(oke) aalilad

FUPJ,I';J-?} FO-OY . o VF¥ 3l oF o)lods oo 3le Jlw
Ju‘.—‘dwmu

g 5 Ao

HER?2 S S0 (89 g MNo 9 pmlimas” (SldG IS ,9?93 (S gl 1
S5 03l g Sl Sliwy Ol g (MCF-7) & HER2 g (SK-BR-3) cuwie

3B gomd Sl 3 9w 3 $T Cadled Ol a0

T S92 Slgz anbld T gl (g eSS Lt ! (bl oo

U‘JJ‘ LO‘).é; ‘L?O'L"l .)‘j oKisls «JLQ.M) u‘]@f A>|5 L) ‘A}LE oaSisls aw}u osjf G)“SJ !
U‘)’l ‘u‘ﬁf ksh)lw‘ olj o&isls LJLo.MJ u‘;@g A>|5 cw) ‘A}LF- sasiiale ‘6)9“5"’9)1‘& as)f)bol.v»‘ v
Ul)"l ‘u‘)@‘ “54>'LAAJ| QI)T OliMJ'Q Lul).e) é_i.u).: |a9.l.c \.\>|5 ‘L)’?J LELQLS)SLES |°9'Lc IRLOIKY ‘&J)..S}u— wy.) jS)l.l\)l.ﬁm.\‘ v

layatakbiri536@gmail.com :(oLslKe Jstus coiuns?)

\Y‘V&Q)wféu@)b \f«Yéo:wp)o@)b

oSz

S 038 5> s s (gl el Skl G gl el (55 50 Lol pes sl 51 (S iy by
Wl e SaSgigiaws 5 ST 0l cullad zbls s & cpigdle a5 aims o lds ol oldlhs abl
OlinansS b S5 50 (gidle & Cosl (pl p ol addllas (o3 0Bl Gy (oS5 Gleys (gl Sl galS
i3 L3 SK-BR-3 s MCF-7 iy oy o oo (cloos, 55 33l o 1 Consl (S

ok s1od; (69) (7 S35 2l & Bgannnd dnST s il Cudled (e 2 98 slag lo Sl addllas (sl
il Salled (e i Gl & e g)lo 99 (S5 oolaul (ol 05, 99 58 50 ol (Las gl 28 pl]
ool 290 ganrs S pgas o531 i 10 alS S5 90 (ol (g s ol Wilods Biganss G p5s
910 ol (el Sl Lol 4 szt azms )0 45 205 o rlinnS 395 LalS 4 j2eie oS 90 ol 55 eolinl

WRVAPES

).)db)JS)l/\Y )Juuﬁdwﬂjw‘ GMQJ‘JM 4.04‘?.0
YT 358 0 onls Laseis Lol jee Job 55 sdmeie SYL O gD 8 Cowsy gl 3l Ay Ol sl o
Y Sl J.NL,.’L C_,JL uﬂ:}u:s A.{i ‘_gb‘) QL'LW‘). QLwa )l}b YO« )‘ u:..:: [\] Sl OL’) B OLbJ"" u.i):v@u QL':M.\:Y:

‘J{.;GL’Q )jn:vdd rl}u‘ &_i._{j }SL; })‘J.ALLA‘ 6&\)[:’.6 d‘b oo CJYL}" B Ye\v de B OLL.»..:: uw,« “\?.“b- S)98


mailto:layatakbiri536@gmail.com

0 9 L ot [ gito HER2 g (SK-BR-3) cutoe HER2 (Jglw slaos; (595 crigidlo 9 cratliomnS (slog1s plgi (Simunk g 1 \ig

ol calses LSyl s 55 2 MT2 5 MT1 lees, S
2 omse a8 Wlesls HLas (g leiiy Sladllas [A] Wisd o
2ol S sl Slal ST ) s e gl s
sosls [A] Cosl Glos S andllas 350 55 by Ol s
45 Wlosls il |y (ghalsds Glgm Dlalllan mman 5 (SAS
Sl 1y bl sl w55 e se s e ol
B Ol 4 ) OLed) Gl Glajsoss 31 (S AS5 5 s o
Sl o yaseinn « IS 5ob a4 [V V] A8 0 5lee e
SenS 55 e D1 s (Gl Gy b 3l (ke oS
» b oo sl SeSHse DU sbads e
DVYT S e Jlos! g 5l s sla s

G pany 5 e 3 S elissssish
b ol Gopes Lo Sl el S5t slag s
dauly 4 DNA L35 55 I 5 a5 55 Dlgo 0 S
S0 5 e SBkas b 0l aw oSS S S
03> Lo S ol Sl S 5 OV 5550085 e
2 ek S Sde Vb (3.5 515 A V] s e
S oere sl Gl VU 555 Sl 5 fawlisssgls o ne
Shis 0 5 Soge 8 o Sl pilay ST @ gl g2
DONF] il 5 00 Lo 3l e

45 Sl g o a5 SIS K plipenS
4 5 deoxy-5-fluorouridine (5'-DFUR)-'0 &G olge
23 ol Jl 3 ol Sl 0l (LB (SE Spe
Sl UL 5 IS ol e SV aha 31 528 YO Jsla
ekt 2l OluST il 3 pslie iy 0l 4 e Ololey
LVE YT el

WJbd 58 50 b 658 5 (ROS) Jb (50081 sla 4555
O3soder AnSly (-002) sl AnS) L pw s )
S 4S5 (ONOO) s LuS)y (H,00)
Sifnid > K sl s )l b 4 (ONO)
Sl e s Gosse S b S
(F35 B it ol (i L ROS asdiSn

8 5-fluorouracil; FU-5
% thymidylate synthase
*? Capecitabine b ot , Xeloda®

1 taxane

Gl ol JUSI pgteanslS el b el 3l
Va5 psienn)lS Ol s O3l e 5 (Ohlews ) Ao ys 00 =VO)
JJES1> pyeslS b e (hlo Aays 0-30) el
b Obleg able 3l 45 506 lpe sl 5 bylis Y
LY s e S35

attn Qg O 5556 3 (JoSdse ol Sua 5
53 L, 48 oo TWT (35 2l 05,8 LT 51 LSS ol 0
T £ N0 ARGV PR VA O C P P SV VAR
L oS Gl i) 55 S (sl Oga 98 oS
3 S5 Ay Sl 3l g S Jlab
Dpoash oS Oy AS e b Ol Gl sladhe
EROL SIS S SO igmed (S35 el 03 50552
Y eyl A Jele s JsSUse Lol G [¥]
o3l 53 glas & JUS nha,s oS S oS S
SOl s 31 Y+ 53T 85 5 ol o pig) iy 5556 0 S
Ol Oy 1l [0 553 oo 0l Dot b 5 S 58 iy
$lres;S 5o JiSse S, sy e Loy el
Vo Skl dlpdgl Al eSB o gs s b Ods el
G aib Lol o5 5 3 ¥« (HER2 les |, ERBB2)
Coblogy 7YY e HER2CE 2 (50550 03,5 0355
L6 slayse ) dte 48 4w 5 (Us )3 V0-Y +) e HER2
IYTEN0 bl JsUge Slis aw o

USan 5 5 L 6 el yegn S
[V 7] 55800 i QLI 53 ) odé 5l 5 Al alS

S dsl 4= 5o ashe Gl dlo SIS 6k
(GPCR) G (553 bk lad o (Lt oS 5 0 Jlail b
3G oblaliy 5 gladl 5> 48 GPCR 55 0l 595 0 el
Lzea (Mella W3) 555 MT1 o558 Jolss kgl e
W3 esdhe MT2 ok, S 5 MINRIA o Lus o
s MTNRIB 35 hug el )55, (MellB

Linvasive ductal carcinoma

Z invasive lobular carcinoma

% ductal/lobular carcinomas

* Estrogen Receptor a

®> Human Epidermal Growth Factor Receptor 2
® N-acetyl-5-methoxytrypamine

" Lerner



A

1Fe¥ ol oF oylods ip0 35l Sl 5T owlidd Conds j (cole dolilias

36 S S bl b R L Ol s K
O el Lipd o bl W S 4 Vsene pliad
B e O S (K e bl b Sl olse
S m b e ek Al Ll S3ge (550 3 )l ()
U Bye Dkl Sl (e e 33,5 b 0Lk
K20 S o 33,8 Sl ol s i 255 5l
b Cews bl A S g b 5 s po o 4 sy
BIRES J‘;.ale u,:;l:\:...\?sdqb <l 3 Gd@bﬁ u;j) @
O b Gl oS5 Sl Sl Sl Coeal
eamed 3 mlS GulienS (6ol Sl SIS 1 WLl Yloz|
ENTY u—i‘jlﬁ’ AL adls g L;.ALA)Q Slaols 9o ;ﬂ\ g_,,:SJJ
5 oelemS Sasls Sloss el Bl s n canllas cpl )

AL o Oy S Sad sk (555 2 5O

WS gy 9 lse

o3l 3, 90 Johuw (5la03; 5 J ko 1S

(C207) SK- 5 (C135) MCF-7 _ilb . o3, cladsbe
o5l sl 3 mle 035 58 )3 o3 304 Ol BR-3
o o3Vt (Sl DMEM CotS s 53 5 .5 8 0l
S mbosy pl ety Aoy ) "(FBS) S8 e
S apse by Ll s il e dl) 3l (6 Ssl
505 03ls S (€O, To = gk 4y ¥V (6La3)

OS5 s glachle o
adlae b sl oy ICs0 slaclale 5031 plosl g
4 48 Sl gl 5 e ICs0 A3 S eslinud oSG 5 Ol
h (Soidsm Sl S (SuSiles Cools D00 ol

(14) sl wals
X 200

AOD Control

bS5 (Cas 1n0.73-31-4) 555 sl #V4/¥F
MCF- Jgwesy 53 5 4 (Cas No. 154361-50-9)

2 Fetal Bovin serum

Sl 5 (S el lad e ol 5 as o B ol
doeSli g GMeSIET (s e 030 5]
3 s den den (SODS) (650 ¢y 55 45 4y (51835 sommsd
Sliael aen 3l 355 5 (LIl 5405 58 55 SOD sl
DS SABS (6lp (658 oy sS6sS ) SOD el il
Sl 51 5L =00, gy S 2alS o JLss 4 5 05,0
sis SOD el glas) 5l S o8 5550
sy SysSh s Wl ol el Guupnd
b 2bodSie 05S) mhaw o (S35 4 el
Jsb 53 st Sl pln D3 SLbI L ) il
Sl il odge p Cigde

< MnSOD , Cu/ZnSOD e 55 o4 35S, o3
S Sl gl oslael V] Cl sl Cans o
slete s 4y edins i J 500 S 0l SIS s
-ONOO ; ¢OH H;0; Lug sdiaauly sladsSss 3
ekt el LIS by of sl xS S e Jus
S 4 ol 0 ol 508 Lo ) 2 (35T A1 g Lo
b ool Jasgte T oS Lol S a8y s S 5
ol 55T S o2 5 JS3l) S o 4 ST e el
OS5l T sadssn b Caps s il b Ll e
Sl 530 denST g (g hnd Sl ol s 4y s
Wl 5 &S 135 05550 S |y s 5 a5 s IS
s Slaedile 3L 5 o133 0855 b [W]AS Sdssdm
davly Wi 08l AeSlage GESS L e
3055 LS s 5 b sdate Gla s 5 0 el ) phd
ST 5 5 WLS o Cagd atad STy S e o
Sl ol ol GLAS (Lo Dl 4 ST g ol |y oSl j2d
5 LS s, 3 ol 0SS s A oS
e SS e 5l S0 (S 0se b et b slasles
3 0587 Ay g 23 IS Jass oy 5T 050Dl 55
Uslats 48 ool SUS-Y Jsipd Jetilid 5k Jlab 31 b
%] 45+ Jui |, MAPK ; PKB

Gl gogs Sl sl (S ulinS (55015 O e

c‘\q::gjw €33y a2 cdf,iw;'- ‘\«-*'-’-“j':i cL@L&‘ QJ‘) Cowd )l

! superoxide dismutases



0 9 L ot [ gito HER2 g (SK-BR-3) cutoe HER2 (Jglw slaos; (595 crigidlo 9 cratliomnS (slog1s plgi (Simunk g 1 A

r‘}}' oslaul B J.:-’L:':""’:S) u:‘}ﬁ"" ICs50 cLale ,1:.«»}5
JeST g Oae N lasad 3 Sl 0l wiln g Wagl )
)UM') Jz...\S‘ #)MJ.&QDJJTU&J))M =P GLA )J).UMJ
C,.uv‘ ol ab)jTLhdjLw =P GLA BL

o & e ek 035 53 58 03 bS5 (e
SK-BR-3 5 MCF-7 sladshe ;5 SOD glps sls_sins
M»SJ:: g:,.w‘ oy (Jj«s) IR ] )L«:S LSL&J}.L.-' 4) w
Sl s |, SOD plize by G i + 13550
wdl (P-Value< */+0) dib o s sne o sl 5 Sl
03y 3 st SK-BR-3 _Jylu 635 ;5 SOD glyee il
2t MCF-7 _J,Lu

Zz .
S 7S 4o 5 Somy
3 A b aS 5 0 Ml bgolen 3 255 @ ol
LL‘J"‘)‘*‘)SJJ°MWLAJ)L”@:J’;:FRL€J
5l 3 S ol o GaCend ple sl foes b
ssbos 31 (o255 Ol ol s 2358 AST S5 dizr 4 L
ol gunaib Gl g5 Vot Sl e apd e a8 S S s
ol 1y ol pleze sla Shs el 5550 il oo
Julsl ladshe 51 Lol o 51 doys AD 350> das o
SO s L o Shuai b o)l Gl @ 5 4B S Lo
3 ek (azmale lgmeal w5le) 3550 ladsho 5 A6
o.,\.\_'.ALa rm»)ls‘yj (ul:\mni 3@) Ls\o.k.'a CJL} LSL“OU’J""
LY Tl sline sla S5 s 0l o ctlises g1l 558 e

Dl Ol o b elis (5l 3550 oo Sla sy I
ol el “ 536 034 dub- dp)b& 9 Q‘;‘ «hls
J.v)da wT)?: (JL«: 6Lhd)l.w LU abj.:} ‘_5.:‘.19}4 LQLMJ}LA
ool cpl el e Sl gla gt o) e Luly e o
LYV Klasls ol

Slp a8 el Joiyos 5556 (Sl 6010 S ulimnS
[YY] )j.:vdn oslaiul odmse dLbjm B “‘_;ias &LA\)) u‘?‘:"
Sollie Gl gl o (KeS Oloys Gl g)ls (ol eoeen

Zadjuvant chemotherapy

Sske 035 53 #VA [0V pg/ml 5 0\ mM glackls 5 7
e Chle gl ol 3l S (rizeans SK-BR-3
S35 o S (YFA/F pgml ™) S 5 (V04 mM)

[V4] .5 S eslizul 5 ags Lad gl

B T =L [P I
L5655 Nasdox ™ CS 3 o ) el g
3 S eslitul Coodw

53 Jskas V7 il (ool i8S Lames slate ol gl
235 20 gole 5 e S ok Bl aiBs Y Dke @ ps3 At
00 atns S PBS 5L Lok (ot 5 (sladshon .l iy
Al 10L badshas sl LSS o)l 55 S Al 1
Wl ool 58 ey Doyslame 53 akd> V0 Do 4y oS ) 3L
409 VY ) &l Spk Sl 3 oles badgle Sulg 5o
b oslitd w508 Ol 4 sy @be O 5 (4835 0 e
A bl V g b 5 4 e bl J e

BTG o pla) 5o U8 5 &50d (58 2o SN
AOD () ye 4 bagl sl - Sl 5 515 aids ) aluols L

W3Sl sl 3550 ) Jse b5

SOD activity = AOD Test

(U/ml)

o 53 S g g saals) 53 eslinal 550 (Slacs e =) Jgd

3B semmd ST o

| (R Jidy [ (alyst gy Sy
. dee Gy
Your Yooo R1) & by
dee - DW) s3aps o

Sl s ) e g 04 L0l agidy sl 1 3 b g e

dee dee (R2) g 62

FagbFY- oo Jib 0 Sl

Ry U‘J:‘ R e NanOXTM g;.:s .E...«js axJlan gJ'.'.‘ B

e 3l s 50 S 035 53 3 emssdnS]

! Supernatant



&

1Fe¥ ol oF oylods ip0 35l Sl 5T owlidd Conds j (cole dolilias

053 Olin i3l plosil Gl Ol 53 50 3T 2 e
53 e glays 3w MTT g, 5l eslinad b ok Sle
QI3 e s 5SSl e w8 aw Sl w sladsle
DB 0Ls e b ailysy 5 Lkl esls 53 s ge 5o lad sl
el GV ho 1) (a0LST Ll s 5sdle s S
a4 Mo sla bse (p< +/00) Al badshe Sleeds)y Jals
3 2505 IR a5 als GLAS 5 5Me b jlad S Gl Ol e
YA S5l day dals Sl b amglie 3 (Ki-67) Joo 25
Olys o 55 (p <0/00) Cowl 4Bl S pleys )
Moo 0 rzeed 5 Jobo 25 5 5058 L) Sl s (350
LYVT 3ls gL 1y sls sme e 3 5550 551
S e 4 YA DL s ohlKes 5 Shen asllas s
s Ll Sl Ao (5003 b e S eslinad ol
el o Me 5 ol (2S5 Oloss 48 3l L5 agl
st SIS LB s S e Sl o SalS
580 53 Sledd b e 5 bl b S5 0less
G 5 35l SRl ROS W Sl b (g,aS e
S das e olis bagl slaanl (IS b 4 .ol ol e
Doty b s (S5 wsle G st & Sl i
Bl a1y o ol Sl 31 a8 S 55 03,8 513 oslinad 3500
IYA] dlsu o 30 1y (oo Sl 5 il o0
Jle 53 ohlKer s WU Law s 45 (6,505 alis andlas o
5 eslind plojer Sy & Sl @3S il YeYY
sl @155 Ol 9w sladgh s MA-Y 5 55
P B b s b les sls lis andlae ]
5 bl & wly s 4 b Ol ol sl 1SS
eaeed 3 SalS IS8 LUls wsls Jrals (P< 0 [40) ey
W badsbo 555 0 5 (P< 2 [0)) Sy |y Jokor O g
@ 2 @ s gleys amen (P< o/0)) Sl 03 S
ok s ols a0l 1y Beclind 5 Bax gl 5 JG 55k
W eeMe gloys b awslis 55 ls als |, P62 5 Bel2
st JB sk 4 MA-Y L ohas 553 gless o oles
I, E-cadherin s Bax LC3-II/LC3-I Beclinl ;L.
o) sls 3l 1 Bel2/Bax cowd s Bel2 gl ials

S Lol Wi e oS A e (s

ool o s T plaS 5 n e SLal 5T 31 esliad 31 ey
pyrotinib dsls ;K5 slasls b S5 53 wlimnS [YY]
Slle Gy 3l o yle s 1, lapatinib 5 neratinib
S5 mzean [YOLYY] il ol oslinul Cie HER2
i HER2 4lb o 5le s 5 bevacizumab b ubinS
DT Gl o3l 2alS 1y 5131 cpl 53 e 5 Sy g ok o3liz
05l OHSen 5 Masuda Lo glasllas Y4V Jlu s
HER2 (ylaws s s h1s 3131y oS Slo s 31 )
O 4 Mo Slay AV anlllas ol s W23 S plowil ke
b oleys ond 33l cpl s oy ie HER2 (i
(53,0 b ST SOl 5T) dos g o3l plosl |y Cilgmaly
Solo pde Lolyan Sle oy oS ol 9L olg o 5 4 520
TVEIN) 35 7S 05,8 3 iy Gl Lol Lo ys 09 S 5o
A 3 SVsb ol 05 5 50 NS lay (LI Jlae

LXYT (DAY S Jolis 55 BAIY) 54 J S 05,8

4001 ’ d
b b & m cono
230 & Melatonin
E \\ ' K1 Capecitabine
2] N B
N Me + Ca
0 N
0 \ g
? 1004 \
N
NE

MCF-7 SK-BR-3

S shor S35 g 53 35 o A s gon Cdlad Gl =\ g
S5 5 oM (mlieanS b 5les 3 e SK-BR-3 ; MCF-7
Lo > i § )3 LS5 ICs0 il o me jo adshe gl
il o P-Value<+/+0 c]a.d 23,15 gme gl (godias lis Sosline
el 1Ca (5 :Me
* p-value <0.05 & (n=3) (Bar: Mean + SD)

Jlo 53 oL 5 Jardim-Perassi Jls olyie 4 Ll azls 5
abos S Lol Gly ARELT adlas G (Y0 NY

Lanthracyclines
Z taxanes


https://ascopubs.org/doi/abs/10.1200/JCO.2020.38.15_suppl.1003

0 9 L ot [ gito HER2 g (SK-BR-3) cutoe HER2 (Jglw slaos; (595 crigidlo 9 cratliomnS (slog1s plgi (Simunk g 1 o

dalie 53 Sl ladsl 5o S )5k 4 SOD .l
5 Oberley Lawy M3 o5 (ol 28 T b ollios b
o ) i Ol a5 UG esls QLS g el w5 Buettner
ol gl 55801 4 |y b (Gl s slad sl 55 SOD
s ol addlas 55 VY] Wl S e 5 ank sladgle b
S5 2 il el Oless e 4 bS5 0 SMe b ple o
okl Sl gladsle 55 SOD Sl pms [l 4 e
SOD @L:Jﬁ;)’uls%,:_g:y ) e 5 e o Ll
ol 3 5gn
S5 53 ol plg ool 3 Sladllas 5 andllas ol b

ﬁm%)adnﬁdwwgwbsui.a&qﬁw

335 0 555 ol il SIS malS

3L

[1] Bray F, Ferlay J, Soerjomataram I, SiegelCF'?L,
Torre LA, Jemal A. Global cancer statistics
2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185
countries. CA Cancer J.Cli. 2018;68: 394-424.

[2] Waks AG, Winer EP. Breast cancer treatment:
a review. Jama. 2019; 321:288-300.

[3] Corben A, Pathology of invasive breast
disease. Surg. Clin. 2013; 93: 363-392.

[4] Joshi H, Press MF. Molecular oncology of
breast cancer. The Breast: Elsevier. 2018; 282-
307.

[5] Wolff AC, Somerfield MR, Dowsett M,
Hammond ME, Hayes DF, McShane LM,
Saphner TJ, Spears PA, Allison KH. Human
epidermal growth factor receptor 2 testing in
breast cancer: ASCO-College of American
Pathologists Guideline Update. J Clin. Oncol.
2023; 41: 3867-3872.

[6] Bourin M. Physiology and Pharmacology of
Melatonin.  Psychiatry and Neuroscience
Update: From Epistemology. Clin. Psychiatry.
2021; 4: 261-277.

[7] St Hilaire MA, Amundadottir ML, Rahman
SA, Rajaratnam SM, Ruger M, Brainard GC,
Czeisler CA, Andersen M, Gooley JJ, Lockley
SW. The spectral sensitivity of human
circadian phase resetting and melatonin
suppression to light changes dynamically with
light duration.Proc.Natl. Acad. Sci. 2022; 119.
22053-11109.

[8] Oishi A, Gbahou F, Jockers R. Melatonin
receptors, brain functions, and therapies.Hand
Clin Neurol. 2021; 179: 345-356.

S5 s sy MDA-MB-231 gl ol o sladshe
S5 2S5 okd S 53l s 5 Slamlin 5 Sk
Sladshe Shalie 5 Ly 2 1 5N Golee Sl Ll o
LY 4] a8 ol Gl ol

3N (255 M Y XY dl s oblKes 5 Godoy
alllas 55 il 3l 9w sls Sk Alpelisib
5 MDA-MB-453 « s 5lis MTT _ioeuls of
WL3ls oLas Waeg S aen o 1y Jolo Sleesy ,ials T-47D
5 osshe b osdd les MDA-MB-453 5 o354
s mTOR p-AKT PI3K el Dose a Alpelisib
bk ;s Melatonin + Alpelisib b sl s 3 o HIF-1a
ol Lai e T-47D 5, MDA-MB-453 _J,L.
5 MDA-MB-453 (sladshes 55 Lass S plas 3 Y=Ll
b S 53 I ol & (i Gl T-47D
Y154 55,0 Alpelisib

UGl b ot (oS5 Joe 6,50 adlllas 55
Sy sl 25 Il 2alS & ABT-737
GassS M5 A 5 6aSse ol Ll JialS
ol b ol 58 S8 Jsi5mw Cay 5 (ROS) Jlab (y5enS]
e Sl e adsl slgiio 3l sl cpl 4 amils
oo Oy 4 5 das )l Ol s Ola s sl SLlie Ll
s a8 55 ol plays )3 eslinud 3550 lagls gl
D] A4S e Colem

oL MTT 3l ol ] 0L 5 Shayan asllas s
oS — Mo oS5 5 Gl (ko Jlgs G oS 515
33 o) gl ealinal (pimeen 5 315 35y (6 Kater SN
35 g O (oS5 s Sl iy Sl 4 omte S5
ol & (5olge SIS 3l gedias olis CT jalie
TP W CIRPPUE S5 WRC ISP G Y I W
Wl S5l ko Syo 3,50as 53 oge S5 5 Zeod ol
JS 53 s (5 2 ol mlinS = 5N L (S e
oS = 5 5 GEL Jil S a8 ol oLl s
Bax/Bel-2 5 5LulS a5 arly 555 00 J 58 Cod Llg e
V4] sl

! cytarabine



A

1Fe¥ ol oF oylods ip0 35l Sl 5T owlidd Conds j (cole dolilias

[9] Franco PI, do Carmo Neto JR, Milhomem AC,
Machado JR, Miguel MP. Antitumor effect of
melatonin on breast cancer in experimental
models: A systematic review. Biochimica et
Biophysica Acta (BBA)-Reviews on Cancer.
2023; 1878: 188-838.

[10] Carnevale Galeti AO, Oliveira JG, Pinheiro
MG, dos Santos MB, Colombo J, de Almeida
Chuffa LG, de Campos Zuccari DA.
Verification of agomelatine in comparison
with melatonin as a therapeutic agent to treat
breast cancer. Melatonin res. 2021; 4: 141-510

[11] BonmOOati-Carrion MA, Tomas-Loba A.
Melatonin and cancer: A polyhedral network
where the source matters. Antioxid Act. 2021;
10: 210.

[12] Talib WH, Alsayed AR, Abuawad A, Daoud
S, Mahmod Al. Melatonin in cancer treatment:
current knowledge and future opportunities.
Molecules. 2021; 26: 2506.

[13] Thomas D, Zalcberg J. 5-fluorouracil: a
pharmacological paradigm in the use of
cytotoxics. Clin. Exp. Pharmacol. Phsiol.
1998; 25: 887-895.

[14] [14] Lee JJ, Beumer JH, Chu E. Therapeutic
drug monitoring of 5-fluorouracil. Cancer
chemotherapy and pharmacology.
2016;78:447-64.

[15] Schwartzberg L, Vogel W, Campen C.
Methotrexate and fluorouracil toxicities: a
collaborative practice approach to prevention
and treatment. The ASCO Post. 2014; 5: 345-
368.

[16] Griess B, Tom E, Domann F, Teoh-Fitzgerald
M. Extracellular superoxide dismutase and its
role in cancer. Free Radic . Biol. Med. 2017;
112: 464-79.

[17] [17] Keith CT, Borisy AA, Stockwell BR.
Multicomponent therapeutics for networked
systems. Nat. Rev.Drug Discov. 2005;471-
480.

[18] Alzahrani SM, Al Doghaither HA, Al-Ghafari
AB, Pushparaj PN. 5-Fluorouracil and
capecitabine therapies for the treatment of
colorectal cancer. Oncol. Rep. 2023; 50: 1-6.

[19] Shayan S, Takbiri Osgoei L, Javani Jouni F.
Effect of capecitabine and melatonin on
HER2+ (SK-BR-3) and HER2- (MCF7)
human breast cancer cell lines. Trop. J. Pharm.
Res. 2023; 22. 1387-1393.

[20] Blackadar CB. Historical review of the causes
of cancer. World J. Clin. Oncol. 2016; 7: 54.

[21] Ashig MGB. Breast cancer treatment by
nanophotolysis Approach. Results Phys. 2018;
9: 982-986.

[22] Zhang Y, Yuan Z, Shen R, Jiang Y, Xu W, Gu
M, et al. Identification of biomarkers
predicting the chemotherapeutic outcomes of

capecitabine and oxaliplatin in patients with
gastric cancer. Oncol Lett. 2020; 20: 1-10.

[23] Lluch A, Barrios CH, Torrecillas L, Ruiz-
Borrego M, Bines J, Segalla J, et al. Phase Il
Trial of Adjuvant Capecitabine After Standard
Neo-/Adjuvant Chemotherapy in Patients With
Early  Triple-Negative ~ Breast  Cancer
(GEICAM/2003-11_CIBOMA/2004-01). J
Clin Oncol. 2020; 38: 203-213.

[24] Saura C, Oliveira M, Feng Y-H, Dai M-S,
Chen S-W, Hurvitz SA, et al. Neratinib Plus
Capecitabine  Versus Lapatinib  Plus
Capecitabine in HER2-Positive Metastatic
Breast Cancer Previously Treated With > 2
HER2-Directed Regimens: Phase 11l NALA
Trial. J Clin Oncol. 2020; 38: 3138-49.

[25] Xu B, Yan M, Ma F, Hu X-C, Feng JF,
Ouyang Q, et al. Pyrotinib or lapatinib plus
capecitabine for HER2+ metastatic breast
cancer (PHOEBE): A randomized phase IlI
trial. Am. J. Clin. 2020; 24: 34-54.

[26] Lang I, Brodowicz T, Ryvo L, Kahan Z, Greil
R, Beslija S, et al. Bevacizumab plus
paclitaxel versus bevacizumab plus
capecitabine as first-line treatment for HER2-
negative metastatic breast cancer: interim
efficacy results of the randomised, open-label,
non-inferiority, phase 3 TURANDOT
trial.Lancet Oncol. 2013; 14: 125-133.

[27] Jardim-Perassi BV, Arbab AS, Ferreira LC,
Borin TF, Varma NR, Iskander A, et al. Effect
of melatonin on tumor growth and
angiogenesis in xenograft model of breast
cancer. PloS one. 2014; 9: 34-45.

[28] Shen Y-Q, Guerra-Librero A, Fernandez-Gil
BI, Florido J, Garcia-Lépez S, Martinez-Ruiz
L, et al. Combination of melatonin and
rapamycin for head and neck cancer therapy:
Suppression  of AKT/mMTOR  pathway
activation, and activation of mitophagy and
apoptosis  via  mitochondrial ~ function
regulation. J. Pineal Res. 2018;64:e12461.

[29] Wu D, Zhang Y, Tang H, Yang J, Li M, Liu
H, et al. [Melatonin inhibits growth and
metastasis of MDA-MB-231 breast cancer
cells by activating autophagy]. Nan fang yi ke
da xue xue bao = Journal of Southern Medical
University. 2022; 42: 278-285.

[30] Godoy BLV, Moschetta-Pinheiro MG, Chuffa
LGdA, Pondé NF, Reiter RJ, Colombo J,
Zuccari DAPdC. Synergistic actions of
Alpelisib and Melatonin in breast cancer cell
lines with PIK3CA gene mutation. Life Sci.
2023; 324: 121-208.

[31] Lomovsky Al, Baburina YL, Fadeev RS,
Lomovskaya YV, Kobyakova MI, Krestinin
RR, et al. Melatonin Can Enhance the Effect



0 9 L ot [ gito HER2 g (SK-BR-3) cutoe HER2 (Jglw slaos; (595 crigidlo 9 cratliomnS (slog1s plgi (Simunk g 1 oy

of Drugs Used in the Treatment of Leukemia. [33] Masuda N, Lee S-J, Ohtani S, Im Y-H, Lee E-

Biochem. (Mosc.). 2023; 88: 73-85. S, Yokota I, et al. Adjuvant capecitabine for
[32] Dhar SK, Clair DKS. Manganese superoxide breast cancer after preoperative chemotherapy.

dismutase regulation and cancer. Free Radic. New Eng. J.ed. 2017; 376: 2147-2159.

Biol. Med. 2012; 52: 2209-2222.



Journal of Developmental Biology 5
Vol. 16, No. 4, Autumn 2024

The combined cytotoxic effect of capecitabine and melatonin on HER2-
positive (SK-BR3) and HER2 negative (MCF-7) cell lines of human breast
cancer and measurement of superoxide dismutase enzyme activity

Shayan S.!, Takbiri Osgoei L.2", Javani Jouni F.?

! Department of Biochemistry, Faculty of Biological Sciences, North Tehran Branch, Islamic Azad University,
Tehran, Iran

2* Department of Microbiology, Faculty of Biological Sciences, North Tehran Branch, Islamic Azad University,
Tehran, Iran

® Department of Biochemistry and biophysics, Faculty of Advanced Science and Technology, Tehran Medical
Sciences, Islamic Azad University, Tehran, Iran

* (Corresponding author): layatakbiri536@gmail.com

Received: December 2023 Accepted: January 2024

Abstract

Breast cancer is one of the most common cancers diagnosed in women. Melatonin is a natural
indole amine synthesized in the pineal gland. A large number of studies show that melatonin
can be an attractive candidate for combination therapy due to its antioxidant and cytotoxic
activities. It was hypothesized that melatonin in combination with capecitabine may show a
synergistic effect on MCF-7 and SK-BR-3 breast cancer cell lines.

To investigate the effect of the above medicines on the level of superoxide dismutase enzyme
activity, It was performed alone and in combination, on cell lines. The results showed that in
both cell lines, the combined use of two medicines led to a greater increase in the activity of
the superoxide dismutase enzyme. The synergistic property of these two compounds is clearly
evident in the results of the superoxide dismutase enzyme. The combined use of these two
compounds leads to a reduction in the dose of capecitabine. Which will result in reducing the
side effects of this medicine.
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