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Abstract

Introduction: Breast cancer is a malignancy in women that leads to various complications by inducing
systemic oxidative stress. Vericiguat has demonstrated cardioprotective properties; however, its effects on
oxidative stress within the cardiopulmonary system in the context of breast cancer remain unclear. This study
aimed to investigate the effects of vericiguat on oxidative stress parameters in mice with breast cancer.
Methods and Martials: Twenty-four healthy adult female mice were randomly assigned to four groups: sham,
tumor, vehicle, and tumor + vericiguat. Subsequently, the animals were dissected, and heart and lung tissues
were harvested to measure malondialdehyde (MDA) levels and total antioxidant capacity (TAC).

Results: Tumor induction was associated with a significant increase in oxidative stress in heart and lung
tissues; specifically, MDA levels in the tumor group increased compared to the sham group in both the heart
(p<0.01) and lung (p<0.05), while TAC levels decreased significantly in both tissues (p<0.001). Treatment
with vericiguat resulted in a significant reduction of MDA in heart tissue compared to the vehicle and tumor
groups (p<0.001), and in lung tissue compared to the vehicle (p<0.01) and tumor (p<0.001) groups.
Furthermore, vericiguat significantly increased TAC levels in the heart compared to the vehicle and tumor
groups (p<0.01) and in the lung compared to both the tumor and vehicle groups (p<0.001).

Conclusion: Treatment with vericiguat seems to improve the oxidative stress changes caused by breast cancer
in the cardiopulmonary system of mice, although further studies are needed to confirm these findings.

Keywords: Breast Cancer, Vericiguat, Cardiopulmonary System, Oxidative Stress, Mice

* Corresponding author Email: Hamideh Bashiri. Physiology Research Center, Institute of Neuropharmacology, Kerman University of Medical
Sciences, Kerman, Iran. Email: h.bashiri@kmu.ac.ir

Copyright © 2026 The Authors. Published by Jahrom 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/). Non-commercial uses of the work are permitted, provided the original work is properly cited.



https://doi.org/10.22034/pjms.2026.2094552.1303
mailto:mostafa1372@yahoo.com
mailto:h.bashiri@kmu.ac.ir
https://orcid.org/0000-0002-6275-7821
https://orcid.org/0000-0001-8293-1180
https://orcid.org/0000-0002-1831-8098
https://orcid.org/0009-0003-3810-8973
https://orcid.org/0000-0002-1543-6240
https://orcid.org/0000-0001-8818-0170

ol K pole dlov
PO—YF:olnio (1F+0 5lg 59 0 ylout ¢ yle> 9 Comt 090

https:// jmj.jums.ac.ir

g3 dllis

s O g 49 Wiso SS90 41 5 9 ld SO 1 Ol g 59 (Sl | T 1 50

P 53999 aogaze "5 0 gommo T g0 "5 (g 3> L 30 goso ¢ 00 j om0 0137 (M5 58 gosro (oo ¢ SSlds (5 s oo

0,5 i 002>

Ol eobny¥ by (S pole olSiily (S 008l carl psle 09,5 -

ol glesS egle)s (S psle oSy pnSigale) pole gl (S gunle)lb Slai 3 50 =
Ol el oy (K83 pole olSiily ygp bl (S 0aSily o K35y Sglsiganl 05,5 ¥
Alnligles (glays (b ol oSl (silgSleylbg)g 018y eolac pole lisios 5950 —F
Al eolo)S ol (Kb pole olSiils «g35lsSoylbg) g5 0a5ig3 w5l sed Sl 55 y0 0

DOI: 10.22034/pjms.2026.2094552.1303

oS>

— ol ol g yg D9 oo ddaie 2 )lgs 4 rie i Sataw 9510nnST o gl Sl b &5 Canl (U 53 ety Gl (S diw by 340MER
Oll wyy adllas (pl 5l Ban sl astinl diw Gl 0 (go1y— o8 piue g5lienST oyl 5 OT Ol Lol sl ools lis bbb (Bgye
g A by s Mo (5550 (SS90 )3 gi5lunns Lo piaol (gl o)l 2 SISy

+)?‘o94 09;9J3’1> 09;4)?09) b}ﬁ;w.w oa)fJ.A‘.w 4{_\;.&» Muhm ba)f\c Jel ‘5‘3.)‘..4;)9.‘04;”.”.») C‘IL odlo S u»yc dae V¥ J‘M:)UJ’)
W G)L& (TAC) ‘_;’L\.HJIL;J PU u..s)lo 9 (MDA) A;Aﬂd.)oﬂ‘.n C?lg“" Lg);o)‘l.\i\ S>> 4y 9 ds cal 9 Ty C;Ulkp ‘WLGe PRESIALY) C;I}i:.u.g»
B 53 o 09,5 ) S y9095 09,5 ;3 MDA s 45’ ¢ y5bocy 393 0l yon dyy 5 B (slacdly 13 051 oyl Jl ine LIl L jg0e5 (L)l SRABY
IS g Sy b oleys (P o1) 35 iy 2lS 5 f3sine s 3l 5 50 53 525 TAC ghaw 5 iy Gl (P<-/+0) a5, 5 (p<+/+Y)
(e A (D] 0 N) yo55 o(p</+ V) I (sloog)S 4y Cus gy S8l 3 5 (P<eT4)) y9095 9 s sloog)S 4 Capnd B L 3 MDA I3 sime
Gl )l dme ooy (Pl V) M 5 )05 09,5 93 y2 & Sl ) 53 5 (P<21+)) y9095 9 S sloog)S s s B )3 1) TAC s g 9
Wl

By 90 (6390 SBUB9e (5925 o5 posms 3 1) s (oo 31 (23U 5510y gl Dy Ol y3 b oy &S sy g0 a5 4, 35 g AT
sl 3V laadly oyl 20 (el (gt Cllllas 2y

Sz oge 95T oyl 92y (oAl s (lgSn yg cinms ()l S G YU 3 g

Olrl e gloyS cple)s (S pole bty «olsSLoylby )55 018ty «(Siolsn o8 RS 3 3o (6 el 030> 1 Jghume odisay g

h.bashiri@kmu.ac.ir : K59 xS oy SATYVANAAFY : les el
VE O YV 2l o VEO YWY 6,55k el VE-O/ - VYT il ol



https://jmj.jums.ac.ir/article_732825.html#aff2
https://doi.org/10.22034/pjms.2026.2094552.1303
https://orcid.org/0000-0002-6275-7821
https://orcid.org/0000-0001-8293-1180
https://orcid.org/0000-0002-1831-8098
https://orcid.org/0009-0003-3810-8973
https://orcid.org/0000-0002-1543-6240
https://orcid.org/0000-0001-8818-0170

ohSer 5 Slle ¢,alo

i by & Mise (lage 42 g B Ol > lgSnn g Sl T Ol

ool 53 0b5 ST @ 5l s 4 ) (o e
Fel)l iz Blg5 oo g5laenST o gl sl phicanl gl
38das g b3 Slos (39)e 3See Wile g3 (A i ]
oS Sliwgzen y> M3 L ROS (V) amd 53 5t cos |y s,
R e g e LT
55 B9 0 5,1 1 B T3l 1 59,55 5 jesl (B9
SPeaSTgp slaailols galuwgy 38> jbas (S5, jlwgion
Lis S o Sialen 1) ROS Gls g Wy &8 Jlas] 51
b Base sl daste (sl Slas (yizxen ROS (1F) 395
(s (oo ©ple g 1S5 Wby dor S 0 laS
5 Ol €85 39ys gldl g (oL Gal (S, 9 JLbissl
h B9se ol ROS 2ol o ol « Jlo () b (00935 S
4 gilins] Sy by 5 s cowl Gb
o)l (25 JiSs slaai]b )5 IS (rizan 5 o J5SUge9 Slo
(VF) a2 00 gy (ol —(ialuST & dtuly (Bg)e

ladsbo & by ol b Slgice rizman s5lapusT oyl
b o Sles 2Ll lp bl (bl > S 5 5 alae
S oSy o284 e Llgiee izeen 2)JIS b
Olpass ) (VD) 95 ol Syo g Ll el Bilos o aS D4
5 e 8 SYMBT bl g B oLyl sbul 4 jorie Wlg
Oeie Solew Sl 4 i Bl oo it il sy it
ooyl (V0) 258 (5915 s sslows plu 9 (COPD) 4y (g3l
Gy ly ol bl g Sloy el 4y il a4 Kl o giliwns]
4y 2o il &4 ot Ml e cnl WS e IS S Jols
(WY A7) 29 s (S5

0135 S5 55 Sy CLIHLIBF2NBO2 liond o, b leSannn ys
o Gyl j) &5 Casl (SGC) Jole MSq 1S (STyo>
Cleb Iime sl 93 s o)l ol 435 o JasNO-SGC-CGMP
St dpmS1 3l St SGC 3] ot S 65 (1) 205 00
Jlasl s by 5595 NO 4 SGC cgusbs 2al58l (¥) 5 (NO)
Slandgise (3j9lsS 1y GuliEl 4 e Jos ol o] 4NO
Jb el @l plojely plyis 4 &5 3980 (COMP) (5il>
B 0,8des dge g (Bgye Cunglie RS (SgB Bgye (A
(A) 258 o

bl yg oS Wloaly lis oy Gldllas dbiwly cpon )2
355 COMPIPKG yus (gjloil 9 SGC 3l posdituns S50
il g blise e 4 1) 2Ly 5 Sl g 9 ROS
g8 oo Cus® Bk 1 o)h ol gl oegMe ds
b e (elopuans S e § NI alas 51 gl iS5
A5 o 65 g ok S po g (Bl il Sl ol oyl
(¥ 09

EVRY-I

JB 53 9 4Bl drwgs (slaygilS ) g o Lol Jle I Gl
Oee s)len Jole (ragd Olnl ) Gloyw (V) 28l oo drwgs
Syo Jole (agu clislar g (8 sbacslows Sl 9 5519 28
iy gaplb e Aoy e 5l 45 (V) sael Gl 4 0
039 Vo7 Jlo )3 olpl 3 baglbyw (n el odne 9 )50 039)
2 9rbey gy 5l loxen YV0 Jlo 53 358 o0 (i
g by 5 GIye 0 53 ) Ol () Wiley (B o s
o392 by 5l (o3 ppegSye (ol e g n pinld (U5 o
f)

b eyl )3 by (n SRS e 35 Al Gl
b 43wl Sle polde 13 (egee Cuilipe lp g2
Slaye Sl (Sp by Sl b bdshe 5 ol
(Human «(Strogen receptors ,ERS) Joli s SoiSw
W yume 9 Epidermal Growth Factor Receptor 2, HER2)
SloJsb S5 85 398 o S SN | B S
(0) 55 gm J555 1y Jsho 5525 5 oo 3105 oo 5o 53
ol il g elosé cdl iny Lol il g 93}l Al
by & Gl Gy (F) Cusl 0ad JSU5 (0155 Cole)
N Vgane 5 35,5 o Lo iy (6l 0aE L j) 45 355 oo b
ool |y b ylore o5 2l b e (g)lbme (IS by,
Gl iy b s Jobis 03y 6 AT (V) g oo dbul AiiS 0
Cuol 04 giiio BALB/C yigo dygmw S (Sliwy 0ae il 5l &S

Cusl B9 JB j9095 Johoo b S ATL (liy by (1) Mt
o9y sladie ST AN g Cunl (ealed g 1jyg097 S &5
Otz 4 Gl 038 )3 Aol jgeg5 jl 353 4 395 ok 4 Mlgi e
Q) x5

Jld sbaiss ple s pae oaimabil geiligesT oyl
e g Gl P G el o RUIF 5 eeS]
bl e Jobo 2 005 3,1y (slacal mroyi b ol cows sla2ole
(ROS) (30T Jld (sladiss’ ghaw g5 Sy slaJob >
(V) 23,5 0 sotaml ool )3 5 (5)AS g 3 Shos > il ey
OSes s ol e (talS g LT JGa], adg
slie laidlo o gldl e G il ol cel cul
(1)) 298 ablid sdd (pgmlienSlyy lyie & oS 295 ol
059 ol 128l oo (ygmoliens] pl Jpamee 5 MDA geos
ol &5 b bl Jlgoyas; job & 9l g9yd (Somwlius]
e boolyen (Joho S el sl (e Calis 3 Cunsy
(VY) 255 sslo 0305

WWeo )l G 0jlosd o 9 o 0)93 sk (Sby pole dloxe


https://pubchem.ncbi.nlm.nih.gov/#query=C19H16F2N8O2

ohSer 5 Slle ¢,alo

i by & Mise (laBge 42 § B Ol > SlgSm g Sl T Ol

o3 5 U Jgho cadg) i g Lo 5] 5 i A Sl
AoV 3925 ((ui5gilS) 15 & i 3 o (4 5Lt 3Ll
ilwoslal 5l ey 28,5 1118 exlizl 590 b yiales] ool (¢lp
<I¥ 5 AT1 Jolo 4x105 sl dal jlesss; aob 5 b Johe
4l ) (gl 5 ©ygoh Cug G )3 g (sl PBS 3Ly e
sl oo da ol 3255 5l o 8 )5 Bb9e co S5l
lolid jg095 ST B S () 0anlio g ol L jg) 2 )90

(R) 244

otales] 3)90 cblg> (gati0g,8

s ygeg Sl Gygw ge o VF adlae pl
B i 2 09)5 ¥ 4y (ol

CuiS o 09,5yl llges (CuiS laxo (601515 i 09,5 —)
Cygods |y pyw 98 (High Glucose) YU S35 ¢5l>DMEM
(VF) (n=F) 262,35 <8l e sslg 40l ) gl

09,5 ol Sllgs (ATL Sl p s Jobo 033:5) s9055 09,5 =¥
(n:f') D900 uﬂl))) ‘) 4T1 u.:lb).w dl.mublw JS)s)J u»Lwl »
(YY)

CBlyd 5l ds oy Cad 0g)S pl Cllges igyls IMs 09,5 -V
0.1 DMSO+ 99.9 Normal saline g,ls JM> ¢ Slb o (sl Jolus
55 Bl 1y o g 5 oS 2 s e N Ol 4 oy
(Y0) (N=F) Wdges bl yd jg) Ctts ko &

09,5 (ol by Sllge 1l yg b ployd +)5095 09,5 ¥
aligy Cogo 4 Glbyw sl Jobo <8l s gy, cn
J i o Ode d pSekS e Sk N 3 L |y S
V8) (n=F) 25,8 dlp 51415 5,k

5 W] sl culey b cllgs don s 0)93 pladl I Ly
£) k3 5 (PSS 2 oS e 50) ool il kg
lite & 5 isne (Blho S O30 4 (p,55hS 5 )5
9 &) sladiged (YY) 848 oyt &) 5 B il jlule
oy G wwoyd A s b bogdiuedd 3l e B
Pl cud b o (655 03l WSle guilienST ol (sla jasli
3,8 ol amyd —A glos > wsillies felle g Sl
AW d)li{i"

39 oS plod (51l
Glae (Bros (ot | g Sllge adllae (293 LY
Al s9e95 5 Wad Gl S sateS g Jodlljgd
29095 S5 105 (59095 Sladiges A5 bl JalS gbos,
NP e Ve (b gord Bh e yd > Sfglgibgians o)l
29 bl b ilecdlas (SOl ladiges wunts I Ly ai25,8
Conlsud 4y (2l Sl oS b jlad (65 B sl
b oose Sloyol 5 @biodll J w5 akd yeg)See 0

ST 655 99508 5l s gl oyl (b aSl 4y a2 g L
Sl Dlansd gige (njeilsS Mg )3 d9reS 4 il &S D00 9
Ly Uil (g0y395 Sladl 9 3, 500 53 JHST Caoles 53 9 398
0y S5 s Sl o Lol 50 gl o jzwl (YY) 35l o o
23 ot S Seatans ol G g0 4 a5k 0395 (rge
53 951unST Gl 4y (93 93,5, ROS il 8l 3,5 oo
G dy gl bl (gl pl )0 Db e Cundyed sl
09 omb g OieS] YL Gpae @3S (Bgpe g
5108 oyl 0 1) Gl (i o S5 Sl 5T e b
Bgd oo (63,8as g (gylidle JMB] )lbd 5 0ol i Seatiunn

(¥Y)
ol Jlean! Sis g lgSamyg (a8 I3l a)byd camleds 93 b
] Candy p o ol S ol ol ialS
pazeda oS jobdy Gl ooy bulyd )3 ) 9 S (slacdl,
2 OleRaumnys b loyd 5wy adllas pl Cua ol s
oo (gloige (g0 (B s 53lnST Loyl gl el

JLyTY
b cai
51 CRL-2539) SgJllS 0Lt T1 _dge ki oo s oo 03,
CuiS Lo 3 (Jsho 03) cul b ang Glnl el o5 gl g
ANAFD-AY SblS o)l « GibcoeS i) YU 555 LDMEM
(FBS) 5o oy pyw dopd Vo (ggls (K050] oscia YU
9 (K5 0] oa5xio VLI Y - FYAYY S U1 ol « GibeocS ,5)
05l « GIDCOLS 15) pms logis yiaoh—pabons i S 51 Aoy )
oo 05 00l cusS” (IS5 pal odoeio YL VOVFAYY SIS
o) 0 g gladl Cugby 5 Ble a )0 YV glod b ,g5lisSSl o
& sk 85 15 plal Slej sk Sloly 55 (5)SICO,
9 4SS S laome glale iy Sdaw) @S15 Lo g3 AV
oy gl e 3505 0313 s PBS Jgloo | I Jslo
oYLl YOV VY SoLlS o)l « Gibcocs uis)x EDTA )
YVl )3 s Y=Y e & g o) SoMs 4y (155 50l oscio
o B s oMb Sl L Jgheo b s apgSSl ol )5 5l 4y
@ oo Ggriluge (JolS cutS bz b (5 (5l 15 ]
P Jow Cgwy 05 Sauy il g X Be v G o b 4d80 O Gke
CSoME 3 ViF B VY s b g 0l Bleo 03l S bayme
YY) s eoly cuiS s

asdllas 3,90 il

BYY 559 035050 10 Jb odle (gy0uw (sla ign | e gy oyl jo
s L ATL hge b olb g (Jolo 03y a5 solatwl £,5 YO

FA

WWeo )l G 0jlosd o 9 o 0)93 sk (Sby pole dloxe



ohSer 5 Slle ¢,alo

s by &y Mo glo g0 41y 9 B L )3 lgSuns y (ST 5T )

Naxifer TM- ) TAC o coS 5l oslatwl b 5 (FRAP) 48 g0
plas b byl (o)) degyl «TAC Kit Navand Salamt Co
Lo wbyme (gilwodlel (gly 05jlo Jodllygims ollao Lo g 5ol
g Jsb 2 TAC (sl 09y Jobre o el (55lu3d)
alpha-1860, Thomas ) yiegidg Sl I oolatwl b ,iegl OV

(YA) 2 (g pSojlul o kil (sla s ¢ (scientific, USA

lol 3JUT

GraphPad Prism ,l35ls 5 SaS b (s bl (slmosls oo g 4550
ool ooy g Jloy (b)) sl 285 Syge A 3
S Giliska (clbog ) cpm dumlia g 5 45 odliel Khyggyuld
odlizwl Tukey-Kramer gl Cuws g 48,bSo ANOVA 505l
Sad Gl :SSke 5yl glas E 1 Ske i jgods aosld Lab
(73 48,5 5 1D §) S 5 sie o

sl

oo ) diw ooy Gl O gly ja09 0355 (S59lgil g
5 S ek wb BLICEL Bl b 095 )
S99 sloodg 9055 09)5 3 (LA JSS) b odnliie So39l il
Wdgy a)S IS YL Jole o515 5 pasuie (SiLolejle b
35 yleg S slbdind g Cndd unds0stly (59055 (slo Johs
il abolis (1B S3) Lol i ) oo (slacSiun b g b
b alie Joho 5o g 5yl b clo Shy )b 55 SN 095
2Tl 09)5 53 chlde 3 o 1C ) W3 y9e95 09,5
Cowg g 4Bl falS ()95 0395 (Jsho o515 DlgSmn g
I 5 JpS sloog)S L awlio ) seusl 5 55,5 slaypls
(1D Js3) 552 555

g Comfoloily wgi ablie \5ad (550l S5) (158l 9 (koS gilon
Bdd oy (CX33, Olympus) (555 5wy S 1 oolaiwl b
4y 9 b jliskie polaidl gw)p (X Voo g x ¥eor SlS)5)

(VA) 225 ploni] addllas ) >

(MDA) a5l (63 ollo pdaw b))l

a9 odi sl MDA istw lp ladiges (gjlwoslel s
Ice-cold PBS, ) 5 yus (pdlus lawd (38U b e gjllis I s alioloM
olie L 30,8 215 BLl o8 b i 0ald g (PH=7.4
Yoo dgdn b dopd Ve oo Jjg Cumd) ESL I asuie
HAB 35 g cpjg (3w PBS yidg)Sue Ave p3 cdl oS e
S Sgulidsl Hpbigen wBies] Sl elitul L ladiges
o &y ool Sljgen 15433 )5 590 [UPI0OH s Hielscher
35 Bl x> ¥ o glod ;0 [g x Voo, Vo] o0 L [4dds VO]
gaw s ySojlul sl (Sblypgw) 29y @le 9 28 Jonia ol
35 Sxgleer oo pb il iox 9 MDA

51 oslawl b pastie Cuns b (TBA) sl S5j90,bs5 9 MDA
S s Nalondi TM (sded ygumolinnSly ionis cuS) euS
G 6y Sojlul plad .Sl bl () cduog)l codas 541
A ploul glusl g Lo e (gjlwodlel (sly osilo Josllygiwd
5 oalitul b jiegil OO+ zge Job ;0 MDA (4l gy mlo Gis
(85 yol oaie YL Szl ywlogs VAS +—1all) yrogidg yxSomsl
(VR) a g S 03l8l 5 lasliwl e

(TAC) pb a1 (3] cad s L)
N8 Jdo 5 4555 350 TAC (gly )y 9 B 035500 slacily
sdalS GSIWIGU] Cya8 hgy 5l edlawl b TAC mdaw A28 ,5

WWeo )l G 0jlosd o 9 o 0)93 sk (Sby pole dloxe


https://padginteb.com/maghaalaat/54/%D8%B8%D8%B1%D9%81%DB%8C%D8%AA-%D8%A2%D9%86%D8%AA%DB%8C-%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF%D8%A7%D9%86%DB%8C-%D8%AA%D8%A7%D9%85-tac.html
https://padginteb.com/maghaalaat/54/%D8%B8%D8%B1%D9%81%DB%8C%D8%AA-%D8%A2%D9%86%D8%AA%DB%8C-%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF%D8%A7%D9%86%DB%8C-%D8%AA%D8%A7%D9%85-tac.html

OI)K@ 9 ujlﬁl; Ls)non

i by & Mo (gl JBge 41y 9 8 Ly 5> iS5 Sl 5T )

A

& oy

(H&E). 28-S gilad (53001 b (5 y9055 (slo035 g iy €3l (55995 gt (e -} JSB
sl gbo 150l (slog il b Yokl g o120 (53055 0355 (15055 09,5) B Sujglgly oMo cigms 5 oo Jgbo Sl b (g0 iy s <l b 09,5 (A)
b alie Jsho 0515 5 (SiBblojl b (559095 0365 (M 09)5) C xigibm 003 (lalSn) 55k slacSinn g (S5 sladins) Siilag S ymla 9 Sdjgaily (559095
3 A Jsboom slolad (1581 g Jsho o515 Kotz Sl {ClsSma g 09)5) D ygegi andlo 53 (o)) sl el slasbo iyl b olyan 5055 05,5
2 e Zlis) F g B ()P LS 1) sl sanlito LB (o)1) (oS 592,08 5 (i (105 o850 5 (S359,2) 5955 Jold 551555 (latuun @l £ Jobo S 50
el Sl 3 1 (laojkw) (55 ggige) (sliuncSs el sla oo 3985 o5 (F) SlsSansyg 5 (E) s9095 09,5 33 cud s o (XN e+ (oloiS)50) 5l (bS5
A3 e LIS (5)9095

Cuwl bl 21381 gy me Cyguo Ay o 09,5 b duanlio > jg045
(Pele o V)M 09,5 L dunlie 3 s yg (Sloyd 05,5 B
) s (e 3l alS(P-1-0) 5 5 (P11 e
b doliio > lgSu g b odd oloyd Cllges ) <l 3 )56
S8 (5)lae yobo &) (P<e/+2) 9095 5 (P<e/+N) M 095

el

4y 9 B ) MDA luuS| (adld 5y oSy 51955 S

g by 4 Misa 03l (gl b9
S5 ¥ US55 adlle Gilie (claog S e 5> MDA g dusyli
gl a8 ol ol ab)b o uibyly BT Ll oad o3
(nmol/mg MDA zhw gly (Sl (sleg)S (o (g)b sxe
51 ool b eSS 36T )15 3939 4y 9 8 sl s protein)
09,5 3 4y 5 B Cdly ;> MDA prhaws 45 5l (jLis (S5 90!

Y-

Vel S opled eyl 9 S 093 ()l (S pole abxe



SWKen g Slle ¢ yalb

i by & Mise (lage 42 g B Ol > lgSnn g Sl T Ol

A/‘\
£ 2.0q
S
o *k
=9
=Y} 1.5_
E +++
° AAA
£ 1.0
=
3
= 0.5
=
s
= 0.0-
<& o @ 2
2 <& ) N3
A S ;
T (& &
40
Tumor

=

g 2.0

2

S *

o 1.5

= ++

% AAA

£ 1.0

£

-

€ 0.5

o

=

— 0.0-
< o & >
2 N X9 LAY

23 ' Aé'o\ ‘\O\Q
QG
Tumor

g ooy 4y Hion slasign 4y) 9 B > MDA (a1 (asls p SloSyg o) 28 31 Y JS3
Gl 1 Sko d)libiw] (glad £ 4 Slo cosmdlis ot o 18,5 )3 addlles )90 o> dis £ 09,5 12 40
5 09,5 b o e SHEPX P <./o) 5% P <- /-

19095 09,5 L I gxe MBI M P <o /ey
M 09,5 b yls gre OMB +++ P <ofeey g+ P <o/0)

s Codlg SlsSamnyy g3l ogMe 4y (Pl V) sl iy
P P<elN) soeg g (P<e/o)) M 095 &y Cons 1) 5556 (]
9 (P<’/"\) JM> c(P<’/"\) )9993 09).? ).) PL: u.b‘.}.a..msl ‘;-Ji
Ssxe sgb 4 @b 0g)S b dwlie > (P<e/o)) ClgSn g
A3 (oIl (g bolae yobo & M g j9095 09)5 4 Capud 4y L

Pl n)

= 2.0+
32
(=]
=
B 1.5-'
E
=
£ 1.0
E
&)
::1 0.5
t
g
= 0.0-

Tumor
iz oy 4y Mo slabgo 4y 9 <l > TAC SlapusT (3l (a8L5 2 SlsSemasg 59, g8 31 ¥ S
sl 5sSle )ikl gllas 5 Sike sorimo L5 (gt o S )5 addllas 3y90 e 35 £ 09,5 4 5
o 09,5 b I gxe MBI FF P <ofey FFF P </l
29255 09,5 b Jlostae SHSI MNP <efeey MNP <]
M 09)5 1 yls gre BMA F++ P <ofeny g+ P <e/e)

W

4 9B » TAC laus1 5l (adls p oS yg 525 1

@i by 2 Mo 03le (sl sb90
s ¥ S5 3 adllas ciliso (glaog S e y> TAC pebaws dulie
Sglis a8 ol ol abb o wibyly jUT sl oas o3
TAC (nmolimg maw (slpy Sloyd (slaog)S s (g5 simo
5 eoliwl b (eSS 5JUT 505 g9 41y 9 B cdl > protein)
o 5055 09,5 )3 8 2l 9 TAC gaws ol (Lt (S5 (9051
OBl ()l e Do @b 09)F b dumlie )> ClgSng 4

-
3}
|

Lung TAC (mmol/mg protein)

Tumor

vy

WWeo )l G 0jlosd o 9 o 0)93 sk (Sby pole dloxe



ohSer 5 Slle ¢,alo

i by & Mise (laBge 42 § B Ol > SlgSm g Sl T Ol

2D oy 00 g lodnnd ool iy Lyl o (HCMEC)
bty o stne 20l Cvgo TNF-0t L b Jskos slos canlllao oyl
SheaSlon iSon Ol QRIPI 9 AYM () ghe lis
OalS Culy ©loSKuunyg 3920 b ROS ulgi 4gp91phox
9 S ol i B TNFea i (036 6)a8 gt slié Jeiliy
dons B0y ey ials 1) ROS uJgs 4 gp9lphox e
y a8 e 3,8 ¢ ool ey Ll pd )3 Ul jg & 28,5
il HCMEC (sl Joh )3 1) guiliguns oyl 9 2z 0o 29000
Olgie b lasdlas o ol,1Sea 5 Jungtanasomboon (YY) s e
bo)b J3e 3 () e S 9 B 5 Shoe sy il
(553l 5 (A8 (63 Slas iS5 301 5 cge e
FoS Sdgtaw (193 W8 b ol peo s bge )3 1) B gyl
Ol yg conl g ogMe 35 lais x5 LB joboty by ki
ROS Mg (ials L) ()45 CudS a2y JB b 4
4l (5 g edsu gm0 adlllan (slaog)S )5 p)95 g gl i)
o o] g o 23l il a6 s & 35 Sy
oo 3 abyiSsie CuiS L b oSy & 1S
ot locn S5l Jlzn (o 1 5 (B ol o S
) Sl T (FA) 555 Joy 5 95 A8 s >She
sdlavly 4 Ll (F4) st gy ply 53 Sse jlaw sbag)ls
osmlienSTy (F2) ol el o], LSt ale o lbpanilSo
iS5tz 3,Skas NS (FY) gilipuS] Loyl (F)) (e
(FF) 8 slnJsbo 55 onul (slagsy Jok 5 JOS1  (FY)
29 Nede Sl dhlow 3 (sle 5 Shgrend)lS o
{¥0) 5,38 oo b lows (S5 S g IS

&S b ol el allae S o, Ken 4 Harada
g Sl ol Ged 4 dlwly Ojgoh CleSum g
P LI bl lawy o3l ERKL2  yguodly yioud
Costi B,k 5l Yl 5l pl e o ialS cuwgregd S
ERK1/2 & dtuly Sl yply ylee s NO-SGC—COMP-PKG ypuse
g yg Sl lgie cod 500 (gladdllas 3. (FF) 358 o0 sl
S 0 gl Cowsend)ll 1S9 SIS
lgSnyg b iy slobge <l oud b claciugrag)lS
B45 4SSl el VY sly (Y 509,500 Ve 5 ) /) slaclale)
o3l (¥ g09,Sun V cdale) Il yuiSg 5T ROS (i)l g yupmw
590U 51T o il Blg5 o ey yg a5 21> L gl o)
58 o ) ERK SilliSas 05 Jlb 5l gy 5 11 il ]
@ e g oS g bawg g5l oyl 08 puo S
B> gty o 5 NO-SGC-COMP yowo jiiy oyl b
¥Y) 20,8 8 ladlos

S gorims it a8 ilalllas 4 S &g (clogomian 3 &1l L
Oldllas sl 4y Lol 15,55 sdalie 2l a4y )] 5 leSoms g

&

-
Slopadls p GlgSinnyg 2975 Sl (oyp Saa b pob adllas
Mo ole sl yose (o) 9 B (clacdl ;o gilawsT o ol
Ol by 2 Mol o83l (Uis gl o plosil by oy 4
5 B clacdl STAC o)l il g MDA (e Lialidl b
2975 9095 9 N> 09)5 b aualie 3 cmimen g olpen 4y
15 oy el ol STAC iglél s MDA Ltals' | &lsS 5s
LBl ialS ol 09,5 b dunlie )

b awlio > Sl gla Joho a5 conl o] 5 (Sl daxio anlgs
oy P 9 WS (e Mg ke ROS G d la sl
@ Olyce lpd pl dlea SH(MY) Gl 15 gliesT oyl
Gooly 50 M1 Bl ol Gl GRIB g S0l 5 o 0 el
» ROS Wg ilidl (YY) 5ge0 o)l sulipns] o yiwl &
(Slple el Gl 130 dlg e Sy sl
cll il da3eSl ab e (oyiSste 3,5k O]
G5 ean 5 Aol 4 sy Slyply (slo s 5 a0t
Bjliws]  derjl  ROS  oaSuy oyl eyl
(FF) 231, 33y g 1o T o30S
Oeeds (NMf2) ¥ 0818 L lagye Yadeyn)l (slauwa g5
o) ole S b (henslal gl ol aaSubs
il il jliwgion Lais )3 GPX 9 CAT SOD wibe clis
ROS 51581 b wlgs oo dilols ol po (Jlozs! IS g 5l i
29b olye y9095 Lyl 9 gilinnnST oyl e s (gmslinnSl
(FF )

P b il b oliay ol Gl 55 ol adlas 3
slie Lol jiso s odcow)l g olpen Slaws] 1
ghdlps oy ladel g amd oo S5 ) ladsle olewly
Sl poles gt ples 4 Cuns Lie  dppge BN
sbaadl g 4 cp cbawl ol Galisly
& dgd 0 e (MDA) .\:.‘:Aﬂdboyln WSle (gl yuiSTy
9 DNA ol b 3l oo g 03ls L2iSTg DNA (slash b silgs oo
P MDA mlaws i3l ¢l by bl ol jon e Jleas! il
2ol ellas 5 (g Gl p 4 Mo Sl 4y 5 B 8L
wi 9 dw uw‘JM.\S‘)J u»)‘)ﬁl L;DM.)UL») J)‘yua
(Y5 50) 15l lins]

i 48 Sl s VIS Johomo S e Sy Sl
2 Slg o (3oye HaBaliS sbul y egMe  CGMPUJy islsél
by 2kl ladlas 13238 5l 55 Ggye g b 5Slae
5 (608 gie ,Slos y SleSunyg 1 ¢l Ken ¢ Zekri Nechar
ol (B Bys 955we JUWbgail (sbaJsho 53 g5l o il

A4}

WWeo )l G 0jlosd o 9 o 0)93 sk (Sby pole dloxe



ohSer 5 Slle ¢,alo

i by & Mise (lage 42 g B Ol > lgSnn g Sl T Ol

SH olboMNo
loyS (Ssis pale olSiily GME] dieS )3yl addllae Jljan
b g wyp 3y90 IRKMU.AEC.1402.078 3M31 58 L oS

Gl 428,518

2w ola3
ool 005 pMel By gi bawgs ablie LS

S dina g <5 i
oslaan 1 g g pp fsulid Uhg) 5 Silopsrie g o g
)l 2 pp epp p oz S 03> Julow : Jatune )3 Lol tlaodl
iebg kel pugitn SIS ez g e fofon Copte izp

(R Ghlng 9 (oan 05)S

b colos
oxSdagh it Olid S lwg  iagh  (pl
sl 035 Jlo cypols oS Sy pole oSl ¢ 5 oI5S Lo lbg,5

SN 408 g S5
298 o S Jlo coles jbls 4y o) (S pole olStsls

References

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman
D. Global cancer statistics. CA Cancer J Clin.
2011;61(2):69-90.

2. Farhood B, Geraily G, Alizadeh A. Incidence and
mortality of various cancers in Iran and compare to other
countries: a review article. Iran J Public Health.
2018;47(3):309.

3. Roshandel G, Ferlay J, Ghanbari-Motlagh A, Partovipour
E, Salavati F, Aryan K, et al. Cancer in Iran 2008 to 2025:
recent incidence trends and short-term predictions of the
future burden. Int J Cancer. 2021;149 (3): 594-605.

4. LiW, LiN, Tang Y, Li B, Liu L, Zhang X, et al. Biological
activity evaluation and structure—activity relationships
analysis of ferulic acid and caffeic acid derivatives for
anticancer. Bioorg Med Chem Lett. 2012;22(19):6085-8.

5. Feng Y ,Spezia M, Huang S, Yuan C, Zeng Z, Zhang L, et
al. Breast cancer development and progression: Risk
factors, cancer stem cells, signaling pathways, genomics,
and molecular pathogenesis. Genes Dis. 2018;5(2):77-
106.

6. Khan YS, Fakoya AO, Sajjad H. Anatomy ,Thorax:
Mammary Gland. StatPearls [Internet]: StatPearls
Publishing; 2025.

7. Sharma GN, Dave R, Sanadya J, Sharma P, Sharma K.
Various types and management of breast cancer: an
overview. J adv pharm technol res. 2010;1(2):109-26.

8. Schrors B, Boegel S, Albrecht C, Bukur T, Bukur V,
Holtstriter C, et al. Multi-omics characterization of the
4T1 murine mammary gland tumor model. Front Oncol.
2020;10:1195

OB ste Sl CloSmn g 59yl B (nl )3 AB)S )90
9 A8 8Ly A b pus Sl (BB glannST il (e o

Cadly anlllas 5y50 llgys 4y,
0l 93 ki owyp @ plyie adlas ool lacysgice |l
Pl cud,ls g (MDA) ssilliooppglle (m coslannST o yiaol
oo St ol coplply 9,5 0,8l (TAC) g 5]
A Joge sylSgil b Slawsl 5T 5 Slaws] (sl pasls
Cllad b ol im0, (aad (6 S o P sod SlgSomn s
Nrf2akos | Sl 5 g8 olbpne 9 g pl pudinne
A5 b)) GlasSly eslslS 9 YU bganns deaS]ygw

wlolid gl 4y 9 B polas] aslscél o)l cpiomen
aplsl ol o sbuolio D459 (50,b > (ol o S0is plol jliwlio 5, b

D)8 8 pS Ao g5 e

S5 4
ooyl ol b diws oy a5 ol lis adllas ol slaaily
» TAC ialS s MDA [l 4 e« Sastiunw gliuus]
ol Cunily GleSmnyg b loyd 20,8 o sy 9 B slacaly
Gyl samolis a5 wled woSee ()b Gz yob @ |y il s

ol gyl oyl gbdloxe 5 SlansT ol

2 b Jolo S s 4 Slgi e g yg by o0 S5 4
)5 )18 d2g5 )90 dins b ju I (36 s2)m (B (2 )lgs 2lp
ool p3Y el opl al ol oy Slllas ks

9. Pulaski BA, Ostrand-Rosenberg S. Mouse 4T1 breast
tumor model. Curr Protoc Immunol. 2001 May;Chapter
20:Unit 20.2.

10. Cenini G, Voos W. Role of mitochondrial protein quality
control in oxidative stress-induced neurodegenerative
diseases. Curr Alzheimer Res. 2016;13(2):164-73.

11. Abd El HAHM. Lipid peroxidation end-products as a key
of oxidative stress :effect of antioxidant on their
production and transfer of free radicals. Lipid
peroxidation: IntechOpen; 2012.

12. Kirkham PA, Barnes PJ. Oxidative stress in COPD.
Chest. 2013;144(1):266-73.

13. Vannuccini F, Campora A, Barilli M, Palazzuoli A.
Vericiguat in heart failure: characteristics, scientific
evidence and potential clinical applications. Biomedicines.
2022;10(10):2471.

14. Minzel T, Camici GG, Maack C, Bonetti NR, Fuster V,
Kovacic JC. Impact of oxidative stress on the heart and
vasculature: part 2 of a 3-part series. J Am Coll Cardiol.
2017;70(2):212-29.

15. Kramer F, Voss S, Roessig L, Igl BW, Butler J, Lam CS,
et al. Evaluation of high-sensitivity C-reactive protein and
uric acid in vericiguat-treated patients with heart failure
with reduced ejection fraction. Eur J Heart Fail.
2020;22(9):1675-83.

16. Rogers LK, Cismowski MJ. Oxidative stress in the lung—
the essential paradox. Curr Opin Toxicol. 2018;7:37-43.
17. Rahman |, Adcock IM. Oxidative stress and redox
regulation of lung inflammation in COPD. Eur Respir J.

2006 Jul;28(1):219-42.

WWeo )l G 0jlosd o 9 o 0)93 sk (Sby pole dloxe



ohSer 5 Slle ¢,alo

i by & Mise (laBge 42 § B Ol > SlgSm g Sl T Ol

18. Trujillo ME, Ayalasomayajula S, Blaustein RO, Gheyas
F. Vericiguat, a novel sGC stimulator: Mechanism of
action, clinical, and translational science. CTS.
2023;16(12):2458-66.

19. Harada T, Kondo H, Nakamura K ,He Y, Goto S,
Takahashi M, et al. Soluble guanylate cyclase stimulator
vericiguat attenuates angiotensin II-induced oxidative
stress and cardiac remodeling. Circulation.
2025;89(7):982-91.

20.Ma T, Wu Cb, Shen Qx, Wang Q, Zhou Q. TRIMS52
knockdown inhibits proliferation, inflammatory responses
and oxidative stress in IL-1B-induced synovial fibroblasts
to alleviate temporomandibular joint osteoarthritis. J Cell
Mol Med. 2024;28(8):e18244.

21. Hulot J-S, Trochu J-N, Donal E, Galinier M, Logeart D,
De Groote P, Juilliere Y. Vericiguat for the treatment of
heart failure: mechanism of action and pharmacological
properties compared with other emerging therapeutic
options. Expert Opin Pharmacother. 2021;22(14):1847-55.

22. Adhab AH, Altalbawy FM, Mahdi MS, Baldaniya L,
Omar TM, Ganesan S, et al. NADPH oxidases in cancer
therapy-induced  cardiotoxicity: = mechanisms and
therapeutic approaches. Cardiovasc Toxicol.
2025;25(4):631-49.

23. Talebileili M, Delirezh N, Abtahi Foroushani M.
Investigating Spleen-cell-conditioned Medium Treated
with Different Concentrations of Adenosine on 4T1 Breast
Cancer Cells. Intern med today. 2022;29(1):18-26.

24. Safaee A, Kheirandish R, Rajizadeh MA, Rezaei MH,
Madadizadeh E, Bagheri MM, et al. Novel effects of
vericiguat, alone and combined with high-intensity
interval training, on brain function in mice with breast
cancer: a histopathological and behavioral study. Naunyn
Schmiedebergs Arch Pharmacol. 2026;399(4):6035-50.

25. Bashiri H, Emadi L, Jonaidi H, Azizi S. Vericiguat as an
adjunct to temozolomide therapy improves behavioral and
tumor outcomes in experimental glioblastoma. Naunyn
Schmiedebergs Arch Pharmacol. 2026:1-18.

26. Chen W, Wu Y, Li W, Song M, Xu K, Wu M, Lin L.
Vericiguat improves cardiac remodelling and function in
rats with doxorubicin-induced cardiomyopathy. ESC
Heart Fail. 2025;12(3):1807-17.

27.Van Pelt LF. Ketamine and xylazine for surgical
anesthesia in rats. ] Am Vet Med Assoc. 1977;171(9):842-
4.

28. Olyayie HT, Nematollahi-Mahani SN, Jafarinejad-
Farsangi S, Sheikhbahaei F, Mehrabani M, Pourjafari F, et
al. From tumor reduction to behavioral improvement and
cytokine balance: Therapeutic role of petroleum ether
extract of Teucrium polium in a rat model of C6-induced
glioblastoma. Metab Brain Dis. 2026;41 (1):99.

29. Soltaninejad F, Shafiei G, Rafie F, Nematollahi-Mahani
SN, Pourjafari F, Haghpanah T, Afarinesh MR. Ovarian
epigenetics modifications following lifestyle interventions
by exercise and alternate-day feeding in letrozole-induced
PCOS rats. Sci Rep. 2025;15(1):25557.

30. Moslemizadeh A, Nematollahi MH, Amiresmaili S,
Faramarz S, Jafari E, Khaksari M, et al. Combination
therapy with interferon-gamma as a potential therapeutic
medicine in rat's glioblastoma: A multi-mechanism
evaluation. Life Sci. 2022;305:120744.

31. Trachootham D, Lu W, Ogasawara MA, Valle NR-D,
Huang P. Redox regulation of cell survival. Antioxid
Redox Signal. 2008;10(8):1343-74.

32. Pelicano H, Carney D, Huang P. ROS stress in cancer
cells and therapeutic implications. Drug Resist Updat.
2004;7(2):97-110.

33. Liou G-Y, Storz P. Reactive oxygen species in cancer.
Free Radic Res. 2010;44(5):479-96.

34. Bensaad K, Vousden KH. p53: new roles in metabolism.
Trends Cell Biol. 2007;17(6):286-91.

35. Pamplona R. Membrane phospholipids, lipoxidative
damage and molecular integrity: a causal role in aging and
longevity. Biochim Biophys Acta. 2008;1777(10):1249-
62.

36. Ayala A, Muioz MF, Argiielles S. Lipid peroxidation:
production, metabolism, and signaling mechanisms of
malondialdehyde and 4-hydroxy-2-nonenal. Oxid Med
Cell Longev. 2014;2014(1):360438.

37. Zekri Nechar K, Cucicea T, Martinez Martinez CH,
Cuadrado Corrales N, Lopez de Andrés A, Jiménez Garcia
R, ZAMORANO LEON 1JJ, editors. Beneficial effect of
Vericiguat on mitochondrial function and oxidative stress
in human cardiac microvascular endothelial cells. In vitro
study. ¢cGMP: Generators, Effectors and Therapeutic
Implications Conference; 2024.

38. Jungtanasomboon P, Nussaro S, Winwan H,
Suebthawinkul P, Boonpala P, Dong VNK, et al. Vericiguat
preserved cardiac function and mitochondrial quality in a
rat model of mitral regurgitation. Life Sci.
2023;328:121929.

39. Chen J, Long JB, Hurria A, Owusu C, Steingart RM,
Gross CP. Incidence of heart failure or cardiomyopathy
after adjuvant trastuzumab therapy for breast cancer. J Am
Coll Cardiol. 2012;60(24):2504-12.

40.Qiu Y, Jiang P, Huang Y. Anthracycline-induced
cardiotoxicity: mechanisms, monitoring, and prevention.
Front Cardiovasc Med. 2023;10:1242596.

41. Russo M, Della Sala A, Tocchetti CG, Porporato PE,
Ghigo A. Metabolic aspects of anthracycline
cardiotoxicityy. =~ CURR  TREAT  OPTION  ON.
2021;22(2):18.

42. Carrasco R, Castillo RL, Gormaz JG, Carrillo M,
Thavendiranathan P. Role of Oxidative Stress in the
Mechanisms of Anthracycline-Induced Cardiotoxicity:
Effects of Preventive Strategies. Oxid Med Cell Longev.
2021;2021(1):8863789.

43. Huang J, Wu R, Chen L, Yang Z, Yan D, Li M.
Understanding  anthracycline  cardiotoxicity  from
mitochondrial aspect. Front Pharmacol. 2022;13:811406.

44  Seara FA, Kasai-Brunswick TH, Nascimento JH,
Campos-de-Carvalho AC. Anthracycline-induced
cardiotoxicity and cell senescence: new therapeutic
option? Cell Mol Life Sci. 2022;79(11):568.

45. Quagliariello V, Berretta M, Bisceglia 1 ,Giacobbe I,
Iovine M, Giordano V, et al. The sGCa vericiguat exhibit
cardioprotective and anti-sarcopenic effects through
NLRP-3 pathways: potential benefits for anthracycline-
treated cancer patients. Cancers. 2024;16(8):1487.

46. Chen W, Wu Y, Li W, Song M, Xu K, Wu M, Lin L.
Vericiguat improves cardiac remodelling and function in
rats with doxorubicin-induced cardiomyopathy. ESC heart
failure. 2025;12(3):1807-17.

47. Harada T, Kondo H, Yamasaki H, Takahashi M, Takano
M, Akioka H, et al. Effects of vericiguat on redox signaling
in cardiomyocyte. Eur Heart J. 2023;44:ehad655. 963.

WWeo )l G 0jlosd o 9 o 0)93 sk (Sby pole dloxe



