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ABSTRACT

Background and Aim: Doxorubicin is an effective chemotherapeutic agent. However, use of
this drug is limited due to its dose-dependent cardiotoxicity. Activation of apoptotic pathways
in myocardial tissue plays an important role in doxorubicin- induced cardiotoxicity.
Minocycline is an antibiotic that has anti-apoptotic effects. In this study, we investigated the
protective effects of minocycline against doxorubicin-induced cardiac toxicity in male rats.
Materials and Methods: Forty two adult male rats were divided into control (normal saline),
doxorubicin (2.5 mg / kg), minocycline (45 and 90 mg / kg) and treatment (doxorubicin +
minocycline 45 and 90 mg / kg) groups. Minocycline was injected intraperitoneally, once a
day for 3 weeks. Ejection fraction (EF) and fractional shortening (FS) were measured using
echocardiography. The activity of caspase 3/7 and the expression of Bax and Bcli were
measured by biochemical methods. Bax and Bcl-2 genes expression levels were estimated by
real-time PCR.

Results: In the minocycline-treated groups (45 and 90 mg / kg) the activity of caspase 7/3 and
the expression of Bax gene were significantly lower and the levels of EF, FS and Bcl-2
expression were significantly higher than those in the doxorubicin group.

Conclusion: Minocycline reduces doxorubicin-induced cardiotoxicity. The anti-apoptotic
effects of minocycline may play an important role in its protective effects.

Keywords: Doxorubicin, Minocycline, Cardiotoxicity, Apoptosis

Received: Dec 11, 2021 Accepted: May 10, 2022

How to cite the article: Hossein Piri, Ehsan Aali, Samaneh Keshavarz Hedayati, Sanaz Keshavarz Shahbaz,
Yazdan Naderi.Anti-apoptotic effects of minocycline on doxorubicin-induced cardiotoxicity in male Wistar
rats.SJIKU 2023;28(5):13-24.

Copyright © 2018 the Author (s). Published by Kurdistan University of Medical Sciences. This is an open access
article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0
(CCBYNC), where it is permissible to download, share, remix, transform, and buildup the work provided it is
properly cited. The work cannot be used commercially without permission from the journal


http://dx.doi.org/10.61186/sjku.28.5.13
http://sjku.muk.ac.ir/article-1-7135-en.html

[ Downloaded from siku.muk.ac.ir on 2026-05-14 ]

[ DOI: 10.61186/5ku.28.5.13]

1R-PIE/NICoP ($3 §)3T 7 Cailas § Cunyy )9y / oliws)S by eole al5kils ¢ale alas

35 3 G Oy 53 Lt g 39uS 93 3 (b (D Canow 39 (S g 398 93T W Y i
LT
28396 3103 < g 359l 3blw T u T 359Lis” dilow  Jle Slul Sy

IS NSOl s B s B Sy ple oty S5 b slaslen 1 6 Ry Uikt go ¢ S 5S0gm 5 e Dl S e ¢ Il o g LS )
Ceram AR Y-VVFY

SIS Ol en B ens b Sy e o8ty STy b slaisslen S 5SSl tpn (I SUse 5 Jibe Dk S e ¢ (5585510 sl Y
TR S AL A ERYY ¢

e YOY-OANY S SIS Ol s (S ke oSkl ¢ (K oSl (55Tl sb o 065 s Sn iyl ol

S S Ol s B s B Sy p e o8y Sy b laiolen Sl 6 Sy Sl g (IS5 5 sk Dl S e (55 5sml 1S5
R AA-AT)

Sy Dpl 3B s S psle oBails 8y b Slailen S 6y Slhb apn (S50 5 Jsbe Dlik S e o5 LB Skl
Crvam YR A YAR L ST UST  YAYYYYS 4 ik Y. naderi@qums.ac.ir oS S

ol

595 4 atly B e Sl w gols opl 3yl Ll el Sse Sloys send (65505 EK amm sy 3uS 53 DR § dinn )
S gn 315 e 55 S 55 (B e 53 e BB 3,8 0 3L 3 555 0T (S8 jae DS b sl 0 3 gutons
Pl 5 0T (bloe Sl ardlas ol 53 .Sl S5m0 T ds DI Gl &5 Gl b Sl 5 aans 1 &S 00 (ST S5
i s g G Dy 53 g S 95 3 (S (B e

(e B S 2 p Bkt YIO) s suS 53 (ol L) U8 sloos 8 b 5oy ol FY ila b9y 9 Slge
DL s (0SS 0 8 Jn 80 5 FO S a9 508 53) Ol 5 (p SISy p 8 o 40 5 FO) S e
L (FS) Sus obs8 o8 5 BF) adss oS 43 Goy5 fsmn J51 s 4 in ¥ ey 555 03 5k 6 S s
LBCI-2 5 Bax sls 05 0L Ol 5 obodom ooy LV 5LulS sl NEHRUNIR (215 53,5 ST gy 5l eslizal
Az 55l Real- time PCR s,

4 BaX 0 ok 5 V' 5Ll slap 5T Cdla (o 85hST 1 p 8 o 4 5 F0) S sin L Ol slaes 8 55 ldaidly
33 e 930S 93 03,8 51 e (glaa>=De b6 015 4 BCI-2 05 0L s FS (EF 0l 5 208 (glala>De o6 3 5

o Yzt IS yn 55y T s SIS (oo IS 1) s 50 53 51 (30 (ol o S 28 08
13 glablowe S 31l 53 et

55T (ot Do € 9 308 33 ¢ elScn s 1SS Ol

VENY/Y e B VPV il 4ol VF 0 /8/Y il J g g


mailto:y.naderi@qums.ac.ir
http://dx.doi.org/10.61186/sjku.28.5.13
http://sjku.muk.ac.ir/article-1-7135-en.html

[ Downloaded from siku.muk.ac.ir on 2026-05-14 ]

[ DOI: 10.61186/5ku.28.5.13]

10 )30 plspy

B om 3l Eel b Ll 5 a8 ol el el
o"‘L‘)"u“":": slagyls P N ‘:’“:"‘TJJ':i slad sl
Cob Gl Gadshe 5 oMl o gy suS 53 Jud
oo sen 225 o 51l sla Jsbo 53 5 5T Sl
s G @ 5T 51 s 65 LS ()50 e e
Sl S5 SseT Gl s W 8 s (s,
Sl & Olge 4 LalsT S gLl cnlple 651
K ol gin (V) e ST olasdi
Bl Olys 53 &8 Cals (Sl 5 a1 S 5 (5T
Sllllas 555 oo o3liwl o SL gls Cs e I il
do SIS hyls WS s ST Sl enls Ol (ol
Ol ax g b6 il Cel oS g (V) Cl 52 0T
SV A s man 355 (¥ ) SLelS gls o 5T
BCl-2 L 5 55m 07w gla s 0l Lialbl 3o b
Cel BaX L 5l el i boss p ol 2al s
M558 o Calies la Jole (65 g I Clablons
ol S e 45T Sl 03l Olis 228 Sladllae (VY
Lug odd W 5 el oy 5o b Oy 5l Clblw
b Ol s eemas (VF)ssd 0 ol Sl
031 Sloyseasd Lo g odd sl Slg) s elS sie
Sl gl s s b (10)das oo [2alS Ol w4 M Ol slaw
w53 leallae o 08 U ¢ S e T A
9358 33 5 (AU S T el 55 5ls cpl Sl
adlas cpl 53 Lo ol ply Sl ot plail I8 3L o
A s el AS s Al O
@l S e 53 ren 9558 53 51 (AU (o e

235 s

b 59y 9 3lge
IS g S e IS s ey S
S8 Sh LS s 5 bl IS s el
Sigma Aldrich Co., ) wias sl 5 7,07 LK

.

doio
Vs ol Ol 3 s e e pags Ol 035 0l
WLl O o 1 3 Ol s 0503 5 S8 0 8 8 515500
GL& sdas 5 JUS ) oS (Dling Ol cary a0 ,w
WY o aYL 0150 50 (DA 0 O o5 0 5
JLNd b (olew cpl 5 Bsd oo Mas Olb s 4 L& Ll50
dals Olgr s b g 68 e Aoy A e T
slp Sl b nimb 3 Glosses (Vs
o 3l b WL 487 ol S e (sl g 0557 5 40
S5 kS g e S ol pen Sl 205
2l ol s al Sl 2 S ey
(S slaes) plil 5 pa 4 Ol Sl oot
S sbdsle o) [Rals 5 Ldl el o g
AU Ol S5 ciS p dlg e S 25 o)l
S oses A S g (ST K g 3uS 55 ()31
EASL S bow &S Cul b Sl 5T s
zl~= Streptomyces peucetiusvar.caesius
Ol Jud 5 Ol ki g1 Olays 3 5 3500
(B350 5,058 camsd ¢ Losad (alie (Olads ¢ Ol
S el G55 4 atnly (B e G515 gy 5uS 5
3 g 5 Shae 5 )bt le j3 Caids Sl 51 0T Sdé
e 8 Gl gLyl b (Sl s, G
Syl58 35 ey S 33 51 6 B olusl Ol
e e bl s 4 L 4 e Ll e e iy
e 30l D)o 93 4 ame g ) 3mS 93 (B oo 350
5O pan g0 5l e oY B Y sl e S 0 55
AT a1 ey Jle A B 555 ¥ e e Ce
B S 3 Sau el A (OIS e s s)ls o
Sl odd w5 A Ceeg)seS 9 5 G50
5 oS e 3 Shes sl b Sl gy S 93
sbdsle 5o Ssmal Wl Lol wlinsT ol
G S K Saal ((VAssh e 3,5 s

1EoP (53 9 3T /7 Callan § Canyy 8393 7 9lEw)S A} eole alEkils ¢ale alas


http://dx.doi.org/10.61186/sjku.28.5.13
http://sjku.muk.ac.ir/article-1-7135-en.html

[ Downloaded from siku.muk.ac.ir on 2026-05-14 ]

[ DOI: 10.61186/5ku.28.5.13]

305001 36 ol 1

cwin 53 LY (S S 5o 8 e V/0) s 5uS 53
Ao 5P S S Oyse 4 (93 P) aia Y b s
GoF g 3 om0 Y e seS 92 GoF oS
oo VYO e o S ol 53 GioF e 2y S e
ST

SIS 53,581

s S eslizal b Sl 51 533 on 5T 5o 51 ey
NG 3 (EAS 208 e 00) oS 550 S
a4l (gl e s im0 (p SAS 0 8 e 0)
Sl 4oyl Comdy 53 5 LS ol Dbl g 4w
Sl o 4l ($3) p Ll Jsl J5 8 5
5 (LVEDD) o oy oS szl s OLL b i oile
—¢l 2 b (LVESD) o ol oS st 0LY b
S Gl s (58l S )8 ST s
dlone 5 o) 4 (SAb oS S 5 EF) el
HQV YN

EF (%) = (LVEDD®-LVESD®/LVEDD?
FS (%) = (LVEDD_LVESD)/LVEDD

(Bl Sk sai 55T rer

23 Geos 5 <9013 595 o AT 32 5 s Ssla YF
5 (050 MOIKG) 1l 552 J515 3155 b s )
S Sl 0 bl (15 MO/KG) 5315
23 ol Jle s b sinnd Sl ey 5 AS ol a4l
el (slr b As (1585 gk 4y A gles
Dipen 81y 2,8 S5 eslinel 3550 bt gy Sl
i s 5eSe S Olall 4 LB 3L g 035
Lolie G 10% W IS ly 055 LS e
Al 4 B S8l ) e/ Gy A Ve Ohsen
ay Fogls o aids VOl 4 Ojsen bl
i Gaty Sl akS3 53 553 Vet e b g
o3l 3550 gn (b Lo plonil Cgrr (VL sl
(Y)es 8

Real time PCR (RT-PCR)

M| iy L axdlas o) (USA
eske oKuls 5> IRQUMS.REC.1398.284
i adlas ol > el edd gl 98 (S5
YO LYo oj,p)uﬂ;\;jtépj;,)wbﬁ sl
oM P Sy psle oBals blilse Sl 8
el Y Lol s 53 5 4Bl glauid 53 Sl A
1 )3 nlin 455 L U1 K )3 (o6 el VY Ly
Lo ys VOED Cugb) 5 wgeecke 4y YEYY &) >
4 33T g s (aleST Jorl o plad 53 5 ks ()16
obsT Ul ol s amals B glie 5 OT
KHHP L L5 S| ol 2
35 ey (U syl O g Josll s03) a2 L ST
S LA i 095 7 a B3lad Sppe 4 Dbl
t el

o G e V/Y0) ol Jle s i(Control) J =8 o5 8
S GF Pn JF Dose 4 i Y Dl

YI0)  pmmsysnS 35 (DOX)  punsysuSss 055
win ¥ b s wia ys b aw (SAS L 08 L
OP)As 5,5 s p S5 Oy e

F0) WlSw g :(MiN 45 MO/KQ) \ IS s 05 S
S w5555 53 5 S8 oo 4 (I IS e S e
VLS 5,5 Fssp S5 Oygw wain ¥

44) (S e :(MIN 90 MQ/KQ) ¥ IS 0 05 S
Y Sk 35553 5k ot (0SS 2o S e
VLS G5 Fsp JF1s O o atin

S 5o ((DOX+MIN 45 MQ/KGN Oleys 05,5
“eﬁjﬁ)ﬁ)‘-figiCJJrﬂ“e(g’;ﬂrfﬁrfé:‘%)
(558 2 8 hn YI0) ) 5uS 53 5 i ¥ os
J5ls g (oo Paia ¥ b o3 cazia 55 L ¥
o 330V 50508 35 P sl S G F S
23 S e 305 g3 )

:(Dox+Min 90 mg/Kg)  WlSw sin ¥ Olays 05 5

PRI RGNV PSR NS | (T CRRCIS PR

NCP (53 31 /7 cuibia g Cuyy 8)9s /7 olwy)S Sy eole al5kils (ale alas


http://dx.doi.org/10.61186/sjku.28.5.13
http://sjku.muk.ac.ir/article-1-7135-en.html

[ Downloaded from siku.muk.ac.ir on 2026-05-14 ]

[ DOI: 10.61186/5ku.28.5.13]

1V 65)30 plspy

oo 4 53 AF 53 S ad gl O gl $Us S s 1l el
s BCl-2 5 Bax sle 05 0l sl ot plosil iss ¥
JSoo Frmrs 05 Olge o Practin s
Ao o &S5 bt JSew a5 oLl Amplification
do o &S w gmadan 453 AF 55 46 ¥4) (gl 50>
do o &S5 5 (Uosmddes 455 $Y s 4l ¥ Jlas!
los .3 (Lusmdd 45,3 VY 5 456 F0) elongation
(V)3 4ids & e 4 4>, VY elongation g
Y el Il e 3l eslizal L BCR-2 < Bax (sls ol
L RT-PCR g oV¥pame () YL b
o s 233V BT U5 53 5555830 51 eslinul

B- 5 Bcl-2 5 Bax sla,l, Jg o35 L5
4 ile3T ls l o 0313 OLa 5 s ,5aCHN

-AA
2 ct

R P T T TS

BCl-2 5 Bax cls 05 ol (i polie S ojll 5l
SIRNA S 0l il i 03lizal RT-PCR 235, 5
S 5 RNX-plUS Jsloes 1 oslizal b 5L gl 4 g5
Loodel s & RNA e s 2 3l 0580
ke oS,a CDNA e o8 51 eslinal
RevertAid First Strand cDNA Kkit, K1622, )
sSas S,se 4 (Fermentase co., China
arys FY 5 aids £ Ode 4 RT) W g,
S ) eslizal b PCR 28Ty s (o smnndbes
(TAKARA, Beijing, 1,5t <5 & 5 ole
A el ol oS3 Gy 4 bl 5 Ching)
sl= 4% sla <l s 5 Duplicate o 00 2575
D )5S ke oaws jl oslizul L RT-PCR.Ls ol

23 s el Bl b gl 5 Ul 588 Cole

B yosly 031l 9 (TM) 95 Slod « J1gi real-time PCR o oaliiul 350 b you! 5 Olasiin 1) J9oa

sl N Tm(C) 05101
B-actin F:GGACATCCGCAAAGACCTGTA 57 189
R:ACATCTGCTGGAAGGTGGACA
Bax F-TTTGCTTCAGGGTTTCATCC 57 154
R:CAGCTCCATGTTACTGTCCA
Bcl-2 F.:GTGGATGACTGAGTACCTGA 62 119

R:AGCCAGGAGAAATCAAACAGA

Coye 4 s PNA CBE 0 o Seill L 5T
b o Ol o5 p 8 e )3 iS5 55 U e S

@bl 6T

53T Graphpad prism 8 ,i5sla 5 51 eslizal L assls
A5 MeantSEM &0 adlas mls .t
ST 05037 Sl eslizul b ey £ 5 Kke .(N=10) s
Bl aslie S5 0ga3T O Cdlaze 5 0 LSS wibyls

Al AL'SJ?}}GJ)J)\JLMLSJBTJ.E;}‘ P<0.05_9

asl

N ¥ 5LalS sla 5T ol (8ol

S b S el LY 5 Y 5Luls lag 5T ol
L (KCAS96, Kiazist., Tehran, Iran) .. ;s
il S8 s el oy e SIS sy
SRSV L 3 W B B S T & plsil oS
AT 5 bl LT gl ol J8°
jtms@\v,\“;p\fsuﬁﬂ_ﬁfﬁmdtﬂy
DY 5 5 ond S wged 53 3550 T 4 Jlas!
Ol 3,05 3,5 &Ky 8 a8 o PNA) T 52

Q:Sbe .)}fh ~* auUb>' _,'.'.Ayb f0 T J}b BE) uu\>

1EoP (53 9 3T /7 Callan § Canyy 8393 7 9lEw)S A} eole alEkils ¢ale alas


http://dx.doi.org/10.61186/sjku.28.5.13
http://sjku.muk.ac.ir/article-1-7135-en.html

[ Downloaded from siku.muk.ac.ir on 2026-05-14 ]

[ DOI: 10.61186/5ku.28.5.13]

300031 36 O3l 1A

2 e R s PO Gl e oS s2)
055 5 e S b Ol 4 (SAS
33 EF oman (%% P<O.01) ol gy 5uS 53
S AS e S ke FO S i b 0Ly glaes 8
SAS L, fke A 5 (PYRP<0.00D)
05,5 3 phe @ldi>Me LB Ol o FFP<0.01)

(Y Jsde) Gl s 55 9 93

o o 3 Ses &K1 8 55,8 ST b5
O 53 gD KB Ssls 7 o Ol s
sprs bt gles S ow LVESD , LVEDD
##P<0.01) EF , #P<0.05) FS .(P>0.05) »,Is
S S lalae BB Olje 0 gy S 53 05,5 5
058 L il ey B wwlie ol U5 08

QLA)J le'a"ﬁjf BE) FS « sis ol M})ja‘sjﬁ

Jby gk n J&18 GoF 1 RS 09,5 axillae 2590 S 035 30 o Ol 3 los KT 3,79 5N (b3 Y Jgur
4 4 53 b 4w (TS 3 P57 o T/0) L9 gus 93 (FgR 1 SIS G235 i ages 33 09,7 i T Do 4 ol
095 4ian T Dk & ko gius £ 79k 3 £ o 1+ 9FO gk 5 JB10 BsF N 9 ) ulwgine Sy 5 i ¥ Dk
DR I GoF 9 4a T e & lwgiue P70k £ e A0 9 FO gk p JB10 GoF T 9 ) Sleyd sl
0L yb8 (LVEDD) o (b Cgiubd bl b .4idn ¥ Do 4 4idd 53 5k 4w (P57 9hS” g o5 o V/0) (g sgud 93
D390 4 ol N duylio Cilisee SUaog T 33 (1) (Fb ogs pus” 3 (EF) 4l ™ (LVESD) o by o g
P<0.001 seses « P<0.01 s . J 8™ 09 55 4 Couna 310 ro B P<0.01 ## .(N=7) ol 00 dug i slino B il uSilo

C 939w 90 09 F 4 S 513 xo DS

oy R J s S 3 N gAY IS Slays ¥ oleys

2R 2Rk s S 53N  pms S 9

(S (s I

208 ke 208 ke

0SS ¢SS
LVEDD 6.6+0.24 6.4+0.25 6.41+0.34 6.14+0.26 6.3+0.36 6.5+0.24

(mm)
LVESD 4.5+0.28 5.1+0.26 4.4+0.31 4.2+0.27 4.25+0.19 4.47+0.21
(mm)

FS, % 32.71+1.31 21.14+1%

31.85+2.76°  32.42+2.437  32.71+1.89°  31.71+1.35

EF, % 67.42+2.21 49.57+1.52%  66.42+3.97°  66.85+3.82" 68+2.79°  66.85+1.98"

05 0k s bl i Ll «(*P<0.05) . Bax
LoOlys cwemen (P>0.05) 5,5 5wl Bel-2
(Y 0ly) ¢SS 5 08 e & 553 > plSw st
5 *P<0.05) BaX o ol ab>e Jl 2alS” Csl
5 (*P<0.05) Bel-2 o3 oL > L6215l
S ol gl romen b ) 505 53 05,8 | i
LS o ol 325 28 & s & oo 0y 8
(pSS 5 oS hn ¥V (il 05 8 53 48 5l

05 0l 5 S sl LB Ol 4 Bax o ol

53 Bel-2 5 Bax e 05 0l Ol oS se 13

S Z3L sl 4 g
Ssa S pew s ol RT-per =
VOde a atan s )l 4w (‘f@:‘ VIO) (s 55 5S 93
oS BB a3 el U8 05 8 L i 5o (s
Ol b L6 2S5 ##P<0.01) Bax o ol
05,8 b amlis )3 543 o (#HP<0.001)Bcl-2 o
05 e F0 533 53 S sion b Oley ¢ 308 53
05 Ol dade BB el el () Oleys) 0 SHkS

NCP (53 31 /7 cuibia g Cuyy 8)9s /7 olwy)S Sy eole al5kils (ale alas


http://dx.doi.org/10.61186/sjku.28.5.13
http://sjku.muk.ac.ir/article-1-7135-en.html

[ Downloaded from siku.muk.ac.ir on 2026-05-14 ]

[ DOI: 10.61186/5ku.28.5.13]

19 50 o

e () JS8) CBls 95 38 53 05 8 b (55 l3lme
sl oy S s B-actin , Bel-2 ¢ Bax sladily g
Aoy ) 58T 5 55 55585, 51 eslial b asdllas 5 50

(Y JSK2) i esls Olis

>

Relative Bax expression
(against [i-actin)

Relative Bel-2 expression

(against [i-actin)

035 5l jphw glbsMe b6 Ol « Bcl-2
e); BE) W (*P<005) S MJJ‘,M{)J
S 05 0k ((pFSS p p S ke 8 Y IS s
<5 Bel-2(***P<0.001) , (**P<0.01) Bax

o cdlbyd sl Dy LB cdl sdaiges 3o (B) Bel-2 5 (A) Bax ol ol Ol g (MiN) coplSugine §1 ) IS
4 ol dle i g s Gy HCONrOD) J 28765 8 (N=T7) ikt 5,158 shae Ol it ik &) 50 4 el (DOX) Comutd 39”90
Sloes S cin ¥ oo atin )3 bt (p B5hS 2 08 o Y/0) ) 58 53 5552 5y S35 G205 HDIOX) gy 50 53 05 8 wtin ¥ s
Y5 Oleys slaes 8 catin ¥ e & Sy 0 SHST 0 8 a4 5 FO i s Gy (N 45,90 MO/KG) ¥ 5 Y S s
208 Sn YI0) s S 53 s 5 JF> G5 5 ain ¥ Doe kg S gin 0 SIS 0 8 e 4 5¥0 55 S5 G5 ((DOX+MIN)
* p<0.05, ** p<0.01, *** ¢ J 28 05,8 b ylstme SOt # # P<O. O1, # # # p<0.001 .acin ¥ Soke 4y atin 55 5L 4w (p SokS

Control Dox Min 45mg/kg

ey S 33 03,5 L ylsliae Cod1 p<0.001

Dox Dox

+ +
Min 90mg/kg Min 45mg/kg Min 90mg/ke

B-actin

aeyd ) HET I3 38 33999 401 31 g axlllan 390 S 09 5 5O B-actin g Bcl-2 Bax svwib BE =X G

1EoP (53 9 3T /7 Callan § Canyy 8393 7 9lEw)S A} eole alEkils ¢ale alas


http://dx.doi.org/10.61186/sjku.28.5.13
http://sjku.muk.ac.ir/article-1-7135-en.html

[ Downloaded from siku.muk.ac.ir on 2026-05-14 ]

[ DOI: 10.61186/5ku.28.5.13]

300031 315 Oyl Po

s ool ldaDe JB Ol 4 ¢ )5S 93
s o3 f sl 4 S S g S
Y S s 5 (0SS 0 S e FO) Y el e
b 3 (glablaSe LB i (oSS 50 8 Lo dr)
sbul J 8 05 8 L awlie j3 ¥ 5 ¥ LulS slap 5T
05,5 o2l 53 b 5T ol b Ll «(P>0.05) s o

ol e 3 508 33 03,8 31 1S (1> Lme Oljoe 0 L

Gam5 3 V¥ 5Ll s o 5T sy S st )

Bl
& 3058 33058 53V 5 ¥ 5Ll Glag 5T b
I8 o8 51 jghe gl BB Ol
sls Ol Olays glaey S s = @#H#H#P<0.001)
B YU VI CIEESTERSEA P
(**P<0.01)p S5k » 5 ke 4+ 5 (*P<0.05)
05,5 L awlie ;3 1,V 5 ¥ Luls sl w1 s

i\ Ji.:) (***P<0.001)
20—
=5
S = - #HHH
% S 15 -
< o
[=2]
S £ 104
o £
g E
L 2
= =

Oyt 9390593 0S8 35 (Sla Dy Ll Sl (S 4igai 33 VT Sl 3 3T Cdled Ol 2 (MIN) oo gine $1.1 IS
05,5 cain ¥ e & oIl Jlo s s S Gy 5 (CONEHOD J 28705 £.(NST7) Bt 25158 Slas Ol suilt - Ks &) 50 4 b (DOX)
Yoo ol slaes 8 cin ¥ ke anin 53 b (LSS 08 o Y/0) sy 5S35 5 S5 s 5 HDOX) s 58 5
DoX+Min 45,90 )Y 51 0leys slaos  cacin ¥ Soe 4y ol sioe 0 S5hS 10 8 o0 50 i 5 J51s G55 (M 45, 90 mg/kg)
2R St VIO) S 53 s p JEIS G 5 s ¥ Do b S g ¢SS 0 S e 40 5RO S S5 ooy MOlkY
ol * p<0.05, ** p<0.01, *** p<0.001 (J =S 65,5 L jlskne Oodestl # # # P<0.001 .amin ¥ Soks 4 in 53 5L 4w (c‘zfﬁlzf

ssb o Sl s Slee Bl ol (S oS
ol oS 52 bl Oljes
S b B Tl 5 e ol 5l Clablowe
S sl Ol b ol edle npd o Cymns 99 35S 93
Sl BaX 5y, 0l RIBHEel s 583
el o 3T s 2l s s BCI2 55 0L
Olojon 5smi Ll t358 o I3 :)lfx.a sl VY
L ok W ST GlSoesee b e seS s

A8 ool 5 PB Ol |y s S 53

i3y 3mS 33 05 8 b ylskine

&

Sy
‘5;[.5).)‘54&::;' 33 edd aslid (gl égi mjj}mfj.)
FE s pl Sl ol Sl (o Lo 8 Ll O e
P GNP R T sta(...“:;'&» Ll OT 4
Ol o LOT (2 Fpn 51457 K13 A5 5 58 93
$Ssm ST 8 Gl e () 557 0Ll 55 5T &
SIS glyls & Cal b Sl 5 s I Cadall e
315 Ol adllles s (FY) Sl wr g BB 55T As
S 5 Ak S blas Al L g S 5 oS

NP (53 9 13T /7 Cuilas § Sy 293 7 9lwy)S Sy eole al5kils (ale alas


http://dx.doi.org/10.61186/sjku.28.5.13
http://sjku.muk.ac.ir/article-1-7135-en.html

[ Downloaded from siku.muk.ac.ir on 2026-05-14 ]

[ DOI: 10.61186/5ku.28.5.13]

Pl )50 pbsp

B b e (TA)3 58 (o L8 5,08 50 5L 5o 55 5T
Sl Sy 53 4 503 0l e adlllas s i8S Slalas
Sl immen 5 BAX O e 55 508 55 08T 2L s
oS L8 Ol e 4 5 3L 3V 5 SLlS sl o 5T
Ol & U8 oty il 31 U287 05 5 b lis )3 (o
AL o 9 5eS 93 31 U s W sdias
& Oy 4 BCI2 0L sy 5555 ca) y 0sdle
Sl 2alST 5 T As Sy

6 e 1 FDA o 136 (65,05 g5 0L 51,575
i 51l sy S 9s 5l L B as,le
s ol b Obys i &8 Sl enls Olis Sl Oladlas
B o Sy Lol S O 4 Nl e
andlln 5 )3 rmmen (YA)3 58 gy 5uS 53 5 (5L
52 ol 0l plail Oty O v 4 Mas Ol)ley 5o Ny
ol b amlin 53 OLS 551,87 oS 5L 5 Ol les
Olje ekilos S0 8L 50 oleS & GpemsysuS s> &
S1355 (N U 5 5 dsler (ol 5l s 5L
3L Olalllas (Fr )l odd odalin Ly staw sy 5 g
Ao ¢ SilST m5T Jelse abblows Sl aie) s
B B e Sl s Sl w5 Ol
S 5251 e Ol gie 4 ol 0 plowil a5 508 5
Gb 5l el gl A a1 lyls &S
5l bl ol BCl-2 0L il 5 BaxX ol zals”
2338 33 3V (BU (5 Tl 53 5,8 5 5L
.(\“\):;LU’.A

s Gl St aes Ssm (BT M s
oslitul 5y 50 Saie Sla (Hlew 43 S Sy WSSl B
L Oleys 4 sls Ol s aadlls pl )3 5,8 B
eSS Sk A 5 FO Glajes b S e
o3 dbMe BB nll Eel (Y 5 ) Oloys glees S)
siS Sibys s oy ,s FS 5 EF sl e
S das o Ol @Lﬂ el sh o e seS 93

B I-1 A A r) W TRV S [ S LG

Sl 53 Olb s L5 (59,503 &S5 Dlie & 95 9 33
308 Ll g Obey Oy fd 51 b e )
s Do ¥ 4 aS gy 58S 95 I8 S (YY),
5okl atls Sl adsle oK S e jsp a0 s
03,5 agpdoa 1) gils ol Sl edliel S ol sl
SLS ol S s (LDH) 655,ams SSY (YE)Cw
@8 b s B Ceew slaesls Olge 4 (OF)
4 T odins O 0T o pelaw (21580 5 gl oo
Sl 0313 OLid (65L 5 Sladllas .l U5 5,187 50 alize
Sp o ghaw I3 Col sy mS s G5 &
boadlas ol 53 (YO)s5e .« CK-MB s LDH
ol 3 Slae 315 55,18 ST gla el 6,8 05000
o3 Ol anllas ks NG g I W 5 IS PR
oS Zibys Sl 43 FS 5 EF el &
05,5 3 S ldasMe b6 Ol 4 g guS 93
N B gLl e O s opl el J S
LojtCml  Glam b Jde 55 sy seS 93
L adss S Ol 5 B (AL Dy s g5 505 52
Sladles ol ZalS gl LB Ol 4 b &)y s
s s & Cl esls Ol «sis SRRt
slagasli 5o ar g BB Olis Sob gy 55 5
Ohley cpomer 5 Sla ladde y3 15 53,5 S

(YP) sl 0l panac 55 9 95 0S50 55
B G S
e S L p Sl odd ke g 583
1552031 ol B b edlSs pl 51 p1ST 8T s
Ol b Col pmmgnsmS s b Sl as)le
sen (V)35 o ()l 5 (S5 s 93 2 51 5 0T
I B G 3 S e 4wl (D
e ol o3 0y e B gy S 93
S 5samT Gy sl 5 Ok RPN L i) S 5
Jed 5l s el Ao sl ps s 0l ials s Bax L
Wl ans s 5 YLl ous Jwe sl Bel-2

1EoP (53 9 3T /7 Callan § Canyy 8393 7 9lEw)S A} eole alEkils ¢ale alas


http://dx.doi.org/10.61186/sjku.28.5.13
http://sjku.muk.ac.ir/article-1-7135-en.html

[ Downloaded from siku.muk.ac.ir on 2026-05-14 ]

[ DOI: 10.61186/5ku.28.5.13]

~3o00T 36 ol pp

A sin 1 23S Dlalllae @ a5 b 355 0 5 T
ol 03 e s te B BCE2 0L s s s 4
05,5 b amglie 53 Olays sl 03,8 55 S g anlllae
Olsie 4 BaX 55, Ol 2l Sl )58 5
Bel o555 0l G151 mer 5 55407 Ui a0
Gla Sy 53 B Sal s ST ds s Olse 42
313 0L Lo aalllan s Ld 95 38 53 0 ST 3L )
s ALY 5 Oleys sl oy S s S e o
Ol 2l 5 BC2 0Ly 2151 ¢ Vir 5Ll o 5T
et 938 33 31 5L 55 0T Hlgs 53 Cal Saw BaX

-\.&Lv @‘bﬂ\fﬁ.})l{}:ﬁ &LU;

S 5 domi
3 See el lS e 7 515 Ol Lo adlllan mls
FB Ol 1y s 508 95 S0l 31 (B ke
bl ST ol iy iy e Ss Sl
OT S5sanT 46 SIS L s e ol (S S 50

Al

S108 g K
13038 5 S5 e i ) O iy 5 s
oo o8ty JS0s0 5 Jshe Dlidos S0 511505
GO AL adllas ol yls o ool 955 (S5 5
A=l =5 ;5 IR.QUMS.REC.1397.330
r‘f@h@‘ 0w C_A.J 4‘;}{_)} é’:'ﬁ (}lﬁ ali.fw")
Dlis cpl Hlasl gl le Loy dlie ol 08 dis 5 !

IR

05 s 2alS g b6 Ol 4 1) )9S 95
ol R sl S e w2 2l S
0> 2wy s Slod s lagyls I AU Sl
2 b Olge a4 Cwl okt Ol w4 Y Ol)ley
Ol 4 Moo Olylay 53 ain A b F Ske & IS e
sl I S Sl Al SRl el ow,
3 B (K5 gl Gl (Saes 8 51 Gleyset
Shs Ui ohwson roper (Mol 45w
Olys s a5 Oty Ol o 4 Szs Olpless 53 1) Jaes
SO0 Ans o sl Wl 515 LS LS L
Ul 4 Calbes Sldlas s S gs j T 4o
D S s Ol SRS L el e Sl ok
Gomar 3 S AmT S Sl Ol RIS sT
Jobo 1 Zlblos Eoly SLuls” o o 5T b Jrals
)35 o 0dd Sy aby Jobo e L 3 b
315 O sy 58 55 03,5 b Oleys (slaey 8 anylis
Il s ) ST Ol Llg o S s S
Oladllas b guen a5 das falS glab=Me 6 Ol
do S S das e Ol S Cl wadS
sl jasls ials 4w s Loyl g5 BB SssT
Yol gls opl 5lSn g by K31 8 45,8 S
quoj)ag;lé@u)[}rb\.caw):ﬁjc}fﬁﬂ
05,5 amglie rmen 313 (s 38 93 oS 3L 5
S sl 0l JaS 0 S LY 5 ) S b
G el 5 gl LB x5 oS 4 pulSin s
4 S s s pl ol uS e sl FS 5 EF
asde 3l e oy s b5 Shes  ite OIS slgs
Ol S 03 8 L plSn s (sloes Bl (ol
Ob )3 @l JB 31 S gin 2 o5 45 das
2L VY 5Luls” o 5T S man s BAX 5,
Sl ol olg5 4 S e oS s 0 O 5
Olje & i g2 355 (ol b oy 5o B 23 s 55 5T

db G5 s &S Olse 4 BCI-2 0L nljl Sl oS

NCP (53 31 /7 cuibia g Cuyy 8)9s /7 olwy)S Sy eole al5kils (ale alas


http://dx.doi.org/10.61186/sjku.28.5.13
http://sjku.muk.ac.ir/article-1-7135-en.html

[ Downloaded from siku.muk.ac.ir on 2026-05-14 ]

[ DOI: 10.61186/5ku.28.5.13]

PR 5350 olsp

égb.o
1.Hu G, Guo M, Xu J, Wu F, Fan J, Huang Q, et al. Nanoparticles targeting macrophages as
potential clinical therapeutic agents against cancer and inflammation. Frontiers in
immunology. 2019;10:1998.
2.Farhood B, Geraily G, Alizadeh A. Incidence and mortality of various cancers in Iran and
compare to other countries: a review article. Iranian journal of public health. 2018;47(3):309.
3.El-Kass A, Ragheb MM, Hamed SM, Turkman AM, Zaki AT. Needs and Self-Care
Efficacy for Cancer Patients Suffering from Side Effects of Chemotherapy. Journal of
Oncology. 2021;2021.
4.Douedi S, Carson MP. Anthracycline Medications (Doxorubicin). Stat Pearls: Stat Pearls
Publishing, Treasure Island (FL). 2020.
5.Rawat PS, Jaiswal A, Khurana A, Bhatti JS, Navik U. Doxorubicin-induced cardiotoxicity:
An update on the molecular mechanism and novel therapeutic strategies for effective
management. Biomedicine & Pharmacotherapy. 2021;139:111708.
6.Cai F, Luis MAF, Lin X, Wang M, Cai L, Cen C, et al. Anthracycline-induced
cardiotoxicity in the chemotherapy treatment of breast cancer: Preventive strategies and
treatment. Molecular and clinical oncology. 2019;11(1):15-23.
7.Christidi E, Brunham LR. Regulated cell death pathways in doxorubicin-induced
cardiotoxicity. Cell Death & Disease. 2021;12(4):1-15.
8.Jian CY, Ouyang HB, Xiang XH, Chen JL, Li YX, Zhou X, et al. Naringin protects
myocardial cells from doxorubicin-induced apoptosis partially by inhibiting the p38MAPK
pathway. Molecular medicine reports. 2017;16(6):9457-63.
9.Ricci MS, Zong W-X. Chemotherapeutic approaches for targeting cell death pathways. The
oncologist. 2006;11(4):342.
10.Lopez AR, Monzén P, Acerenza L. A model for the regulation of apoptosis intrinsic
pathway: The potential role of the transcriptional regulator E2F in the point of no return.
Journal of Theoretical Biology. 2021;525:110765.
11.Garrido-Mesa N, Zarzuelo A, Galvez J. Minocycline: far beyond an antibiotic. British
journal of pharmacology. 2013;169(2):337-52.
12.Yuan H, Zhang X, Zheng W, Zhou H, Zhang B-Y, Zhao D. Minocycline attenuates kidney
injury in a rat model of streptozotocin-induced diabetic nephropathy. Biological and
Pharmaceutical Bulletin. 2016;39(8):1231-7.
13.Afshari AR, Mollazadeh H, Sahebkar A. Minocycline in Treating Glioblastoma
Multiforme: Far beyond a Conventional Antibiotic. Journal of oncology. 2020;2020.
14.Gunn GB, Mendoza TR, Garden AS, Wang XS, Shi Q, Morrison WH, et al. Minocycline
for symptom reduction during radiation therapy for head and neck cancer: a randomized
clinical trial. Supportive Care in Cancer. 2020;28(1):261-9.
15.Pachman DR, Dockter T, Zekan PJ, Fruth B, Ruddy KJ, Ta LE, et al. A pilot study of
minocycline for the prevention of paclitaxel-associated neuropathy: ACCRU study
RU221408I. Supportive Care in Cancer. 2017;25(11):3407-16.
16.Piegari E, Cozzolino A, Ciuffreda LP, Cappetta D, De Angelis A, Urbanek K, et al.
Cardioprotective effects of miR-34a silencing in a rat model of doxorubicin toxicity.
Scientific reports. 2020;10(1):1-12.
17.Zhang G, Zha J, Liu J, Di J. Minocycline impedes mitochondrial-dependent cell death and
stabilizes expression of hypoxia inducible factor-la in spinal cord injury. Archives of
medical science: AMS. 2019;15(2):475.

1EoP (53 9 13T/ Callan g Canyy 8393 7 9lEw)S A}y eole alEkils ¢ale alas


http://dx.doi.org/10.61186/sjku.28.5.13
http://sjku.muk.ac.ir/article-1-7135-en.html

[ Downloaded from siku.muk.ac.ir on 2026-05-14 ]

[ DOI: 10.61186/5ku.28.5.13]

~3o0nT a6 ol pe

18.Georgiadis N, Tsarouhas K, Rezaee R, Nepka H, Kass GE, Dorne JL, et al. What is
considered cardiotoxicity of anthracyclines in animal studies Corrigendum in/10.3892/or.
2020.7717. oncology reports. 2020;44(3):798-818.

19.Procopio IM, Pereira-Sampaio MA, Costa WS, Sampaio FJ, Souza DB.
Histomorphometric comparison of the corpus cavernosum of rats submitted to euthanasia
with ketamine and xylazine or isoflurane. Acta Cirrgica Brasileira. 2021 Dec 8;36.

20.Argun M, Uzim K, Sénmez MF, Ozyurt A, Karabulut D, Soyersarica Z, et al.
Cardioprotective effect of metformin against doxorubicin cardiotoxicity in rats. Anatolian
Journal of Cardiology. 2016;16(4):234.

21.Ramezani N, Vanaky B, Shakeri N, Soltanian Z, Fakhari Rad F, Shams Z. Evaluation of
Bcl-2 and Bax Expression in the Heart of Diabetic Rats after Four Weeks of High Intensity
Interval Training. Medical Laboratory Journal. 2019;13(1):15-20.

22.Untergasser A, Cutcutache I, Koressaar T, Ye J, Faircloth BC, Remm M, et al. Primer3—
new capabilities and interfaces. Nucleic acids research. 2012;40(15):e115-e.

23.Li N, Xie X, Hu Y, He H, Fu X, Fang T, et al. Herceptin-conjugated liposomes co-loaded
with doxorubicin and simvastatin in targeted prostate cancer therapy. American journal of
translational research. 2019;11(3):1255.

24.Abdullah CS, Alam S, Aishwarya R, Miriyala S, Bhuiyan MAN, Panchatcharam M, et al.
Doxorubicin-induced cardiomyopathy associated with inhibition of autophagic degradation
process and defects in mitochondrial respiration. Scientific reports. 2019;9(1):1-20.

25.Zilinyi R, Czompa A, Czegledi A, Gajtko A, Pituk D, Lekli I, et al. The cardioprotective
effect of metformin in doxorubicin-induced cardiotoxicity: the role of autophagy. Molecules.
2018;23(5):1184.

26.Mitry MA, Edwards JG. Doxorubicin induced heart failure: Phenotype and molecular
mechanisms. IJC heart & vasculature. 2016;10:17-24.

27.Benzer F, Kandemir FM, Ozkaraca M, Kucukler S, Caglayan C. Curcumin ameliorates
doxorubicin-induced cardiotoxicity by abrogation of inflammation, apoptosis, oxidative DNA
damage, and protein oxidation in rats. Journal of biochemical and molecular toxicology.
2018;32(2):e22030.

28.He Y, Yang Z, Li J, Li E. Dexmedetomidine reduces the inflammation and apoptosis of
doxorubicin-induced myocardial cells. Experimental and molecular pathology.
2020;113:104371.

29.Macedo AV, Hajjar LA, Lyon AR, Nascimento BR, Putzu A, Rossi L, et al. Efficacy of
dexrazoxane in preventing anthracycline cardiotoxicity in breast cancer. Cardio Oncology.
2019;1(1):68-79.

30.Ceruso MS, Napolitano A, Silletta M, Mazzocca A, Valeri S, Improta L, et al. Use of
cardioprotective dexrazoxane is associated with increased myelotoxicity in anthracycline-
treated soft-tissue sarcoma patients. Chemotherapy. 2019;64(2):105-9.

31.Maruyama S, Shibata R, Ohashi K, Ohashi T, Daida H, Walsh K, et al. Adiponectin
ameliorates doxorubicin-induced cardiotoxicity through Akt protein-dependent mechanism.
Journal of Biological Chemistry. 2011;286(37):32790-800.

32.Wang XS, Shi Q, Mendoza T, Lin S, Chang JY, Bokhari RH, et al. Minocycline reduces
chemoradiation-related symptom burden in patients with non-small cell lung cancer: A phase
2 randomized trial. International Journal of Radiation Oncology* Biology* Physics.
2020;106(1):100-7.

33.Naderi Y, Panahi Y, Barreto GE, Sahebkar A. Neuroprotective effects of minocycline on
focal cerebral ischemia injury: a systematic review. Neural regeneration research.
2020;15(5):773.

1EP (53 931 /7 Cuihia g Cayy 8)9s 7 HlEwy)S )y eole alSkils ¢ole alas


http://dx.doi.org/10.61186/sjku.28.5.13
http://sjku.muk.ac.ir/article-1-7135-en.html
http://www.tcpdf.org

