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ABSTRACT

Background and Aim: Atherosclerosis is known as a multifactorial inflammatory disease.
Trimethylamine N-oxide (TMAO) as a risk factor, has a potential to trigger or enhance the
immune inflammatory reactions in atherosclerosis. Yet, The exact mechanism by which
TMAO induces inflammation during atherosclerosisis not well understood. The present study
was designed to evaluate the expression of IL-1[3, IL-6, and TNF-a mRNA in response to
treatment of macrophages with different concentrations of TMAO.

Material and Methods: In this experimental in-vitro study, U937-derived macrophages were
treated with different concentrations of TMAQ (37.5, 75,150 and 300 uM) for 24 h. A group
of cells were also treated with tunicamycin as positive control for stress. RT-qgPCR was used
to evaluate the expression of 1L-10, IL-6, and TNF-a mRNA levels. One-Way ANOVA and
Post-hoc Dunnett test were used to compare the mean value of every group with that of
control group.

Results: Although TMAO increased expression of IL-1f3, IL-6, and TNF-a mRNA, only 300
MM of TMAO significantly increased expression of IL-13 mRNA compared to the control
cells (P<0.001). Tunicamycin increased expression of IL-6 significantly.

Conclusion: The results of this study showed that among the above mentioned cytokines, IL-
1B as a proinflammatory cytokine had a greater role in inflammatory reactions, induced by
TMAO asarisk factor for atherosclerosis.

Keywords. Cytokine, Atherosclerosis, Trimethylamine-N-Oxide, Tunicamycin, Macrophage.

Received: Nov 21, 2017 Accepted: May 15, 2018


http://dx.doi.org/10.52547/sjku.23.3.1
http://sjku.muk.ac.ir/article-1-4260-en.html

[ Downloaded from siku.muk.ac.ir on 2025-12-18 ]

[ DOI: 10.52547/5ku.23.3.1]

1-9/119V )ou3eib g sls)s / eow § Cuuy )93 / 9lw)S (Sibjy eole alSkils (alc alas

29 Sl i S U g O3 Gl 30 WS —N— uoT ko (5 93 9 (w3
U937 (Jgkw 08 i o Giiwo s jlog S'lo

P adis Pty O Sianb dure dee (S0 B M T g é ool (o013 Olag b 5 Guns deze

Ol kit s S (S sle ol ¢ (K 08l ¢l (ot g 0 8 53wl )

zakariav@Y ah00.COM ¢ AV-YTEYOVFY: il ¢ (J ghue il 2) 01 gl ki clts 8 (S ke ol S 5 518 Slidions S0 skl ¥
Ol it s S (S p sl ol ¢ Sy 0aSiils ¢ (S (6 il ¥

Ol it Dl S (S 5k o> ¢ (K oSl ( J S pn (K09 8 JoSUpn (Sy pmaisl 65575 s mls ¥

Ol e it (Ol S (S she o8l ¢ (Kb 08l ol (o 03,8 5L310

Ol it (Ol 87 S8 she o8l ¢ (S 08l I oo 03,8 (o n P

oy

N= T e (65 oS5 5 a1 IS8 (Al el (les 65 Ol 4 55 iS5 5T 055 01 18D 9 4o
T (b 5o el GletsSTs s b5 058 BT GUl5 Gy JSuls 5T, 5856 oSy & 0150 4 (TMAO) LS|
wld o 4 Sge S e bt S ISl 5T 55 1 Sl TMAO 0T G b 51487 (a8s @l wa)ls 1 55 S8l 5
WT grs05 55,55 5556 5 IL-6) ¢ S J ml L-1B) b V= 8 Izl 0l obso) S 55 ol andllan .l o
ol ot (> b TMAO Calises slals L a3y ST les 4 el 53 MRNA b s (TNF-00

o 30315 L5 Ll 565 Sl 4 1, U937 o e Sk 03, dM-VITTO S0 40 g 25 aollan 0l 5 (i 30 S99
Y Bl 5 ke 51 25,5 S sled TMAO [V, Ko ¥re 5100 V0 YV (slgilale b Cola YF Ooe
o 53 TNF-0U 5 IL-6 dL-1B 0l 0l Liks Jles il S dalds Ol @ e bl 2 o 0 55 S
U sl cwlize i Cus s ONE-Way ANOVA 0,057 s b5, RT-QPCR 25, 5l eslizet L MRNA
o3 8 oslizal J 28 05 S oy 8 p o Kle sl

Yoo cble Li gy sl il TNF0s IL-6 ¢ IL-1B (sl war 0k TMAO ¢ pemn 5 42 511l 4Bl
N3 e Sypo 4 S 05 8 L anlie ;s MRNA Aku s 1) IL-1B oL 015 ity TMAO Y 5o e
Sl il gl gan yska ) TL-6 0Ly 0l ee am WSS 55 s ol 31 (P<e/e0)

o ol o 53 IL-1B Gl i a8 sl s oo 0L o7 357 ol 3 1 (bl o anlllas oyl (sl 4l 1S ™ domaid
13 55 Sl 5T, 5856 oS, oK 0l e 4 TMAO 51 ot Sledl sl 2S5 Wl s (¢ i

565 Sl (s LSS 5 ST N T e (65 G ISl 5T e 8 sl 1Sl (S 0519

AV/Y/YO: o dy AV/Y/YD: ol a-Dlal AF/A/Y idllas J 5o


http://dx.doi.org/10.52547/sjku.23.3.1
http://sjku.muk.ac.ir/article-1-4260-en.html

[ Downloaded from siku.muk.ac.ir on 2025-12-18 ]

[ DOI: 10.52547/5ku.23.3.1]

wd3is 513 ) oy P

S plie G 4 LS g0 29 S 5T d s
LLSEN-eT o 65 o v 55,50
» L (Trimethylamine-N-oxide, TMAO)
Cel TMAO 5 ol ol Olas k}é Slalllas (B) 545
AT ST Gk S8 a5 Ol sl
03l oesdle 34h (Foam Célls) 656y Sl
ég.wd é.il Olgs 4 TMAO 6J§-L> sdxe Slallas
53 Al 5T JU 5T sla (olials g1y Jits 5556
4>}5'L’ BNl ol @fu s;b‘ ‘5.15 sl
Sl a ar gl 555 0) Cul 55 MKl 5T 5556 S
sbul 55 TMAO 5 Slee (6 050 s ‘...M:;li» Y
wls o 4 3l STl 5s 55 Sty 5T (b s led
‘dgv\)‘)\i L§‘ AJBUL{ “*or wLw‘jv 9 C_;.w‘ o lid
U e & Sl s S8L (o) andlas 04STG
2 ol e gl Sl 0L Ol 1, TMAO
2 TMAO s 236 addllan 140 ccns 0L ba3los STl
b3l Sl s ol i b 8 emle 0L Ol
adllas U'i‘ BE u:’.‘J"L" Dy M\? oS Q"‘:‘”})j u\m.&))‘
IL-) V= S sl el i sl sl O e
JL@.; 44 cwl..v_ BL mRNA c}d.a DL b (TNF‘G)

0235 02 TMAO Calis slelale L 1365 STl

IR 9D
sk Hlag g oS

Sl C2SL S INVITIO &g 4 o o5 andllas )
U937 o gto (S 03, Izl 5kt cpl (gl s plons]
FBS 7V 5= RPMI 1640 28" Loee s 1,
F 5 bl b o gy b sbinn 31 55 5T 1%
55LsSSl s (L-Glutaming) b J8-J1 Ve e

SN 53 sl Kl a5 ¥V sles L CO2 5%

4ok

LT 3 4 Sl ol o3ls Olas (gadaze Slllas s
eSS (Sl 335 5T L a8 55 ootr S4B 1l
b 5O 5,0 0T Gl s s Mty 5T
L5586 dir (solom &S Ol gie 0 55 Sy 5T ¢ Ko
(g fdST O 3m 029 W i (goubaie (5la) 556 S
bl gladisn Gl sl 5 sluST
Sy Sl aS ol e b Rl L(0) Sl s
P 03 b ol Sla e 55 ISl 5T (sla, sST6
oo 4 Sldlas 3 548 Lasie 5 Sl 5T
e S S gl alae (a1 581 48T ol ol el LIS
(V) At ol o 55,8 B (S 5la Sy b el
Gl 0o &S dzes GLS 5 ol iy gl S sl
ol s (or 3T Oljee 3 L) Sl e (5Ll 4
53 Lyls ) abaaly 25 oAl lenSTy 5 LS5
6l Jglo b g S (L-1) Y 574zl o3l sl Ol opl
Sidys G o M lisd o Ol Gse oylpd
() L0555 ISRty 5T ks 5 slowl 53 555 (S smle
Cul 6 55 ol Lt Sl IL-6) # 87 ol
385 s 5 ol Sk oS Olge 4 0T I S
I L oS Pl ol osd e eslizal 5 IS0y 5T
e )25 B o gige G5ldld Lol o STHL 5 0 S5
35 BUS1 53 ol (693 ;8 5odd (G AS sl b gla STy
Cos s 39,55 5586 (F) Lyls ik 5 Kl 5T s
S e e sl ¢SS Olge 4 5 (TNF-0) W7
(B35 B Sl Solem 3 ok s e A5 S0
(F) 3,15 0T s L2185 55 Sl 5T sl

4 (pams ) 0355 (93 Sn s ) Jlo ki (b 5o
59Kl 5T oS ams sla, 56 51 s (S Ol e
b o Sl S S IS oDl odd (B e
(e mle 53 sprge IS 035 odple b oesy)
L (Trimethylaming) .7 Jzo g5 pb @ (S 5
WS Lwg by 5 0 4 2508 Sl e &S AL

199V j92)0ids g sIsps / @0 g Cumny 2)9s / OBWs)S (Sib)y eole alGibils (ale dlas


http://dx.doi.org/10.52547/sjku.23.3.1
http://sjku.muk.ac.ir/article-1-4260-en.html

[ Downloaded from siku.muk.ac.ir on 2025-12-18 ]

[ DOI: 10.52547/5ku.23.3.1]

W asl) wlag LYSH

s RNX-Plus 1 el o5 5IRNA 21 sl ol
SMEe L3l slp ol el OT ol yon Jasdly 2wy abo
2 i 4 0Tl dised 5l edd g el RNA
i OT osls G50l Sl 5 sl Y90 e Jsb
S @ e gl YE/YY Y 5 e gl Y/ YAY Gl sla
(Synergy HTX, BIioTEK, USA) o5,
TaKaRa) 1,55 =5 L CDNA ;i gl 5 i Ll
» ¢ RNA 3 LS Sl (RRO37A,v0610
S 2T B lp il glasles 5 b 05,5 53 dses
whsl js a5 ks DNasel b 55 DNA Jlas|
Ovr ldie &S ey szes 3b CDNA i (ol
Fow STy s 8L oy a a SITRNA ¢ 80
s Gl 45z 055 @al b 5 05l sSSHL CDNA
plmit ISl Jloji o8 53 (oS Jaddl g Gollae
gl 55 05 Ol oLl sk 4 AT A e sl
650 » < CDNACY,ame <5, MRNA
Gb,ely 5 oesliel L RT-QPCR - (glgaslejT
SYBR Green)|, st s & oS 0 » solazs
Rotor-).&:..s s (PCR Kit, TKARA Japan

GeneTM 6000 Red-Time PCR System
pll o gae lady s (Corbett, Germany

5l o RT-OPCR 2575 4 by e glaesls .25 8
LinReg EXport ) bl Cwp b 0,55 5 5sdw
s PCR s, oL il ol ol (Format
sles MRNA) ol 81 Ol 4 by o Sloslons
LinRegPCR (version i3l o; 55 i 5,5
Slr W3 ps ol @l 0V esls 13 2013.X)
2035 e ) ey 0 5les 6505 05 » MRNA
05,5 4 S (& 5a5 Olea GAPDH o3 MRNA o
Cypa 3 b (REEIVE) i &jsa oJ S

PMA (phorbol-12-myristate-13- Y. st Y-
22 by ples 56y S cele FA O o (aCELAe
9 V0 VO YV slebale L1, Wl Sl day d e
sl csle ¥F e 4 TMAO [V S ¥
Y Chle b el W e a b 51 (258 s S
ke dald Ol 4 LSS5 ) e 5 055 S
Olge 4 on b3y S sl P35 Lks Hls el
135 55 13 oled 455 g Sowd Jpene IS 05 8
Q)

MTT 04057

clols 3w Wil SLo(vidbility) sl ol
ol 3 000 Sb5 MTT O g05T 51 eslizal b Calises
Y os SIS ke Osmilse S5 al )
Sl 48 S lgSalr 4 s sl 1) S Ve Q1SS
A 30l b sl ciS ot al e s s Jize
) Ay delee Lyl 5 3 e @ Wb dLasl 5 0
oS (LS sl 3™ sles 5 CO2 5%, 50 S
S b ds S Vor Ol opl Ci I8 1 e Al
L cwlze oj6 (Treatment Medium) ;T
Lo BLS Salr a0 haleiT 550 glales slelile
o315 15 delus Lol 5 L5 5L eSOl 5 Sl YF B s
S b gl 4 IS 05 5 lSalr ol s
doy s L) JolST CiS lass g S Ve r (aalesT
2o e 0 Jdoa 5l s S ¥ 0l ol cs S
Colo F-F S w5 6l Salr 2 4 MTT 2 L
Al o 53 03ls 1 LS 55 ey S5 S
Pl s Sn Vv 5 adis [Sely Sl cn
Bl 0 Jo (sl 5 05 8 L1 &Salr o 4 Dp5ley 8
05 s a5 8L sles ja(Celw F-¥ Sl &) O gmy
2 0T Gl Olge Lulg 53 s () (S )
b el e gl OV e Jsb

RT-gPCR _:,,

109V 1033010 g slsps / 0w § Cunyy 8)93 / OBws)S ¢Sib)y eole alSisils (ole dlas


http://dx.doi.org/10.52547/sjku.23.3.1
http://sjku.muk.ac.ir/article-1-4260-en.html

[ Downloaded from siku.muk.ac.ir on 2025-12-18 ]

[ DOI: 10.52547/5ku.23.3.1]

—da3s 513 ) uyp K€

o bl
odd 0315 OLas N Llsges Js MTT G437 4 b e @l:}
s TMAO) b jles anen gl a3y S el O joo ol
3 s dens 47 VL Ll wes s (e bSSs
sk 3 5l & wls sl e 5 0 8

LS odalie

Cell Viability [% of Control)

bl z3)
PSS lple s Yeaus SIocoilel Gl Glp
09037 3 ot ol ()13 e pebaw Ol oy P<2/20
Post-hoc Dunnett Litz. ;One-Way ANOVA
Los S a oSole Sl ob3)) 5 amlie ol tESE

.v\{'sjfa:w.w‘g_j_;ifoj;

37.5uM 75 pM
TMAO TMAO

150pM  300pM 2pg/ml CTR
TMAO TMAO  TUN

Treatments

65 TMAO s aalone dime 5lejT L a3kl sl £ o Sile Sy g0 s MTT s s S oslizal b33 ST (& s ) 15 g
sl ok a5 S b 3 gl Lls gae Olge 4 P<o/00 018 CTR . s LSS 5 TUN L0 LST-N- T e

L3l Ol J 28 09 8 L awlie 5 IL-1P oL
TMAO Vs Ko Yoo clile Lis (P>4/10)
b amslie 53 1) TL-1B 0L Oe (5ol (an sk @

(P V) sls il J S og 8

IL-1B 03 MRNA i Sl Ol ¥ ls 5es
slelale b by S sy Cele YF 51y )
W ol 4 by s TMAO 1 ik
Loold Ll Gldshe s o Ol Cole

e 53 15 o5 dme il 4 S o e LSS 5

199V j92)0ids g sIsps / @0 g Cumny 2)9s / OBWs)S (Sib)y eole alGibils (ale dlas


http://dx.doi.org/10.52547/sjku.23.3.1
http://sjku.muk.ac.ir/article-1-4260-en.html

[ Downloaded from siku.muk.ac.ir on 2025-12-18 ]

[ DOI: 10.52547/5ku.23.3.1]

O ol wlag LYSs

25.00

20.00

15.00

10.00

5.00

Relative IL-1p mRNA levels

0.00

%k

37.5 uM 75 uM
TMADO TMAO TMAO TMACO TUN

150 uM 300 M 2 pg/ml  CTR

Treatments

Jeo 65 TMAO it o 218 e (23T Jlgr syl sl 2 oSk &gy ol JL-1B 05 MRNA s 1 Y15 505
P<o/ond 128 05 8L aglin 5ol okd 3,5 i 55 5bT Lls gne Olge & P<o/00 .08 CTR s bl 5 TUN . LuST-N- T

Loawslie 53 1L-6 0L Ol 53 )l oo sl
ML‘&?’}: é} .(P>'/'(>)HULJ°J..:D d,’i«s onf

1y 53 IL-6 0l Ol ils oo ysb 4 Sl

160.00
140.00
120.00
100.00
80.00
60.00
40.00
20.00
0.00

Relative IL-6 mRNA levels

(P=+/2YA) aas 21530

B

L IL-6 o3 MRNA i Sl i Ol O 15 5e5
ke Glglale L a3l s ST jles Celu YF 51
Olis Celo WA S 4 e LG 5 s TMAO

ﬁf@ATMAOl{cM)L@:SL;L@J}lM):.M;@

150 M 300 M 2 pg/mil CTR

- o= 7
37.5pM 75 pM
TMAD TMAD TMADO TMAD TUMN

Treatments

_;,:ATJ?:«_;,::TMAO.J;u.uJ:)tf\ku_,:iuﬂ)t@,?;)t.uuéwtai;pg)ﬂ@u.lL—GoijNAwu,:s;:r)u,g

1 P00 1 xS 05 £ Ll .l odd 4 S b5 5 g LT Sls ime Olge 4 P<e/00 . J 28 ICTR L s LG 5 TUN L LST-N

109V 1033010 g slsps / 0w § Cunyy 8)93 / OBws)S ¢Sib)y eole alSisils (ole dlas


http://dx.doi.org/10.52547/sjku.23.3.1
http://sjku.muk.ac.ir/article-1-4260-en.html

[ Downloaded from siku.muk.ac.ir on 2025-12-18 ]

[ DOI: 10.52547/5ku.23.3.1]

wdale 513 ) gy ¢

e Dl $ 8 el s b s TMAO
IS 05,8 b awslin 53 TNF-OL 0L 0l50 55 5l

AP>4740) s o

3.00 -

2.00 =

1.00 -

Relative TNF-oo mENA levels

0.00

TNF-0 03 MRNA o Sl i Ol e oF 15 5es
Glgble L b3l Sk jles Cele YF 1 |y
W ok 4 by s TMAO 51 ik

Loodd sl Glgdohe 5o das o Ol Col

37.5uM 75pM 150 M 300pM 2pg/ml  CTR
TMAO TMAO TMAO TMAO TUN

Treatments

oo 65 TMAO it )18 1 (2lesT Sl 3ylbbd sl & ke &gy gl TNF-00 03 MRNA - o Ol 55 8 513 403
el ot a3 8 i s gyleT ls gme Ol e 4 P<o/00 .0 158 CTR . s bl 5 TUN L LS -N- T

e s el sl sl Ol 51
Vascular ) Gy ojlps 4 Jual sl S
(Cell Adhesion Molecule 1, VCAM-1
4 (NLRP3) o5;5381 gl dlb (1Y) 555
Wl 55 TMAO it sl 6 K3 sl Ol
ol 50 Sl 5 Gl A e 8 sl Ol
lie S i S10Y) 350 (0 Bae g0
U ldtne 457 Sl aits 5L (o anlllan O 4STG
ol by Sk, IL-1B oL 1, TMAO
boadl ol L Gl a S G Sldlas ST cdtas
STMAO wsb o 0T 5 ol 5 Lyls Sl seon

vl g (s & s IS (o 55 AN s

oo
Sy S ol ol adlbe g Yol ol anflbe
JL-1B ok 1, TMAO s 56 5L ol
IN-Vitro s Slal 565 Sk ,s TNF-a 5 IL-6
(YU cble) aadllas ol 53 .S o b)) 5 asllae
Ol il g Lt 5 S de gla eyl o 5l TMAO
Aol das il gols gae ysb ol IL-1P
Ll oS 5 S oslal Slallas 4 Ol e al pl
S by S S5 W3 TMAO gl s ol
0 .S oslgity ol (s s OS5 5T
TMAO & Wl osls olas A3 Sladllas ke Ol 5o
NF- (ol s, 5S6/C SUS 055 5 oo L5
el Llg oo b opl 51 Yt 5 S s |, KB

199V j92)0ids g sIsps / @0 g Cumny 2)9s / OBWs)S (Sib)y eole alGibils (ale dlas


http://dx.doi.org/10.52547/sjku.23.3.1
http://sjku.muk.ac.ir/article-1-4260-en.html

[ Downloaded from siku.muk.ac.ir on 2025-12-18 ]

[ DOI: 10.52547/5ku.23.3.1]

YV al) vlag bySy

03 bl 55 0T (yls re 5 LSBT Sl

.Qﬂ‘ob;dﬁf}b‘-f.éb-ww
Ol Wl &8 Wl esls Ol S Ol
ol 02 8 gla il s Sl A sl sl
S, sSh oS, Jl L3 s gy anlle
Chyhm oy sbml e sl Gy Sl T
L,ls 2 ) ol &S5 Ol gie 4 55 ISl 5T
WLSFNeT e w5 O
Olseas & (Trimethylamine-N-oxide)
e Olles Slawdly 53 &8 U o 4 lid (2 e
Al 5 V) AL s RGBS
4 ol Clplie pl &8 Wl osls Olas Slallas
53 VA=Y ) 5 IS0l 5T 55576 oS, & 0l e
e e I 3 o Jg pdS e S Uil Sl
AT by Slo S5 i (55 e slanten
YY) ol S sl 4 G Caglin Sl
clo RIH ol b 0530 (0N
Mg oz 1S Gl L TMAO L
¥ GiulS oSaws sl e 5 (YO) Lasl T (YY)
Slpe ooled 3 el ods wtls Lad e 55 (Y5
Ol I 5 ol sbTs S Gg
23 355 (g oks S 4 Gl Py sl sl
Ao S5 dedle 53 e phy oS skiles Obe )
s Sl S o 8 IL-1P
Sy S5 okd sl 55 JSKuls 5T ks 5 sl
C ool S LP) 5,TMAQO LL s, S0
wdlas sla @il & 58 Olge bodme Oy o
adl syl Gl > b Slalas le L ol
53 TMAO Jla! 56 Gly o ol andlla
A2 2l S Sl sl Ol O S b SRalS

reactive ) o581 Jus sls 48 g S o
ol Wi 5 Ll 4 (OXygen species ,ROS
20330 0F) 508 e Al Sy lenlS sl
Sl ool Ol OB s S Slalas OT
Sl S sh ey, O Kls o TMAO
5, 1, (heat shock proteins, HSPs)
Gl Ol il (4 1F) S el el STLe
N SH DL L (35 GLl oS 5h
Toll like) Jy ad slbs oS 51w 3 b
o Sl Wy S« (Receptors

(V0) 558 e ol
Cyr sy Sk TMAO a5 S1 b andlas s
MRNA b ;s TNF-O IL-6 05 ol Ll
T2 Slp Ok ol S oS Sl ST s
Slebale 51K s 3 5 LS e bl 55 5l S
sl gme gobT Lt 5ITMAO ous oslizal
S50 bl Uy oo b @l ) o4y o
e el 53 B 5lag 65 dauly 05 Ol 131
Syl 3l sam 5 SL il o Glsl MRNA
53 MRNA il ol che 53 el o
xSl ey Sk w53 by S el
Ses o2 3yl (elm 55 3,8 ose S
L s oS b sl STE ol
Jie Olge 4 b aslb 36 05 ¢ MRNA
b5 JIMIT-365 &8 Wi osls olas S Sladllas
IL-6 05 MRNA ol g3y (aals) i
33 Sk ale anlllas )3 Vet pl ply . (19) 505
L « MRNA o 53 6 TNF-051L-6 el
Sl 55 0> 55 5 pelam ) b o ol SKon
S o3 5 6 503 oS ol gla, STB S o

109V 1033010 g slsps / 0w § Cunyy 8)93 / OBws)S ¢Sib)y eole alSisils (ole dlas


http://dx.doi.org/10.52547/sjku.23.3.1
http://sjku.muk.ac.ir/article-1-4260-en.html

[ Downloaded from siku.muk.ac.ir on 2025-12-18 ]

[ DOI: 10.52547/5ku.23.3.1]

wd33s 513 1 o A

GWl s b3ly St b b (il b (glgansSe

3l o s 1 5 Kl 5T T 5 s Sl

S10y8 9 KU

s gl bwg adles Cpl Jlo gl 4y s
b 0Ll B s 5 Ok S Sy ple oKl
Sl 08 dw Sl ok el g gmiils
Dl S e pe Jryy s e )5
Olaws S0 Sy ple oBuils JSpn 5 sk
Al o el 1y s 58 5 S5 JLS

QOJ;JL"-&)-’LSJQ-’M&-‘O‘};"‘\{‘) (IL-8
O-HJL‘E-L{J)J’)J.&W‘)J:T?JQ g\.@,‘.’ﬂ L LS
2,5

S5 omd
4 TMAO & w5 o 0l bl andlas mls
3 Yzt 55 My 5T 586 oSy oS5 Ol
A e Gl e 0L BB S o g b
LUl 5o fSuls 5T 5550 L a3y Sk s 1L-1P
) sidu Yoot andllas ol sla ail 5 ST o Iy

Reference

1. Weber C, Noels H. Atherosclerosis: current pathogenesis and therapeutic options. Nat Med
2011; 17: 1410-22.

2 . Libby P. Inflammation and Atherosclerosis. Circulation 2002; 105: 1135-43.

3. Libby P. Inflammation in atherosclerosis. Nature 2002; 420: 868-74.

4. Kampoli AM, Tousoulis D, Antoniades C, Siasos G, Stefanadis C. Biomarkers of premature
atherosclerosis. Trends Mol Med 2009; 15: 323-32.

5. Wang Z, Klipfell E, Bennett BJ, Koeth R, Levison BS, Dugar B, et a. Gut flora metabolism of
phosphatidylcholine promotes cardiovascular disease. Nature 2011; 472: 57-63.

6. Loscalzo J. Lipid metabolism by gut microbes and atherosclerosis. Circ Res 2011; 109:127-9.
7. Sun X, Jao X, Ma Y, Liu Y, Zhang L, He Y, et a. Trimethylamine N-oxide induces
inflammation and endothelial dysfunction in human umbilical vein endothelial cells via activating
ROS-TXNIP-NLRP3 inflammasome. Biochem Biophys Res Commun 2016; 481: 63-70.

8. Warrier M, Shih DM, Burrows AC, Ferguson D, Gromovsky AD, Brown AL, et a. The
TMAO-Generating Enzyme Flavin Monooxygenase 3 Is a Central Regulator of Cholesterol
Balance. Cell Reports 2015; 10: 326-38.

9. Mohammadi A, Gholamhoseynianngjar A, Yaghoobi MM, Jahani Y, Vahabzadeh Z.
Expression levels of heat shock protein 60 and glucose-regulated protein 78 in response to
trimethylamine-N-oxide treatment in murine macrophage J774A.1 cell line. Cell Mol Biol 2015;
61: 94-100.

10. Mohammadi A, Nagar AG, Yaghoobi MM, Jahani Y, Vahabzadeh Z. Trimethylamine-N-
Oxide Treatment Induces Changes in the ATP-Binding Cassette Transporter A1 and Scavenger
Receptor Al in Murine Macrophage J774A.1 cells. Inflammation 2016; 39: 393-404.

11. Ruijter IM, Ramakers C, Hoogaars WM, Karlen Y, Bakker O, van den Hoff MJ, et al.
Amplification efficiency: linking baseline and bias in the analysis of quantitative PCR data.
Nucleic Acids Res 2009; 37: e45.

12. Seldin MM, Meng Y, Qi H, Zhu W, Wang Z, Hazen SL, et al. Trimethylamine N-oxide
promotes vascular inflammation through signaling of mitogen-activated protein kinase and
nuclear factor-kappa B. JAm Heart Assoc 2016; 22: e002767.

199V j92)0ids g sIsps / @0 g Cumny 2)9s / OBWs)S (Sib)y eole alGibils (ale dlas


http://dx.doi.org/10.52547/sjku.23.3.1
http://sjku.muk.ac.ir/article-1-4260-en.html

[ Downloaded from siku.muk.ac.ir on 2025-12-18 ]

[ DOI: 10.52547/5ku.23.3.1]

q o) Llag LYSy

13. Chen ML, Zhu XH, Ran L, Lang HD, Yi L, Mi MT. Trimethylamine-N-oxide induces
vascular inflammation by activating the NLRP3 inflammasome through the SIRT3-SOD2-mtROS
signaling pathway. J Am Heart Assoc 2017 ; 4: e006347.

14. Mohammadi A, Vahabzadeh Z, Jamalzadeh S, Khalili T. Trimethylamine-N-oxide, as a risk
factor for atherosclerosis, induces stress in J774A.1 Murine Macrophages. Adv Med Sci 2017; 63:
57-63.

15. Xu Q. Role of Heat Shock Proteins in Atherosclerosis. Arterioscler Thromb Vasc Biol 2002;
22: 1547-59.

16. Xu Z, Xiao SB, Xu P, Xie Q, Cao L, Wang D, et al. miR-365, a novel negative regulator of
interleukin-6 gene expression, is cooperatively regulated by Spl and NF-kappaB. JBiol Chem
2011; 286: 21401-12.

7. Missailidis C, Hallgvist J, Qureshi AR, Barany P, Heimburger O, Lindholm B, et a. Serum
trimethylamine-N-oxide is strongly related to renal function and predicts outcome in chronic
kidney disease. PloS One 2016; 11: e0141738.

18. Ussher JR, Lopaschuk GD, Arduini A. Gut microbiota metabolism of L-carnitine and
cardiovascular risk. Atherosclerosis 2013; 231: 456-61.

19. Velasquez MT, Ramezani A, Mana A, Raj DS. Trimethylamine N-oxide: the good, the bad
and the unknown. Toxins 2016; 8: 326.

20. Bennett BJ, de Aguiar Valim TQ, Wang Z, Shih DM, Meng Y, Gregory J, et al.

Trimethylamine-N-oxide, a metabolite associated with atherosclerosis, exhibits complex genetic
and dietary regulation. Cell Metabol 2013; 17: 49-60.

21. Al-Obaide MAI, Singh R, Datta P, Rewers-Felkins KA, Salguero MV, Al-Obaidi I, et a. Gut
mi crobi ota-dependent trimethylamine-N-oxide and serum biomarkers in patients with T2DM and
advanced CKD. JClin Med 2017: 6: E86.

22. Brown JM, Hazen SL. Metaorganismal nutrient metabolism as a basis of cardiovascular
disease. Curr Opin Lipidol 2014; 25: 48-53.

23. Koeth RA, Wang Z, Levison BS, Buffa JA, Org E, Sheehy BT, et al. Intestinal microbiota
metabolism of L-carnitine, a nutrient in red meat, promotes atherosclerosis. Nat Med 2013; 19:
576-85.

25. Chen YM, Liu Y, Zhou RF, Chen XL, Wang C, Tan XY, et a. Associations of gut-flora-
dependent metabolite trimethylamine-N-oxide, betaine and choline with non-alcoholic fatty liver
disease in adults. Sci Rep 2016; 6: 19076.

26. Xu R, Wang Q. Towards understanding brain-gut-microbiome connections in Alzheimer's
disease. BMC Syst Biol 2016; 10: 63.

27. Liu X, LiuH, Yuan C, Zhang Y, Wang W, Hu S, et al. Preoperative serum TMAO level isa
new prognostic marker for colorectal cancer. Biomark Med 2017; 11: 443-7 .

28. Oellgaard J, Winther SA, Hansen TS, Rossing P, von Scholten BJ. Trimethylamine N-oxide
(TMAO) as a new potential therapeutic target for insulin resistance and cancer. Curr Pharm Des
2017; 23: 3699-712.

29. Moloudi R., Nabavizadeh F., Nahrevanian H., Hassanzadeh G. Effect of different doses of
GLP-2 (Teduglutide) on acute esophageal lesion due to acid-pepsin perfusion in male rats.
Peptides 2011; 32: 2086-90.

30. Nabavizadeh F., Moloudi R., Dehpour A.R., Nahrevanian H., Shahvais K., Salimi E. The
effects of cholestasis and cirrhosis on gastric acid and pepsin secretions in rat: Involvement of
nitric oxide. Iran J Basic Med Sci 2010;13: 207-21

109V 1033010 g slsps / 0w § Cunyy 8)93 / OBws)S ¢Sib)y eole alSisils (ole dlas


http://dx.doi.org/10.52547/sjku.23.3.1
http://sjku.muk.ac.ir/article-1-4260-en.html
http://www.tcpdf.org

