 2R SR 9 2 Jl () /I SR RE H il = TR AR R
BEN®. BIFTE & B R B2 A NAFLD ARG ke 41
Ft, NAFLD 7 #4225 21 FCIR IR 287K OF S 2 B AR 5 5k

ETH I

U AR PG W P 05 07 363 4 1 (2018 4F BERTRR). 52 TR 218 25
2018, 21(2):177-186.
2 AR, L, BRI SF . AR YRR IR A o BEE R A A Y

FEHELE , NAFLD {8 R 28 25 J H R N & K -F- T
NAFLD AR 2H L, HoKF W38 T R 27 70
FER IS R AREAH LE , 18 1 18 58 I8 PUIEA N & B /K
P ET . FRIRER S B MR A ST
Subdoligranulum £ i #15¢ . Hoyles 25 i i 718 1
TR IR AP AR N R A B AR SR T AR 5 728 1k A
FLARAEHT . A58 0 il v ] BE D 55 8 T 2 PR — T
RIRIEAE W5 R N AR~ L RRIEAE HIFR R BR
SRR T R 1 g — S . f Al UL, NAFLD
P A A5 U5 i T TR R R TN 2 R - T A R R AR AR
EALE VIR

MR B DA B R i T A 7E AR A E
W S AL TR JROPR IR , e AR 35 L5 NAFLD AR AR
AR R AR R AR DD AR S0 FERIFSE vh 2 B 554 B X TR
ZH R NAFLD JIFAT I k2 25 L2, NAFLD 32 K 26 45 2 7K F-
Inosine 5’ ~Monophosphate , = I 42 15 i 2 T+ 5 5 5
flt FE X BREH LE , IR K -1 .35 7 i , 55 NAFLD JIFAR
B 2H L 22 S R ge it B . ARG R S5 i RR
NHEARLE , NAFLD 3 $IE 4 i JR AR /KF 8050 I
PRR AT 388 3 3T rh AR B AR 3R IO SRAE B A
i EAL WY 7 A A 2 Rl AR A E NAFLD /9 & 2 &
J&™, Inosine 5’ —Monophosphate 5 B} 55 2k B J& 12 1EAH
K, 5 BB T R 52 7R G, S IR 1Y 5 W) AR B T
JREIEAE . il HE M IR 10 8 ) E Rk TR
TE 1) = W IR R 1 45 5 e ds B 11 GBI Al 5% 2 (ATP-
binding cassette superfamily G member 2, ABCG2) , H2k
B 1A N 22 4% 1 BRI K 3% ) s S, DA i 32 PR TR 14 41
o CA IS A BUBUECAT T8 A LR AT T8 15 A0 /0N BRI
B PRIR e i 8 1 ABCG2 Rk, fie kPRI HEME , B T
ME PRER K> f AT WL, NAFLD # #AZ 2531E 5
i T AR AR AR AL VARG

Zi BTN NAFLD 3 £ 28 45 Uk £ 5 A7 78 1 3 1
BRI AN 2L . NAFLD {0 A 20 45 30F i 18 T A Ok
5 E E ORI RN R R S L E U
K

SCHRATHT . TP AR EE 25 4R, 2017, 32(10):4713-4715.
3 FEEE, XIGHT, B, 45 . ARG R R 05 I R S I M T R
E B 5 4 AR AR A UL T 5% . B2 1 2R 1 24, 2020, 31(5):
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(1. Key Laboratory of Ministry of Education for Traditional Chinese Medicine Viscera—State Theory and
Applications, Liaoning University of Traditional Chinese Medicine, Shenyang 110000, China ;2. The Sixth
People's Hospital of Shenyang City, Shenyang 110000, China)

Abstract: Objective  To investigate the characteristics of the gut microbiota of patients with non—alcoholic fatty liver
(NAFLD) damp—heat accumulation syndrome and its correlation with serum metabolites. Methods 40 NAFLD patients
with damp—heat accumulation, 19 NAFLD patients with depressed liver and deficient spleen and 32 healthy people were
selected, using 16 STRNA amplicon sequencing technology and LC-MS/MS technology to test gut microbiota and serum
metabolites. The correlation between gut microbiota and serum metabolites was analyzed using Spearman rank
correlation. Results  Compared with the healthy control group, the relative abundance of Shigella and Collinsella in the
NAFLD with damp—heat accumulation group was higher, and the relative abundance of Bifidobacterium was lower, there
was no difference between NAFLD with damp—heat accumulation group and depressed liver and deficient spleen group.
Compared with the healthy group and NAFLD with depressed liver and deficient spleen group, the level of L-Tryptophan
in NAFLD with damp—heat accumulation group was significantly higher; compared with healthy people, the level of
Xanthurenic acid in NAFLD with damp—heat accumulation group increased. L=Tryptophan is negatively correlated with
Agrobacterium, and Xanthurenic acid is positively correlated with Acinetobacter, Leuconostoc, and Collinsella. Compared
with the healthy group and NAFLD with depressed liver and deficient spleen group, the level of L-Thyroxine in NAFLD
with damp—heat accumulation group was significantly lower; compared with healthy people, the level of L.—phenylalanine
in NAFLD with damp—heat accumulation group was increased, and compared with NAFLD with depressed liver and
deficient spleen group, its level was significant decline. L-Thyroxine is negatively correlated with Megamonas,
Acinetobacter, and Subdoligranulum. Compared with the healthy control group, the levels of Glycochenodeoxycholate,
Deoxycholic Acid, and Glycocholate in the NAFLD with damp-heat accumulation group were significantly higher.
Compared with the NAFLD depressed liver and deficient spleen group, the above metabolites were not significantly
different. Glycochenodeoxycholate is positively correlated with Collinsella and Agrobacterium, and Glycocholate is
positively correlated with Acinetobacter, Leuconostoc, and Shigella. Compared with the healthy control group and NAFLD
with depressed liver and deficient spleen group, the levels of Inosine 5'=Monophosphate and guanine nucleoside in
NAFLD with damp-heat accumulation group were significantly increased; compared with the healthy control group, the
level of uric acid was significantly increased, and there was no significant difference compared with the NAFLD with
damp-heat accumulation group. Inosine 5'—Monophosphate was positively correlated with Leuconostoc, negatively
correlated with Bifidobacterium, and guanosine was positively correlated with Leuconostoc. Conclusion  NAFLD
patients with damp—heat accumulation syndrome have gut microbiota imbalance and metabolic disorders. The gut
microbiota imbalance of NAFLD with damp-heat accumulation syndrome is closely related to the host tryptophan,
phenylalanine, and purine metabolism disorder.

Keywords: Non—Alcoholic fatty liver, Damp—heat accumulation, Gut microbiota, Serum metabolites
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