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Abstract

Background and purpose: Induction of cellular senescence is indicative of new strategy to
prevent abnormal proliferation of cancer cells. Doxorubicin (DOX) is gaining attention for its neoplasia
suppressive and inhibitory properties, but its clinical utility is limited due to irreversible effects on non-
target cells/tissues. In this way, nanoliposomal structures were developed in drug delivery systems with
minimal systemic side effects. The biological role of doxorubicin-loaded nanoliposome (NLDX) in
inflammation, a prerequisite for the onset of senescence, is unclear. This study was designed to evaluate
the function of P53 and senescence-associated inflammatory markers during NLDX clearance in normal
tissue of the liver.

Materials and methods: This experimental study included three groups of Wistar rats; DOX
(0.75, 0.5, and 0.1 mg/kg/BW) and LDOX (0.1, 0.05, 0.025 mg/kg/BW) groups, and a control group.
Liver tissues were studied for inflammatory markers evaluation and Real-Time PCR was performed to
investigate the level of P53 expression.

Results: Data showed that NLDX at 0.1 mg/kg/BW could significantly induce senescence in rat
liver tissue by remarkable increase in expression level of P53 (P<0.05) and senescence-related
inflammatory markers, including TNF-o, NF-kB, interleukin -1, and interleukin-6 compared with a
similar dose of DX (P<0.01).

Conclusion: This research provides sufficient evidence of increased senescence in rat liver tissue
caused by NLDX compared with DOX during liver excretion.

Keywords: Doxorubicin, Doxorubicin-loaded nanoliposome, senescence, hepatotoxicity, inflammation, P53

J Mazandaran Univ Med Sci 2022; 31 (205):17-28 (Persian).

* Corresponding Author: Mohammad Shokrzadeh and Morteza Eskandani - Pharmaceutical Sciences Research Center,
Mazandaran University of Medical Sciences, Sari, Iran and Research Center for Pharmaceutical Nanotechnology, Biomedicine
Institute, Tabriz University of Medical Sciences, Tabriz, Iran (E-mail: mslamuk@yahoo.com, eskandanim@tbzmed.ac.ir )

17


mailto:mslamuk@yahoo.com,
mailto:eskandanim@tbzmed.ac.ir
https://dor.isc.ac/dor/20.1001.1.17359260.1400.31.205.15.1
http://jmums.mazums.ac.ir/article-1-17740-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

[ DOR: 20.1001.1.17359260.1400.31.205.15.1 ]

op—Hls (— S B}y ee—Lcoali b a_Las
(17-28) 1400 Jw oog0 205 o)laids @51 g W 0)gs

13 51 15 92iiS Wl gy jguuSga g jgulgili g gy jguuSga
P53 (s jlwyles g |plmill Yolge cublil gy jl Cuwgilim glo gl

Loz il
2 s9y30me golie
*6.AL gl
30 S domre
% SISl guii o

2 IuS>

Sl sadshe acb b 2S5 5 (6,8 sl gl e (5351 2l &K Dl o Jsbo (6 ST 100 9 Aol
OT by s el ol a5 3 90 (6390 55 oSl 5 &1 S 08 o ol 5 o &4 ) 525 55 35550 55
BERPIY S PO P PP P\ H IR - BN PURICHIN PV- S PN N R PSS NP SRVIGI.L SV N RO i G P
93 308 93 Jla g3 (S5 sm A LBl drs g Satann (Sl 5158 Sl L gl b g (Slaptans
b s e el (sl KoLt P35 Shas (g o slite & andllan ol ol Gandial (6 5,5 812 S5 g ool
38 b S e 5L 53 e S 93 355 5L 83 I b3 5

0355350 5 (0L 0I5 O/TD) (s 58 53 Joli ¢t s aodllan ] 53 alllan 350 slaos 8 sla sy 9 Slge
oshe 4 A Galsl Wiy S 05,8 5 e O O35 S kS e 8 e (01025 0/05 /1) s 58 5
s 03l P53 Ol oo » 61 Real time PCR SLSG 5 iz 8 515 andllas 350 ol gla Lt oL 5

b ) 55755 p 555 U e 000 055 = 0,8 LS S e 011 593 487 515 0L Laesls aadly
e sl S5l 5 (P<O0/05) P53 055 0l sl 81 G b 51 ol e (Sla o g0 ST il 55 (6,0 il 31 sl (g ylsline
3 8 sy 328 55 53 alie 533 4 o (P< 0/01) 6 8™ ot 5 1= .87 2ol (NF-kB (TNF-00 Julis (g 0 b Jas o

Oty 35 33 I35 56 Go b 5 Dy AST 8L 53 (6, W 153 6y B Al 55 adlllan oyl s sbiisad
38 a3 pln )3 s 55 93 4 S

P53 (el (ST s ¢S ¢ et ) 325 33 035 52 56 ¢ sy 58 52 15345 5 019

dord
SlapslSa J 287 (5 hlibue slags 51l ol 035 Olgz ol o 33 o 565 o 0das Jlo 31 (S Ol e

ch:- dlb@‘wjf&)}phw.bgb):}ﬁfp QTQb)}d‘ijﬁ&c‘)d)}ojjﬂfbsﬁﬁw‘
E-mail: mslamuk@yahoo.com S5lgsls ouaSils cpliel by 2Kl geime T 5 o3l 1T e ST 55l = 031 K Saxo giamne 9o

E-mail: eskandanim@tbzmed.ac.ir el §oskh sy Dlidss 5 e 5 - il SISl (185 0 9
Ot eyl el (S o sk o830 (g 3,15 pale Sl S o ¢ 013 psle 1,575 g metils 1
Ol eyl c0lpai3le (S p sl oBils )l ke Dligiond S 5o (3Ll 0dSils ¢ J S0 5 b somaies ¢ 575 2
Ol e cOubi3le (S5 p ke o&ils ¢ JoSpe 5 oo 55 Dl S m ¢ Sy oS5 5 (b sordism 038 Lokl 3
Olplegol Oyt \}S:«}.J}l‘aali.:.;l;‘&)‘l.d,)l;a.xi:.;!u&,)l; pole Dlidos S e ¢ alidg)ls 5 pulid o 035 et 4
Il e e S5 b sl ¢ (ST 5y 5 o ¢ 2513 (53158 25 Dliiond S0 5l 52l
1400/10/8 : s yoas g5 1400/9/28 : &Sl Cgr gl b 140019714+ it 55 st

1400 ragy « 205 s)ladds (@53 g W 0)9s ohsijls ¢aib)y eolc oGSl alas 18


mailto:mslamuk@yahoo.com
mailto:eskandanim@tbzmed.ac.ir
https://dor.isc.ac/dor/20.1001.1.17359260.1400.31.205.15.1
http://jmums.mazums.ac.ir/article-1-17740-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

[ DOR: 20.1001.1.17359260.1400.31.205.15.1 ]

ul)lSam g glileay il

53 (Enhanced Permeation and Retention effect)
M ailw 555 Dlallls (154l oo o )50 58
13 ol STl 033 OLES g5 98 93 (5108 !
g e Jsbeny g s b e a5 L
G Ted sl (6 dle (olize S (slagmaly
L pled 5 (S5se 4l Jobo e 5 (85 55,80
by ‘._m:.;\.{a L cellular senescence .(16) .S™ Wi
Olsie 40l Gy 5513 Samstips (S50 5 )
5 s g O e bl S
Sl O 31 (Sl Slisiss (1817) el 4 5 ) 5
senescence-associated secretory phenotype e
ladhw 55 5 53 03 1y ol 2 (SASP)
ol &S ) Sl as Julse L Olys ol
DS Jels oledl sl STl ol b 51, STl
Nuclear factor kappa-light-chain- L\S™ glara
,s5'Le enhancer of activated B cells (NF-kB)
o JB0- oS Sl A= oS s 55,8
OEus oS a5 S e Jalse ool ol (19)
e O o Sl oy e 3 &5 Sl (6 1 955 53 S e
23 o S S 255 2 PB3 0 0l 5 g5l b &
L mm smnl (oo ot o iy 5t 4 J e
Gk 3 sk 5 s 4 £1.(20-22)5,3 DNA (e 5
Olstes Gope s Glacil 5o 25 Cl oS
Lo Sl ad gl cpl (s 35300 o mome o o 5
o Cnglin drn g 55 g LA 5 s Jlab S e
(2823) 5,05 Sl g 55055 558 ¢ Slb A5 Slag s
SASP (sla, s o 5 b il 5 by ks oDy
5 3l 5155 s sl Jle s sladsb
Slllan (S5 5 50 Ly (25) S -8 55 o 1, LalT
3 =il ldaaT el S (gan) js sd e
33 59,5 ;i 55 Lcacallln ol 53 ¢ ) 30 53
Sode 5 odn O 1 53 513 rea 33 otr
£33 5L OV sn b 5 55 308 33 <Olajs Ol

oli LMl (6 a5 S 5 g 3 (930S 93

Flan 5 etin 0l 53 sl S Jon o8 e
e il g St s il s 4S5 lST
PR ISPV PR . P P ISPV T 'S KO-
L 45 Sl o HIKET 5 580 sl | sladle
o Js Sl (Fless )l po dode Gl ls an s
comll opl s B e ol 5o YL clacs iy
23 (23015 S 1S g e HI8 55l 3L
e Fl A e sk 4 epls (b s B
el 3 815 e g 350 ol slaily
S bl 53T ()l U L s ) 505 5
S el bl 5T s 1 oSty 5 5T S 5
o938 93 (1) 2505 roms o505 S b b
O s cdile LaOb j 5 (it 151 OLess s
e (Ol el () codas (S g 15 Ol e ailie (Ol
oolse s pl L(2-9) ol b 81 5 oslinul 5y 4
S Al 0d SO e ol 03 0T 5L (Sl
ol o)l (S suS canl o 0 0T Jleys
Lobeys (b gy ol Ol ds slagyls 31 gl
YU CLle b ogols opl 5 6ol palie ¢ mmn sy 58 5
Js rer 4 8 555 0 o plie 5 Bl e ST s
ol 55 T slaphist 5 (S 0l g 4 S
4S 5y sbas Sl 0dd 4Ll s 95 S 93 L Oloys
Ly Olays 3l oy Olslas Sl o 3 A0 Ly 5
70 bS5l s S 5
ol Sl el ool 5 Dbl 5yl 51 (10) 5 o0
(shoys Cools b ed oS 25 8 bl 5140
aS uS Iy s e S sbad sk 53 OT S 5
J515 53 55 S 33 03 g 5 gmeiammn 4 Ol g5 o
(11-14)5 .57 o, L0 La(aj)'}_;._.! O (loyd claalele
5 L3k 4 Gl )by dagms pl )3 ol Do
Al e Blayson s Sl a5 Lods J 87 ta,
L 47 s 5 508 93 (895 320 (S0 50 30 3 055 4
as,e o950 550 s Caelyx 5 Doxil (gl slapl

EPR sl L (655 G5 51 oy g s

19 1400 prog « 205 s)laids @5y § (W 0)93

ohaijls Ak} eole alEmsl alas


https://dor.isc.ac/dor/20.1001.1.17359260.1400.31.205.15.1
http://jmums.mazums.ac.ir/article-1-17740-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

[ DOR: 20.1001.1.17359260.1400.31.205.15.1 ]

) 5 03335 ()] Haa)guaSes ©9)eNeI0 § () gwSgs

sh Jole Bn 0% 053 2 p S AS 208 e 15
ESPU TS KN IETERC VIPRS) IS PRRC VIFRE SN
eSS e 8 e 0L S0M75) 5 8 515 anlllan
£355:3 50 (omaxs 55 DY bl 5 (e O 05
eSS 08 e 00062 5500 s oS 53
ol 553.(28B0) sl ok 18 Ege O O3
/1 Jslan) 0105 8 JLS™ 0 S o Jlosised p
s axin B Jsb s oS s a8 8 s s (5,15 o
D_?J:A/S Jolas ez 535 (Goy5 59530 slee)
fr8 ) s ol e 0 055 0 S ShS
ESPUS RIS PIRC VP IR (S TIRC S N PP P
05 5k o8 L 011 50/025) 25 8 51 5 anlllas

(s O 05 p

45}«'5)}’2«?
5 (e B0/B) (3315 ST L s
23T g 055 S0 g g i 5 (p 5518
2 aids 10 S p e Gl ghte 4 5 LS
3 o o gads e 5 5w S 5ei 5L 800 g
53 PBS) 5 Dlid 3L L dS 5L 05 8 2ol
pUSsen L oS Glacil i osls yinni pH 7/4
2 Bl O3ser s 8 05 sen glaiod ows
LS Bl gar 34 glos 45 ls lagbe §suis Sla
Sl et w435 10 Sus 4, 2000g s b

A oslaiwl J:-‘JA J‘.’.L‘“ DL LFEL’ Qj}a.h C,oubﬂ}w

(TNF-) pe s 9,5 15856 bl o
a5 b 1V S Sl eslizad L TNF-0 ol
ssb o s Sl oS sl el s
biotinylated anti-Rat TNF-o. =5 s 50 caodls
s K 100 b ol )T 40 s el 3l LSl
o 38 3 Ikl 5 (GuUST LBl O e (545 50
4> y32124) GUI gles js celnd 5 s b s
5B 5L d Slomds i 5L S sl
(~J5,5..100) streptavidin-HRP 5 Las bl da

Qlj_'?\.}ébd‘a_:})bé:rli;a):.gfdbjC,él.:)a

A3 8 s e Sl

b o9 9 3lge
CS 8 ) sy 908 93 ¢ 25 aalllae ol s
£33 5L 42 sl = (Munich, Germany) GMBH
L e s80-90 ol b (5 A& ) S 50
oS b e 08 e 16 0 (o) yome
3 ke 08 e 2 g 58 53 il
oS .45 5 4 Exir Nano Iran ,Sina Co S %
SHIL6 5 1L-1 (NF-kB (TNF-00 oL 550 sl = =Y
oS .4 ¢, = (Besangon, France) Diaclone
Basel, ) 5ICDNA jiw oS s RNA (gjlula
Sybr GreenPCR s Rnalater ™ , Roche (Switzerland
&l = (Hilden,Germany) Qiagen ;i master mix
DNase 4 Korea (Bioneer <5 ,251 i liwa jasl s
(GmbH, Munich, Germany) Sigma-Aldrich ;I

Al ag

wlles b
200 - 250 035) S s 5 ol o Gl i ss
Ol3ke (S o ke ols Sl g S5 51 (0,8
S 4o (ir.mazums.rec.1399.7010) o ! syl
e ds B3Lad jabas Lo baa oy 14 51 e T
N P TYS I P FYJU GNPy 4
Dy gty ) 35 33 3553 55 5 ety 508 5
03 553 b 5 e J S 0s S5 Blis S
333 Oty Slalllae bl o i O35 555 W e
A S e ke 15716 ) ST ren
S 3 L (272620) ol 0l i) B B se 0 055
b 52 513 o325 Soa S ol 5 p 55 onl (885
533 il e (Gau 7 5530 Jslae) g 42in 6
0as 055 p S S 0,8 (A 05 505 s
e 53355530 b s U as s 8 ki s 5

1400 a9y « 205 s)ladds (@53 § W 0)9s

ohsjls (Sib)y eole oGSl alas 20


https://dor.isc.ac/dor/20.1001.1.17359260.1400.31.205.15.1
http://jmums.mazums.ac.ir/article-1-17740-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

[ DOR: 20.1001.1.17359260.1400.31.205.15.1 ]

ul)lSam g glileay il

et s Sl b g Ol (ol s LS

P53 ool sl sy
e 5IPS3 05 Ol (e st A
51 J=8 .4 esle ol Quantitative real-time PCR
Jsdows L 1S 5 80s sLaas a3 RNA (g5l
5501, 8 sl as55-20sLes 53 Rnalater
asxg Ly oS jleslarul L Total RNA .Gus
Chle g olS gl O ekl Jaall ) gis
i ga 5 5l eslinwl L AZ260 43 o s 1> RNA
J5 5559 21 5 (Waltham, MA, USA) nanodrop
e &S 3l eslizd L CDNA (29) i oy 5,87
nanodrop | eslieul L o S 5 i 445 CDNA
Quantitative real-time PCR .o 3 1,5 23,5
s 3 G S et iy S o3l Ly
(Mannheim, Germany) Roche Light Cycler TM
(20055 S plowl (il osls = 5 s 457 ) boles
S i esleeul LMRNA chdwquka
Allele ID 7.5 3f aslizul b s ol (30) 45 plevl 2 -dacT

..U‘e.\.’b;sle‘)w Jj-b.-):g-ﬁ‘e.\.ﬁa f‘;b

GPCR 3 4, gl el S5 L osled Javer

Amplicon

size (bps) Sequence (5'-3") Target gene
Forward: ATGGAGGATTCACAGTCGGA p53
18 Reverse: TTCCTCTGGGCCTTCTAACAA
Forward: GCCTTCCTTCCTGGGTAT p-actin

199
Reverse: GATCTTGATCTTCATGGTGCTA

ool ulows
GraphPad Prism ,i;31s = 51 esliel L gL
AUT 88 5 Jolows 5 a5 3550 6 )
5y 30 58 s slaans e (5l » One-way ANOVA
oy S o ol amlie gl 523 8 15 eslinul
P lads . eslizwl Tukey post-hoc ;JUT 51 Calzses
b b 8 L s 6 )ls gmn e O o 4, 0/05 51 508

423330 51 ey s LS b gy 0 SlacSals s
5L wd b an o3l Slnds (0 gl sSUI Ol
(3,80 100) ) 5 uncd 5 (25 e 100) TMB
Aol Cad g Jadoes 0931 L 2 STTy us wlsl
03 oo 5 s (e (25 S 50) S iy
Sl gl oy 5, Kon a s il 53 e 56450

L (5,5 s 11 (Shimadzu, Kyoto, Japan)

(NF-kB) B LIS (51 azp ;5556 b il s
i 5 L IV S Sl eslinad L NF-kB clale
WDt b i (¢, 80510l S 0l fandl ) gz
A S 10 (ST L 0 ger 4500 25 Ss 40
streptavidin-HRP ,=Jy £ 100 (NFkB (ssb =T
s Lol ab g e glaelx 53 s ltlul 2y S50
50 ¢ oo s ad pizad JL L HLD Olio
Sl (AT 4B 5 A 05505, sladslows 31 s Ss
Lol 15 Ko 80 Lo 28715 4> 10 51 am 5 s
e A00 53 Sl 5 s B e S5l

..\.1:)? ‘_;ﬁfej‘.\.;‘

6- Tl 5 1m STl 68 ol s
Gladisas 530S Jml 1= 08 It ke
ar g Los Y S Sl eslinal b g8 3L 0] san
S S 5 a2 250 ST 0kl Jadll ) g2 4
ST 25 S 100 bl by s 8
05l s 1 s ks LS Sl 4 2
5 L ad L aw Sl (el 24 U 16)
0yl 93 e i L) Lad gos g Lo jluil
&35 5 2y K100 5 s s Slomi o
Ol oSSl A5 LI Biotin-conjugate anti-rat
Al Lol LaeSalr «aids 60 51 ey s 8
| s 5 S 100 L 5 bt sy iz
s S 50 caiss 15 51 ey s § 5L S
Sy 5 sk Y ge 16 aus sl s

21 1400 oragy « 205 s)ladds (@53 g W 0)9s

ohaijls Ak} eole alEmsl alas


https://dor.isc.ac/dor/20.1001.1.17359260.1400.31.205.15.1
http://jmums.mazums.ac.ir/article-1-17740-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

[ DOR: 20.1001.1.17359260.1400.31.205.15.1 ]

) 5 03135 ()] aa)guaSes E9)eNeI0 § (a)gwSgs

2 Gmest3 o30S 33 p ) U 5 s 50553 il
ST 8l o ol sle ST
45" il ,sNFkB 5 TNF-a gl

SINF-B s TNF- gl sla 1S s
Lo il e 6 m ) B 53 J e slay S0
055 e 0T Ol db g0 sS” l o3lizal
TNF-o éa.» g JB il gedias OLiS CL‘
3 e 55 33 OLays Lo glaes 5 53 NF-KB
U8 05,8 L lie 53 s o8 53 055 5L
IS s ol (2 s jls 3 5a3) ol (P< 0/001)
NF-kB 5 TNF-0 olgll sla plS sl a57 Sl 0T
(s 0% 033 1 p 8 AS 0 8 a O1) s 555 5
s 305 33 4 S 3 33 03352356 055 53

(P<O/0D) ol adly ol 531 (gl snn 5 sboas

3k 3k %k 3k

160
140+
1204
100+

TNF-g (Pg/ml)

%k %k %k

NF-kB (Pg/ml)

>
O
& s

e P
Ay Mo
F &S
» 2

2 Ot 508 33 0955 56 5 ey 508 53 56 12 05led logei

AS il s NF-kB 5 TNF-a el sla 556
05,5 i 1S (B = aisai 3ls) MEANESD &) s 4 s
M| (g e Ol * L0, sl s b Jbe s J S
oLz #+p: 0001 e**x+P< 00001 .ol J 25705 S s sime

P53 o ol
ol iy J5Sse 5 e o5 PE 0
o503 Gl a5 g Ol v Sl i Sl iy 02 S
3 eslital L a8 5l 0L bl adllles gl L o jle
slacl ;o PS3 05 Ol mlaws Real-Time PCR
i) 38 33 033583 5L 5 ety 308 53y Olays Lo
(P<0/0001) ot asl izl 531 J 1S 05 8 4 S
(0558 1 p 5 e OFD) e 555 55 Oy Sl
L g lie 53 oty 308 35 Jla gy 05,5 53
(P<0/05) 55 YL ()15 sne bty o 3uS 3
O30S 33 0355 56 45T el OT 31 S Laesls
Sl 1 S b ke e S50 5e Sl il
P G e s S T S b

2355 ety 325 33 51 5 e

% %k %k %

Relative Expression of P53

2 ety 308 93 rj)'}::l}ﬂ.}j ety 308 93 53611 ooleds 51909
A4S sl 5o P53 05 Ol Ol s

RO PR d;)‘Jf (8: 44’}@.; .)‘u\a';) meantSD Q)y 4 c{.t;
Godas OLE % s S il ys e Jbe i J xS 05, S
(2+P< 0/0001) el J 28705, 8 L I _ime oDk
O slajes 5o s —me OV S eyl is$
S e O) o 5753 Jlngd 5 s 58 5
(% <0/08) el (250 035 2 p 5SS

1400 (ragy « 205 s)ladds (@53 g W 8)9s

ohaijle (3b)) eole olEmSl alas 22


https://dor.isc.ac/dor/20.1001.1.17359260.1400.31.205.15.1
http://jmums.mazums.ac.ir/article-1-17740-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

[ DOR: 20.1001.1.17359260.1400.31.205.15.1 ]

ul)lSam g glileay il

Godasolss ** P< 0/01 v+ 0/001 .ol J 8 05 S,
e sisd 5 G 58 33 OLSS sl 533 53 Ll gimn 3D

ol (ryn 055 2 08 S 208 oo O11) sy 5753
(5% p<0/001 55 p< 0/01)

Iy el = e Gl s saOleys I 56 (6

as 0dd iS5 oUlg bd e & 5,57 0 5 50
é_.)_,.:\_u Lo 5l 5 m a8 Il ys dias o S
e S Bl S 5 ] s
(23N el 45 5 5 5 350y 905 iSO S
S Olsean ) (Jske 6§85 el Dlides
(BT sl 03,876 3l 5 el 03 e IS
G 03 ol OB WSS 5 a8 ol ol sl
bl olgdl cladanls (35S b slag S Jols
(2047) Cast NF-KkB s TNF-00 6= -8 ol d= .87 =
P53 05 0ues b 4 i Sl 5o Lay 556
Sl d s ool 53 1 Aol B P53 it e
O 9 38 53 (3433) S e Ll Sl (6
Shagly 1 or g8 A Jule OS5 Ol e
N Js s B 5 o g 5 ST S o ) e
é S T L(35-37) 555 (6 ‘_;Laji?l.i& &b
ol Ol o A5 Slag,ls 51 (6ol il S50 58
o 3l palie pmn gy 38 95 L Oleys (b 5
shn ol gl 5 4l mezd ST 53 YL LR L )l
2T SLaphl 51 (S 0l 5ot 48T > ems 4 5
el 0t i Ld gy 9 93 b Oloys ﬂiu I
Oleys 3l oy Oy 31 Ao 340 L 5 &8s ) sbowy
0 A MUCS 5y S T S g5 58 33 Lo 5
b5 Sl o)l e stS T oo (10) o o0
OT Sleys WSl 0 ST g 55 6 503
LS gl 63 Sbeladl 5y ol 51 (16) ol 0l
Sgmama 0 U155 oo o anl 43 5 plnil g0 al

Sloyd slaabeln 515 55 s gy 508 95 0353

9 ety 308 93 IS slajgs 03 403 (e DM sy

(30 053 2 5 58 108 o O1D) o 5u8 55 Lo 52
(%< 0/001 *p< 0/01) ool

STl 36 STl 5 1= ST ) b

6- 05 Il 5 1S Sl e sl e
s B S5 )y sm Oleys 5 IS 058 o
B- oS ) 51 STl ke oS das e O
Jlasssed 5 oS 55 L Olays i slaes 8 5o
IS 055 & o (613 sima Hsb & e 52 53
(3 oyl s sad) (P*P<0/0L) il asly 21 500
0/D) alsn 593 55 LacalS gl ol ala o ] 331
Jlosisd 038 53 (Gise 053 p S AS o8 o
25ban e 38 93 s ds e 53 s 505 53
(P<0/01) 54 5V s lskiae

* %

1004 * %

IL-1p

> g ] & Nl g
& *,Q' *,Q' NAFCIEN *,Q'
R RN TSt AR
° s’vﬁ’ é\s @’

xm)rsyr,)'xgjsu, ety 308 93 531513 o leds 518909
A4S 8L 53 B S s 1m0l el sl S L
05,5 b 35 B = 45 slted) MEANESD &) 0 4 gl

BIEEY oM akias OLiS * ..AJ:; sy J.:!Lw J\nj J,:S

23 1400 043 « 205 syladd @5 § W )93

ohaijls Ak} eole alEmsl alas


https://dor.isc.ac/dor/20.1001.1.17359260.1400.31.205.15.1
http://jmums.mazums.ac.ir/article-1-17740-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

[ DOR: 20.1001.1.17359260.1400.31.205.15.1 ]

) 5 03135 ()] aa)guaSes E9)eNeI0 § (a)gwSgs

sy Jolse Ous Jlab (GodiS ALl oS U saline
S 5ls 0l s a1l Sl 5T Lo 5
NF-KB pela (gldamSle b5 55b 4 (o S 53
L «(P<0/0001) cas g il J 28 05 8 4
ORI ) 55 33 355 5Ly 52 el o)
0S5 r O71) wlze 553 55 NF-KB ol 6 lslian
(P<O/01) 513 3Lt o 5 58 55 45 C@(r;}l:f,;
e NF-KB sl 2l 31 o8 ol OT51 (S Solalllas
5o ol anlllae 7 (45)5 55 0 TNF-00 0l JUsb o
ol Lgy godkias OLiS 9 5 Slalllae pl b gunan
SLL 0lays S glaln 5la 3 TNF-0 b
Glaog S 55 il Bl pl ol 238 93 035 5
o o Gty 308 33 0355 5L L Olays S
i (6La555 )3 Ly 38 53 b Olays Lo Dl s
P53 5 Aas e 0L oS (P< 0/00D)s 1 5YL
Lol siba = 65t e O Gy oS 5
Sl Vb js b a S Cilsasgaslioglhs
JBT 5558 0 o5 6 Eel ol gla) 5ST6
Bl pad o yomie (o L5 00 OT 51 (AU o e
ladshe g L35 2 ae Sl STl 6 045
wdils (o 031y el T (o olan Al g o She g3l
B S ol d= S o)l Emla ol s (4746) i
iy sbes g Lol odﬁsmjd.r NF-«xB s TNF-a
pro-inflammatory ) olgdl i 6 o L ks
('senescence-associated ~ secretory  phenotype
23 Jlse opl &7 s o OLas Sl (4948:19) s
Iy ol 28 &S 545 0o P53 0us Jlad 4 e lg
SIS sla sl canllan oyl 3. (50) 3,05 Jsho (5 3
Ot ) 308 33 0955 50 5 e 58 52 Olays o
IS 0,8 L aalie 53 15,05 0l 31 5 5V pelaw
JLas ;s (.J_;);PSB 05 YL 0Ly uimmen ol OLIS
wliie (SLa )53 )3 sy S 33 40 L Cppms ) S 3
b sladgle 8 Sl - (P<0/01) ol 5 spe

3 ey 5S35 L o a3 S s 53,8 S

33 ol o (L1-14) 5,5 051 lap s 5ed O ommt
a.&d}fﬁjjd.l.ac,élg@@uﬁjbchwdl
asllan ol 53 (88) sl Olep 05 WS 4 a5 L
Jlesised 8 5 s 35 33 G301 53 oyl
e S Ol s (6 il 5 Wl o s 51 0T
‘g,_s,f)t;w)ﬂU}.ﬁ,,u@t;r@,;&\ﬁ
oo 0 s AL ey T Slidos 53 0l
S 2 2 S Sls slad sl bl
OLES La ) .W;H\)gu)gw@u
Sla S5l 0as Jld L ol (g, Lis) o s e
a5 515 3 4mm g (65L 5 Al 55 (4039) ol of pen  lgl
Slad 5 eSB L e ol58] s L oS AL L
aS ysb dil oo (ol o, 5L s 51 NF-xB
53 W50 s, Shes s JMasl w5555
@ oS o by ¢S NF-kB L (41) 5 5 oo Ol el
S ok Ol 5 Al oo Sl Gy 5> (ol
5 1 STl INFo s sl i ol sl
Slalles Lol (42) S o LA 1, 6= 08 50 2
Gl S O sl Ol 156 8 )
9 O30S 93 s anlllas ol 53 (4443) Llos S
S gl ol ge LA ) 55 53 £33 52 50
N VIVO Loyl - 55 el (6 g £33 12 51 o
S S el s 4y 5238 13 gy 2 3550
) 35 33 095523 56 5 sy g5 53 45l OT
sladsbu 53 6 s g5 5 U3 Sl ATy sl
S ols 0L GBs Julond 5 4 L 5 g0 o Sl
D e 35 33 0355 5L L Oleys Lo slaldl,
Al oledl Lo S g e sl L6 5b
Laasl . das o i 15 6= 087l 5 1= 87 2
(ajj}?:ljil_i}lj_?gi‘a_f:bol_in_dl.}m o=l s
s1- Sl e 2155l 4 e e s S 93
lbin (51593 55 ety 3mS 53 40 o B 8 )
NF-KB gelans 53 g 55 JB Sl el oDl

i35 93 0355 50 5 oy 58 55 (Sla3 93 ples s
£ f

1400 1049 « 205 syladds (@S § W )93

ohaiils 3b)y eole a5 dlas 24


https://dor.isc.ac/dor/20.1001.1.17359260.1400.31.205.15.1
http://jmums.mazums.ac.ir/article-1-17740-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

[ DOR: 20.1001.1.17359260.1400.31.205.15.1 ]

ul)lSam g glileay il

S S )55 33 355 U &S S o Al

s o a1 ST )3 sy 508 93 51 5 S |y

S jSewlps
3311 & b o letiay 4sb0LL 4 b g po anlllas
s Al o (a0l psle Dlided S e
Cslan 11 sps S5 5 s Sl 0 Kiag,
S O le (S ple o ils 5,5l 5 olidss

-b)‘}&)‘j“.b}}«;é}lﬂ‘JLA‘\:JUG.AU.:“_;‘F‘JJ

References

1. Singal P, Li T, Kumar D, Danelisen I, lliskovic
N.  Adriamycin-induced heart failure:
mechanisms and modulation. Mol Cell
Biochem 2000; 207(1-2): 77-86.

2. Tung N, Arun B, Hacker MR, Hofstatter E,
Toppmeyer DL, lIsakoff SJ, et al. TBCRC:
031 Randomized phase Il study of neoadjuvant
cisplatin versus doxorubicin-cyclophosphamide
in germline BRCA carriers with HER2-
negative breast cancer (the INFORM trial). J
Clin Oncol 2020; 38(14): 1539-1548.

3. Favaro WJ, de Souza JG, Ferreira LA, de
Jesus MB, Duran M, Bockelmann PK, et al.
Hybrid graphene oxide as carrier of
doxorubicin: cytotoxicity and preliminary in
vivo assays against bladder cancer. Advances
in Natural Sciences: Nanoscience and
Nanotechnology 2020; 11(2): 025016.

4. Pignata S, Scambia G, Villanucci A, Naglieri
E, Ibarbia MA, Brusa F, et al. A European,
observational, prospective trial of trabectedin
plus pegylated liposomal doxorubicin in patients
with platinum-sensitive ovarian cancer. The
Oncologist 2021; 26(4): e658-e668.

5. Su X, Liu J, Zhang H, Gu Q, Zhou X, Ji M,
et al. Lenvatinib promotes the antitumor

effect of doxorubicin in anaplastic thyroid

OLE 1) Ol (Rl 531 ol 55 et ) 525 33 £33 52 50
P53 &8 sl o Ol Solalllas & 5 53 .(20)dins o0
LDNA i T Gl 5 (6 Sl 3 gl o L8
(1S b (5251) 15 s yashs Job 55 i slovs!
Jlosisnd 1 Oloys & 58 ol ol walllas ol
GLadsbo )3 (6im 4 ate ol (S ) 505 53
badled G b SN VIVO Lyl o5 5 6AST o 5la

S esls ol 355 P53 ol 258l 9 ledl el se

cancer. Onco Targets and Ther 2020; 13:
11183.

6. Matsumura Y, Gotoh M, Muro K, Yamada
Y, Shirao K, Shimada Y, et al. Phase | and
pharmacokinetic study of MCC-465, a
doxorubicin (DXR) encapsulated in PEG
immunoliposome, in patients with metastatic
stomach cancer. Ann Oncol 2004; 15(3):
517-525.

7. Zhang L, Wang S, Yang Z, Hoshika S, Xie S,
Li J, et al. An aptamer-nanotrain assembled
from six-letter DNA delivers doxorubicin
selectively to liver cancer cells. Angew
Chem Int Ed Engl 2020; 59(2): 663-668.

8. Kamba SA, Ismail M, Hussein-Al-Ali SH,
Ibrahim TAT, Zakaria ZAB. In vitro delivery
and controlled release of doxorubicin for
targeting osteosarcoma bone cancer. Molecules
2013; 18(9): 10580-10598.

9. Carvalho SM, Leonel AG, Mansur AA,
Carvalho IC, Krambrock K, Mansur
HS.  Bifunctional magnetopolymersomes
of iron oxide nanoparticles and
carboxymethylcellulose  conjugated  with
doxorubicin for hyperthermo-chemotherapy
of brain cancer cells. Biomaterials Science
2019; 7(5): 2102-2122.

25 1400 pog « 205 s)laids @5y § (W 0)9s

ohaijls Ak} eole alEmsl alas


https://dor.isc.ac/dor/20.1001.1.17359260.1400.31.205.15.1
http://jmums.mazums.ac.ir/article-1-17740-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

[ DOR: 20.1001.1.17359260.1400.31.205.15.1 ]

) 5 03135 ()] aa)guaSes E9)eNeI0 § (a)gwSgs

10.

11.

12.

13.

14.

15.

16.

17.

Carvalho C, Santos RX, Cardoso S, Correia
S, Oliveira PJ, Santos MS, et al. Doxorubicin:
the good, the bad and the ugly effect. Current
Medicinal Chemistry 2009; 16(25): 3267-
3285.

Kumar S, Kumari P, Singh R. Emerging
Nanomaterials for Cancer Therapy. Shokala
A. Nanoparticles in Medicine: Springer; 2020,
25-54.

Savani M, Murugan P, Skubitz KM. Long-
term cure of soft tissue sarcoma with
pegylated-liposomal doxorubicin after
doxorubicin and ifosfamide failure. Clin
Sarcoma Res 2019; 9(1): 1.

Luo D, Carter KA, Razi A, Geng J, Shao S,
Giraldo D, et al. Doxorubicin encapsulated in
stealth liposomes conferred with light-triggered
drug release. Biomaterials 2016; 75: 193-202.
Shmeeda H, Amitay Y, Gorin J, Tzemach D,
Mak L, Stern ST, et al. Coencapsulation of
alendronate and doxorubicin in pegylated
liposomes: a novel formulation for
chemoimmunotherapy of cancer. J Drug
Target 2016; 24(9): 878-889.

Bolkestein M, de Blois E, Koelewijn SJ,
Eggermont AM, Grosveld F, de Jong M, et
al. Investigation of factors determining the
enhanced permeability and retention effect in
subcutaneous xenografts. J Nucl Med 2016;
57(4): 601-607.

Thorn CF, Oshiro C, Marsh S, Hernandez-
Boussard T, McLeod H, Klein TE, et al.
Doxorubicin pathways: pharmacodynamics
and adverse effects. Pharmacogenet Genomics
2011; 21(7): 440-446.

Shokrzadeh M, Bagheri A, Ghassemi-Barghi
N, Rahmanian N, Eskandani M. Doxorubicin
and doxorubicin-loaded nanoliposome induce
senescence by enhancing oxidative stress,

hepatotoxicity, and in vivo genotoxicity in

18.

19.

20.

21.

22.

23.

24.

male Wistar rats. Naunyn-Schmiedeberg's
Arch Pharmacol 2021; 394(8): 1803-1813.
Karabicici M, Alptekin S, Karagonlar ZF,
Erdal E. Doxorubicin-induced senescence
promotes stemness and tumorigenicity in
EpCAM—/CD133— nonstem cell population
in hepatocellular carcinoma cell line, HuH-7.
Mol Oncol 2021; 15(8): 2185-2102.

Marques L, Johnson AA, Stolzing A.
Doxorubicin generates senescent microglia
that exhibit altered proteomes, higher levels
of cytokine secretion, and a decreased ability
to internalize amyloid . Exp Cell Res 2020;
395(2): 112203.

Fallah M, Mohammadi H, Shaki F, Hosseini-
Khah Z, Moloudizargari M, Dashti A, et al.
Doxorubicin  and liposomal doxorubicin
induce senescence by enhancing nuclear
factor kappa B and mitochondrial membrane
potential. Life Sci 2019; 232: 116677.
Rahmanian N, Shokrzadeh M, Eskandani M.
Recent advances in YH2AX biomarker-based
genotoxicity assays: A marker of DNA damage
and repair. DNA Repair 2021; 108: 103243.
Ryan KM, Ernst MK, Rice NR, Vousden
KH. Role of NF-«xB in p53-mediated
programmed cell death. Nature 2000;
404(6780): 892-897.

Angelini PD, Fluck MFZ, Pedersen K, Parra-
Palau JL, Guiu M, Morales CB, et al.
Constitutive HER2 signaling promotes breast
cancer metastasis through cellular senescence.
Cancer Research 2013; 73(1): 450-458.
Capparelli C, Guido C, Whitaker-Menezes
D, Bonuccelli G, Balliet R, Pestell TG, et al.
Autophagy and senescence in cancer-
associated fibroblasts metabolically supports
tumor growth and metastasis, via glycolysis
and ketone production. Cell cycle 2012;
11(12): 2285-2302.

1400 (ragy « 205 s)laids @53 § W 0)9s

ohjls Ay eole slEm3l alas 26


https://dor.isc.ac/dor/20.1001.1.17359260.1400.31.205.15.1
http://jmums.mazums.ac.ir/article-1-17740-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

[ DOR: 20.1001.1.17359260.1400.31.205.15.1 ]

ul)lSam g glileay il

25.

26.

27.

28.

29.

30.

31.

32.

Ohtani N. Deciphering the mechanism for
induction of senescence-associated secretory
phenotype (SASP) and its role in ageing and
cancer development. J Biochem 2019; 166(4):
289-295.

Segredo MPdF, Salvadori DF, Rocha NS,
Moretto FF ,Correa C, Camargo E, et al.
Oxidative stress on cardiotoxicity after
treatment with single and multiple doses of
doxorubicin. Hum Exp Toxicol 2014; 33(7):
748-760.

Siveski-lliskovic N, Hill M, Chow D, Singal
P. Probucol protects against adriamycin
cardiomyopathy without interfering with its
antitumor effect. Circulation 1995; 91(1): 10-15.
Goldberg SN, Girnan GD, Lukyanov AN,
Ahmed M, Monsky WL, Gazelle GS, et al.
Percutaneous tumor ablation: increased necrosis
with combined radio-frequency ablation and
intravenous liposomal doxorubicin in a rat
breast tumor model. Radiology 2002; 222(3):
797-804.

Niehof M, Hildebrandt T, Danov O, Arndt K,
Koschmann J, Dahlmann F, et al. RNA
isolation from precision-cut lung slices
(PCLS) from different species. BMC Res
Notes 2017; 10(1): 121.

Ji S, Zheng Z, Liu S, Ren G, Gao J, Zhang Y,
et al. Resveratrol promotes oxidative stress to
drive DLC1 mediated cellular senescence in
cancer cells. Exp Cell Res 2018; 370(2): 292-
302.

Wang Z, Li Y, Wu D, Yu S, Wang Y, Chan
FL. Nuclear receptor HNF4o, performs a tumor
suppressor function in prostate cancer via its
induction of p21-driven cellular senescence.
Oncogene 2020; 39(7): 1572-1589.

Nardella C, Clohessy JG, Alimonti A,

Pandolfi PP. Pro-senescence therapy for

33.

34.

35.

36.

37.

38.

39.

cancer treatment. Nature Reviews Cancer
2011; 11(7): 503-511.

Behiry S, Rabie A, Kora M, Ismail W, Sabry
D, Zahran A. Effect of combination sildenafil
and gemfibrozil on cisplatin-induced
nephrotoxicity; role of heme oxygenase-1.
Ren Fail 2018; 40(1): 371-378.
Céamara-Lemarroy CR, Cordero-Perez P,
Ibarra-Hernandez JM, Mufioz-Espinosa LE,
Fernandez-Garza NE. Gemfibrozil attenuates
the inflammatory response and protects rats
from abdominal sepsis. Experimental and
Therapeutic Medicine 2015; 9(3): 1018-1022.
Tacar O,Sriamornsak P,Dass CR. Doxorubicin:
an update on anticancer molecular action,
toxicity and novel drug delivery systems. J
pharm pharmacol 2013; 65(2): 157-170.
D’Ambrosio L, Touati N, Blay JY, Grignani
G, Flippot R, Czarnecka AM, et al.
Doxorubicin plus dacarbazine, doxorubicin
plus ifosfamide, or doxorubicin alone
as a first-line treatment for advanced
leiomyosarcoma: A propensity score matching
analysis from the European Organization for
Research and Treatment of Cancer Soft
Tissue and Bone Sarcoma Group. Cancer
2020; 126(11): 2637-2647.

Qu Y, Niu T, Liu Z, Chu B, Zhang L, Qian
Z. Recent progress of doxorubicin
nanomedicine in hematologic malignancies.
Nanoscience and Nanotechnology Letters
2017; 9(12):1861-1874.

Saeedi M, Eslamifar M, Khezri K, Dizaj SM.
Applications of nanotechnology in drug
delivery to the central nervous system.
Biomedicine & pharmacotherapy 2019; 111:
666-675.

Tilstra JS, Clauson CL, Niedernhofer LJ,
Robbins PD. NF-kB in aging and disease.

27 1400 043 « 205 syladd @5 § W )93

ohaijls Ak} eole alEmsl alas


https://dor.isc.ac/dor/20.1001.1.17359260.1400.31.205.15.1
http://jmums.mazums.ac.ir/article-1-17740-en.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-11 ]

[ DOR: 20.1001.1.17359260.1400.31.205.15.1 ]

) 5 03135 ()] aa)guaSes E9)eNeI0 § (a)gwSgs

40.

41.

42.

43.

44,

45.

46.

Aging Dis 2011; 2(6): 449-465.

Adler AS, Sinha S, Kawahara TL, Zhang JY,
Segal E, Chang HY. Motif module map
reveals enforcement of aging by continual
NF-kB activity. Genes Dev 2007; 21(24):
3244-3257.

Csiszar A, Wang M, Lakatta EG, Ungvari Z.
Inflammation and endothelial dysfunction
during aging: role of NF-kB. J Appl Physiol
2008; 105(4): 1333-1341.

Krabbe KS, Pedersen M, Bruunsgaard H.
Inflammatory mediators in the elderly. Exp
Gerontol 2004; 39(5): 687-699.

Dobbs R, Charlett A, Purkiss A, Dobbs S,
Weller C, Peterson D. Association of
circulating TNF-a and IL-6 with ageing and
parkinsonism. Acta Neurologica Scandinavica
1999; 100(1): 34-41.

Ebersole J, Steffen M, Gonzalez-Martinez J,
Novak M. Effects of age and oral disease on
systemic inflammatory and immune parameters
in nonhuman primates. Clin Vaccine Immunol
2008; 15(7): 1067-1075.

Abd El-Aziz TA, Mohamed RH, Pasha HF,
Abdel-Aziz HR. Catechin protects against
oxidative stress and inflammatory-mediated
cardiotoxicity in adriamycin-treated rats. Clin
Exp Med 2012; 12(4): 233-240.

Franceschi C, Campisi J. Chronic inflammation
(inflammaging) and its potential contribution
to age-associated diseases. J Gerontol A Biol
Sci Med Sci 2014; 69(Suppl_1): S4-S9.

47.

48.

49.

50.

51.

52.

Straub RH, Schradin C. Chronic inflammatory
systemic diseases: an evolutionary trade-off
between acutely beneficial but chronically
harmful programs. Evol Med Public Health
2016; 2016(1): 37-51.

Salminen A, Kauppinen A, Kaarniranta K.
Emerging role of NF-kB signaling in the
induction of senescence-associated secretory
phenotype (SASP). Cell Signal 2012; 24(4):
835-845.

van Vliet T, Varela-Eirin M, Wang B,
Borghesan M, Brandenburg SM, Franzin R,
et al. Physiological hypoxia restrains the
senescence-associated secretory  phenotype
via AMPK-mediated mTOR suppression.
Mol Cell 2021; 81(9): 2041-2052.

Mijit M, Caracciolo V, Melillo A, Amicarelli
F, Giordano A. Role of p53 in the Regulation
of Cellular Senescence. Biomolecules 2020;
10(3): 420.

Campisi J, Di Fagagna FDA. Cellular
senescence: when bad things happen to good
cells. Nature Reviews Molecular Cell Biology
2007; 8(9): 729-740.

Hsieh J-K, Kletsas D, Clunn G, Hughes AD,
Schachter M, Demoliou-Mason C. p53,
p21WAF1/CIP1, and MDM?2 involvement in
the proliferation and apoptosis in an in vitro
model of conditionally immortalized human
vascular smooth muscle cells. Arteriosclerosis,
Thrombosis, and Vascular Biology 2000;
20(4): 973-981.

1400 1049 « 205 syladds (@S § W )93

ohsjle (i) eole olahil alas 28


https://dor.isc.ac/dor/20.1001.1.17359260.1400.31.205.15.1
http://jmums.mazums.ac.ir/article-1-17740-en.html
http://www.tcpdf.org

