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W = EE5EM: PRSI X AN RS A (GCS) R RN T b X B, 4 7 D b X R
R R . BEARAIF ST RIS AR 2K AL GCS T Ui ER & N 2, B R N4 3 (FMO3) J HAR
WY =W -N- Sk (TMAO) RS 5T 6CS ML (SFFMBIX ) o SR, FMO3 Fil TMAO 7¢
I GCS &I R VR FH G AS B A o A 9 7 e JR b DX ST /N B GCS B | % FMO3 AT TMAO 7K
S AR AV I 53 BT LR LE 1 I R o
Tk Bl AEHEPE C57BL/6] /N BRI FRAE T RO Ml (4K 4 500 m ), FEHLIY SR GCS FERIZH 55 %5 B4 .
BRI R S AR (FEml H M +15% NENT +1% FHIEEE +0.5% JHER ) LAk % GCS, X HEZH 2R I IE 1)
BEBEATARIIE . ESE 8 JH G AR SE /N RIS SEARAS AR TR0 4 DA JIE 448 Py 1 300 DL [0 1 45 0 Ay s A Sh b vfis , W2
FHC20 RTS8 ) o 4l 4 A s AR AR B SE i g AT A ke bR, B RO (% v (HPLC)
W 5E 1% TMAO K-, qRT-PCR A I JFIE FMO3 mRNA 3k /K, Spearman AH 3¢ 22 %040 B W8 I 5 47
W] B9 EE, ZHE Logistic MIHAMTF G % .

ZER. BIRU AL V S EEEE (TC) . Ho =S (T6) L REEMR &S (LDL) . Hy TC, MYt
FR . WM AN IR [ A AR B0 (CST) ¥ Tt AL, S AR (HDL) B WA T el (1
P<0.05) . BEHYAH 1K TMAO FFAE FMO3 mRNA /K F- 2B 5 5 F X%} 240 (] P<0.05) . Spearman
M ZF PR, FMO3 mRNA, TMAO 513K TC. TG, LDL. JHIF TC. JHJTFER . BEARAI CST ¥4
M WIEA DG, 5 HDL B R AAE (35 P<0.05) o ZH K Logistic EIH /R, FMO3 mRNA Al TMAO
THi R0 = R GCS MER N #E (35 P<0.05) .

£5i8: FMO3 I TMAO T AT 8 5 & 5 GCS B s VIAR G, ML AT 58 5 90 T S B8O IR AR 35 AL A ¢,
Xk JE X GCS 1 Bl A B BT Y SR K 1)
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Experimental study of changes in flavin monooxygenase 3 and its
metabolite levels in formation of gallbladder cholesterol stone in
plateau areas

SANG Haiquan"?, REN Weigiang', CHEN Peng'

(1. Department of General Surgery, the Fourth Affiliated Hospital of China Medical University, Shenyang 110032, China; 2. Department of
General Surgery, Naqu people's Hospital of Tibet Autonomous Region, Naqu, Tibet 852000, China)

Abstract

Key words

Background and Aims: The incidence of gallbladder cholesterol stone (GCS) in Tibet and other plateau areas
is several times higher than that in plain regions, which brings serious harm to the residents in the plateau areas.
Previous studies have shown that the disorder of lipid metabolism is the initial factor for the formation of GCS.
Flavin monooxygenase 3 (FMO3) and its metabolite trimethylamine-N-oxide (TMAO) are involved in the
formation of GCS (plain region). However, the roles of FMO3 and TMAO in the pathogenesis of GCS in plateau
areas is not clear. This study was conducted to observe the changes in FMO3 and TMAO levels in mice GCS
model created in a plateau region and then analyze the potential clinical significance.

Methods: Adult male CS7BL/6] mice were reared in Naqu, Tibet (4 S00 m above sea level) and randomly
divided into GCS model group and control group. Mice in model group were fed high-fat diet (basic diet +15%
fat + 1% cholesterol + 0.5% cholic acid) to induce GCS, and those in control group were given normal diet. Eight
weeks later, the mice were sacrificed, and the samples were harvested (the presence of cholesterol stones in the
gallbladder in model group was a standard for successful model creation, and 20 mice were used in each group).
Blood lipids and bile biochemical indexes were measured by automatic biochemical analyzer, plasma TMAO level
was measured by high performance liquid chromatography (HPLC), the expression of FMO3 mRNA in liver was
detected by qRT-PCR. Spearman correlation coefficient was used to analyze the correlation among the observed
variables, and multivariate Logistic regression analysis was used to analyze the risk factors.

Results: The serum total cholesterol (TC), triglyceride (TG), low density lipoprotein (LDL), bile TC, bile acid,
phospholipid and cholesterol saturation index (CSI) in model group were significantly higher than those in the
control group, while the high-density lipoprotein (HDL) in model group was significantly lower than that in the
control group (all P<0.05). The plasma level of TMAO and FMO3 mRNA expression level in the liver in model
group were significantly higher than those in control group (both P<0.05). Spearman correlation coefficient
analysis showed that FMO3 mRNA and TMAO were positively correlated with plasma TC, TG, LDL, bile TC,
bile acid, phospholipid and CSI, and negatively correlated with HDL (all P<0.05). Multivariate Logistic regression
showed that the increase of FMO3 mRNA and TMAO were the risk factors for GCS in plateau areas.
Conclusion: The high FMO3 and TMAO levels are closely related to the occurrence GCS in plateau areas, and
the mechanism may be probably associated with the lipid metabolism disorders caused by their increase. This
provides a new strategy and direction for the prevention and treatment of GCS in plateau areas.
Cholecystolithiasis; Altitude; Flavin Monooxygenase 3; Mice
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WAL, B i IR M RN T AL T R ST RE R
AL, B WG Z W R R, Hph g
WEALPOA N RN EELS AR R ERE, H
RS2 X R ) H AR IR L IR A R R
WK MAEUA LR, ki, HArHE 4w
1) 2 9 AL T O A< ) B 9 4

Bifi & X G CS A& i AL PR 0 & A iR, N A i
L2 Kk B T8 A A R U 5 08 A A T8 R
HRAEEVKR. BAE A 7T 2 ks £ W
il E R RIS S L g SRR B
5T % PR i 38 oA R R A A2 4 AR o = R
(TMA) , ZmEW I A M H#F AR, TMA
TEHZNINER (FMO3) 4 T A8 = I
e -N-%1b% (TMAO ) , il A4 3= 2858 i o
FEFMO3/TMA O i+ g BT Qi , M 5| & JE i
FRACIE ZE AL H IR FMO3FITMAOFE /& J5
X [ GCSIE B i VR i R AT A 5 . A D 90l
K /N BUIFFMO3 mRNA S35 HLE TMA O 343
MrHa S0, DU A 80206 b X G CSH 1 5
B A

1 RS

1.1 WY 5LE

HF AT e CSTB L6 /0N B T 3% A v SRR il
(44 500 m) , W HEEEIEE, BV
Mgl (HAELE A XFIRA ) o b R A
ANERASBRAR . B o b X 455 750 4 M 7% o R K 1
( JERH H AR+ 15% I8 15 +1 %8 [F B2 +0.5% 0 R ) DL
RNABESS £, X HEZH R FH OE 6 fRDRHEA T 0 4 4
ST AL AE /B, LA S Py 30 A [ 45 A i A
R AR E, FE20 K, UL B /N 20 H o B
W YT dhia KA T IR e sl (1)

1 REEh YA

Figure 1 Sample harvest from the animal model

© WA )T i [ & F I F 2P H

1.2 ARFE

1.21 fegsaidmao oy AEBAKRE W
VEMR e 28 4 2 T, BT WFES 5 RIS A1 1 mg I
IRIEE R R 100 mg, AR A B S G R LM
T B 32 A D R 5% 45 A By DA Ay I [ e 2
1.2.2 Mg o4 i BEKMAN A& 94 [ sh 4
A3 BT ASCR: P Tl 325 S 0 ot 37 R Ry S IE R ( total
cholesterol, TC) . H W = g (triglyceride,
TG) . E%EEHEH (high-density lipoprotein,
HDL) AL EHEE A (low-density lipoprotein,
LDL ) 548 hr, 115 N0 [E B4 A1 48 5L (cholesterol
saturation index, CSI) "' FrA7 i 5] 1 4E 1 2 5k
H BEKMAN 22 .

1.2.3 ZaatnEiExien o TMAO I HL
50 pL IfiL3%, JA 200 uL NER# (5 pmol/L) , i
Bi€ 1 min, 15 000 r/min. 4 °C&.[> 25 min, H I~
T 2 pL gEAT ARSI . e BE S 20O/ AH €235 2 ( HPLC)
R i3 TMAO. i s AHH A:B=80%:20%, i3l
AR 0.1% WIR - KW, WishAH B o I EE; ik
0.5 mL/min; SM: B BG&MF: SFERNH
Wi%s M (EST) 5 A A M Es Fai, &
g T AR

1.2.4 qRT-PCR # @l & J qRT-PCR £ I Ji
JEZH 21 FMO3 mRNA Fik7KF o $2 O IE 240 21 5
RNA, 7351 2R FH 435606 B8 12 0 Bt iR W58 e H, Tk A
RNA W . 4l JZ F5E BV, SR ] SYBR Green ¥
1T qRT-PCR ¥ . Primer 5.0 4 ¥ i+ FMO3
5191, IR 1, ExicyclerTM 96 98 i &
AT LI 9 6 R AT, A5 ORAT 2 M IR
FE By AT Pk i

&1 545
Table1 Primer sequence
AR 5-3'
FMO3-F AATTCGGGCTGTGATATTGC
FMO3-R TTGAGGAAGGTTCCAAATCG
GAPDH-F TGACGTGGACATCCGCAAAG
GAPDH-R CTGGAAGGTGGACAGCGAGG

1.3 SitF4E

K HISPSS 19 .08 #AT G200 0 IES S
it m R R I+ drifE2E (Fxs) Rom, W
2 8] FL R FH eRE 55 5 Spearman A 5¢ 22 50043 B W8 ]
FebR I A e s £ I & Logistic 8l 543 #r 16 B K
o LIP<0.05VENA Geit 22 7 abrif
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2.1 WA/NRMASFIPE T £ IgtRIL 4

X BAME, AEAMETC. TCH
LDLJtw, HDLREML, ¥WHEES ¥ 257 (1
P<0.05) ., [Am, #EAMEFTC, TR, B
FCSIH B & xR, ZRWAFRIT¥EX (1
P<0.05) (K2) (#£2) .

L Pogiiite|
LR 5

P<0.05
—

B2 WHENRMAEEREER
Figure 2 Comparison of blood lipids between two groups of mice

®2 FWENRREH RS L
Table 2 Comparison of bile components between two groups

of mice

HiFIZH 12.06 +1.16 174.62 +15.12 32.23+0.32 1.13+0.11
YHRZH 6.21 £0.57 147.95+12.32 25.62+2.11 0.56 +0.03
t 6.195 6.267 6.189 6.132
P 0.000 0.000 0.000 0.000

2.2 WA/NRME TMAO Lb&
HPLCHK I /5, BIAIZITMAOKF R
(12.36+1.06) pmol/L, X HAN (6.51
0.59) umol/L, BIAEIZTMAO KB & & T % 1R
4, ZRAGIFENL (P<0.05) (E3) .
2.3 WA/NRIFE FMO3 mRNA Rix
X HAFMO3 mRNAMM EIKXERN
1.08+0.09, BEAIZAFMO mRNAK X F k&K
2.19+£0.12, BEAIZHFMO3 mRNAAH X5 5B 2 &
TXTHRA, ZRAgZIFE L (P<0.05) (K4) .
2.4 FMO3 mRNA. TMAO 5 fAg#npEit s 418
KIS
Spearmanffl & R E M 7R, FMO3 mRNA |

© MR IT F EHFFNHFEIH

TMAOSIMIETC. TG, LDL. JAIFTC. JHHER .
WEIR FICSIYY BB B FAHC (¥P<0.05) , 5HDL
SR AL (P<0.05) (F£3) .

E 3 mA/NMRMIE TMAO tbi
Figure 3 Comparison of plasma TMAO levels between two groups

of mice

4 PELA/NRBFRE FMO3 mRNA ik b
Figure 4 Comparison of FMO3 mRNA expression levels in the

liver between the two groups of mice

%3 FMO3mRNA, TMAO 5imfig. BBt 18K ML 4T
Table 3 Correlation analysis of FMO3 mRNA and TMAO with

blood lipid and bile composition

TC 0.727 0.693
TG 0.571 0.604
HDL -0.621 -0.573
LDL 0.651 0.622
3t TC 0.792 0.763
RHY % 0.703 0.651
g 0.509 0.573
CSI 0.653 0.703

2.5 %[E%E Logistic B3N HEREZ
HE— 255 FFMO3 mRNAFITMAO 27 HGCS
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a2, 455 5%, FMO3 mRNAFITMAO &
EMGCSHERHNZE (¥P<0.05) (F£4) .

x4 ZEZE logistics @ITHH

Table 4 Multivariate Logistic regression analysis

FSES B SE OR P 95% CI
FMO mRNA 2.621 0269 1.862 0.000 1.354~2.625
TMAO 0.193 12.621 2.032 0.000 1.524~2.982

IR 55 R WL SNEHE AR B, H
BRGCS!, ARSI Y S IRV L X AR 4 1 &
PR N23%, Hatm B, 248 BHmas ",
o I b DX JIH 8 45 19 R e W B s T b X
5 M DCRR R 9 F AR IR BE L IR B I R B
MAEFEE DI R, HAlE & MG CSTE i i 5L Atk
47995 BRI Ay FEL T st R R R A O B o s S
JHF A B 1 AR R 22 ARG HE A B, H AR i I 72
2 T TR O I Y, TR ) 0 A A A A 32 IE
R Wik, WitEMESSCCSHE
FAT R FIRAMETE KL

Jo 38 TR REAE AR BT R B MO R Y
LA R A, AEHNUIR Y S Re AR . s
RESE 3G MRS W F I mAAHEEEEN . HiEE
AT 38 o 7 AR 0y 22 A A 7 W R I B 5T RN
BECH B2 AR AR 5T & PR A A R TR R A 2K
TG A TMA 28 18 WA I i AR Ik S Ak
JTMAOZ 5 g AR, & 1R A 2 52
TMA A B S H A AR AE B TMA O, $7R RN TMAO
KSR 38 Sk R 1 5 H A R R R AT AR ST
R, SXPEALE, BEAHMETC, TGHLDL
FHEr, HDLIEME (¥P<0.05) , [A] W45 % 44 0
HTC, MEWER . BEIEAICSIRE B T X IR4] (1
P<0.05) . il HPLCK: I 1% TAMO % B8 A 7Y 20
A TMAOZK P-4 B i TX R4 (P<0.05) , A
T 70 2 1L T A MO 7K S BbSF D i XA L/ B S 56
(10 &5 S v I 25 2 Sl At L U Y R R b XY g
TRk — 25 B AR I TMA O 7K S DT 52 35008 5 ¢ 1t
S o

FMO3 2 8 2 500 S B 5% N, e AR
ZHREEHRMTASAEY RN AL, HTFMO3
S AR [ AR % 91 70010 I AR Miao 550 F
FEHIT W, FMO3RBR 3 FEAR T LDLr—/-/N B

© WA )T i [ & F I F 2P H

WAR % NEE [ (VLDL ) FMLDLJH [ K,
HE TG Bl ik s FERE Ak & 3 T RYER . FMO3 g
A Y Hb A AR 7 8 AR W) SR TR B TMAJE B TMA O,
1M TMAOFE VA 1 Bg A 7 1l AT EEAEH, e
3l koo FR B Ak e Y & RPN Nk,
B A EIE R, FMO3 K HAC I P2 TM A O 3L [
Z5TGCSHIEMR (CFBHIX ) B9, fg mfR i =
BiL A2 G CSTE i ak B2 v JF 40 i HE 30 ) o 2 9 7R A
1k, TR i 8 B A 0 e A O 2 R AE R R B AR Y
FEIEA, (HFMO3FTMAOLE & JHGCS Ay % ik
IFR T IR . ASHF ST 45 R R BRI I 3K TMA O
FFBEFMO3 mRNA Rk K734 B & & F xF 4
(P<0.05) , #E/RTMAO R AE I [ EE A 5 A H
[ 2 536 1) 6 55 B9 T HL, FMO3 %5 2% 3k n] 4 2% JiH 4%
HORE A, R AN AR [ A i W, B RE Y
P 1 AR, A s T %) AL 1 a2 D) AT 5 | % O [
AT, AT BT RS AP ik — 2 B
HWIE KR X, 287 w3 5 i g AR A fe 38 A
FAR SR, R E/RIMKETAMO S IEFMO3 5 i
FTC. TG. LDL., JHIFTC. JHIFRR . ®iisAICST
PR IEA 2 (P<0.05) , TS5 HDLE A%
(P<0.05) , EHTAMOSFMO3 515 FfCisf =l
FEWRXR, BEMAESE HHEE, TR
Pt . e ilat Z2 ] &K Logistic [\ 5 43 H7
R, TAMOSFMO3 T} ¥ o i B X G CS /N B
fa N ZE, FWTAMOSFMO3 T E Ml iES 5 & 5
XGOS & it B2, $7R B F A8 I W K S v]
B F K A2 6 SR A 4

ZE b TR, FMO3HFITMAOTE & Ji L X GCS/h
ERAKT, 5CCSHIERE VM. KAWL
W 5 K 38 23 240 B R 3y ) 552 36 0 — 25 A 59 v D b IXC
A XTFMO3 2, LI GCSERBEHT iR T
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