BRERKZFR 2024,45(2):77~84 DOI: 10.12259/j.issn.2095-610X.520240210
Journal of Kunming Medical University CN 53 -1221/R

M E A CEY TMAO S5EEMS 1SR ERRIX &

ZEEE Y, RELEY, HRESY, YREY, & H?, & KV, #Y
(DRAEFAXRFE—WEERA>—F )8 EFH, =& L9 650032)

(=] HIY  #0 NAFLD H 2 134 &L = ik (TMAO) LR A A, i h B m BT R . £
TERNFTR . FLERRAF IR FIOBUECAF IR 1) R IR i, BRI TR TMAO 78 NAFLD R E R e . ik BE
MLEEH 118 B2k, 43 NAFLD 41 86 {7 A e %o BAZH 32 ], 2R FH 1R 305 s €2 3% 3 BBk Jt o ke A 000 523 5 1M
W TMAO K H R ARICE I 7K, qRT-PCR ¥ TUZEE th BAR 40 DNA RYRiE . 45 NAFLD B3Il
5 TMAO, =W (TMA) K AR 88K B 7155 (P<0.05), AFIEAS T &85 TMAO (7K B IE A 564 (P<0.05);
NAFLD HFH 2@ h Il BT . HH A E R IN(P<0.05), BUFE . 2R EFRXEHD(P<0.05);
T TMAO /K- 2648 b B ELAT A 09500 5 IE ARG (1=0.280, P<0.05), 5 XU FF I A8 R 2 M 56 (1=—-0.332,
P<0.05), &5 17 TMAO /KF5 NAFLD B/ B E 2 LM%, NAFLD BE MiEMirsm e, HS
TMAO TETEICI, HE W A 18 B A 1T Rl 2 A8 E A TMAO 76 NAFLD e it i 2R A .

[SRSBIA ] ARWRG MR M b = e = e T T PR

[FESEKS] R589.2 [XEktrEM] A [XEHFS] 2095 -610X(2024)02 - 0077 — 08

The Association of Intestinal Flora Metabolite TMAO with
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[Abstract] Objective To explore the role of TMAO from gut microbiota in non—alcoholic fatty liver disease
( NAFLD), we detected the serum level of TMAO and its precursor metabolites in NAFLD, as well as the
expression level of Eubacterium rectum, Bacteroidetes multiforme, Lactobacillus and bifidobacterium in the
intestinal flora. Methods ~ We collected 118 subjects and divided into NAFLD group ( 86 cases) and healthy
control group (32 cases) randomly. We also detected the serum level of TMAO and its precursor metabolites in
subjects by high performance liquid chromatography tandem mass spectrometry detection ( LC-MS), and the
expression of target bacterial DNA was detected by qRT-PCR. Results Serum TMAO, TMA and choline levels
were significantly increased in NAFLD ( P<0.05), and liver fat content was positively correlated with TMAO
(P<0.05). The expression level of Lactobacillus and Eubacterium rectum in NAFLD group were increased (P<0.05);
the expression level of Bifidobacterium and Bacteroides multiform were decreased ( P<0.05).The serum TMAO level
was positively correlated with Eubacterium rectum ( 1=0.280, P<0.05) , and negatively correlated with

Bifidobacterium (r=—0.332, P<0.05). Conclusion The level of TMAO in serum shows a positive correlation with
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NAFLD. The structure of intestinal flora in individuals with NAFLD is altered and linked to TMAO. This suggests
that the intestinal flora may have a significant impact on the development of NAFLD through TMAO.
[ Key words] Non-alcoholic fatty liver disease; TMAO; TMA; Intestinal flora
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1 RFEEARFMENEYIEE
Fig. 1 Sagitta plane of right liver and kidney
A: NAFLD 41; B: {dtRRExTHIRLL.

2 FABRKRUIEE
Fig. 2 Intercostal view of right lobe of liver
A: NAFLD 41; B: fiRExS R4,
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3 FEEMRE PCR ¥ 18 & E
Fig. 3 The real-time PCR curve of the target intestinal flora
A: HIAEATE; B: FLEATE; C: ZIEUFTE; D: SUEATHE; E: GAPDH.
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Tab.1 The sequences of primer and internal reference

A B 45 FR 51 (5-3")
i F: GGGTGACCGGCCACATTGGG
H A EFT
R: ATCAGACTTGCCGCACCGCC
SLRRET F: AGCAGTAGGGAATCTTCCA
’ R: CACCGCTACACATGGAG
n F:GATTCTGGCTCAGGATGAACGC
WA
R: CTGATAGGACGCGACCCAT
- F: CCGCCTCCGTTAGCTGCGTG
P u .
AT R: ACGTAGGCTGCACAGCCGGT
GAPDH(%) F: TCGGCATCATCGAAGGTCTG

R: TGCCATTCAGTTCTGGCAGT

F: B3 19 R: RS9

TC. LDL-C., AST % R 4 it & X (P>0.05),
W32,
22 WX & TMAO R E B4 b %

SR A H, NAFLD 240 TMAO, TMA
K JAGE K -2 B f v TR R 2 (P < 0.05), fH
2 2 [] SR Bl I 2 e PR Bk P 7K T 22 S TSR TR R
X(P>0.05), W33, d#E—xt 2 AN &
5 TMAO ., TMA K AHBE AT AH M E 00, &8
FFRERR 5 & B 5 TMAO BY/K - A A et (P <
0.05), W34,
23 MIRMZFHEEREEREELE

SRR REAR L, NAFLD ZHFLBAFE . A
HEFAFREFRA RPN EZ, Z2RA%ITFE L (P<
0.05); MULHFFEE . 2 AR B, 2=
SR (P<0.05), W#ES,
24 HRIK TMAO MBZEEEZ EMNXER

W 4 Fh i i B R FGA BTSSR 5 TMAO

KEIEATHICE AT, 455 7R TMAO K5 H
7 AT B 2635 i B IE A 2C (1=0.280, P<0.05), 5
XU BT 1) 6 38 1t 522 17 AH G (1=-0.332, P < 0.05),
SRR . 2R RSB R B A (P>
0.05), L% 6,
2.5 HARMFIRELEHLE

X RIFGE X G O 25 K ) 2 1 25 SR A T 22 53 40
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F2 2HEZKEN—RIGKIEIRILE (M(P,5, Pjs) [X+5s]
Tab.2 Comparison of the general data between the two groups [M(Py;, P,5) /X+s]
I K5 4% NAFLD# (n=86) fat T HRZH (n=32) Z/t P
PR (5 /2) 49/37 12/20 3.543 0.060
B (%) 50.63+15.02 40.34+12.47 3.454 0.001"
BMI(kg/m?) 25.01+3.04 21.06+2.23 6.794 <0.001"
JEFEl (cm) 93.5(84.75, 102.25) 81.5(75.25, 84.0) -5.911 <0.001"
Bl (em) 99.5(94.0, 105.0) 93.0(89.25, 95.75) 4318 <0.001*
FPG(mmol/L) 5.77(5.05, 7.67) 4.96(4.09, 5.25) —4.147 <0.001"
HbA1C(%) 6.65(5.70, 9.25) 5.45(5.33, 5.58) -6.861 <0.001"
HOMA-IR 2.46(0.52, 3.82) 0.27(0.23, 0.50) —6.435 <0.001"
TC(mmol/L) 4.65+1.17 4.45+0.75 0.873 0.385
TG(mmol/L) 2.25(1.64, 3.33) 0.89(0.70, 1.30) -5.203 <0.001"
HDL-C(mmol/L) 1.03+0.26 1.34+0.33 -5.386 <0.001"
LDL-C(mmol/L) 2.93+1.06 2.71£0.59 1.128 0.262
AST(IU/L) 21.00(16.05, 27.33) 21.35(14.60, 25.28) -1.595 0.111
ALT(IU/L) 23.75(15.68, 36.90) 15.15(12.23, 20.18) -3.562 <0.001"
y-GGT(U/L) 46.50(23.00, 83.00) 18.50(13.25, 27.50) -5.238 <0.001"
TBA (pmol/L) 3.85(2.20, 7.15) 1.6(0.95, 3.10) -2.177 0.030"
UA (pumol/L) 390.92+124.92 328.80+70.15 2.657 0.009"
GFR(mL/min) 103.05(82.25, 130.81) 84.86(69.03, 107.11) -2.851 0.004"
P <0.05,

RI2AZ

it # TMAO REFTEARBHILLE: (M(Py, P,y) /%4 5]

Tab.3 Comparison of TMAO and its precursor metabolites between the two groups [M(P,s, P;) /X+s]

R NAFLD# (n=86) fa X FEAL (n=32) Z/t P

TMAO (ng/mL) 240.20(148.97, 386.84) 136.94(100.40, 246.37) -3.584 <0.001"

TMA (ng/mL) 186.88(146.30, 278.83) 141.84(114.62, 231.03) 2312 0.021°

BT (ng/mL) 1882.20+442.22 1582.59+538.60 3.079 0.003"

SR (ng/mL) 4121.55+973.57 4175.00+855.83 -0.274 0.785

2 Jié A% (ng/mL) 7736.19+2334.51 8084.90+1703.53 -0.771 0.442
*P<0.05,

x4 FFEREI &85 TMAO.TMA R ABREHE X 14
Tab.4 Correlation between liver fat content and TMAOQO,

TMA and choline
T H (n=118) AR E () P
TMAO 0.250 0.043"
TMA 0.182 0.143
iR 0.173 0.166
P <0.05,

AR TEREE T, AR AR S @
REARBEDHKETREESE NAFLD & &,

H HT NAFLD (1l JKI2 Wi & Fp Ay,
MEKEAT . B#E . BRI H5i0 R 1 MR, @E

I PR 52 e P AR M X 43 FE 5 S5 PR SE R (HBV AH SC AT
e . RS IR RIFAE AL ), 3 2% B s PR 1 FH v
ATH SR T A SO AT A I AR bR S

TMAO 4@%%—5?5141 SO RWEITRa 7/ XﬂL/L*H'lXTJI[L%
P L 12 R S A 11 5 T A5 1 ke b 22 E
#EE’JS'Z%“*‘ 9015 NAFLD ¢ 2 A4 A 58 40 ) 45
/L o Flores—Guerrero JL 25 29 % J 1M 3% TMAO ¥k
JE 5 NAFLD B35 TR K, AR
H, NAFLD 4 AH Lo fd B X BR 241 TMAO K i iR )
5t TMA 7K -0 B 388w, H TMAO 7K SF 5 1T kg
& AR AR SR, WRIME TMAO, TMA /K3
5 NAFLD W47 76 fl ™ B R AFFE AN R OCHK, 4
I TMA/FMO3/TMAO 154 7 18 T 5K 3 (1) — A~ 38
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%5 2MTRE 4 MBEREREBILE (M(Py, Pyy)]

Tab.5 Comparison of the expression levels of intestinal microbiota in the two groups [M(P,;, P.;)]

B NAFLDZH (n=86) {AHENT AL (n=32) z P
HIGEATH 3.24(1.64, 10.60) 0.93(0.27, 2.12) —4.240 <0.001"
FLIRFT IR 9.71(0.16, 26.26) 1.06(0.46, 5.18) -2.450 0.014"
ZICHFT 0.62(0.10, 3.57) 2.80(0.35, 11.08) 2217 0.027
WUECFF B 0.05(0.004, 0.30) 1.18(0.26, 2.90) —5.453 <0.001"

*P<0.05,

x 6 TMAOKTES 4 MFEREERILAEHXME(=118)
Tab. 6 Correlation between TMAO and the expression levels of intestinal microflora(n=118)

i H FHIEZREL(r) P
B EF 0.280 0.004°
FLIRFT IR 0.163 0.097
ZICHAT R -0.161 0.101
BUBEAT 1 -0.332 0.001°

*P<0.05,

KT RREME2HENESR

Tab.7 Differences in dietary structure between the two groups

SRR R BEERRL(E/R) BHYOKE(mD) X9E 4 @k

I A ACR IRGHAE R SFETORE

VA —0.473 -3.251 —-0.136
P 0.636 0.001" 0.892

—0.091 -0.226 —3.500 —0.882 —0.313 —0.898
0.928 0.821 <0.001" 0.378

—-0.073 —0.482

0.755  0.369 0.942 0.630

P <0.05, BRI B AR R R

= 8 FFEEI & E5RBEEHIERXE(=118)
Tab.8 Correlation between liver fat content and diet

structure(n=118)

W H (n=118) AR EL () P

JE AL (ZE/3) 0.345 0.004°

025 (R RO -0.289 0.019"
*P<0.05,

B, AIBEMEVE NAFLD HEJR .

BHEFE BN, TMAO W] 82 8 1 AR AR T
fig b /I L BRI RE T 2 0 o A B0 5 e ok ek AR
PR T 1) A o AT A2 il R 10 e VL1 s i L 4
FRE STl 9 7 1], 5% ) S 5 9k S g
PURR, M SFE5RE i 20 8L 9 0 S i 2122

NRARAE S AR TG Y E SR, B 2t
Yireoiie, 252 RN R, RS R
NIRRT S b e e 7 R i B ) £
A PRI B REAS, ARG AF N e T, S 3008
i B 12 . FEARF ST NAFLD ZHAH L fi Bkt
REAH, I8 R AR /K SF B 2 7, #E NAFLD &
V] BE R MR BEAE W R BRI, S BUIF IR B

e
KGR sR 2B, NAFLD kRS
Jo B R RS T B ARG, LR R RE B T A
FFER T2 (8] 0 - Al 8 R AR, 2SS
595 58 N TMA ()4 B 240, Cho C.E 4§ 20
WS s, IMIE TMAO /KP4 5 B9 A REEBER ]
ST BT TAY LU 5=, W TMAO ZK-FEIR BT
B JEEBE AT T 5 FOUFT B 1T E AN o AT i
WFIE A &% BT I 18 T R 25 MO 76 NAFLD SR 3 (2
As A ELIRATR . B AT R B
MUEFFE . 2R A EGE B, Hh 2R
AT AT T CRE , B BT E R
IREE D, AR S 2T, EHTF5R
R BT TMAO KV 5 5 BAT W RIS s AL 7E
EAOCHE, HRUBAT B AATE UM DG, 2 P HF
AR FITE T T 1 A, XA RATER R
TMAO 5418 ] =2 [a] ¢ ZR FE U4 A1y ) .
AR R ZAL: H5E, TMA/FMO3/TMAO
YER— AW AR B, A AR 1 A5 Xt
ZAMLTH TMA A1 TMAO K, RAERER LB
B4 O R A G 00 T 2H 40 FMO3 £ iA K. Hik,
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TMAO SR AK 32 Ik & R K,
EHMATREEMNE L EERAEZIEHEN
RS, R ITHA BB FT AR R AR S,
KAEHE PRI TMAO K Hmr AR 5 & iy 5%
FRo H—I, TEAHESE 4 A T RE 20 4]
B, AR MBS T T B 2 R SCRE,
#—2PRE TMAO 7E NAFLD HigfEH]

g bk, B-HFhE NAFLD &A= fk R
SRR S o, VI A A R R ) 1 B
BUEE 20, HL I~ Sl i) 00 o) % — B2 AR i
PR Y £ A, I T BB R R SR T B R AR OT
NAFLD 1% 2 &, EHAAH B WA L
TMAO #0545 % NAFLD W6 T B, B 56
A AT Oy ORI, IR B B A
RIEER T TMAO B LHTAR A 4 7K - 1) 5 8 22 K]
RZ—, AHEINESHEN T HEXT NAFLD &2 ] 1
W IFE . A TMAO A& 2, Ity
BEE i 2 B G B AME R, DR O g i
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