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Abstract

Background and purpose: Today, cancer is considered as the second cause of death in the
world. Often, the treatment of all types of cancer is very complicated. The discovery of new anti-cancer
drugs with high effectiveness, low toxicity, the ability to select normal cells from cancerous cells, and low
cost is one of the concerns of the world's pharmaceutical communities. Nowadays, the use of natural
compounds based on their synergistic effects has opened a new therapeutic horizon in the management of
different types of cancers. The aim of this study was to investigate the synergistic effects of peiminine
and hyperthermia therapy on the induction of apoptosis in MCF-7 cell line.

Materials and methods: In the present experimental-laboratory study, after culturing MCF-7
cells in 96-well plates, they were treated with peiminine (5.12 pg/ml for 24 h) and hyperthermia (41°C for 1
h) independently and simultaneously. Then the cell viability rate, apoptosis percentage, ROS production
rate, LDH release rate, and caspase 8 and 9 activity level were measured.

Results: The results of the present study showed that peiminine and hyperthermia therapy caused
a significant decrease in cell viability as well as a significant increase in the percentage of apoptosis, ROS
production, and LDH release compared with the control group. By measuring the activity of caspase 8
and 9, it was determined that peiminine induced apoptosis through both mitochondrial and extracellular
pathways. It was also found that peiminine and hyperthermia therapy, in combination, had synergistic
antiproliferative effects.

Conclusion: According to the results of the present study, it seems that peiminine, as a natural product,
when used in combination with hyperthermia therapy has synergistic antiproliferative and apoptosis-
inducing effects. This suggests that it can be used as a complementary method in cancer treatment.

Keywords: peiminine, hyperthermia therapy, apoptosis, lactate dehydrogenase, caspase, MCF-7 cell line

J Mazandaran Univ Med Sci 2023; 33 (225): 84-93 (Persian).

Corresponding Author: Vahid Jajarmi - School of Advanced Medical Technologies, Shahid Beheshti University of Medical
Sciences, Tehran, Iran. (E-mail: jajarmiv@gmail.com)

84


mailto:jajarmiv@gmail.com\)
https://jmums.mazums.ac.ir/article-1-19380-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

oo (— S b}y eo—c ol By L as
(84-93) 1402 Jw rgo 2250)ad  @Eow g (W 3)s

P lploppule b wuS g ja (pitay Gl gl
MCF-7/ Lolw aaj ja Jg.l..l’g.‘lj ladl

2,16)!:‘ S

Saals (paz )58 umowsl (531
2@lgll LS S|
O o2z 223

2 IuS>

L0l o g1l Oloys Aol oS ol = Jan 135 55 a5 &8 a Jole ns Ol gie 4 Ol 035 0l 2330 9 isles
3 e Jshe Sl D5l (ST Coe Vb (30 51 L Ol e s b Slag)ls RIS 5 o0 ooy sl
o D AL b DS ) e ol 03 Sl s gl el gladbes Sl ol e s S e
oy D31 gy ol aalllan I Oouta .l 03,87 5L Ol s £l 51 g pke 53 15 st (Gla)s GBI 0T (o3
il o MCF-7 Jolo o3, 53 555 5T Wl 5 ol 5l mla b S 5 5o

4 ol 6 96 oy 55 MCF-7 (sladshe S8 1y bl a8t 3T o 25 adlllas s by 9 g
5 e Sy gt (Lol 1 St 419C) 15 Lol 5 (Cole 24 Sode 4 5/12 pgiml) ey L 0T jlos
SUSY (5lal3T Ol O3St 35T Iy W5 Ol GaunT deoss oSl ol Oljee uw s Ol jan
8 odntn O 58 LS e rlan 5 U550

Aoy Gl Al o) s gme EAlS Camse gl Sla i mle 5 e 457 015 0L S5l anlllae i slaail
b asin JRS e 8 b amlin 55 5U5,ums SESY (G5LasliT 5 058 55T ISl g Olie 31531 s
Gl oo sk b 5 bl smn e 35,8 G b Sl ey 8 abniin § 58 SLalS” lled O e 6,8 o514
Sl g (6 SO 2 en DT I ea bS5 3 b le s e ST (it i es 55 o ST

SIS bS5 53 ank Jgeame 0 Ul e ey o0 it sl anlllas sl 4 4 5L zbiiius]
OLays 35 oS i) S0 Ol gieds Ll 5 oo 45 b oo (65505 T eiS W 5 (0,20 s St § e S 31 (g1

28 S g 3550 Ol O e

MCEF-7 L;-’l”‘ 03 c)l.:w\f c)bj}).l._.h: LSy ‘)}:-l}‘.T ‘@‘jlﬁ";ﬂiu Lu:...:a.:.l ‘SA.JS ‘SLB B)',

o i
S L a0 o ) 53l 0o Cmoar O e 5 (S5 S i w5 L el o

93 Ol s (D)l il 530 o 53 287 L8 ames st false 2l S5 (glacs slew o J 257
E-mail: jajarmiv@gmail.com S5y a8 iy (sla sk edSals ¢ i dgd (S ke o8 10165~ 5003 Sang ghune ilge

Ol Ol ¢ gy gt S e oBtils ¢ STy 45,2 (glaspls ouSLils ¢ g gmtils Sligio 4taS” ¢ S ST a0 Sy 6 57> s mtils 1
Ol Ol e bl s (S e o1 ¢ Sl S5 5 Slihond S0 2

Ol 08 e s (S e o1 €63, gl g o5 Slidond S slolzal 3

Ol €Ol ¢ s g (S 3y sl Bkl ¢ STy a2y (sl (55 outSCtils ¢ Sy (65 9550z 05 5 b sbeul 4

011 0188 ot e S pole oils « S50 5m 5 S Dk S0 5

1402/5/22 : s s 3056 1402/2/10 : &Sl Cgr gl ot 140211121+ it ys st

85 1402 yg0 . 225 s)ledds «ogw § (W 8)9s ohsijle (Al eole slGisl alas


mailto:jajarmiv@gmail.com
https://jmums.mazums.ac.ir/article-1-19380-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

1053031 1 (AN3eyiile b LS) )5 oxivasy )

S35 = 991> Coamn oS (51 Js ol gl 5ol
4 S b Slacil Caglie (9)5,105 ank 3L
b @l il s mle 0 S Sl (101531
2ol & Cl ab glad ke (513 s pTan
Olaime (10) sl ods g Hls b slad sl
S o G slad b sl dles ST
S5 sl 3l VL 4 ys i b 0sls )l
A G glad b () o g O
dd 5 Jsmeme Glays Gla sy plw g ld S 5
Oladllee (1) 5595 o Sloys cad 9 gl 553l
o ge ol il 5 mle a8 Wlesls Ol g Sy S
Ol sl oDy s LS ()L Al
(oo e T 5 e B1STC J s ATl 55 sl
(ol S G s S sl as S L
3DNA i Cos o 55 ;i 5 s 5y )5S B 0L
(12)3 55 RNA

iy J S s bl ‘_;l_»‘._..ﬁg&j\o_ﬁ_
sk ok 555 406 5 o il S (sl b
S5 Gl s G b ) ESS 5 gt Jul 2 $SS
oS W (gl s (Slaos ;S sl g0 S 5l 5
JLss 5 (6,8 gz s Shas s I el S g T
bbwlS G pTanT 5 (b ys sl o bajlulS 0as
23 ot S 5 Kb e b suaie lad g s
e 33 (AS 5 s bas (18) 5505 51 T plowil 5 £ 5
s Jols G glad sl 55 55 5T W Lo
bl ooyl s 5 ol pS e b (S sl Jo1s
O g romin b (A&l 3T Slalllas 3 687 ol 0k
9 Sl 5 (I o5 oo oS §5,2) 8 5Lls”
55557 S e (gl oS shoe s 0l 65,5
()35 g0 Latminn ¢SS 5 sl Julge Loy

a5l He S Il asasg L
3 oo =P e DS (s S
S 03553 S nT L (Sl e
sl s MCF-7

548l an g 6“})—&§J=ﬁ5¢?ﬁ@u&b
ol daa g 55 (sl 558 55 68 e fale g
5 sldle s s, S5 b ol ol g I
= o il slal O lttens ;6 5 it )
Ol o & ol 0l s i S bz 5 s,
b (258 aslis 05 2ilig edes e Ol 2oy
Olgz 3 8 0o 151 i 6Vl Calises Slallas
23 Aas on e 51y 3 5 Ol Ol s 4Dl J1 o
230352 O e p 05 0 F s Ol Db s o2 0
Osdos UL 51 iy Ol s eVl SLE 1S bl
(3)358 g0 ol Oliny O s Ay 55l 50

(ol Jols Oy Olays Jsams Sla 5
sl sla b gl s Glays eud (Slays 5
03,5 Cabga b Ol o 035 S 7 o o Mo
Joldse slaplays el g b o O - &b iy
St 3 303 S (Sl 0l Sl Ol e
el Al 3l or Dley oo b Jlo iz g5 (I
Gladsbw (28 o Sl cmr g (B 2 Do
(B Lt o 5 LaOT oTHE 8y s 5l 5 ands
SLS 5 2 4S5 Lol Oleys iles 8 Culf Olaions
O s J 587 53 15 ¢ Glays JoSo oy sty a
(5)> 45 é\) L g gyld 5 s Hldia 2alS

) I 5 b S S ey
w3 4 05 s Y oS Sl 1 48Tl (s JISIT)
0P 55 ey 45 Wil ST b Ll Solalllas T o
22 5 3,0 sdmte GO Hl 5 03 8 o5 LS
3 lS Cadibes glacgslan Ol 55 (o b
lad o Ay O o o o e (6) )15
31 S & e LA L IS, IS S
slad s Conles il 58 Com g0 e (7)3 55 o0
@Lﬁ):w_&‘_;))\:s\_gcolﬁ);gr;ﬁ» odee Slb w
(8) 555 o0

APl e Sl (5 e e

5 L oot GLag)ls & s 5L 0T Sl

1402 yg0 « 225 s)lodds «@gm § (W 8)9>

ohxjls (Al eole olShil alas 86


https://jmums.mazums.ac.ir/article-1-19380-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

ul)lSam g 50 o le

MCF-7 (sl sl Lo 0lif i
dx (15)(2019) 01y LSan 5 romal axllles 3l
35 S glad e Hles jleslud8 o 28
MTT J ydowe 5120 pl oo cCadiben slonoy S
96 =L slacSalyr slas 4o (PBS ;55 mg/ml)
CO2 ,5L Sl js celwd Sde 4y 5 s 6Ll 6l
does j5hte 4 s Ll 4TI 37C (gles 5 4ls
4 DMSO 100 pl ¢0l3le )8 ids (sladbiuy S Ous
22 aids 20 Siean 5 as Lol LacSalr sl
Ol e s 40 $SG1370C sles 5 15 CO2 L 5L STl
303 1Y o&as oSS 4 aeSale (655 e

L ol 550 MM - 5o I 5

MCF-7 (slad b 55 30 T ko 3 punns
Sl ladsho 55 T o) i ) shis 4
sk et s sl e ST 55T,
3 kel aalllae Gl iy ol O Sy S
oM e ba as szl (15)(2019) o LKan
e g Calttee (slmog ;S 55 s jla (slad sho
potasn IO 5 il s ST 10U L (55l
L sl Sy S 5 ok (55T, iy
Gl s s (o Sy Sor Ol 5 i sles
Slad v aS &) oo pb Ad denlous 0l 53 9T
SLad o aainia 3 54 55 (b 5 &) s

MCF-7 (slasls Lo 57 ROS sty O zoo e
oy 3l eslial U J o 03,3 ROS w5 0l e
oSl Jasdly s b (6 e s sl - 5SS
oMo 5y by (5 8o (04 e 5LS)
o s Salsr 96 olw by ¢S5 s Jske 25 % 10°
L ladsbo ool 24 5l Gy s 5 Saler
lros, S jledsa 8 L lacble

(O 5l sSG Ce L 48 51 ey b Hlas sy 5

g 9 dlgo
(2 b 3o

ol Al ST- o e aalllas gl ) (6 o
L (Pure-one Bio Technology, CO., LTD) ‘e
psrdsp lamosl ptn STt 39918 o st
9,8 w8 o W SDHCo S
S eayls ST e yb oS4 51 (CUSABIO-China)
MTT )55 RPMI-1640 = iS” Lme (ROS S

«(Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide-¥.5]-3)
s 3 YL S 5H(DMSO) S5 g f—o(s

b o >

oy (55w 03leT

o o Sl $5,55/12 g
sl L (Pure-one Bio Technology, CO., LTD)
sedd Jo sy T 1) e o5 s s 55 99/8
MCF-7 (slad sk las sl 0T 51 2d5 e 50
(8) s oslizal

bosplo
a3 4l Gles js celn ] Sutes 5 5L ST J=1s

(15) B o3ls 5l 351 5 sl

allos 1,k s MCF-7 (sladsle CoiS”
33 (O = 5l 4w 30) MCF-7 (sLad
15FBS w5310 (sl RPMI-1640 &S Lo
Lo 5531 F sl as ;337 glos s 412 96
Celw24 Sus 4, CO2 ws )35 (gol ol sb e
LB ol 5 g Gob sk oo i 4SS
(L osles Jsus)

M&A:)yéuojfow 11 osled Jour

Slasie 035 oot
s 0sbk 96 St oSabr s ,sMCF-7 4. 10 U dses s
(8)5/12 /M ey I o 5150 Ll o o8 s 96 oy Sl a 55 MCF-7 L 104 () osf
A10C oo Celel o os 45 06 Sk &Sk s s MCF-7 J L. 104 (7l ele) pymees 5
kS lr s e oo 05 06 L oSk 2 s MCF-T 4100 (&SP pheresf

(16) (355 34 HIM s 550 [l ol jon 485 96 ol oSk o s MCF-T 10 (o383 gy 0557

87 1402 ygo 225 s)ladd «ogw g ¢, )93

ohaijls Ak} eole slGisl alas


https://jmums.mazums.ac.ir/article-1-19380-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

1053031 1 (AN3eyiile b LS) )5 oxivasy )

ol LT
b LT SPSS i3 lp 5 5l eslizul L Laesls
s Ol e Ol ol 2 S0l Oy gt Do
L oS la ke mo558 005 Jlaj 5 Ol 51 ny
025 Sl el = 29 8 5l S 0 0T 3 osliz
5 ad b il s BT 03T 51 el fulows
4 P<0/05 b b5 oles 53 ks oslizul s S5

.&d;ﬁ):dj\:@nda‘ﬂa\ﬁ

4l
MCF-7 (slasle oS

ol s osls olas L ojlas guai 434S, bolea
10 sRPMI-1640 Lss 53 MCF-7 (slad sho ¢ Zoul
r5\,3 4 Oyl g Ll 0315 &iSTFBS ws s

o oij Ol oo i
g oo odalin Lo jlas 5lsgad 55 &8 sb0kes
o o addllas laoy S alas 53 Gle oS Ol e
J,8 05,8 b duslie 3 (5)ls can L2alS a5 ols
Loyl e 5 oS 5 Oloys g8 ol anils
03,5 o Lol (P<O/0001) s 55 5 (515 ine
LUl (S 5 0Lays 038 5 sy gmS 53 Sloss
05,5 (P>0/05) a5 dal s (gls —ne
231 Sle eds RalS b S e e 90 508 52
{(P<0/0001) 513 ol J 8" 05,5 b do o

DCFDA s pme 125 S0 100 5 25l g5 Lo
—» 4 (dichlorodihydrofluorescein  diacetate)
31,8 il am 55 37 glas 53 5 s 6Ll Sals
il o (ol 53t 4 Sl i A0 Se
e 55U EXIEM=485/528 5 jL izl 5 &S& ,o L
il gl Ol 53 ol S S Sl eslind Ly

Al bl

MCF-7 (sladsks Lo s LDH (g 5LusliT Ol soo poni
ssban S il 5T S5y LS
Oy OLSY S 505 35 g g5 45 03 S
Sl (Sl o8 (B a5 o s Sy
Lo SU5 s sdens SESY 500 o Sl o lewdl
S OT Il o5l e g o sl3T oiS
Gb 363550y SLSY (g5l 33T Ol b e
i oo (15)(2019) 01 )LSen 5 ool anlllas
48 51 am ke (slnes S sladshw (s mle
oS 3 2 g s Gladslonn b 5 S (655T e sl
G55 o Oljoe oo b 43S0 5 b gl (5 ks

A2 ol 492M - ge I b o

9 58 jluls” Coles o
SRS L s 9 58 5Ll s, clls
s b Calie (slaes S ladsho 53 (65l
S b el 52w 5 (15)(2019) 01 )San 5 nosd

REDFRTE S C,.:f a.UjLu

Jrs N Slos b =S5 ooy Oty 32

(100x g5 555 (515 40,380 LMCF-7 (lad sl L o5l g

1402 yg0 « 225 s)lad «@ow g ;W 0)9s

ohjls ¢Aib)y eole oEhSl alas 88


https://jmums.mazums.ac.ir/article-1-19380-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

ul)lSam g 50 o le

Jeolse 51 S ja s aslio i oa (P>0/05)s1.
SO S O e LS s ol 4 Sl
ot 3 bl o1 e DIl ol e le
OO gy S5 L oS 5 Olas ey, S

(2 o5l 15 50) (P>0/05)is oalive (g l5 sme

—_

<

(=)
|

5053
OO4

'obe
X3
N0

55
‘0‘0
O ‘.
e

o
OO

.

n
<

T

S
s
&
<

<

53 )lasd 5 des MCF-7 (sla sl 555 50T Ao 53 2 0 jlads 510900
Sl o 315 Ol Cialibes (sls 09

P<0/05 o 53 (Sol3 e oias0lai ¥

P<0/01 e 53 (6,13 gmn oL ! il

P<0/001 o 03 ol gmn sdiasolas T FFH

.p<0/0001 e 53 (Sl3 gmn oiasOlay LRI

fssdas SSTY (g jLasliT sROS Sy Ol s s b
4S A jesis LDH 4ROS L5, cuwb
ST ISl A5 la me il 58l o o pieans
s lie 53 3055, SESY (g5l 65T 5 O3Sl

100

504

Cell viability%

23 5k 31 MCF-7 glad s le s § O 50 11 05leds 10903
Gl o 0313 0L Calises (glaoy S

P<0/05 o 03 ol gmn siasolas L ¥

P<0/01 o 53 ol gme sasolas T ¥

P<0/001 o 53 Sol3gmn skiasolasl FFH

.P<0/0001 o 53 Sols gmn sdiasolas 1 XHHX

Jsial e el
g b Shandlae Ggy idw js &S b0ka
2 ST T80, 5l 5T W Ol (o2
oLl Sy 5 o Sy Sn 5 ok p il 5 o))
o 5 685, e Slad s S s iy S
3 ST 5 b Slad e aaiin o e &K,
Slly 53 55T Cd §l Jol s Qojlads )
MCF-7 (slad sk sles &8 53 0L MTT s gl
ladshu 5 nT dooss I8 s ey b
(P<0/0001) 3 5 oo J =5 05 5 b duslis ;5 MCF-7

s e oy Lo e ol N ks

(X100 s 8,5 gleys Caliben sla 05 53 Lt 3l day MCF-7 (sl ol 55 T o> ob5,00 2 0 by

89 1402 ygo « 225 s)ladd «ogw g ¢, )93

ohaijls Ak} eole slGisl alas


https://jmums.mazums.ac.ir/article-1-19380-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

1053031 1 (AN3eyiile b LS) )5 oxivasy )

4S5l 0Lz 9 58 5luls Clle (5 S0 51!

3 S T 5 LA S e 33 2 3l ey

Gl o go (oS e s S ) 505 93

\_:@Ln)éajjj)éjpgjbj_hda‘ﬁ:ﬁﬁ

Saline J,28 05, 8 L aclin 53 ol 5los 5 ule
(P>0/05) 5

Caspase 8
0.25
a
c 0.20
g
£ 0.15 I
2
© 7 e * ok k
g 0.10 T
=9 *
g ns
© 0.05
0.00 T
i S & S
< & & &
<f‘ & A
< &
& <
Caspase 9
0.20
< 0154
e
b koK
&~ 0.0
& ot
a : * %k
] <. X *
G 005 :
*
0.00
S
d

Calisen glaos S 539 58 SLulS” Cllad Oljoe 4 0l sl0g05
0315005 Hlaan U3l il £ 5 80ke &y g0 4 MCF-7 (slaJ shas
Sl o

P<0/05 o 03 ol e sasolas T ¥

P<0/01 T 53 S)ls e sias Ol il

P<0/001 o 03 ol gmn sdiasolas T FFH

.p<0/0001 e 53 (Sl3 gmn oiasOlay LRI

Ol s o (P<O/000D)s 53 oo J 287 05 5 L
SROS 0l e 55 (sol5 an i g la 5 ula sl
S5 oy g (P>0/05) S o5 5w | LDH
@l g e 4S5 S et o1 o
A5 s e Rl o g St § e D) o
SLSY gl al3T 5 oS al5T LSl
058 O 3she JRS 05 8 Lawlie 53 U550
ST ISty 5 55 5585 b (oS5 Ole s

(P>0/05) sz odalin (g,l5 gme oDl 35S

154 f

kKoK

ROS productioffold change)

kK
e
¥
ns
a
e
% ok Kk
=
42 *ok ok
5 Taok
*
=
a ns

L 35T 5 0581 JLSKaly A5 Ol e 13 osleds 13905
g laes,E 53 MCF-7 sla sk Lo 5 50555085 SSY
ol 0 631308 Hlme Ol il 5 Kile &y oo 4 0l
P<0/05 e 53 (§)ls gmn ol 1 *

P<0/01 T 53§13 gme o0 ! il

P<0/001 o 53 ol e skiasolas T FFH

.P<0/0001 T 53 Sol3 e oasoles | FIEX

1402 yg0 « 225 s)lodds «@gw § (0 )93

ohaijls (Al eole slEMS) das 90


https://jmums.mazums.ac.ir/article-1-19380-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

ul)lSam g 50 o le

LS Ospder L5 SR80 o pe Ol o
(173555 oo
allls s 53 2018 L s 0K 5 5ol
LS5 00 @il & 8 SIF 5
o i § e D) gty ST S ST 350
Sladshw 52T Olme 131 5 Sle oy SRalS
sl ol 2021) ol e 5 I (19)5 5 0 MCF-7
o3 ARl Cam ge 553 4 Aol s Do & e
Slie alS 5 55 6T Aoy il sl Sl
33 {20)5 55 e IS5 S 0lb w HT29 (slad b
slos 5V gl b il o gl Sl 5 s i)
a3 A5 s gt 53 Y yama 0y &S5 0
N L VR ON PR A AP PR R G I g W
5 als 3508 s b Ul gl 55l b Olejen
b ga 54 S 15 g 2 2550 g3laze DU s
S o505 a iy SO Ol )3 g5 B
W03 S 1S QOIDo,es 5 o (21) ol azils
S5 Sl BB o n gl Sla S e
JuST UL S 53 MCF-7 slad sl Sl o
S sl 0L (2018) 0y 5 yse (22)5 55 oo
4S5 e J 55T S e () e e
Sl Oliams (23)5 55 o S v lad sl s
G G b 5 555 Ce ey 45T Wles S
S o Wl 55108 ezl 3100 el 3 ROS W 5
(2019) 01, Ken 5 Jmausl 5 Q015)031 ) LSan 5 Sl
4 Slays ead Glagyls Jolo Coan &S Wisls Ol
L agrlse 5o LoD 0l sROS Jld Ul 5 o LLs
il 1 ST el o Sl e 3l (Kt 35l
L bodS e s Sl 555 T WL ROS 0 e
Ol i3 5 58 5Ll Ol o 2alS
5 s (YP0) 3,05 LS, 9= 5Luls cla s,
e ) e 457 455 ST 518 (2021) oo )Kes
ool 2o 5 5T Wl e oL )
Chao oz e (7)3 55 50 L sS b sl slad sk 5o

oAl b ) Bl sdo 53 Oliises o5 !

GLagls o)l ol g b DS 5 4SS
Al a Lagyls o me jo3 2ol 5 Sleys cacd
e (1B o SIS (g S b Sl anlllas
2@l el 4 ab S 5 Ol @
Ol ) MCF-7 S osy 355 5 Glo ol Ol jue
213 0L Sl anlllas gl s b (0Ll Oliny
s falS o se gl Sl S mla 5 ey S
sty W5 Oljee G T Ao s ol 3l le o
A lie 53 505050 SLSY (g5Lleal3T 50 5ST 15T
b Ol e (5SSt L b on I 2870 S L
s 33 3 G b 5l iy b jainia D 58 5Ll
55l Gl Co e Job ol 5 ol yuS e
@bl 5 ey € A (atde s 34
G5 s Bl DS sl ea b oS 5 s
Shess 47503 0L adlllas ol g5 i b LB s
CobB 15 e il LMCF-7 (slad jho Ol jon
Gl (55,15 &S0 Ul st 47 95 58 55 L
Ol 3,3 1y 358 o0 Cguma Glays cand 3
sowl Eol s 9 S 93 &S Lo ST ol Calites
ST @3leslsT 5 5505 sladsho 53 5510 ol
e S 1S | T S 35 o 0T
(16) 5 g o gmima Glb v Gl sk 53 550 5 A
5595 255 L &S (NF-KB) LIS (glazus 5556
axw 5 pled QMJNJ&L'J:SQJL&MOL;{SCM‘
1y dols A ooy s 53 (S S5 T s s
Sl b 5 508 93 o (1T) ST o a5
255 Ol e oo 28 S £33 5y e
NF- a1 i Odadlad .55 o NF-KB s 519
sl (slas Shas 5l (6ol il 531 4y yia kB
odd o3ls Q\_.%JH}J&)_}&:.\_:{J:J:)J@
SLp 5 5 Ol s 38 33 01 ol (18) il

sosls Al 1HNF-KB 05 0l Ol 5 6555 0 T4S

91 1402 yg0 « 225 s)laids @ g (W 8)93

ohaijls Ak} eole slGisl alas


https://jmums.mazums.ac.ir/article-1-19380-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

1053031 1 (AN3eyiile b LS) )5 oxivasy )

e 31 555 30T G Com g e 55 3uS 93 45T L3l
22 (20)5 58 oo b Slad sl 55 (9L, AS 5200
Ot 3y 508 33 4S5 Ad Gt i 5o Ol aallla
22 LS sn s 51 5 T SRl o e

55 o MCF-T (slad

T S S o s O ey - wilis 5L
I 5 g g ol anlllae ys ablie sLaS Y

S jSowlps

Eash Sl e b ol i
Ao (S sk ol 0L mtils oha g S
Gl U S 5 /66618 o jle i 2ig
Sl e IR.SBMU.RETECH.REC.1400.958

References

1. Zanini S, Renzi S, Limongi AR, Bellavite P,
Giovinazzo F, Bermano G. A review of lifestyle
and environment risk factors for pancreatic
cancer. Eur J Cancer 2021; 145: 53-70.

2. Lu L, Mullins CS, Schafmayer C, Zeilig S,
Linnebacher M. A global assessment of
recent trends in gastrointestinal cancer and
lifestyle-associated risk factors. Cancer
Commun 2021; 41(11): 1137-1151.

3. Trayes KP, Cokenakes SE. Breast cancer
treatment. Am Fam Physician 2021; 104(2):
171-178.

4. Burguin A, Diorio C, Durocher F. Breast
cancer treatments: updates and new challenges.
J Pers Med 2021; 11(8): 808.

5. Yap KM, Sekar M, Fuloria S, Wu YS, Gan
SH, Rani NN, et al. Drug delivery of natural
products through nanocarriers for effective
breast cancer therapy: A comprehensive review
of literature. Int J Nanomedicine 2021; 16:
7891-7941.

S 5 33 e 45 sl 0L (2019) 01,8
s 33 250 5T LA g bl 0T
(8)3 55 o sidne Oy 5> J g ol 5 (2l )AS s
AL a4 30 0L 33 sl aalllas gl
3 2US sen s 53 8 o b 5L S ROS LS
Sladshw 03 555 T RIS e pe S ol
=T &S b5 s OLSY 545 o MCF-7
I g5 e 52 0T Sl o8 ol el s
ol aalllan L ()il o Jshe slid S04
ST Gl 3 s ey Ly Dlagd 487 51 0L 35
MCF-7 la Jslw 5l 305550 ms LS (5L
3 eay Olojan jlag 09 8 )3 0T Jlie o 355 00
ol Sl S G Gola e Hsba gl Sl S e
0Lz 2014) O, 5 by 153 50 e S g0

6. Lyu Q, Tou F, Su H, Wu X, Chen X, Zheng
Z. The natural product peiminine represses
colorectal carcinoma tumor growth by
inducing autophagic cell death. Biochem
Biophys Res Commun 2015; 462(1): 38-45.

7.Yul, ChenY,YuanS, Cao Y, Bi Z. Peiminine
induces GO/G1-phase arrest, apoptosis, and
autophagy via the ROS/INK signaling pathway
in human osteosarcoma cells in vitro and in
vivo. Front Pharmacol 2021; 12: 770846.

8. Chao X, Wang G, Tang Y, Dong C, Li H,
Wang B, et al. The effects and mechanism of
peiminine-induced apoptosis in  human
hepatocellular carcinoma HepG2 cells. PLoS
One 2019; 14(1): e0201864.

9. Soleimani K, Arkan E, Derakhshankhah H,
Haghshenas B, Jahanban-Esfahlan R, Jaymand
M. A novel bioreducible and pH-responsive
magnetic nanohydrogel based on B-cyclodextrin
for chemo/hyperthermia therapy of cancer.
Carbohydr Polym 2021; 252: 117229.

1402 yg0 « 225 s)lodds «@gw § (0 )93

ohjls ¢aib)y eole oGSl das 92


https://jmums.mazums.ac.ir/article-1-19380-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-26 ]

ul)lSam g 50 o le

10.

11

12.

13.

14.

15.

16.

17.

18.

Mehak, Thummer RP, Pandey LM. Surface
modified iron-oxide based engineered
nanomaterials for hyperthermia therapy of
cancer cells. Biotechnol Genet Eng Rev
2023: 1-47.

Dutta J, Kundu B. Theoretical evaluation of
bio-thermal response in human tissue subjected
to pulse-laser induced hyperthermia therapy
for cancer treatment. International Journal of
Thermal Sciences 2022; 172(part B): 107346.
Muthana M, Multhoff G, Pockley AG.
Tumour infiltrating host cells and their
significance for hyperthermia. International
Journal of Hyperthermia 2010; 26(3): 247-255.
Fiandalo MV, Kyprianou N. Caspase control:
protagonists of cancer cell apoptosis. Exp
Oncol 2012; 34(3): 165-175.

Shi Y, Wang F, He J, Yadav S, Wang H.
Titanium dioxide nanoparticles cause apoptosis
in BEAS-2B cells through the caspase 8/t-
Bid-independent mitochondrial  pathway.
Toxicology Letters 2010; 196(1): 21-27.
Esmaeili Govarchin Ghaleh H, Zarei L,
Mansori Motlagh B, Jabbari N. Using CuO
nanoparticles and hyperthermia in radiotherapy
of MCF-7 cell line: synergistic effect in
cancer therapy. Artificial cells, Nanomedicine,
and Biotechnology 2019; 47(1): 1396-1403.
Pilco-Ferreto N, Calaf GM. Influence of
doxorubicin on apoptosis and oxidative stress
in breast cancer cell lines. International
Journal of Oncology 2016; 49(2): 753-762.
Kiningham KK, Cardozo ZA, Cook C, Cole
MP, Stewart JC, Tassone M, et al. All-trans-
retinoic acid induces manganese superoxide
dismutase in human neuroblastoma through
NF-kappaB. Free Radical Biology and
Medicine 2008; 44(8): 1610-1616.

Mantovani A. Molecular pathways linking

inflammation and cancer. Current Molecular

19.

20.

21.

22.

23.

24.

25.

26.

Medicine 2010; 10(4): 369-373.

Jabbari N, Zarei L, Esmaeili Govarchin
Galeh H, Mansori Motlagh B. Assessment of
synergistic effect of combining hyperthermia with
irradiation and calcium carbonate nanoparticles
on proliferation of human breast adenocarcinoma
cell line (MCF-7 cells). Artif Cells Nanomed
Biotechnol 2018; 46(sup2): 364-372.

Li J, Qin Y, Wang W, Yang K, Zhang M.
Peiminine inhibits the progression of
colorectal cancer through up-regulating miR-
760 via declining the expression of long
noncoding RNA LINC00659. Anti Cancer
Drugs 2021; 32(2): 148-156.

Chatterjee DK, Diagaradjane P, Krishnan S.
Nanoparticle-mediated hyperthermia in cancer
therapy. Ther Deliv 2011; 2(8): 1001-1014.
LinY, Liu Z, Li Y, Liao X, Liao S, Cen S, et
al. Short-term hyperthermia promotes the
sensitivity of MCF-7 human breast cancer
cells to paclitaxel. Biol Pharm Bull 2013;
36(3): 376-383.

Morle A, Garrido C, Micheau O. Hyperthermia
restores apoptosis induced by death receptors
through aggregation-induced c-FLIP cytosolic
depletion. Cell Death & Disease 2015; 6(2):
£1633.

Wang S, Liu H, Zhang Y, Xin H. The effect
of CuO NPs on reactive oxygen species and
cell cycle gene expression in roots of rice.
Environ Toxicol Chem 2015; 34(3): 554-561.
Alarifi S, Ali D, Alkahtani S, Alhader MS.
Iron oxide nanoparticles induce oxidative
stress, DNA damage, and caspase activation
in the human breast cancer cell line. Biol
Trace Elem Res 2014; 159(1-3): 416-424.
Sharifi S, Barar J, Hejazi MS, Samadi N.
Doxorubicin  changes Bax/Bcl-xL ratio,
caspase-8 and 9 in breast cancer cells. Adv
Pharm Bull 2015; 5(3): 351-359.

93

1402 yg0 « 225 s)lodds «@gm § (W 8)9>

ohaijls Ak} eole slGisl alas


https://jmums.mazums.ac.ir/article-1-19380-en.html
http://www.tcpdf.org

