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Article Type _ ABSTRACT

Research Paper ~ Background and Objective: Metabolic dysfunction-associated fatty liver disease (MAFLD) is now
widely recognized as the hepatic presentation of the metabolic syndrome. Owing to the well-established
anti-inflammatory and antioxidant properties of thymoquinone, the current study was conducted to assess
the effect of thymoquinone on serum liver enzyme activities, lipid profile parameters, as well as the
transcriptional expression of key genes involved in inflammatory and antioxidant signaling pathways,
using an animal model of MAFLD.

Methods: In this interventional-experimental animal study, 18 rats were randomly divided into 3 groups
of 6: healthy control, experimental 1, and experimental 2. With the exception of the healthy control group,
all animals were subjected to a high-fat diet over an eight-week period. Experimental group 2 received
oral administration of thymoquinone at a dose of 10 mg/kg body weight for 35 days, while experimental
group 1 received no therapeutic intervention. At the end of the experiment, tissue and serum samples were
collected for colorimetric biochemical analyses (ALT, AST, cholesterol, triglyceride, LDL, HDL),
RT-PCR measurement of NRF2, VCAM, ICAM, and NFKB gene expression, and histological
examination.

Findings: The results of study demonstrated that thymoquinone treatment significantly decreased serum
levels of ALT (94.5+10.85) and AST (202.16+32.12) compared to the MAFLD group (p<0.001).
Thymoquinone also reduced cholesterol (257+50.37, p<0.003), triglycerides (90.16+12.73, p<0.007), and
LDL (51.26+15.19, p<0.001), and increased HDL (48.83+6.5, p<0.001). Gene expression analysis
revealed significant downregulation of VCAM (1.02+0.49, p<0.001), ICAM (0.89+0.16, p<0.001), and

Received: NF«B (1.4440.44, p<0.003), and significant upregulation of NRF2 (0.99+0.22, p<0.001) following
Oct 15t 2024 thymoquinone treatment compared to the MAFLD group. Histological assessments showed considerable
Revised: improvement in tissue damage.

Conclusion: Based on the results of this study, thymoquinone can exert protective effects in MAFLD
Dec 7" 2024 S . , )

through the amelioration of lipid profile and hepatic enzyme levels.
Accepted: Keywords: Thymoquinone, Metabolic Dysfunction-Associated Fatty Liver Disease (MAFLD),
Feb 39 2025 Inflammatory Proteins, Cell Adhesion Molecules, Oxidative Stress, Gene Expression, Lipid Profile.

Cite this article: Koohpeyma F, Koohpeyma MR, Kaviani M, Montazeri-Najafabady N, Dastghaib S, Shams M. The Effect of
Thymogquinone on Liver Function and Inflammatory Gene Expression in an Animal Model of Metabolic Dysfunction-
Associated Fatty Liver Disease. Journal of Babol University of Medical Sciences. 2026; 28: e23.

@ Copyright © 2026 Babol University of Medical Sciences. Published by Babol University of Medical Sciences. This work is licensed
under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).
BY NC

Noncommercial uses of the work are permitted, provided the original work is properly cited.



https://orcid.org/0009-0003-8760-771X
https://orcid.org/0000-0001-6729-7732
https://orcid.org/0009-0001-1734-0496
https://orcid.org/0000-0001-6699-1415
https://orcid.org/0000-0001-8553-9221
https://orcid.org/0000-0002-3210-0159

Journal of

w.
Babol University of Medical Sciences J‘u" (,("' ¥ ”u‘y »

e-ISSN: 2251-7170  p-ISSN: 1561-4107

Sl 93l o 32 WS (5 slowt (19> Jo 39 e GBS b g T O Ko 9 g giuS gowi il

7 T(MD) Lol asgumo ¢ T(MD) Low 295 s, dosxo ¢ Y(MD) Lows 255 5la 43
Y(MD) mowd zlmao ¢ Y(PhD) cutiws 36w ¢ “(PhD) gabi iz (g pbaitio Lows

Al s s Sy pole oSl qomalaplio g 306 Cligine S e )
Oyl Glymd el (S5 pole ol o goniily lidisd anwesS .Y

oS>

Jlo £oi

a5 L s Sl pytie a8 Slallss lgic 4 0j9,0l (MAFLD) Sglio JWs I b bsje 0 45 (5ylow 18R g dlylw
Tk 2 O3S 308 Sl gy B b ol adllas il ST (5T 5 el 0o Lol b oS ses oS Ll g e
15 pbsl MAFLD il Jas 55 GlasnsT (51 5 (olod] (sl e slogs ol 9 sied Jibgyg csaS sl 51

G 5 ) 20 JS) (B P 095 ¥ ey (ol g0 4y Ghge e VA Sl s (o slallie adlllae oyl 5 1409 9 S0
b Shed gloy cod ¥ (225 09,5 MBS 5 Cozp m)) o0 atin A Do (b ol J3uS 05)5 4 (Ses Niad e (¥
5 B sladiges Glel skl 3 A plsl Slap $F a ) (229 09,5 )3 MBS 5 53, YD e 4 (Ve MOIKY) (58 5o
JosilS {AST) jlyidly gizel Sbjloul (ALT) jhisligizel ol slogal) lrosdsn ol plnl clp bsge ooy
sy b NFKB 5 ICAM VCAM NRF2 (clasj ol olise wioxio «ssim )6 oy b (HDL g LDL oy yntss
5 ys] g (ol il Sl s RT-PCR

slalaslle BB ol a0 1) (FY/VYEY-Y/VE) AST, (- /A0E¥/0) ALT clom 51 maw (guSges b oloy ol o)l gl :adl
3 yealS ()5 (P S o ¥) (B IYYEVDY) JoyinlS o LialS Cago oS gous ol LialS MAFLD 64,5 b auslis > (P<-/+-Y)
I ime LialS s (P<o/+ + V) (S/OEFAAY) HDL o (ol581 o (0<<+/+ - V) (Vo/VAE0V/Y#) LDL 4 (p<-/--V) (R-/\SEVY/VY)
Oial3dl g D<o/ %) (V¥¥£/5F) NFKB 4 (0<-/--1) (-/\s£+/A3) ICAM (p<-/- V) (-/¥3£)/-Y) VCAM a5 oo
o gy 53 25 osnlie MAFLD 65,5 b awslio )3 99005 b loys 3l am (0<<e/+3) (+/¥7¥£+/33) NRF2 (5 oo s xe
g 4Bl 50 ey JB i 4 (Bl sl ((Sfglgtnn

G 45 Slaw o (alre (18 S laml 5 s g S5 b I 5iS sas cdllas ol gl olal 1 36 e A

S ol Sglio
05 Ol o] oyl ¢ Jolo (St ooy (ol Gl iSsn «Sdalie 0y S (gl gS sesd (SIS (50319
S oy

ot PR
VEYIVIYE
iz ol
VEY/A/VY

o
AR ARVAT

ey ol slays b g 08 0, Sles o (eiuS 9o ).:JL e Zluas cusiiod jblw ol Lo ke log ¢ Sbgls dgmne dowy 065 Loy dazws oy 055 Doy 3lw!
LYY YA N0 . L (S5 pole ok ole alore (STglie 0y A8 (glows (Slo

bl gn 3 (S e oS YAVEY o )las 4y Slidiond b 5l 2 vt i oy B
©3LT oz (6 bt Les 587 e J ghms ©
montazerin898@gmail.com : L/, VAXYYPYVED s 0dls oo ploa 5 30 Sliciond S50 5l (S5 pshe ol K230 (Gl T


https://orcid.org/0000-0001-6729-7732
https://orcid.org/0009-0003-8760-771X
https://orcid.org/0009-0001-1734-0496
https://orcid.org/0000-0001-6699-1415
https://orcid.org/0000-0001-8553-9221
https://orcid.org/0000-0002-3210-0159

The Effect of Thymogquinone on Liver Function and Inflammatory Gene Expression .../ F. Koohpeyma, et al Y

doddo

Jw » (Metabolic Dysfunction-Associated Fatty Liver Disease= MAFLD) SJglie JUisl b by 0 48 (s)low
ald dg3g (o0dS (sladinj @llas] ol (Byme loj 5l s Do Satunw Spplio wulais > JWS b badye Cyz 48 (6 5low 4 0,L3) (gl ¥4
b3 6l des 51 NoON-Alcoholic Fatty Liver Disease (NAFLD) i cblbaol 4 cuws MAFLD (yp o] o S ol
clallss lsis 4 09,0l MAFLD (1) cusl oads ools ot s (5500 )3 31,31 glslid (gl 5 aslons bLo) a8 @)l 5 535 0 9 Syo
(V) ol G331 Jo 53 Glaa puslyms )3 ol gmd o Bl g Cobid (65 don Clilge 4 295 g0 488 i > Sgplia oyt 1S
e Oldl g (8 oglb) oS sl she el (jgilizul dgmg b wliscdl ks 5 &8 (NON-Alcoholic Steatohepatitis= NASH)
(¥) ol it 9 oo

Arwg ol (S855 S 3 lae 5o,b 5 b (59 ElS Jols (Jad loyd oyl ol )15 5959 NASH (clys (closs 4l (69,15 zun 950l 4 6
NASH (loys sl Js8g0 Ve 51 S ctis3S Jlo Ve )3 (F) 2,05 5 105 S5, 5 oo (slo oo i 9 Sl SIS o 5 2 02> (5910
oY 9 )l jo) st (Gl drogs gl Jolye )3 o K05 (B NS 450 593 (3390l (b Gl ialejl ST g Bag)ls ST canl 0 oo
FXR (locussT ol 15 clog)ls Jolis (g)los ol 6l (29, sodpity c9556 lodsas) ¥ 516 (sl lofl)I8 4 a5l o8 sl 5 (il
(V) Liad Mg y5 y90y9m 0355 srcanssST o PErOXisome proliferator-activated receptor (PPAR) (slscuussST

=0- S99 Y) oS gess. (B) dgb e a3lid 0yj b 4ils obw lgic 4 RANUNCUlACEAE o3lpls 4 3lxie (Nigella sativa) «lual
3 gS g0 29y slacled I (clonnlss sl sl (So5edgn Sl 5l g dsgase slls @il olus Jled olowds e (S V=g Jite
(bl Sl ) (5) ool 685 )15 0 3,0 oy 0303 G Sl iomad g el 08 (3 15 (539095 28 (eS| T olys o
49 Mo ST ol s Soymd J e dgme |y 58 Sl oS 5 ol e 00 00l (L5 (28 g0 4 s ] 2 5S sed
9 9o 45 A3 o L odls 5l (e3b Hlade ¢l o oglle (V) 2945 oo 03l (g5l () 4 Uine (sla yig0 ;> NAFLD g0 008 oo 6 lgie
{F) ol Gl oo 22y 5 05 o ollasl SIS (6>

095 9055 b lays 4 w0l Lt o) Ken g ASGhArzadeh .ol oas plol a8 U glgl g9y (y9S g0 1 o)y e (iiseo lalllao
21y S el S gass 4 Gl 0 0313 (L5 (V) WS o lijb 55l oyl Cundg p il b 5 Ules ) Gledl 5l 3L (0S5 pmd
bS53k ok | (NAFLD) JSU s cobaglinal 5 (1) 008 2205155 (605 G (A) Sbiads’ S slags)los 25l Cilies (sloJus
ol (1018 gaual (1S clablne Conols (gl y9iuS gt Sty o D9 (V+) (6S sla T cdlad il g bl Gl s oolipnST Cundg
TGF- (2 JiSew Gobo 5l Cledl g 551081 oyl Jloo L o ige )3 saliaolgss 51 (30 4 g8 S9 w8 o sl o] Jpmiliy b &8 glailen
I rSin clp i JoSe lyie 4 ogill sb dy Ll o alalaw dils pl peg, a8 2l LS (6,505 addllae (V) 9 e 03 L B/Smad
ddme Sl ot — oSl ] il g oo &Sl wlialw b leys oS waly lis o) Sen 4 Yildiz Osmen (VY) 29 odlaiiwl oy 1S Ol
23w sk 311y 08 by @l 1) cpelig i Sl (63wl 9 gowi 535 oo ), Se 9 SAyEd-Ahmed (1Y) a8 o clablxe (a8
dm3 o Sl e ,3 1) SUe o 08T (ile 5] 5 Ol gl il oS s S5k 3l (158 905 (VF) Amd e tlS GlauST ]
(V) 38 (o ogSe |y (25 35985 ) o5 b las e (MU 02 ST low o9t 905 0l 2 oglle (V0)

@ oud & ol Slides wled .l s plsl MAFLD (co) oS ses 18l (ayp sly oiolojl g 98 b o @lisios ol 5
oy Agp (LS (slog)ls 039381 Coje S o0 Culos (egian sbag)s b awalie 13 Sglgl lalyd plop sl b sbag)ls Sl ealil
25 e 9 laisslon chlisee Elgl 3 158 sed (ST A0 5 el 15 (RIS 4 g b sl (e (S )lse 5 Sl el o5 il 9 ) s
oS 9o U b)) Bun b aalllae ol IMAFLD )5 (g8 g0 3l g9, 42338 3 (claalllan plol pac jolatan ¢ 43S clllas ,5 (0 UlLs!
5 ol Gloyme o ole (AST ALT) a8 58e clompl (HDL 5 LDL wypls 65 Jspls) st g
5 bl 18 Ll ¢l uimen 5 (NFKB 5 ICAM VCAM NRF2) Jils.s] 5]

Journal of Babol University of Medical Sciences, 2026; 28: 23



¥ OhSan g Loy 098 3l 5 /Sgilio 0 A8 (glow Slae S 3 el b ol 9 08 3, Mas 2 (9isS sass il

b g, g 3130

shoaly o IRSUMS.AEC.1402.066 o5 L jlpi (Sisss pols olKiils GUST aaS 53 g 5| oy (sloe> (oryoiimsldlislie adlla )
LCSTBL/B 515 L 5 (sygm yoge yoo VA Jols Gaiios ol 15 Giolej] 3y90 cllges sl 00 plowl NTH alKioles] cllges 5l oslil ¢ cudlye
Lalyd 9 5l e din ¥ s &y (iilegl £9)8 ) 8 5 sl okt el ysbo a0 o5 cings atin VY s (g 5 YO 05 nSile
Ve o bl glod b bl b1 s, Clsasl i, 7Y+ Clussl L Resource EQUAtioN g, ulsl s diges poxs 48 (65l 3 skl
BB > g b wal 3 ol (700 B 7Fe o lon s Cugb) 5 ()6 el WY g olidgy celo VY (5)95 0)9 g 31,5 il 4> 3 VY
S8 08,5 Ly oA poaansl (U5 5 09,5 ¥ &y ol O jguo 4y b yige addllan (pl 10 50 ()l S5 ol s 1 Sio it b 0l S (L i
i8S Gyge s
03,8 odlisal Jgane glié g Ol Lais Sllges 5 8,5 plonl Sllse gl ilosd gn 09)5 nl )3 3 1S 09,5
G P g e 1Y hamg S Y ol G (i mf) oS Bl win A Sde ) oz I3 w55 09)5 00l 2Y (292 09,5
Y
ool )l oS €855 s (y5isS s0sd 59y YO St &y (s 0,5 8L )3 i A ot 4y |y 320 (2 25 3 09)5 il 3T (2525 89,5
b bl o 090 bl 31 omp 9355 €843 35 g & ]y ol Jloi (o o ) 53 Jpbone piS5hS 2 oSk Ve (YVF5S als ) L
S305 5 55555 il ) 5 st (400 —Lold] 5 ,5) p S 5 o & bl 5 (ke —Loldl 5,8) 5SS 1 )T Shio A ol bslie
29 Ve g )3 BB VD s 298 dinie U 0b (5) 0S5 GUT (slod 52 4833 Vo e 4y 5 (69 o ol Sany 5l (sladlg) 193 o] (5
2 Sl 0ol )15 alowg 42 o ige (3,5 18 0 & Cal 55 4 pilad (gilulix lherdgn sloyiolly Somi Caa gl oy g Sl
8 ol gy (sla Jodlygios Koo & a5 Ly s COZ dlaivns
5 0313 (o 555 09,5 J| i) o shge 4l 4y i A e s 02 (26 ) ISV et oz 08 Sl el 10 2 ST e Sl (4
Sl (W) w8liee (2 75+ 5 SlodamgnS 7Y+ g Y+ ol lagiie cudyd lgime jli5 ) g wili o 45501 235 32 6 OIY (g5l 25 ()

FOM PSWA J9-—\> » L;LL\-‘— p—’))

I w3y Jgeyd OLisa ) Joso

o5 aaidd S5 lge W Oy
Y. Casein, Lactic, 30 Mesh e
¥ Cystine, L 350
YO Lodex 10 ARV ¢
YY/A- Sucrose, Fine Granulated ARV ¢
o Solka Floc, FCC200 pd
YO Lard S
Yo Soybean Oil, USP e
- $10026B S0 ge
Y Choline Bitartrate onoling
) V10001C oo
/-6 Dye, Blue FD&C #1, Alum. Lake 35-42% 5,
YYY/AD 9050

Journal of Babol University of Medical Sciences, 2026; 28: 23


https://researchdiets.com/formulas/S10026B
https://researchdiets.com/formulas/V10001C

The Effect of Thymogquinone on Liver Function and Inflammatory Gene Expression .../ F. Koohpeyma, et al o

il gieal S lasl ¢yl gieal ol sloma il el oo (sl ol Gl (im0 (55 03l 2 ot lromnions (51 ol yy (slioian (s
(K556l UNICO 8 15 cébo S2150 Jas) VIS (¢ yogighy yiSumsl 0w g (¢ yion JI g, 5l okl b HDL g LDL g yudS (6 5 ¢ g yandS’
85 el
Sl sshaio & B 5 51 45 | (2oud INFKB 9 ICAM VCAM NRF2 (sl 5 ol ol 5o (ierion 9 (J550 (500 2
JRNA 68 )15 mlo 39505 3 RT-PCR g, 5l eslizwl L NFKB 3 ICAM VCAM NRF2 cla 5 ol oflise iomins 5 Jo5ge
£S5 9,5 Lo S5 3l ol L CDNA st 15 lis 0355l (sla Joallygiwd JLid 4 (INVItrogen ) TRIZOI G pae 5l ookl U b g0 18 (sladiges ;|
45 plol (Prime ScriptTM RT reagent Kit, Takara) osjls sla osll gt (olol » RNA

L MRNA L x5 ), (NanoDrop Technologies, Montchanin, DE) v+ -+ Clpsgb jl eslizal b s RNA ¢S 5 035b
SYBR Premix EX TaqTM II, ) Applied Biosystems sl%zws )3 jlyeuds (clops; j2iSly (RT-PCR) LogSan (s gis, 5l o3kl
25 o (Takara, Cat. #R820L

Cargd ¥ Jod 10 05y sly yeulp slaas gozme 0 plosil (IS ol — i ge v S ) StepONePlusTM Real-Time PCR System
3559y3m0 Slawd—Y 51l pdS 5 uSB L Ll b5 C slie s gl Ct pslie 1 eslil b aog,S o ol 50 (ond (slacglis .ol ons
8,8 ool 2788 5 3l ool b i (oans ol b Jloy a9 Lo (GAPDH)

RT-PCR (g1 05Ul 3,90 (55535 9iofl g youl yp Cowyod ¥ Jouia

(5'23") b JIys O
TAGATGACCATGAGTCGCTTGC NFkB: Sense primer
GCCAAACTTGCTCCATGTCC NFKkB: Anti-sense primer
TGCCAAAGAAGGACACGACA NRF-2: Sense primer
GCAGGCTATTGCTCATCACAG NRF-2: Anti-sense primer
CAATTTCTCATGCCGCACAG ICAM-1: Sense primer

AGCTGGAAGATCGAAAGTCCG  ICAM-1: Anti-sense primer
TGAACCCAAACAGAGGCAGAGT VCAM-1: Sense primer
GGTATCCCATCACTTGAGCAGG VCAM-1: Anti-sense primer

AAAGAGATGCTGAACGGGCA GAPDH: Sense primer
ACAAGGGAAACTTGTCCACGA  GAPDH: Anti-sense primer

(55992528 pyo b gt 3l g g 102 Lol )l § B ST s 1285 1,5 SIS IS 390 (bl 65 (153 5] g gl CBL Olalllne
Slohy 9 A5 Pl il g e glan L (8L (sladiged (5300l S 285 )15 (G5l Slalllas pll pslate 4y TN+ llojp B Jgloxe (49,0
) )5 (cwyp 3)90 9Swg S pj 53 (SBL

b 1ol lodld 39) Jloys a1y -0 o3l (SPSS INC., Chicago, USA) v¥ ilys SPSS 138l 6,5 5l laosh Julos g 450 cags
oplpls g wibly Ken g Jloy @i l)ls odly a8 pl 4 dogi b cd)S 15 iolejl 3)90 Walnd Cgipmenl 9,5 gedgS 905l I ealisul
5 (One-way-ANOVA) &b S, il g 3061 g0l 31 dmog)S )3 sy 3590 sl ol (5ko dulio (lyy . plosl S0l slogygesl
38l ey 5l oolitel b layloges o did)S jlas j3 o dme P<+/+0 g ad (5)1i5 jlme BlyilE 1 Ske Cygo 4 gl b odlitul (S el Coud
A 4gi 1,0, asws GraphPad Prism

Journal of Babol University of Medical Sciences, 2026; 28: 23



5 OhSan g Loy 098 3l 5 /Sgilio 0 A8 (glow Slae S 3 el b ol 9 08 3, Mas 2 (9isS sass il

> adly

ALT ) 15 slom 3l gdaws (P<+/++1) (s l30ne y5b & MAFLD Juo (WHMAFLD Juo 53 (65 (s 51 (595 (igiS 903 36
MAFLD 65,5 L duglio j> (slalislle L5 ysbo & 1y b5l ol o (igiaS9ous b ooy blis 53 oy (ialjsl 58 09,5 4 canus 1y (AST
Sy obine ol g Jomb bie sl 4 JES 09,5 b dslio )3 (1S 903 09)5 > ASTy ALT slawy il o (P<e/-21) o tals
(V Joges) 390 +/-¥0 AST (el g +/-YA LALT

1LP=0.028 | 1L P=0.045 |
I 1 I 1
5004 1 P<0.001 | LP<0.001 | 800 1 P<0.001 | LP<0.001 |
I 11 1 I 117 1
b
400 600-
E 3
5 300+ >
= : 400
= 4
j 200 %
¢ 200- a
100+
a

(=]
L
=
1

MAFLD Jae 55 (545 sbom 351 (59, 32 (o9aS 3005 pU dumgliio 1) 15900

Je 33 LDL 5 HDL 08 (65 (JyealS 69y 98 ges5 36 iMAFLD Jaw ;3 (aboaign s yiol,b (695 (yguS goui wili
JoyiedlS s Lial33l y5bo a3 HDL g il el (D /) (sl sine ysbo & MAFLD scienl 015 0315 b5 ¥ Jgier s MAFLD
ol 25 b sloise 5 5t J it ol o35 S 09,5 b dulie > (D<ol 1) LDL 5 (D1 1) dypeudlS (55 (Pl
ol ol o (Do) 1) LDL 5 (D) ¥) g plS (55 « (D7) JysialS s nlS g 5o ol oS it 058
LDL 5 (D<+/++A) tppmls 55 D01+ +1) gt s 3529 o) b ol 05 35 (P<o/++1) HDL s ol 3l oly i gmss o]

il (s o ine S| o S8 9,5 & v S5 isSgns 05,5 > (P 1++Y)

MAFLD Jio 13 slombe 60 b (69, r5isSgosl i ' Jain

S Sl
LDL (mg/dl) HDL (mg/dl) Cholesterol (mg/dl) TG (mg/dl) og,s
Mean+SD Mean+SD Mean+SD Mean+SD
a/yoE)/¥Yd 0+ EY/VA? IRAE"70 FENVENY/YE Jus
WESVEYDIAY®  YE[.E\/vED TAAAE=SVV WE/FYEA/SSD MAFLD
OV/YYEND/Y-© FAAYES 00? YOV/+ o+ /¥Y° Ay MAFLD+Tymo

SW09,5 o y (I3 e BRI pas snidd (L Woygiw (89, 52 wlive By Sy JBlas 3959 €20 Aol s 0313 (Lis Mean£SD & g0 45 oal

w23 o0 3bid 1, P<0.05 geaws 45 lo o BUAT 3925 i b livo L ygiw (595 3 (okebivo By 15T Lol il oo oy 2 390

Journal of Babol University of Medical Sciences, 2026; 28: 23



The Effect of Thymoquinone on Liver Function and Inflammatory Gene Expression .../ F. Koohpeyma, et al v

5y S ymsi 555 aallae 1yl 5 MAFLD Jsa ;3 NFKB 5 ICAM WCAM (NRF2 (sla 5 sl ol se (595 coginS 9on3 yil
S ICAM VCAM (sla 5 ol oliwe ool 03 o3l g5 ¥ Ui 5 s 55 5 NFKB 5 ICAM VCAM NRF2 slasj oo s
o sine s gl el Ll gyl ine seb 4 NRF2 155 ol cliee 5 Ltalsél Uy 09,5 b duglio ;s MAFLD Jso sl j1 1y NFKB
oo e 29 P<e/+ -V L ply NRF2 (¢l gp=+/+-Y L ol NFKB (¢l p<-/--V L »lp ICAM 1y P<-/--V L 5l VCAM
e b 4 NRF2 55 olo (i g gials MAFLD 65,5 L awslio 3 98505 L oleys 5l iw NFKB 5 ICAM VCAM (a5
NRF2 (el p=+/+-Y L i, NFKB (¢l p<-/++\ b iy ICAM (gl <o/ =V b oy VCAM (el s sino & yuais ol els gl

D)1 3929 JHUS 09)5 9 09,5 (ol o s 3o S lizmen Lol 355 sy o (595 gS 9o Caste Sl 929 b 29y P/ ooV Lyl

MAFLD Jao ,3 NFKB 5 ICAM VCAM NRF2 (a5 il o3l 50 895 s 3003 53l £ Jaus

VCAM-1 ICAM-1 NFkB NRF-2 bos§
MeantSD  MeantSD Mean+SD Mean+SD 24
VoVt Vs8R -/aavE./ vy AN/ VYR Control
YIS\ VAP VIAYE./§\P y/¥at./aa Sy fyyP MAFLD

VR E) s <IN E VAR V¥t /¥0? -Aax./yy2  MAFLD+Tymo

SW29)5 (w53 5 iz BWET pas sxidd (L W ygiw (G9y 1 dsbio B ys S Bl 939902 ol o 8315 Lis Mean=SD g 4y Waoal

23 0 Wi 1y P<e/+0 mhaw 13 415 gre BUIAT dga g ciulid b line W ygiw (59 1 (Retline B ya 51 Lol il o (w2 D590

Sl dacuwgiln Bogyn 5 2 CLBSly jpis Cpn @S @) oaS il 09,50 1S (Bl Olydi g9y p S gon OS]
o bS5y gas S (g yobo 4 il dgsg (6345 05 b (oS lallis 5t pass oS Ly )3 09,8 5 bl se S i oy A s £l
() JS5) ol ol e BB LialS oy o g5 j0 A8 bl

N .f,,r‘\'j GiL

& y

s 2 opSaed A1 IS

¢

S5 Aol g Sy

Irgne ol 35 9 LDL g s paalS (65 ¢ JgpiandS graw o sime Liul38) 5l ol ool cowd @ guls oS (3,8 Cpp 3l L cadlllas ol 5
Cale b 9, YO o a jloss 3l g 5955 g0 55U 3590 53 0 plool (cla gy 315 Wl J S 09,5 & cans MAFLD 54,5 ;s HDL-C xlass

al gl a8 L cla 555 b s cpl gl (VA) 3, cilae ) Kan 5 KOIDUS Lawgs ssel cows 4 golis b gl o) 390 HDL g o381
Sl g8 geus 4l L b plosl ) Sen g PeI lawg 48 (6,03 adllas 1 .(4) sl cainllas old o i oy JUS] 51y 98 9o Ao
{V+) A8l aals B9y g o8 9y Hadlome 1 Wlgi o LDL g 4 jpulS (55 ¢ Jgytuls’ s

Journal of Babol University of Medical Sciences, 2026; 28: 23



A OhSan g Loy 098 3l 5 /Sgilio 0 A8 (glow Slae S 3 el b ol 9 08 3, Mas 2 (9isS sass il

s (S 3es 52975 2l 1B ()l tme sl & S5 09,5 4 s MAFLD 095 5 AST 5 ALT o8 ol ol 36 ol gl
en g AMMAd Lug wbs cpl b LialS )b e job &4 MAFLD 055 b awlio 3 Sloy 09,5 5 |, ASTy ALT (slags il
oS Canl Lasye (oS slaes 1 Cullad )3 Aiodgu lpii b o) Yo e 4y )50l 1 )5 ie Av 593 3 eiS gens 10,8 o oS 39 e Sl
©3S Sloys g abadle @l Bl e gess 3l oolatul a5 ol ol K03 ldllas il yobo 4 (YY) 483 oo zsei |y ) oomnadS puts 25 098lls il 31
ST (5T ol (902 L S 42 (92 g8 45 s 48 (ol 41 S0 glaalllas 13 (VY 9YY) S o 2ol (g8 ol oo (gl Jao 2 o,
09> (ALT AST ALP) 8 L;mei)‘ﬂ oS Gl dond yd A.;?‘L" wlie e d?;).\o sy 8l C)ﬂl 9 0w 1S L‘)Uo)w sl w.dzslf el
Seble )3 euSses bojg, Yoyl a5 163y olis ), Se g JAfArT Nia el sads plool o)l 198 )3 45 ol asdllas )3 (VF) 15 Lo Jlas]
o 35 Sy Jso 35 LDL 5 VIDL (gl 5585 cmapebe J555 cualgied b5 Jg ds o punlS (55 g ilS sl p5 o Vo 50
(Y0) as

u?"“;?"'“ .))5@ )I)ﬁ u9~59~’ L an)b /wb Cod Oy S J.\.c BEl w.uln)i d)90 LSL“QS cble a8 b ULMJ é}ﬂa dbbu_w)ﬁ adllas Oﬂl Bl
O 8 ol s o) Ken o Salah claasl, ol (el 1) 54 63,8 lay Giliél Gy 8 Wl 31 oS |, NF-KB 15 by olise )l sime ol &
odid 01s3 5 (s3axte ylge 1> &S NF-KB (g5lo Jleb yy 198 9005 (o3 matitis (5)lie 1 (V5) Ll o LialS (98 9o clale 1381 L NF-KB
S ICAM (slagss ol liee 09 508 5295 ol 1 oglle (YY) 23k 5 50 52975 31 e (o) Gt sloalanly IS Jotuno Cosl (S0 e
OIS s llllas 3 9 g0 oy il ey 3ySkes s MRNA 1y gaws 13 VCAM-L 1y il cadlllas ) alie ol tals |, VCAM
TNF-0 5 56 VCAM-1 ACAM-1 L 5A 35 oSyl g Jlae el oS gess oloyd L 48 3l (L5 (6,505 adlllae (YA) sl o
() amd o il |y apmd 5 (63985 slailsg,Sle MVCAM-1 Ly NASH Jie 3 VCAM-1 e

Ole gdaw 9 gaud &S Wlod S 555 ) Ke 4 EISherbiny b ioliel s edl o 56, NRF2 05 ol Ol siaS ges pols dalllas 4
9510 o yianl 4 Joboo gl 3 (el (i S lgie a8 Canl o A Lid g3y 008 Sl S lgie 4 NRF2 aas o 15311 NRF2
Ol NRF2 e (058 g0 (pomailSo jlai 51.(1) 45 o Jos o (igigllio g SlasT (] (sloa il (e s L 5k I3 L Cogonns
L_iu)?).aﬁ L;Lmal.\i” u,malf 5 alieo L;Lm.&_‘ﬁjajl)'ﬁl o o NF-kB u_meLim: 9 Jld ojﬁ.mfl slraiss A.Jy e 3ok 5! ‘_)9,..594..; $S
(TY) A8 o Jos

593l s 09,5 (slaige 13 45 s 53 b sanlis wlls 4l 05,5 (sl jige A8 €l 3 asb it s 4355 g ¢ Sy st lllas 5
allae (Sjglgiass by p Cusl 0l Sbml bawwgla pyg5 L olyen JUsSijgs Sl (2 5 UsSiionsSee (22 s ©go 4 A5 il pad
g JB ol 4 08 sl sk ol (lie 51 S o (L5 S g b atin A Sl p)S5kS 1 p S e Ve 6l Gy 28 sloogS 3 g
Caanws A) SbidS” (g8 sl glows ilo calisee sl Jio )0 1) (S ] 55 gous &S Gl 0 03l L LS Slaass o .l sl dwls
Sloel b Gl 5 el gl s cploun Cmidy 015,55k Gk 3| (NAFLD) IS it ol 5 (3) 8 2,855 508
(V+) MiSue dge 55

P JE b el (g pas N3 S 5 el oy o) pas dadiged o5 S & e adllas (pl lacdgie L bLS)I
gyt (oS8 £gi g olam b Sludl olojlylS a8 59 o dlaii o )3 3,8 0,Lil Sludl olojl,lS bl pae jolaian g oy A8 Sl Al
295 pldl ek e &g MAFLD oy 13 j90uS 9005 156 590 5 SP3S gl Wlg o a5 UL diges poe pmicred

ALT s (1008 s Jibgy, o SialS coly eloyd 5l 59) YO €S 3l m 5 (g2 3390 593 1 (p5ieS 903 45 31 (L Beiiods ol s
Sluogas 3900 b cules 13 5005 NFKB g ICAM VCAM NRF2 ales I ol 5 9131 6l oo slo i oo pialS johaivan AST 4
MAFLD Jlyes Jao 3 38 (53 s 395 (bl 5l Imslen (S3,55le 5] 65 5 085 8L 5 Lo sl 55Ty o inls a5l 15 3
Sl ol

5 sl Loyl il S 63,Skes slap 3l o (IS ¢ s ligy g L2l L S seud oS b L5 dly &g 4y adllas )
5 canln sgaizan s NF-KB el ol 2als 5 NRF2 55 ol el oo | St JUSTL Lo o 35 (sl (530 e
adlas ol sloaidl 4 dr g b8 Ll Sgilio JUs b asye o 08T (ilow gloy 13 (sotee Wi 09l g0 4y Al oo S L &) gl Sl

Journal of Babol University of Medical Sciences, 2026; 28: 23



The Effect of Thymogquinone on Liver Function and Inflammatory Gene Expression .../ F. Koohpeyma, et al a

J.A.Iy LY (Nige“a Satlva) dul..\mLu.u é\l.o.> )l u.:s)l.) ul.thf uo‘9> )I oolazwl b 9 w u.‘o KaoS L UI?)Lfo u.)a)l.) QLQL.? ).>l) Uul> uo)bs 9
Oy sl bt 45 S lsie 4 plgice (igS et 3l S 3 58 oy |y Gz 1S gt () 4 o Aoy 4 o8 s el > slagld
35555 )5 3 3590 adllas 1yl gl B 2 plonl Al ledl Camen b gyt lalllas 4l 5,8 eolizl il (gl ool )3 oy S ilisea gl

FUS P RYRLY

)5 (o (9538 B ol I Jlo cules by jlpd (Kb pole oK (tngf Cogles I Al

Journal of Babol University of Medical Sciences, 2026; 28: 23



Ve OhSen g Loy 095 b5/ Sgibio 03 48T (lows (s Jo 1 el (sloj ol g 4 3,Shos 1 (1908 905 b

References

1.Gofton C, Upendran Y, Zheng MH, George J. MAFLD: How is it different from NAFLD?. Clin Mol Hepatol.
2023;29(Suppl):S17-31.

2.Sangro P, de la Torre Alaez M, Sangro B, D’Avola D. Metabolic dysfunction-associated fatty liver disease
(MAFLD): an update of the recent advances in pharmacological treatment. J Physiol Biochem. 2023;79(4):869-79.
3.Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi K, et al. The diagnosis and management of non-
alcoholic fatty liver disease: practice Guideline by the American Association for the Study of Liver Diseases, American
College of Gastroenterology, and the American Gastroenterological Association. Hepatology. 2012;55(6):2005-23.
4.Romero-Gomez M, Zelber-Sagi S, Trenell M. Treatment of NAFLD with diet, physical activity and exercise. J
Hepatol. 2017;67(4):829-46.

5.Hannan MA, Rahman MA, Sohag AAM, Uddin MJ, Dash R, Sikder MH, et al. Black Cumin (Nigella sativa L.): A
Comprehensive Review on Phytochemistry, Health Benefits, Molecular Pharmacology, and Safety. Nutrients.
2021;13(6):1784.

6.Darakhshan S, Bidmeshki Pour A, Hosseinzadeh Colagar A, Sisakhtnezhad S. Thymoquinone and its therapeutic
potentials. Pharmacol Res. 2015;95-96:138-58.

7.Asgharzadeh F, Bargi R, Beheshti F, Hosseini M, Farzadnia M, Khazaei M. Thymoquinone restores liver fibrosis
and improves oxidative stress status in a lipopolysaccharide-induced inflammation model in rats. Avicenna J
Phytomed. 2017;7(6):502-10.

8.0guz S, Kanter M, Erboga M, Erenoglu C. Protective effects of thymoquinone against cholestatic oxidative stress
and hepatic damage after biliary obstruction in rats. J Mol Histol. 2012;43(2):151-9.

9.Hassanein KM, Al-Emam A, Radad K. Prophylactic effects of thymoquinone against carbon tetrachloride-induced
hepatic damage in Sprague-Dawley rats. J Appl Pharm Sci. 2016;6(2):167-71.

10.Beheshti F, Hosseini M, Shafei MN, Soukhtanloo M, Ghasemi S, Vafaee F, et al. The effects of Nigella sativa
extract on hypothyroidism-associated learning and memory impairment during neonatal and juvenile growth in rats.
Nutr Neurosci. 2017;20(1):49-59.

11.Raghunandhakumar S, Ezhilarasan D, Shree Harini K. Thymoquinone protects thioacetamide-induced chronic liver
injury by inhibiting TGF-f1/Smad3 axis in rats. J Biochem Mol Toxicol. 2024;38(4):e23694.

12.Al-Okbi SY, Mohamed DA, Hamed TE, Edris AE. Potential protective effect of Nigella sativa crude oils towards
fatty liver in rats. Eur J Lipid Sci Technol. 2013;115(7):774-82.

13.Yildiz F, Coban S, Terzi A, Ates M, Aksoy N, Cakir H, et al. Nigella sativa relieves the deleterious effects of
ischemia reperfusion injury on liver. World J Gastroenterol. 2008;14(33):5204-9.

14.Sayed-Ahmed MM, Aleisa AM, Al-Rejaie SS, Al-Yahya AA, Al-Shabanah OA, Hafez MM, et al. Thymoquinone
attenuates diethylnitrosamine induction of hepatic carcinogenesis through antioxidant signaling. Oxid Med Cell
Longev. 2010;3(4):254-61.

15.Awad AS, Abd Al Haleem EN, El-Bakly WM, Sherief MA. Thymoquinone alleviates nonalcoholic fatty liver
disease in rats via suppression of oxidative stress, inflammation, apoptosis. Naunyn Schmiedebergs Arch Pharmacol.
2016;389(4):381-91.

16.Ayuob NN, Abdel-Hamid AAHM, Helal GMM, Mubarak WA. Thymoquinone reverses nonalcoholic fatty liver
disease (NAFLD) associated with experimental hypothyroidism. Rom J Morphol Embryol. 2019;60(2):479-86.

Journal of Babol University of Medical Sciences, 2026; 28: 23



The Effect of Thymoquinone on Liver Function and Inflammatory Gene Expression .../ F. Koohpeyma, et al A

17.Cho J, Lee I, Kim D, Koh Y, Kong J, Lee S, et al. Effect of aerobic exercise training on non-alcoholic fatty liver
disease induced by a high fat diet in C57BL/6 mice. J Exerc Nutrition Biochem. 2014;18(4):339-46.

18.Kolbus D, Ramos OH, Berg KE, Persson J, Wigren M, Bjorkbacka H, et al. CD8+ T cell activation predominate
early immune responses to hypercholesterolemia in Apoe™(/)~ mice. BMC Immunol. 2010;11:58.

19.Asgary S, Sahebkar A, Goli-Malekabadi N. Ameliorative effects of Nigella sativa on dyslipidemia. J Endocrinol
Invest. 2015;38(10):1039-46.

20.Pei ZW, Guo Y, Zhu HL, Dong M, Zhang Q, Wang F. Thymoquinone Protects against Hyperlipidemia-Induced
Cardiac Damage in Low-Density Lipoprotein Receptor-Deficient (LDL-R”) Mice via Its Anti-inflammatory and
Antipyroptotic Effects. Biomed Res Int. 2020;2020:4878704.

21.Ahmad S, Beg ZH. Elucidation of mechanisms of actions of thymoquinone-enriched methanolic and volatile oil
extracts from Nigella sativa against cardiovascular risk parameters in experimental hyperlipidemia. Lipids Health Dis.
2013;12:86.

22.Rahmani AH, Almatroudi A, Babiker AY, Khan AA, Alsahli MA. Thymoquinone, an Active Constituent of Black
Seed Attenuates CCl4 Induced Liver Injury in Mice via Modulation of Antioxidant Enzymes, PTEN, P53 and VEGF
Protein. Open Access Maced J Med Sci. 2019;7(3):311-7.

23.Galaly SR, Ahmed OM, Mahmoud AM. Thymoquinone and curcumin prevent gentamicin-induced liver injury by
attenuating oxidative stress, inflammation and apoptosis. J Physiol Pharmacol. 2014;65(6):823-32.

24.Yki-Jarvinen H. Nutritional Modulation of Non-Alcoholic Fatty Liver Disease and Insulin Resistance. Nutrients.
2015;7(11):9127-38.

25.Jafari Nia L, Haeri Rouhani A, Yaghmaei P. Effect of thymoquinone on improvement of lipid profile and liver
enzymes in fatty liver-induced NMRI mice. Iran J Med Aromat Plants. 2018;34(2):193-205.

26.Salah A, Sleem R, Abd-Elaziz A, Khalil H. Regulation of NF-kB Expression by Thymoquinone; A Role in
Regulating Pro-Inflammatory Cytokines and Programmed Cell Death in Hepatic Cancer Cells. Asian Pac J Cancer
Prev. 2023;24(11):3739-48.

27.Zhang L, Bai Y, Yang Y. Thymoquinone chemosensitizes colon cancer cells through inhibition of NF-kB. Oncol
Lett. 2016;12(4):2840-5.

28.Abbasnezhad A, Niazmand S, Mahmoudabady M, Rezaee SA, Soukhtanloo M, Mosallanejad R, et al. Nigella sativa
L. seed regulated eNOS, VCAM-1 and LOX-1 genes expression and improved vasoreactivity in aorta of diabetic rat.
J Ethnopharmacol. 2019;228:142-7.

29.Umar S, Hedaya O, Singh AK, Ahmed S. Thymoquinone inhibits TNF-a-induced inflammation and cell adhesion
in rheumatoid arthritis synovial fibroblasts by ASK1 regulation. Toxicol Appl Pharmacol. 2015;287(3):299-305.
30.Carr RM. VCAM-1: closing the gap between lipotoxicity and endothelial dysfunction in nonalcoholic
steatohepatitis. J Clin Invest. 2021;131(6):e147556.

31.Elsherbiny NM, El-Sherbiny M. Thymogquinone attenuates Doxorubicin-induced nephrotoxicity in rats: Role of
Nrf2 and NOX4. Chem Biol Interact. 2014;223:102-8.

32.Sabir S, Saleem U, Akash MSH, Qasim M, Chauhdary Z. Thymoquinone Induces Nrf2 Mediated Adaptive
Homeostasis: Implication for Mercuric Chloride-Induced Nephrotoxicity. ACS Omega. 2022;7(8):7370-9.

33.Bai T, Lian LH, Wu YL, Wan Y, Nan JX. Thymoquinone attenuates liver fibrosis via PI3K and TLR4 signaling
pathways in activated hepatic stellate cells. Int Immunopharmacol. 2013;15(2):275-81.

Journal of Babol University of Medical Sciences, 2026; 28: 23


http://www.tcpdf.org

