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Introduction: Cancer and its treatment remain among the major challenges of

Keywords: modern society. Today, nanoparticle-based techniques are widely employed in
Breast Cancer various aspects of cancer research and therapy. In this regard, graphene and its
Cell Culture derived nanoparticles, due to their unique properties, have found extensive
Graphene/Cobalt applications in different biomedical fields. Therefore, the present study aims to

Oxide/Neodymium Oxide synthesize graphene/cobalt oxide/neodymium oxide (G-Co3;0,4/Nd,O3) hybrid
nanoparticles and evaluate their anticancer activities under /n vitro conditions. The
efficiency and advantage of these hybrid nanoparticles lie in their greater potential
as anticancer agents compared with individual nanoparticles.

Methods: In this study, the synthesis of G-Co0304/Nd,O3 was investigated. The
physicochemical properties of the nanoparticles were evaluated using DLS, XRD,
FESEM, TEM, VSM, DRS, and FTIR. In the next step, the anticancer properties were
assessed on MDA-MB-231 cells.

Results: The results showed that G-Co30,/Nd,O3 exhibited an average particle size
of approximately 25 nm based on XRD analysis, while a hydrodynamic diameter of
about 425 nm was obtained from DLS measurements. The zeta potential was
determined to be around —17 mV. In the MTT assay, the ICs, values of the graphene-
based nanoparticles were 3.6 and 0.33 pM after 24 and 48 hours, respectively,
indicating 3.6- and 1.6-fold higher effectiveness compared to nanoparticles without
graphene. Moreover, mitochondrial membrane disruption at 100 pM was
significantly higher than in the control group.

Conclusion: In this study, G—Co304/Nd,O3 nanoparticles were successfully
synthesized and characterized. The results demonstrated that graphene-containing
nanoparticles exhibited stronger anticancer effects than their graphene-free
counterparts, resulting in increased production of reactive oxygen species and
disruption of the mitochondrial membrane. These effects, which were both time- and
concentration-dependent, suggest that these nanocomposites may represent a
promising option for targeted breast cancer therapy.

Nanoparticles
In Vitro Study

Copyright © 2026 The Author(s); Published by Journal of North Khorasan University of Medical Sciences. This is an open access article, distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/)
which permits others to copy and redistribute material just in noncommercial usages, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.22034/nkums.18.2.35&domain=pdf
https://dx.doi.org/10.22034/nkums.18.2.35
https://dx.doi.org/10.22034/nkums.18.2.35
https://orcid.org/0000-0002-9984-3416
https://orcid.org/0000-0003-3864-172X
https://orcid.org/0000-0002-5695-8934
https://orcid.org/0000-0001-8298-7221
https://crossmark.crossref.org/dialog/?doi=http://dx.doi.org/10.66224/nkums.18.2.35
http://dx.doi.org/10.66224/nkums.18.2.35

i o ool (oK 3 ol oS oo

I S? I 1Fe8 bl <Y o 3l VA 0490

S | 1039 gad / (C0304) S| CILS / 81 5 0143930  Ibdaduion o o
W09 Bz 53 T G s sCWlad (b5 g (Nd205)

).a.,o‘ c\c)Lo..x.o ) “‘)st‘ ‘54).,; )L..Q‘J ‘ va@ Oy doZoduw ¢ \L)L’M J-».C—Lo.w‘
Y soual dgeme Fooljsaisl ele gl Jow JBgSs Tyl B 8 yliw ygeols

Ol it (b8 (S35 psle olSails ccudls dansgs 50Sinssy o Joge 5 sk Sligins 55 50 Lol

Ol eomlie yots (ol 0 Sy psle olSails (g3lug )l 5uSails ( uSiigrloyls 09,8 Loliul

ety S 5y (S sl oSl ¢ spoedils lindind aiaS ¢ puliioms 5 (S3l5 o 6 095 c(3lg o (sog0s (55155 syl
ol

Oyl ewbie jois (B 0,0 (S pole olSiils « Sldé dlge oMl ilidios 35 10 ¢ boliwl |

Ol e oy 5 olSetils ( Kby pole BAKtls o caslipms 09,5 loliusl

(O 5arp S5y pole RS ()l pole 5 silug s B «g5ls (S55I5STsm 5 S35 Lelb 09,8l pulid ST
Olnlosle

Ol b o 1S 500 (S5 psle oSS (S jo 0 oDl Sy o J5Sse (S Dligid 5 p0 o Lotils !

Ol el i (O 30 (S pole olStils cgjlugls 80Kl « culidipms g guolidip s 05,5

combes 0 (B 50,0 (S pale olSaily o(g3lwg lo 0aSLasly ( cwlids pus g (owlilig,lo 09,5 (gl Sgee 1) ghumo o.a.‘........g.g.i**
m.omid1364@gmail.com : ! .l 5!

DO01:10.66224/nkums.18.2.35

ouS> VEF/ANF el yo & b

a5 S35l e SLCLESS w09yl el e Anal> Bes sla e 5 o o loys slosbs, § Gl tdoaiio VTNV Gl &0l

(Lo B dypamie oles doas o] 5l Gt Sly36l 5 81,5 (lee ol 50 Aigh o ool 08 S & jgods b calie

ST 3,5 S 5 393 i il Aalllas B el iy 5yl Kb peen; cilien (slaojem 53 (sl 1S (slao S (eels oSl
ol g g a5l g bars 55 (il ks sloallad oy, jskaieds (G-C030/NG:05) waayagts dgmSTdlS v:;i”:“
el 8500 S350 b dlie o Glb s LS 5 Glgieas oyl iy Jesly (oS 5 l,340 o

’ ST 81,5 2l 396

FESEM XRD DLS (claSi5 by &l 35l cilien plss ansl 0 oo 53 G-C0305/Nd20s 5t anlllas o) 0558 it oSt

A omsy s MDA-MB-231 (sla Jsko (55, byt olss cns Al o 1 i 43, FTIR § DRS.VSM .TEM . sy clallas
b8 DLS 5051 ;0 5 yiegil YO oga> Liwgie 55l XRD 5051 ;8 G-C0304/Nd205 a5 sls jlis uls :bbaidly
Jaie MTT (ya051 58 ael s a0 g Lo =VY 0505 55 Lol 5 sl Jlade .aiyls yiagil FYD g0  Sealinog,oun
S 555 plp VP g VI oS pa oS 59 Vaeg S +IVY o #IY i gy cels FA o Y 5y 2815 &l 306 6l ICso
WJyS 09,5 b anslio jo VsegyS Ve e CllE 0 (g S gt slid )58 (nl pogdle 0o S Jee GBS gus 34l
RO Pt | ‘_g)b@.m seba
65l> Q|)$53U as wsls UL...: @L.; PN @L«JL«J 9y k:A:.AsjA L G—C0304/Nd20s Ql)Sy'U (OB Q;" 5o ‘S,fu.w
O5eeST Jld slaaisS adgs il el a5 slaigSay ils (55558 Sl ywas 51815 oy sladiges b anglio jo 315
Oleyd o (idusg S Glsiedr atlp e WlE 5 loj 4 iy Spsoa BT Gl ek (5,08 5 slad bbb

Aoddo
555 ez 535,50 e 51 (55 SIS 5 e Jole S Wi 5375 4 Bsks pABUES s Sl oloye

\id


https://dx.doi.org/10.22034/nkums.18.2.35
https://orcid.org/0000-0002-9984-3416
https://orcid.org/0000-0003-3864-172X
https://orcid.org/0000-0002-5695-8934
http://dx.doi.org/10.66224/nkums.18.2.35

Ol 9 b oo

bng S puds 45 098 oo ol (S5 Slakad 4 Joho 9 50
oiSly 4SSl g gl oo Bds Lame 5l g sanaly oS
wlis; GeSlee joba (Ll (55 098 Slml (g BB k!
sy ol igpise Om 3l sl Gk 5l sbe o )lles £ 550
&S 50,0 .l (5590 (Homeostasis) sl Jolss Las> ol y
S g badl bl 4w ) Seuml b e Gl
S5l o L DSl aF Jle s wed e e skl g,k
298 ol oz waled o g badeke digy 0 2SS Sel Wi oo
oSy alasl S W) 5ee] W0l goasie Julse
(owany slatigic b slos daandl glgl dacnlS gt dagyge 50
Jsbos U515 oS Cle 2153 0 06 Copmg o ey SgmaS
Sl Gk 5l aslgioe Jelse cnl 51 Sy 0T S
Sy 15 el Glapters Giladld 4 (ol J5SUse
LIV O] wsd e Jshos onisis a0l

el g0 (659095 505 oo (slagyy b lad e b Glaid
$laygeg 65 IS ale 5o g gl pALJRS 2S5
ok 05, Jloe daly (b Sl 0 ) cnl g e (Slb
21 Gy eadisiyalin S e Glall s ossscasl DNA ooy
5 o LS PI3 05 epy cal ol Sl s ees
W opgi909,S (595 45 Saml y9ag 89S loe slagy cn orbaislis
b saip g o) b Yovve dga Jsb )5 cpl ol I8
Olsiea VAAY Jlu ;o a5 P53 (5 .S e oS 1 ancelagul YAY
3 b jeba b ABlS e (eSS P g €l JoSUger
bl G slore o (Gl Sl (6 S ol 9 (S 85 2 0l
SEon PIF 05 ST Gz Sen oge S (e
) 095 (xmlo (Aladlome o Slos Lgiias 45 9 o0 395 (orerbo jus
590 aluly sy eedais jo PSS el aSl was g0 s
S 5 JoVe Sloys 15 (olBo 4 Sundy (nl Sedoe
O Saons |y Joho 5 3580 e (oo o J 0S5
S P PI3 05 53 Gy o5 leols LS e 83 o0 B3
O OpSB 09 o osalie pludl Sl slacdl 5l a0 74
Sep as wload (555 5 plelid jses oS o 03 £5 YO
Oty 590 5 635 sl g (Jobo 05, J 5055l (oo sl s 50
[E] ALl s

05U & Sl oz g (Joleaiz (5)lem (295 Olim Ol
ooy Ol & (oole pboar ()T 39 50 (s3axte ylas Jalse (2K
55 05 cedbes slassgd et 5 S olon nl [V F]
YA Jlo s ondypiie ol Gobolyy asToo o 4 olgz sl oo
Mire Gl Gl 4 Lio posl jos 53 585 (ygeles 93 990> (5o
S8 Kasl 5l e g 50 T 5l s ys FAID dga a5 wiloas
2 ol 3150 S 51 o ps YO sgu (liny ol [V 0] wisls
Ol 0 Ol 5 (@l (Jdo (e 4 5 09 0 Juli |, (L5
WA by ooy glsie b )l onl 5l e [VF] ol 0
ole pae b (Triple-Negative Breast Cancer; TNBC) it
Sl Jlojanl 0, 593518 805 1.5 5 (9 o 39 ] Slooss 5
Oldllas 51 Jol> anlel gl oo axie (HER2) Y g4
b aalio )3 hie Bl5an gloygags a5 wimd oo (Li5 Sl gmass]

Yy

sladsls (L8, mas 5 Cale o a5 (oS oy I Ll
Sy ses 805 oo (sla)g o 3ol Jals s (285 Gllo oo
ok oadgnyaslin Sy b baiye sloyy 5 DNA caSpe s
sladsho was £ Joho )0 (Sl Gz S 85 (S )ge 50 Ngd oo
Ao 5 Ngha Spnie 395 Syilyried s | orerb
My Bo Sl ladshe Coomar guyiar iz slojgiws
Jsb b glosl oz 5 b (aled Jelse pogdle aisS o
OB by (55 5 592 )3 55 s iSL g b g g colisS e
5o Lol cslaials sg2g i iolag 5l 5la s s wai )l o5 LB
5 Shr ek 0 GxNeir glacdyan Bl des s
He 330 (o) 2 Bl leia & 0 Jol> (J5Sge (bt
Sgap e aSh w00 S pal 3 1) Slee low (0l SlopesilSe
ol o ol gt plays 5 plRieags ais o pSeds
s Sp 50 aplb s glgil jlas e B0 5l Gier ol 50
oz 5 ohlen BTk 5 s leys BB sl S 5
DF] sl Grali¥l slabimdo LG jsboay al

1y ko el 5 03 a5 ol (galls 5 gl 5 355551555 2
S oo Wl oo B (Jobo B3z Jolu Lad> 0y J5uS
Wad &) (Ogmlige) (S5 G o) cnl o S5k (Jlenll
05 Ol skt Rl o i l s e i (55501 &
Sl Wigigo o5 05 o sk 03y dugy 0 Sy cdmt 40 9
g8 2aSs G (o9SU 0gd mie o she (b Sl e anl
Sy a8 wlad glulis Jolo bz slaaisS jo (555)
Sy 9 jop 50 Dslite (JoUge lope Byb I wilyi oo
[0-Y] awsl axsls 25 o o

5 bonSsn My Joie (b b caiSpees slag
s 1 o] lop)] pee i 9 53l 2l &5 s lae 5]
F b g w0 Wl Gl (28 (oogi) Cusled Lad> )3 la)j
09> &S g e Jlpnll Wgd oo Joho y3 Sikas sl e goas
el 4 0B Ko wigh (S) ez g edilSees slag)
2 g srmb sl o wily s slag (S5 slave]
Slys g sl (Al wiile) (anme Jalse (o 53 polie ©)g00 Jobo
sbul 4 &8 w)ls J1E Jobuygre Sslie slaanlp g (bt
S ekl iz 0 2gdise zie DNA Lo 55, S (slacan]
P 2 F BB b oaiSeae s Slagatign She 3Sles 4
Sl 0ad (Glulid 0aiSoan i (g n £9 (o 3l G ST oo
OB gk (a9 5k Bad> g (S3) slallaS Mol 3 (Sen oS
So Sl G aligy gk 2 0 45 39d e 03] (eSS )l (ol
ot Bl (ol 45 500 B8 oo ¢ (S il el
(Senescence) wyds; Gym 5z Cesl Saw Joko cigid muoy
Sl &5 a4 bas L (Apoptosis) eadisiaely S e
[A-V+] w4 (Carcinogenesis)

oSy ply s Jsbe (885 il 50 5 5
Sygot Jobo il Gl po el S5l b sndisn el Sy
B 35 o a8l Lol (50595 Al po 5,ls 0 ]IS g diedas
S S5l Gl Jsho & b 5 (S35 slocen] oS
ENa Jsho GSalail 5 udl s dinn slid Gengl b



VPO lawal oY o)Ll A 0590 ‘@lm’b owlys (Sop pale ol isls alxo

slr Pz glanss a1, ol &5 pla Ty lo 1) S5e Jloigish
ool ren el 005 b (Shpen; g gbeop)lS
Jos Qg aloz I« S9UsS sloojom 50 03,l 85l dsil
Slogls lp @il Ll » slable dejguivgy wox
W85 4 o Jilse 5 ok lonneas slaogy 5 wiedus
Slgagil goolsils gle (nnaz plyieds GBS V)] wisd s
Slapslas el oads 1Si5 slgangs S3L ool 3ed Y e oS
o xbo bl S Ojgod SP? slaisy L ol o S
S (a0 Bl ol silaid 518 ea LS Jee (5905
Ol 95Bon wge 9 WS o0 Slml 31T 8855 811 93 o )3 00 S
(JSbES Ve e sg0m) YU eolelled Sl plSiinsl ools
(S Lz S Sy 5 SSE plp 0 ok Cuglie
el 3 8a pamie ol (al degazs il AL )95 9 Sl
Kby Slaaian; 5 Slga i tunl 5| (Ko 4 Sl ons
@oaxte Slallls [YY V) 0] 05 foas (g8 5pslidcans g
sl glas )5 o] 51 i gl g ELS oS wheals ol
3 el il (Shpcen; it glaojer )5 (slod S
oilbaieglgiden wols b sbaable (Jsbe sla)ly
! 2093 Jleigisd slagleys g Seiwgil s (S (55100 gad
ooy b duglio o b s lugl oyl a5 Canl o1 5l Sl anlsss
Ely 530 58 Sl sladshe cuglin p arde )3 wily o
[Y] wiss

3 ans sl LT o)lal 5 ey o WsT s
ks Cled @y 5 phate (2ol 5o S slapsl o] o a5 col 0 S
o970 S5 5 sl sy L woole ol ez, 13 o3l
OpSETY] ogdice wgmme bS5 () sladlglil (b
ozl elaidly dxags g i (995UgS JBI )3 (315 5 giee olge
(JREe 35 (S GBS 8IS0k g ae 31T
L7 Y] 4l alS ST G 5 ST 815 0315 g5l
ool ol 45 sl 0 s 0yl loond slo Fhs olols
el GIS L alie alipd )E sl Sl L
Cm Glasige o Dglite (gl e £55 99 9979 Jdoar (Jlcnll
LTVF] oo sales 315 51 e8p 5 5% (simy €

S5 3 slaasly Sl e wnadlS eg)S cnl Sus e
ool 5 0l 3l Wil S solgls 4y (ppdlS el ond oS
b Saibitol wige 55 b C—C (glawiss 5 pow K da,lisle
czge 5Nl laasly g8l ighoe niSile Seilaulss
A S sgdge (pa8lS AL slao i Bilul (Al
caled (olle) 5 Yo (Gl Swslie (S 02 SR
5 Slge Glyear 8 e slaplS ol B3I Lok
Ll wls o315 alie gamgs o lsle o Jodsvie 5 o5 S
IS S 78] aes e sledils Wl o] D,
IS8 @ly 50 a5 Sl BIIS gm 5 wdlgls (nl Al (sla Sl
@llojtas Cols 25800 e ()T ladlglgil Bassl
o3l s (sl cilin glisly 4 1, T e 2315 (glacypms 5l
doygims il alesl soaal 03,8 b iy (S Sl

chable 5 bSu> Sy sl Olhi sl

YA

s e W10t ol Ol leog S ny Ko
Ol by 4 bgrye oy slaJshes [VV] w6l (65 sozles
Iy Ol Oloyw 3)lae JS 5l amys Yo U ) e dg0 ke &5an
53, walas 5,50 Johw sloes;, ol o o oSS
Bl 5 ol JsSge o580 ynbls o MDA-MB-231 J,L
sor Slr Fobo 3 lalial o Joo 51 (S (lgreas (358 8355 ans
DAL g0 w2liss i ailfam pliy ol

SrSeda SY92d Aegiws by loyd (3l das wix o
aile 0ariS o conmdy 5l S sl AT (5 ek wal oud
Wlidl anwg 5550 slagles (oomgd 5 poidd wan ol
axlye g BB Glacudgaze b plies Sl sond (Jcnll
o SarS 3bml Jalge 09290 (b pwid (slag I yiion 15 e
I:se sla Sy pTBue o & wites polarsld Jolo
Gl WS e 5 Wl ladsbe 5o e sladobe ol
5l 2)lse bl g baygeg 55 (09l Ceaglie Son o (g
sloShy Jdoa Dldgl 3l Gladle o 0gdge 00nS
S Golom g obml Gl s lays o S5 (oo (Lo by paie
Sl B3lasl ailos )7,k 1) e Sleys pend sCusgasme
St wilen 99 o0 Sl lagll 03 wiz v 3 dagl S8
S gt Gl sladshe (G s i9e slazdl )y
Cowl aid iy CllagSS g 3585 e SISl i oy o
Sl ge jg095 Z8b o DB sboar Dl p3gl gdi e cly oS
L laJsSdse Jlail &b 5 Jlsd siluniedan boolren (S ool
S Shy olulp) Jlbpd iluiadan 5 (oL clagsl
by slodsho & Bds 1o 0800 ez gn 9a55 (Suslsnsed
it ] a8 @l gla s 5 oy

Sygoar ) gl wgls Bl S Gle, ol Lo oldsb
S B)lse 5lg aiS e Sl jgeg e o siaden 5
2 9,0 @l GRIEIL gl ol pogdle asalS oo Sloys (goreds
Al i 0 g Wgdoe g)lo plimgs oy 5l Ble
Oz RS L el D39 85 S mhan 398 0 i (oo
Ol¥ise b ol b g w00 alf 1) wiedan Jole b gl
13 sga 1y byl 658 locn; 5 (Sl L asle ola Sy
Wed go e g B lecen; Oldgl 1 g ks aSlxls)
Al &S5 S 0 ol G 50 S LAl (Sl slo STy
4 el (Segil 5) i g layd S 5 50 ool Qg Ss
B @ ees 639l 5 plulid sl plejee Wl e oS L ()l
e by pH wiile oS & 55 Lol 1 (S s,
S (oo 3BT gl cmlis Glej 50 5 wmd (oo Fuly (ounbliss
o g pSan cloys il il b Sldgl o IS ek
il b lleiar (Sl 2)lse 2l 5 Sl e slashe
[V 0] azas o ail)] oyl s siasgn loys (slp

Sl g G gane 5 I olgagil Gl elsil (les
los Sl 095 a1, Ol Simghy 5l (ks 4z O 5 enis it
OGS 33 pazie (oot 5 (o3 Sl Shg (Jliiul cnl Jdo
Olezed Joo ol (31,5 038 oo ol 530 Slsa 311, T 45 e
ST ol g jlow sladshes 535 S 8un (9,1 oS 5 (niz



Ol 9 b oo

(Cobalt (II, III) oxide/Graphene Oxide; C0:;04/GO) oS

o Sl Senle inh Fw gyen by ) esliad L
X-) oSl 5 Gl @55 L GO sladd g (55, C0:0s 2,350
53l b ol dgl ols ylias a5 al o, » (ray Diffraction; XRD
Sla Sy wload JSi5 g)shair Ojsod gl YO (o0&
S9SN 58y Soe 5l ooliiul b laaiged (Su3slsd se 5 s LLe
Field Emission Scanning Electron ) oS
Energy ) ST, - 65, sl 3 Microscopy; FESEM
ol 4o a5 ub axllae (Dispersive X-ray Spectroscopy; EDX

e

(Omizra A odolie GO sledd gl (55, C0304 &I,35 a0y 565
obely gwcinls 5l eolizl L GO (slaad b 10 C0304 34k 153G
1 om GO sladdyy o olel; Glacsy ©ad Gl g b (o)
ST eGiegs ol jo b csaline Cos04 &ld3gl b oo yiiig
slodsks 53, CO100GO y3oals 3l SnS gt Jlais!
3-(4,5-) MTT (y405] o (o, (BIOF10) 3o (slogidle
(dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
3 kB 5t GO L anslic 5 cujenlS sl opl a5 ols olas
psSishee Yoo Sl o a8 (gpsbay o s Jsbo Slaesj ials
Dg doy Frovga> GO sl Jsbo Sleossy olie id oo
05 5 9o Y s C0304/GO g jsnalS i (5l 45 > o
sl clale il s Sl uwns cudld il Baaslis a5
oleys @l Gl Au5E lgeds Wlg co oole pl oS ols las
I7¥] 5 aslial ol j5a

bprarosts b oabgs LS o b Sldsl (K slaslllas o
L as «ldglb ol wad juw Blusl Gig, b (CoFe2-zNdzOs)
Sl la Fhg Sl 5l wish se axslis NdS b Nd® slapl
(XRD) ol 555y iy 3l ooliinl b ocblite 5 (5515550
Fourier Transform) «,,s8 hos 0,8 oeole rweads
baigas oile )| gw pblize (Infrared Spectroscopy; FTIR
oSy, S 5 (Vibrating Sample Magnetometer; VSM)
Scanning Transmission Electron ) . isg, &,ss S9!
Sly3gil S gigtw BT a0 w,, (Microscopy; STEM
b b 5 pSs,See Vere B 00 lacdile o Nd° b Nd°
U590 SLSY (glwolil Heesl g gh LLYT gyl 5l solixul
as ols oyl gl .ab eaiws (Lactate Dehydrogenase; LDH)
ol 539 & 4l S 5t Sl ol (slo sk o 1,35
saiealis o5 dasle (S3elsdige Dl mizen ALS o
For iyl ol 500l S5 b oy sisuml sloanl$ sl
Gy O, 3636 ity Waazil ol s ssalive Jsho & gactin
5] ol s Jlse lyieas |y psasssts b sadogs IS
g5k JolS S0 (sln 1) pion Slidos alxil pgil g amo oo Las
[ﬁ] WS o dir o] Glays 0015 5 (6,185

L (C0304) LS aST D136 6,50 dalllas )0 ¢yimon
0als yiiw C0304 Ol 1351k a3 (5, & 525 g, 5 eolail
il (UV=Vis) Sy - mdnld sl 5l oolazul b
(XRD) Syl 55 Hly FTIR) aryh s 508 opobo
Transmission Electron ) (g se  S9uSIl eSug,Sio

Scanning ) oivg, S9SN oeSaws e 5 (Microscopy; TEM
clles was glels (Blectron  Microscopy;, SEM

slocdale ;5 C030s Ol)dgl SenS giginm H8, 5 SlowuS] T

¥4

L77] 6351 sloe 5

Graphene ) oS 815 (315 calize latie ol ,o
el (Sluyg)ls glooje> o (slos S jsbay (Oxide; GO
A aslllas 5y00 lby o Siiwgils oo )5 5 ()l gl
o5 el G5 5] GlonbipaST Jleas b dpaS| 315 el 433 S
Sloog )T doad ;o 5 el ool ST (05 WIS LY S
D) aeS gl g JenS g e slaog 5 93 s ;3 5 IS5 S
Gl Gl g e b ol carge IS 5 S (slrog S 052
3hhele slaog 5 ol Jlik Slrio oS o w090 s3I
5 @0l sledsise i Cdx Il T sla 2SS wee &b
b oSt 35 51 plaaigad wijslion @0l 1) 5l Jolss
G PU Glyie St ogili Ve + B e gu> )3 S s8 (lr slal
3,84 pamin sl Sy Jdoay O35l ) aed oo aislis S
sl dsSss I glooyinS ik b iiSeny Uly alezjl o>
Gl 5 BlaS 5 Jled 6 S Bum Culld sl 9 5 sl
$U oobede ;3 ol ol 5l (A6 Jld et 6T Baa 1 5 02y
3 )liSlugl (o tege 51 (o Olyedr (Siedsm sladas o
[TV] wigisoo bt b s oo 5 Siwgil 3 sloo )8

e 2 85 ol Ry g 3 pelie | Sy LS
55k «nl pogdle 298 oo ooliitnl (SB5 slad IS (sl B35t
Jor (LS anST 390 03y 4 b ZILS (e D356 (IS
058l slao IS paizman g ojlail a4y auuly 5 0 84 paseie slo S
5 55 82 dadilb Sy Ko ooty 2SIl g g o
09w 1) ol arg (slbpeas 5 lilas glac s
IS Ko bS5 oS wls,S )lS lilllas Sy les S
GlUsks 15 (S30e2) 55mSTeS Lyl sl el wiilgs s
O gy SraSleS sanSl oSl Uil 5k 5l Wed (5)5e58
LTA] i S g ) atsly slogy o oalits 65025 5161 ey

el w0y ol 9 SUl Gal)T Jedsas wsaslY ol 5
oSy bl prizen 5 Gl (ogthe olerd 5 (Su5b
Pl S e s 5 gipegals okl
5 sl oot 0 SlaS S ol el By (e 5 (Serdyisd
Wy ooliiul s slogn Olyear Jilse oliiien;
Sobe slresy loys ) slesdlly & gaslY LS5 (S
Ol s Sl 5 s 9 (>yb idupledl 9,00l 510010 559095
Al oo SlaS 5 cpl R0 aw 1l o 5 SL ws
lyosilssd a3l slees b b ansb anals (235 0m » DNA L s
lln [+ 7] S5 585k DNA 25, 35 s 53
I laiedy Wl oo paesdgn anST aS wilesls lis 5
Pl s b sk 5l S 5 cnl g )cnlil 057 Jos ST sla 00,
(e O3S oo lable guilonST w5l 86 Glacaw] plp
Jedody el (S g s 5 CleS” S llé 51 Lol GloS s
6ol e slec s (Synergistic Effects) lélve 6T
L] asb assls

Sy S ) olllae s % B
Lgdle sl 55, 13 31,5 apunS LS 0pST slacy a5 il
TS aenST oy j5salS 5 4535 ppots ans] 0 ooy



VPO lawal oY o)Ll A 0590 ‘@lm’b owlys (Sop pale ol isls alxo

i 5 b Blo o B 5laolatal b opgeslnges Jsbwe ol
Sga 4y Blo 3 PH a5 loj b o 00l 5 o5igns I b
S, VIO
(o )5 Wy i 055 (o & Sligm) S5, el 5o 0l o
ol o el o3l Jie (sl (19,0 4 (B SiS (gl Jpans
5 565 ool oS et 5 Lod (05 il b 9,585 el o
Ol 5o aiBo FO Sowd diges ol jo el Jaas Ol\34L sl
ools 3 JSublKe + /40 jLzd 5 o5 ke a0 00 sl LS
Jlad g ol 3 il a0 Ve e
30 el VY ooty Jgammo cdalol jo 0l (6,100 JSub e ¢/ F

loo jo cels V Soedy ¢ s 0D

celo ) QM@TQW‘@)'”.M&.&.}M;SULJ&?)QW sl
Glos ;o 4880 YO Soedy e 9 0T il a0 Voo sles o
el VY Saedy Joams (bl j0 .23 )5 13015 iludo o Ve -
Sz kS b s ools &l oS le &0 Ve sles jo Ko
oadoslel jia sl sl Jbg 1o 4 saisKis oS 5 ol )0 04

g oalatl ui.iLaj-‘ G Jolpe gl b as Jaie

o395 b 3 LS dpanS 31,5 3986 oy bslics
Jolss Ldoss sla g, 5l slacgazms 5l oslaiwl b oo i olge
Sy «(VSM) 5| s publie (DRS) 3L sl
5 (TEM) (5,000 G958l 058y Se (XRD) SOl 95
5 =z FE-SEM) (Jlawe oS (o) (992U 058y S
C0s04/Nd:05 ©l,356 55 osls 5 5,5k ble wins olulis
@ Slp s 2by)l XRD) S0l g5 (Al 5 eolanad b
Sl JeS (ohg) S9 05Sg Se 5l (s ($5909890
P Sen 5l g aglS Ve sameclis sy L (FE-SEM)
i oolitul CgslS Yer o)l5 5Ly b (TEM) (5,506 g5
oSl 5 3! (S 5T 5l eolil b ladisas (s paie oS 5
4 Jats (Energy Dispersive X-ray Spectroscopy; EDS)
Sl 5 1,3 851031 23595 ¢ yuizmads .l yand FE-SEM ol&ius
S i Zetasizer S-90 oKiws ) oslawl b (Zeta potential) G

[YY] ot S o3Il (lndSih Malvern

FTIR ;U7
ozl 51 (S (a8 o 508 ogole 50D FTIR 5001
5 T olse 10 35790 Slasisn 5 SlaS 5 alolid 859> 0 0,5
3UT bl ol mwcads sl Bl sbdcgesme ) 5l g (oo
S Hged bawgs oudoda 508 (eole slagin (o) ;o FTIR
s 3o optle olfiws rgyd cinb delas b el U
loog S egata 5 Jige SloiiSmayn (olerd slodisn
ol oop posbsailid bay ol eommizad 055 lolid |, olge Lole
di e el @l)3gl (g9, 48,58 g0 xhw OlMol dallas sl p
g loars, jo o] 80,508 8,15 Eel FTIR LT oL e g o5
Olgse FTIR) ygesl cpl 5l oolannl b ol onls 65168 alio
At gy p 890 83le 0 1) Wigy G (e i b g b gz
«53bon)ls eponly csond b Lo psle 3 FTIR 50T o)l o8
alio 5 Sy bazmo 5 O (g yglidcun; il (5 )5lid eolge puaiigee
Vyors (55392 Sloiges ooy Sl 2,00 (103 S 0 )15 515 5 i
ool ,o (Potassium Bromide) KBr S b 1 1l o s0le ;045
1) 292 53 byl upms S g0 bglie (053l Ygona) Jparee

selgen 5 s9)Seend slapseil 5| Jol> gl il gu) i
A g ST T U8, ead e Co30s &l dgb as ols ol
Ol bagialel gmizman ol (Li5 (2B bl 5 H5e 9,5
cbale (il b Cos0s olydgl SlansST ] cdlas a5 wisls
IV¥] seiom a3l oo 35
E505n ol el 5 oubpll 3l Slallas g b eyl ol

LS 5 ST a9 (BLS LS 9 pe pol Al o
b saeloess & O3l e olys ol o0 gy ST
XRD DLS (Dynamic Light Scattering)  slacSoSs
DRS (Diffuse Reflectance VSM .TEM FESEM

el e Al o was b, FTIR gSpectroscopy)
53, sl by sl Jslu (59, odnlcws 4y )39l Sl jwas
Sdd sy MDA-MB-231

I

Y- Uik e 63-05F)F el oaoslizal liand Slge
Voo WY Calog, «dMTT) sog e poddslys b o9 -0Y=(
Coww) Sigma-Aldrich 8 o 5l a5 Ko kg 58 IS 60 -V g
Sl g oniman b a5 (Sl adonte S ey
peesss  ols «(NaOH) oS0 o «(Gh)
Wgss S ol [NANOsk-6H:0] 4l s
Dimethyl ) amSsilgm ke o 5 [Co(NOs)-6H:0]
ol Jglome .50 angs (oLledT) S o o5, 51 (Sulfoxide; DMSO
()2 DNAbiotech =5, ;| ;5 (Bradford reagent) s,
Ol 3log o E8 25 51 5 s (59)18 cmizman AD 00y >
Al as oyl

i lou ) gl Jolis ighs ol jo eadoslaiwl Olyges
JHTL SIS LY 34 (]l Sartorius) Jis a5l (o)
(oledT Memmert) )b o g ol CO2 [gilgSSl «(ylpl s
Soee le (e Olympus)  (wsSae (5558 oSy Soe
510 506 cladlg) o Jobo cotS Gl 48 ol (LT Sigma)
Al olfws (292> 05 SPL) JugnalS 5 syl s O
(LT Brand) dblScuia o § (K ] Bio-Tek) cubg S
Worthington) sle &l SSb ((LWLs! Fiocchetti) A-°C 3 3
Samsung) Jxsu (oI Memmert) [locSes [g5beSil o yledT
sty snsil YO 5 YO ol CtS slaSidlh (apir 5
A o522 8,5 SPL) Jobo S s il 7 (2 sy
oy (GledT Slamed) |bssi oY 5 (Lol Brand) (S s s

02, 3925 oS | 9 CILS ST/ 81,5 153930 3
9 3 slaghy) sileainge jloolinul b abg o 39k s
QLS Sl o5 A el [P X0 YY) 285 O pe bl plesl
“‘]u*“‘ POUNRYC SR Lot ,a)f A [CO(N03)2'6H20] d.o—lu.,..u
Jsloee 0l Jo 0uigeo ol Fd e VF )Q[Nd(N03)3'6H20]
Sy 4 eerot Sl Jole 5 62 o8 S5y 4 LS Sl
Sg Jolore cpglae 43508 4885 00 3l Ly .0 odalive S5,0S ol
sl 2058 5 o 03538 bglive & okl 508 Vo
Vel o e j0 el Cewd 4 oy S5y b S gumiliwges
4 sl 55, o 3 o5 a5 L3 gl & 5 00358 AT 05
5o 8l dalol el S Gondy bl e 8l s Lo



Ol 9 b oo

2l Gl S sS e plagebie 5o Slse 3L,
lopyg Sl 0gaS oy oad 4l Cuws ol 4 ()5 9K Se
Slagwae 5l iged 5l g 5l SorSI &l ead S
S)97n pleiazmio 4 Sol 50 5 e il (punbliieg 1Sl
Ngdee o 658 G iSew a npal S5 gl 5 S o
wialy L] s pay Dol bagyg xSl g Jsb TEM 3G 5o
Py SIS D535 808 S Toe Job (ed (ole 50 g Sl
s daz 51 aliSes sli2l SITEM olfiws G o5y anles sl
o ((Fd Sla e @ALSSS e (5B o s (B9
degozme Cuwl 0ol JoSas (Dledbl 55ls 5wt 5 oled S5
Sie dsed 59, ) G AL 0aS S pete Sl puae
Wged b AS e p 5l o |y bapyg s8Il (ed slaomne 9 95 (oo
I slegezme Coles 0 g WS per pgal JSA jslated;
Sy 9 WS o0 LSy | ead LSS pgal o lasuas
Cowas S o yuie CCD L (g,aud Goleiaxio
Wlowds JuSis (pumeboliing Sl slogun s 51 (2 5 005 35 oo
@brgys ol s it slajldy po (oSl slapl > o

D5 g0 3,1y bye xSl lo cwae (I b oS col

VSM ;JG1

Vibrating Sample __ilss )| &ges i uablize) VSM 50T
Pl dslllas Gl s, cnpsle! (VSM L Magnetometer
e oyl 4 LTl A el olge gwablize
Slgee o 5 eoliul b o cal lge dilowsy &> b s j
Iy mblisn (5 pdsdaai g gludl ubolize ( Fai)lls il sleosls
5 b g ol ol cwbliae (gandiws 5 05 dnwlxe
S pkd wnlr g e ikt JKE1 o 1) o gl
cgmeoline Slge 83 S 0I5 4 4z g b ol aseis mle g b ST
(et P 5 (oot o b slaos 5 0390l VSM 5T
ot (S5 cpl 50 el a8 )T 13 il Az gl 0550 b
a5 oy lioe cowd a4 H bl (ylowe 40 Cad M _puubline
3 bt s (Byme 3 Ghsnd uebiliio ol b (shola
plod By WS JE Ole Cuz o ol slejgliiS 0y o
4 o] boliie g guned Hlawe Cagz b oole cunbolie (slagylase
g o axiS gLl Gurboline o] 4 a5 oy o glosl >

(Diffuse Reflectance Spectroscopy) DRS ;JGT
L 15 GSay gl 55 (rimies b siasidy S olSius
Srlotinghgle jagidg 1Sl (slaoliins wiS oo (owyn | 03k
Ol 0 a8 el olKiulo;l 10 yiogidy Sl (sloolKiwsd (b pan
5 0 (s Wged S 3 Slge ale Qi g j9ee (e v Az L
SleS g bere cdale o lp yiegisdy nSunl oKiws
Sl colblB oK ol pizan 05,00 LI 4 il
(Sl sladiges glgl ly Sl iy, 4 dels sladiges

)l 1) e Jolone ds 4 55 g SHL Y 5 (Gane

‘5191‘“ . hs
2 Lo S50 5l edelcwssa) MDA-MB-231  Jslu 59,
Dulbecco’s Modified Eagle Medium ciS oo ,o (]
pS5,5wn Voo (FBS) (548 iz pyw b0 y3 )+ (55> (DMEM)

)

Sl s W 255 1y ] g Wiyse pogate B Sy (50
Sl b o8 o Uiy o ol eslanal b5 (Ig0 0 57,1
2 o 8 olSis jalsn (49,0 |y 0,8 Hgad sl seys AR

LS s oslil Ml fsieas |, KB iged (350353, sy

DLS ;U1
shd eluly 1y alyd a5kl (DLS) e (Sl 5,8 SaSS
Wigd go piiie U Loy b oS (g SslS D3 (Seelinsg o
U URCHNESFRIN I UK g3 5 RE PRYPORI IRV SEPPIE /SR
DLS g, 45 eselcaws a5 0,3 831l ol plis 0 105 oo |3 oo
B3 Jomily 058 00 00l ol 35,5 ;500 locSuss b aslis ;o
oadyiin gl ol )Mk LAt 55 e Syl
slos o ol Jslomo 5o b Jeilsy 5 <l,3 351081 ay365 [ﬂ] W
eSS ke Vo lamlas (5,505l DLS olKiws 5l eolail b 35Ul
Vo) Sgel yigl oo loslainl bojuigns o o Lo ¥ o diges
(g o Oloie 4 0505500 O1) 4dBo Yo Saeay 3BT sles 10 (53,05l
530l lade g ol ools Jlail olfiws o 4y Jolowe ¢ g 0l a5y

IFV] s 48,8 olfiss g3 5165 il 5 350

XRD 567

51 o (X-ray Diffraction oSl 55, (ils) XRD 5T
Slye 53 39750 S35 Sl 3 (lulid 8597 )3 915 sl
gy XRD U1 5o ol (il slas bl asgoe;
oole 4y ail Jolsd 85gume 4o olisS Lo slagye Jsb b (oS!
sloslaiwl bl sl gla )bolo (lgs co cdoe 10 .aiiS oo 8,55
655 &5 45 XRD g5 slacils delllas b 5,5 axllias 5061 oy
0,5 s3Il s yob ubo plgs oo g oo S Lh WSOl 550 A0
)5 axlllas | 0

FESEM ;G
solgls glasl I oy, S9N oSy Se b SEM
Ot 9 903 5l )10 g (sl 48 Sl (g Sl (slaogSang e
55 g 53 09 g0 oolil o (55590 5 (e Slo S
S8 a5 0,5 o0 Djge g Sl g pgal CuS g, ol
2z s el 5558 lagsSns oo 5l it Sl O b3S
TG alie o oS g bppgal wlgoe ply e we
sl a8 SEM olfis Lo,y 5 KeSi5 & ,08 FESEM
HLS 50 wilgs o el 3420 EDS L)1 &y a5 FESEM olSiuss
EDS ;J6T .amas plxsl 56 1, polie oylime Guand 56T (o)1 2 guas
XRF (X-ray 5JUT asle g pare 500 slopdil b awslio o
, dCP (Inductively Coupled Plasma) 4 Fluorescence)
@UlF S s oSl sl Sew pole (Sp e

S, (68 34y pazin

TEM 361
aigai b (55,5l slog Sl GiaS ey 5l eoliul b (g yegil Lo
Sins 4 bsye slaosls Hlsice TEM 56T 51 aslinl b oo
o (655198550 uimen 5 diged oS 5 5 DI04k, sla LS
Gl pgas gy ly oz sl sl TEM Glacs) Ao)si Cewd & |y



VPO lawal oY o)Ll A 0590 ‘@lm’b owlys (Sop pale ol isls alxo

CO2 gLl g, 5 0,5 Blo &> 0 YV glos o cels )l
2 29y bt (el plej G S G ad esls 13
0015 5350 PBS ;s Ko Yoo L lacSals 5 ud g 15 Sals
o 3533 DMSO iy Sae Y- -
S 59y 4B VO Sasay 5 owiligy egeinesll Jigd b oy
Woled o agd o oads oS lile 98 (sl ol bl ools 413
s b el OVe zge Jsb o bslme S5, oud

[P2] b (oo gty 25

(MMP) (5,035 9o L Jomuiliy (5 5 0310l

s San Y5 Clale b Jglowa doctl s i a5 Vaesili Y8 Ll
V8 ol chle @ g3logd, b s 5 00lel g jsldy I 6o
FedgSee Ve dale (nl b Joloe &g sl 0l ALl Vsegls
Vo e s 08 bglie PBS 3l i Lo 4/ LYY s,
&5y Fedskee Vo ez GPBS L anils y Jslore cal 5l 5ds S
5 ool SLelS Lasl 1 50 VYY pnlog, Jolows 5l ooliiul § dugs oo
sl ;o MMP mlass oy dl> o o 0l plonil S0 Lass o
cels FA 5 YF b 554 50,0 MDA-MB-231 JLs 5 ou;
3 Sl o 50 Joho Voo er slaad oM jsbay ol (5505l
885 18 ,gbeSil o el YT ooy g ul asn, 4l A7 oy
0o )3 A B A (STl 4y g dim Sy G 4 LS b sl
pll 0l 53 slaganle; Gk calids slajloss s i
Sal> o 5 ad wily bshe g, basme oo 5l G 28,5
Voo o dd oyl PBS pidg Sie Yoo b el
PBS 5 Jgasili Y8 (sles Cdale LYY oalsg, Jslne yidg Soe
Lulyd o aido Ve b V0 Soeay b Jske 5 0d 8Ll Sal> o 4
S SOCEE C RO B S K [RWRREYVIp R < Y
o atad el PBS iy Se Voo b Sal> o foaze 5 £yl
©3z Ol 5 8lSl Salz o 4y L PBS 2y Sea Ve e s
504V slazge Jsb o Spectrofluorimeter oSws b uilus,gld
e S Ve g gyl il g cals] o sl el OYYV
sldobe o> Saly ja 4 Voo md wenSg 0 e Jolre
o Jolo JolS 5 g (30,5 Sl adBo Yo 5l o 0l 004530 ooy
5,800y Jslme yids S Voo o938 b bap] gy oliee
adale ululy deosls soled oy ;o 0l (g 5o 5lusl (Bradford)
L] W lodle s oeis n

(ROS) (y5mmST Jlad sloaieS oyl 50 cyunni
Oty 5ld9 15 e e &slwesle]
Gy sl p3Y s opl lp (Dichlorofluoresceing DCF)
V8 ol ol b DCF Jsbr eS| Jlb slatist ooy
s oolel Vga Lo V8 Clale b Jslns ol o agd ;Ygos,See
ool 9515 5l eolaiwl L DCF o4 51 0,5 oo B¢ cjglaie ooy
FelgSee Vot i 02 J> DMSO 2 (Lo Y/30 55 5 0595
plos s 53, il Lo Vo w BPBS L g ansls y Jsloes ol 5l
35 Jo il Sl Lyl 0 DCF Jgloeo 51 ool 5 ags Jolye
ok 4 0959 51 o a5 cnl ;S8 LLE ol plxl SO0 laore
O y3lbg IS (50 -V Y S 5 4y (Jsos 5l il o351 L DCF

Y

oot il e  Mollies 915 V- 5 ommtlogis il 2 oo
6 doy B Jold (50l g ol F il ax 0 YV Gles Layls o
o0 Ve sgas o Jgle a5 Sl ol (5, (CO2) ()5 apS]
4 gl mhaw 5l s ) eolanul b wailig 1, Sl mlaw
ez 5 el VF i3S I ey i e glils 48 slacly
5 Sepp  caliso (slole b o Jsko dnSaly S 4 b Jsbo IS
el FA 5 VF 5l o iads e alflos & jg0ds 00l )53 SluS 5
OV+ zse Jsbo 0 MTT g, 5l eslanal b (Jsbo slas (e jloud
Slpss b)) slp adllas (ol 3 mizmen a8 (5 pSoilwl gl
oS ol slapysel 5l el TA 5 VF o glaosl yo (Jsho
wlaé Jouils ¢ (Reactive Oxygen Species; ROS) (55T Jled
s (Mitochondrial Membrane Potential; MMP) (5,05 gie

[m] & eolatuwl

(MTT (y9051) (SIgko 516 o100 32

TSy gy 5l sl b le Jole (sliy wsys (g, ol 5o
353l S S MTT s o I MTT oyl 5 S & 5
u>5>. UAJL> Culo )LJ &Jom 9 Sl )L.ma )9.: a S conl s_ii)é))'
218 Bk S S5 ) 85 om iz |y o e o slié
Sadshe 33 00 05 Fe 5 35800 Jsho )y Setga]
el Jlad (S gin 50 S92 g0 U39 e SlwS g o il o
(Formazan) oljle,ss S5 % ol s 5 MTT bl
ol oy slashe ;5 gdi e ol o Jslel 5 (s5k oS5, a0
L oooye o she oS Jl> s cams oo &) sl Ojgedy (ST
S5 2> Olae 4z bl s 1) ol el SUlys Jlad e
C8,8 aos g8 oo il yiaS J S &gl b dulie ;0 0als ouiles
5 el ool 7y 0l e g 4Bl rals ousy sla Jsluw olaws as’
3 ph9ted Jolpo ilin slaghs) 5l Srlee OS5 (b, 0
Gl 5 ol olass GEalS B 555 a3 sl 5 glenn
AU Jsbo et 5l idmlye plad 555 5 5uFsle iales] slas
05 oo plml Cubg S 0959 Fegigd ol L sy w3 2l
Gt S5 bl g clas s (bl el gadge onl &S
slodshe 5 ol sladsbe 5, MTT (5051 05800 ialoj
Voo daml o ol bl caslus FA 5 VE Sles 854 50 45 il
TF Gy g ol ools cunS a8 cody 5l Sal> o o Jolo
JolS ysboas la Jshos b 3,5 1,3 o8 sl 0 ¥V (sles o el
oy do ) e B A D90 s o] 1515 § diczw e Sal> a5
Gl snsizin Sldgl 5 il glackle b sk o s
55LeSSl gy wae ol jo g Wad lews 00l )53 Sy slaosl
A8 Jleel 1y 053 31 aslsny slge b wiod (5,006 CO2

5 oo g wale b ool 5,50 MTT sl &5 (sl
oo Voo i MTT jog 05 paocsy e i (oo
% J> (Phosphate Buffered Saline) PBS Jgl=xo )
DMEM cois e b Job> Jobro 51 yid loo \ oippos
x> b ob balswe (Dulbecco’s Modified Eagle Medium)
sl oles 50 @ MTT aSbxiTjl oy ol Lo Ve a oles
VE CBdS 5l e 055 pll S0 Laes 40wyl Jolye soles
P g o atsly sl (09, beswe daJsle sl cels
2 eSSk 0 Gsle ciS b 5l iy Sl Ve Saly
MTT Jolone 2 Lo

U g0 Soeds baady (w0 05438



Ol 9 b oo

ol by po (OH) JouSg 000 sloog S (o225 3lad )] 4 w09l o0
onizman el 3L mlan y eabodz ol sy 5l L5 S
4 1640-1340 cm™ ssgaze o oddodalie oix> glaSy
sl JsSge 35275 Sk 5 bg e H-OH lavisyy sies (i)
el 31,5 S350 s odisiaz

5 LS 9T g5l 315 Sldgl 4 bgye FTIR b
S 29 lg sl ool ools Lialed VD S 0 paaesdgts o]
loogS LaiS bl 4 3550-3200 cm™! sogams 1o oo s
Rosdodr ologzs 5l (S5 S 05800 by ye (OH) JouSg 000
1640— 635050 ,0 cadodslive odo Sy Cunl &l,35L mlaws
Sl s by H-O-Hclawiss ies Lilas,l 41340 cm!
Orizper Lol IS gl sadodr O GladsSse jea>
eiaS olals )l 4 800450 cm™ ssgue o iz slaly
8auSanl 45 Wed oo ools i Nd—O 5 Co—O laniss
C9palS ol Bl 0 porendgs 5 SIS oSt oS 5 JoSas
el S8 F

p3rar085 ST 5 LS 5gnST Sl 13536 4y bogy o FTIR Cils
53995 10 (ye 9§98 i Llg el ad ooy las Ve IS o
(OH) LS5 jar0 sloog,S i8S ol | & 35503200 cm!
e e R P € e
4, 800450 cm™' 55050 0 sadoasliv iz slolg «pizan
o Wiy o 0015 Cernd NA—O 5 Co—O (slawigyy a8 olilas)|
2 peeoedes 5 LS GaneST lavign LSS 5 jpa> Sle
el 13650 LSl

Microplate oSws L g o)l YU il ysls a5 5580 oo
el olols BB eglb OV 5 FAD slozge Job ,o reader
o 85L 50 0o MDA-MB-231 jlb s sloJskw ;0 ROS f50
32 50 Jolw Ver e oM jobay ol (6, 805lail cels $A 5 VY
Otz el YF 1 s g i ools 28 ails 48 ooy 51 Sal>
sl Gebr dlbte gloles woly & 4 bdsle oS
Sal o 5 Bi> b she Cbil g s 23,5 olnil Laein
calsl [ ol s s il PBS Joloe iy o Voo b ol
PBS ;o Vsas S Y5 los e L DCF Jybos ds Sea )+ -
ool byl sy a2 80 Ve Sy o Joho g ol ddlaol Sal> 12 4
ol 5 @5 b ccipmalisSil GLL | o A 5SS
ey Sen Vot e s N aTns PBS g e Yoo L Toame
s 5 il ssls i oles 5 09531 Sal o & sl PBS
ouilg> Spectrofluorimeter ol%ws b yiogilb OV 5 FAD slozse
s Joloo yidg Ko Ve g Bdo Siblpgm iy Al e )3 08
b 03938l oud s slaJsher (55l Salz o 4 Y gapa dpnS g yine
0093 b G ke da sk g il Sl B30 Y 5l ey
doools plas ¢yl o0l (g S oslasl 0,980l Jolowe g, Se Vv -

LF] was silodle wabgye (s il @ azgi b

bl
FTIR ;467

el o ooy las Va Ui o 815 4 by e FTIR (2 b
sdnlie 3550-3200 cm ™' sogumme ;0 45 g 5 595 (29> Ly

_7.8. description.123 10282021 1:26:23 5_1. S\ aescription. 118 VN \Z3IENE PN
°
(1a) (1b)
34 /
"""‘*OJ\ | 3 4
/
\
| Y '
\ Vol
= ¥ 2
£ f gz
H \ / 8
i \ / H
£, s H
5" \ ig
= Y of g
\ = |
\ |
& -
® e g
© e g &
# 8§ £ g g 2 e 8 55
3 2 2 3 . ] 3 3
; ; ; , ; . ; § 8 g8
3500 3000 2500 2000 1500 1000 S00 T T T T T T T
Wavenumber cm-1 3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1
Page 10f1
Page 1 of 1
IC:\Users\Mabna\Documents\Bruker\OPUS_7.8.44\DATAIMEAS\Sample description.119 11/28/2021 12:46:13 PM
/ o,
( 1 C) Vi \
® / |
f f
_— [ | #
B | /
R P \ / | ]
/‘\. "\‘ ',’ (|
| \ |
& L i i
£ \ / JI |
\ |
ts \ / (|
1 \/
5 N/ (!
g o
c8 ”
\
24 i
2 | | ‘
e
> &
a g 882
g b
g 3 & g5
T T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1
Page 10f 1

(10) posssts ST 5 CILS 08T 3550 5 (1D) parorssts ST 5 LS 0T ol sanay 31,5 @135 c(12) 31,5 351k &y gy o FTIR (glacib ) S5

Y



VPO lawal oY o)Ll A 0590 ‘G‘lo.& ol Sy pale ol isls alxo

Loplp s llsy jo a5 oleald (0 Bk 5l wud cualiv
Loy po ainds oanlie az 0 FAIOD AATH AY/YR S /YA NOIYF
O 5B 50 paresdsts anST o wlal (pl p aniws Nd20s 56 o
aS Sygods el oals sl (Hexagonal phase) aieS
bl sc=FYYW A a=b= ¥AfV A glas sl )l
P63/mme Lo og 5L Y =VY-% 50 =P =13-° Slxio
(Y)Y (Vo) (KD slaasla b T Lol glaals .asois soaliv
Hgly o a5 glall (primman aad Lastie (Y21) 5 (V) ) ()4 ))
M:..B‘)f u,o‘/g a ol 0 ;QLE a0 NN L« )}‘ﬁ s
abayl) 5eoliiwl b @l)d 83kl .Sl 098 oo by e (Graphite)
mls a5 ol aul=e (Debye—Scherrer equation) ,,& - b
YO C0304/Nd20s Sldgil gl yregil VY lawgie 831050 ¢ uol>

ol uLwJ \) G-C0304/Nd20s Q|)$9JU 61):‘ }L:yb

(Bl 4 by XRD) S0l 6in Pln N
C0304/Nd205  (Cobalt(ILIIl) oxide/Neodymium oxide)
(Graphene  Oxide-Cobalt(ILIII)  oxide/Neodymium ,

G—C0304/Nd:0s oxide)
AF & Ly ORD) S 5n by oS
iyt € b @)Y JSb o G-C0304/Nd:0s 5 C0s04/Nd:0s
Wgd g odnlin YC K& ;0 a5 jsblen loads ools isles
DONY SYIVA bl s sl o o plls il (slaals
Ooly 4 gy e a0 FYIVY QNS £1T0 AGD SFI0 /70
50 0 i O3l bl cpl 5 s (Co304) LS oS
aM-YY A o s a5 wlead sl (Cubic phase) ase 56
03,5 g0 0 =P=7y= 1-° Slmio o slly; 5= b=c=
Jalss (kD) slamsls b Lol sloals caul Fd-3m o] ol
YY) o (OYY) «(FF) «OVY) «(FYY) o(F-+) «(YVY) (YY)

=
= (2a)
|
> 30 0 s0 60 70 80
20 (degree)
- (Zb) T,
E Y INAL,O,
g
=

DU JL -

— L

A

[—
—
\#
V.

g .

20 (degrec)

= l - a
! ik + )
b <
4
-
(ZC) - “Co,0O,
vNA.O;
- Giraphite
= w
= p4
g -
=
- hd - e o+
-
A >X
- S o —_— — SN
20 S0 20 so P 70 50
20 (degree)
l . Graph
‘ —
| R 1 | |
VN,

2¢) G-C0304/Nd,03 < 356 5 2b) Co304/Nd203 1,346 «(22) 31,5 &l 395k 45 bogs yo XRD (slagSII LY S

lie (SasSly g e leSs mse5 5 (Sponge-like) aslogia!
i SasS ol Aalllas 1o ondalal cla g nSo Il Loluly il
2l b aS coul oo egill ANYE ondizin (5518 il 3gL 631wl
a5 axes e ol palad 0,0 Slgtea XRD g0l b salccuwsa
SHgody Guized 5 Cewl uaul JLsle asile oldgl S

¥¥

JeS (g (P9 pgSwy S polal (w2
(FESEM) Sloww

G-oldgh g, GorS osSwg S psla
o oals (ylis ¥ S jo dilisee slowlis ,0C0304/Nd20;
&l oas i &l 3gib a8 cl o] Sl FESEM. gl .ol



Ol 9 b oo

(PDI=Z/¥) siloass oSy cisuculs,

2pm EHT= 500 kV
EHT= 5008V SignalA= SE2
l_l WD= 9.6 mm ""'"_l e A Mig= 2000KX

2um 1pum

. 10 ym EHT= 5.00kV Signa
. 7 S0 Sorette 882 Dow § Jes X2 n H WD= 96 mm Mag
H e ifeoe e EAY T YN
10 um

e e a0 Sk s 352 Cute 900 X007 e, O 10 Byl e 2 Do # Jon 010
| St WO e Megs BBOKN Tove M2 | =4 WO - g N0Mn Twe w0 N
200 nm 100 mm

(Yum — -+« nm) FESEM &S5 5l eoliinl b G-C0304/Nd203 &l 3956 5JUT 51 Jol> ppgeas ¥ S

Micro-) wilegibul sl oadyins ©l,3sl wed oo sanliv (TEM) (590 559,55 r95awg ySno y19Lai ooy 2
FESEM jslas b LolS 3lks a5 o5)ls (sponge structure 15 G—C0304/Nd205  ©l,36l jglaig,Sie £ S5 0
Sy g Sl sl a5 WS e anb calis ol ol iy o a5 ssbilan Caul ond ooy lii ik (glaulide

Ll 00l Laa> ‘5:9>4J 6)|°ﬁ)i9‘43 ‘)';':5) 90 @ 40 ul)o}:l:

o



VBB Lol ¥ 6o VA 693 o Jlouis (ylusl 5 Sy pke oKl alomo

©+-0++ nm) TEM K5 5l oslizad b G-C0304/Nd103 3536 50T 51 Jolo 9 F S

oy boas Q.;J Zewl G—C0304/Nd203 Cojeeellgil sl
DSan s ol S S5 5 e 5 s pelie SIS,

(Elemental Mapping) s s ;U7

I, G-C0:04/Nd205 &l )356 (5 aie 0T mbs Ob U
(Co) LS yole wai co cdnlin a5 jsbles a2 oo lis
Fat 5 S5 2508 (€) 8 50 5eSTuNA) s
Wged ) poresdgts e (Jlo (e ;3 Ailodd @95 diged puol pus 50
axiio (s g T 50 £505n cal 5 sl o3 ol ) jraS b
3 SFES pl el cvslie LB zgsg4, (Plate analysis)
ol Sliged 3 B0 oS5 baSanl olie SaST,
ol e 5l e Slgl

A2

(EDS) oSl 98 5 555! Sl (Fimoinbo
G sl osls Olie 5 raie oSy 03 SO
odalin paai ;0 a5 jebles aas o olii |, C0304/Nd20s
1 B S b paie 6s5n 5 0o YL sl aigai w053 oo
PPN ERVESRI (Weight%) o9 doyd polie g ced 0dyd QT
ods oalo (yLis 08 Ko ;0 diged saims JuSiS polic (Atomic%)
St diged 9 poesdst Gliee o8 Cel 0T Sy 09750 b o
sacea i s opl 0,1 5525 (DOped) ouisss & ysods 5 o
bl el S35l LSl s polie sus S 5 colyiSy isky
(Energy Dispersive Analysis of X-rays) EDAX &lulbre
9 LS (poredgi (eS| polie (ool lap e (28,55 k050 L
o) (Molar mass) Jse o2 0o i Ol)3gk oS 5 0 bl S
ElS aizmen el aws & Jgo p 2,5 VIFIE Ll ol,340
YEINA 5905 digad oS )5 duojo Voo ggoome jlaS ol lis ol
Sl 4 by e ao,0 YN8 (CO) CILS Glaps! & by o oo y0



Ol 9 b oo

Bl Mop Sum Spectrum

Wi

(5b)

L 3 i

WCum

Elements Weight% Atomic% Mol Atomic Mass
C 21.29 40.47 12.7 12
(e] 3237 46.20 145 16
Co 26.18 10.14 3.18 58.93
Nd 20.16 3.19 1 14424
Total 100.00 100.00 716.04g/mol
Co Kat

O Kat

e
TWum

(O gy 2 C P O Nd .Co G ).aL;c Sb) G-C0304/Nd203 8ol ik bl)éyb 4 Jo;.g).a S ypais ,.Jbi P Sa) G-C0304/Nd203 Q|).S5jl3 4 Jay)a EDS b b J&&

Bls logei omly S Sy U5 oy o Ed o
slools  ululy (Jeply el Ol e (Ssliul sl
NUE L il oSles lake DLS (5051 51 odnlcawsa
Olyd s e plis oS el JeB LB g o lalinl (g i oy Lo
bogezd 4 g als olio g)lul gadsls cll> o endiin
)l (o5 hleS g,

otz 1) G-Co304/Nd20; &l)3456 55l &9 FC U
O slosb yo @l ilail a5 el Gl Kby auje8 (Sove 000 oo
gl YO/ g0 ol )3 Jad - Silo g 0,00 )18 egilb PO LY+
oeiles (Judos cpl 5l Jol> slaools Lulul p .l ool Cows 4
T3 PP PRIV PV F i §AT/A T ERV FORCH SRR WONEPR PRV AR
odadigy Mo b oS Cewl oas (5 ,uSo3lal sy ol B5lal Koo
aS «Standard Deviation; SD) ,laee GBl,il jlade .aileas
Lol el Jliol aager 5o ool SasSTy ol sasasles
Sosls Slglyd iy (mizmen sl oals 5158 egil $F/-
Ol el ol s @ yiegil FYYIY L ply (osls k) ojlail jlas
19580 Liend (glojlasl aa 395 0uud yi I3 oS wps o Lis s
el ol (6 2093l B3game 0 oy (g )lal g 03l

G-al)36b lp 1y g doa =VY (505 Jumils Jlaie £d IS

Y

Zeta) B3 Jamily g (DLS) olyd &3l ag395 bl
(Potential

a2 oo Hlis 1y Co304/Nd205 2l )34 53100 x50 FA S
B o 83L 50 Olyd a3lail ogd oo 0 Hlogel jo a5 jsb e
bl S (Seoliogyonm jhd Sl 5 00 L8 gl oo
) eslcawoas slmosls wluly ol ol Cawd 4 agil VYY/D
VEVIE L ol o3lasl Lk 5l Mode) eilyd Slglyd oy yiias «yg05] ol
3ll )3 my 595 a5 a0 e ylitd s ol el 0 155 egil
2 SHp sleades LSad b sad e 3l g aijle (S 19iSs Ls
FOW PRE P NSO

5 ) B o S S Jeslly ST B ol 0]
Ao pln ey o1 j0 a5 ) 0,3 a5l 550 (slalols o (glalais
b e (15 LB sty e S e 5 pSejll
gz LSS gl Lol Jale g 0,08 puiine bl ol )3g50
Adls (95w Bl yiier @aSelS SlS (xbaw )b 4z e 358 o
s Sl S e I S o (Sl 25
Cely oyl olyd Blbl o g resd 0y dalg> yiiny aSelS
el jlaia P S0 09d 00 0)3 po BLbI 5o g &Y S
s oo lis C0304/Nd205 &l,356 5l 1, g oo VAP U



VPO lawal oY o)Ll A 0590 ‘G‘lo.& ol Sy pale ol isls alxo

Ol as was oo las Hlade cpl il ouls anle Sy Joe 1Y
Wls xSl CSESy w5 celie ol eabi
D5 0 § S ol lasme 10 byl g, b aess 5l aS glaseSa

20
18—
16—
14—
72—

(6a)

10—
o
B
o

(6b)aaid

o5

o.-

a5

<0

(6} sad
==

= 20:
5
10

(6d) ™1
0.9
0.5
o.7
0.0t
o.5-
o.a
0.3
0.2
0.1

S Sl by Jewsly Gl jlade e o L2iC0304/Nd20s
Jogs by il B3 e Sty 1S Andls slag i oS
oy 3 B3 il (pS5lee DLS Sldow 51 osslcansa

Zeta Potential (m\V)

1S 599 SN S o5 (aSiles 5 g oo —VVF L5 Jwnilsy 5 #D) CO30/Nd2O3 il )35k 45 bogs o b5 Jmilsy (#2) DLS (iS5 31 oslizasl b Co30/Nd2 O3 il 551l 365 .8 S
aools ae e 5 2egl FE/+ 0,3 8513l Jlre Bl ol ogili FYDID w03 551l . Sileo § $€) DLS iS5 3l eolici b G-C0304/Nd203 2113 3005 0555 VSl po yia ibo =21+ = 1O
(= o1+ e NYYCMY VS 1S5 5539 2SI S o6 5 Sile widg dao =V Vo 155 awiliy 6d) G-C0304/Nd2O03 )35 45 bogy o b5 Jmnsliy g (iogils FYYIY

Jsbo 55 31, G-CosO/N:0s &l 35 sgne 5 sl ik Y IS
J&d‘;euuurnyb\"’ LY. Ty

(VSM) olsi )l &igod groaw gmab o ouw y 32
G- oldgh ol wged giwmblis Yb S
G-C0304  2l)dgil a5 5900 was oo olii |, C0304/Nd20s

il iand b bline olys /Nd2Os

BOO

DRS osS 3l eolawl b )39l (5585 S 529 (o)
S5 GBS Hs Aoy jshatedy Alide glaig, lydel ol
ooy, ol olee ,0 w0yl 84> Band gap) 550 Bs 0,91, b
i 4 abogsye il ik o] b oS ol syo st g, DRS
SleMbl ) (nl wedioe s pSosluil addllas 590 Lanes 5l )58 s0e
w03 oo ] () 2 3590 Slge JESLe 5 (5395 Sl Ty Bk e

“00 1000

SO0

7oo

Wavelenath (nm)

-
(7a) 12

ot

10 ir'
= P "j

=] !
e ] 7 |I(

(=} /

ot |

“a 'l

3 ,‘I

N
ll‘ll ] (ll.llv '.i.ll ]

-
=
g
=

1500 10000 S000
8
=3
-
=

(Vb) G-C0304/Nd103 &l 3556 a5 bogs o olas )| &ged i purbline 13505 4 (YA) jZogili Veve B Y--

o/4

osz

~ /4
Applied Field (Oe)

A

v

e —
5000 10000 00

Al o eadiin Ol3gl 6,8 olem b)Y JSh



Ol 9 b oo

GraphPad 8 ,l53le 5 5l eolitul b laesls oo .0g8 (o) el
s ololy ol eolizul (Tukey) S¢ oee5lim 5l alfas
Pl el V53 s e Gy s 5§ G3LS g D396 10818
GIVYAY b oply el A o g /-« VAYF 5 YYIYY £/¥-Y L
a5 e e oyl polie cpl dioel Caws 4y +f+ e VAT 5 +/OOYY
30 e Py o 81,E ey Sl3gl b awslie yo 31,5 gel> 340
S O8kas plp VB 5 YIF (Gialejl 5l o el FA 4 YF
ilazils

sloog,5 o ol oo il weles YE o MTT olesl jo
b oamlio ;o (Vga9,800) Voo 315 (sol> hdgil b loys
S sba (Vgog,Sen Vo 5 1) (BLF (g D350 (slaog S
Gol> O3gl b oais yleys sloog,S 5 (P<+/+0) sl 04 YL
A ooy, S L anlie ;5 M G 5 (V09,500 Vo #) (215
Ol BIL e Slej 856 b )0 cpmizen aiols lis ls pxe IS 5
oo G819y S35l 9 G315 (5l slace jeralS il ke
5 wgdee oablin a5 jeblen el aBl ol s Jelu
5 S ol sia;ealSsl b glacdale b Sleys sbveg S
el FA 51 G Lol ccnnl ot svaline (g )lo gme ST Jolos
Sl o A 55 BB il 2 G sk glays
g oo odalie ot i JB

(8a) MTT 24
p<0.06
__ 150
g
s
o
© 100
8
= " -
g 50
=
8
0_
> o N S o N o
© STV QTN S
< & & &S
(8b)
|C50 24h —@— Nanoparticles
— Cisplatin

300

200+

1004

0 T T T T T T 1
L 1'|0 20 30 40 50 60 70 80 90 160110

Growth inhibition(%)

-1004 Concentrations
-200-
Treatments| Nanoparticles|Cisplatin| Graphen Nanoparticles
1C50 23.23 0.001526 6.303
logIC50 1.366 -2.816 0.7995

150

100

50

Cell Viability (% Control)

—A— Graphen Nanoparticles

(MTT) o Jshao 55 3 cyilonssy Sicrin

ool gl 0y woys 5 b ke loosi5 a0y (o) i
oS Sladsks 3, celo YA § T b ool ;s MTT _igles
9 peoedss eS| (GBS 9T B3l Sl iz slaclale b
eS| g o209 ST B39 S 5 Grizres 9 SILS 005
el 0als ools las A S o wiloads e yo LS

5 MDA-MB-231 sl Jolo Sleossy aoys A IS jo
ide glackile Lo glaegS 5 S5 sleey S
Ver g Ve ) LS e s O3S sl slacjealS sl
Sles ool ;o wilonds (leyd (i s izren 5 (V09,50
o sl oS Canl S5 Gbls el on eols ol el FA 5 VE
ot delio b sl 00 1,55 b b LigleT canlllas 9,50 il
5 OIS g Sldgl (S sl Sldgl i glacdale
sl ol B el A 5 YF s J58 03,8 b (5Dl nm

Half Maximal Inhibitory ) ICso ,olie Ab S 0

S Iy ek 5l soud aiiy a5 oole 31 lale (Concentration
G- @ldgb b gl cos MDA-MB-231 slagle S o
Ve o) Glecdale 1o oM s 9 C0304 /Nd203 C0304/Ndz05
B Ll 00l o0l Ql.w.z celw FA 9 Y¥ )‘ o )ij)im Voo 9
0 1S5 b i ool candlan 0590 cdale a6l o iolesT ol
S3gl 81,5 (gel> lydgil calize slacdale Coons SIL ol
FA 5 VF 50 JruS 098 b amslie 10 0D 5 315 oo

MTT 48

p<0.01
p< 0.05

wen
* xR

xR

*xw

Ic50 48h -@— Nanoparticles
—- Cisplatin
150 —A— Graphen Nanoparticles
S
& 1004
b=
2
£
£ 504
£
=
5
63>1!0||||||||
20 30 40 50 60 70 80 90 100110
Concentrations
Treatments| Nanoparticles| Cisplatin | Graphen Nanoparticles
1C50 0.5521 0.000763 0.3387
logIC50 -0.258 -3.118 -0.4701

G (AQ) 7S 05,5 5 i pmams 03LT 9 36 e85 gsle ol 35l it sladale 51 oolinad L MDA-MB-231 (slaJobos 85, 55, MTT _ialo] gl A JSi
4,15y ANOVA 451  GraphPad Prism8 153l 5 5l eslizal b baosls Juloxs cams o (L 1, J S 05,8 LP<e/e o) Jls e B35 ¥ 4 108 09,5 LP<4/40 s e
(AD) el FA 5 YF slaile; 53 5 5 53LF Gyps 3556 ¢ 31,5 gl 356 ICs0 olie sl 4285 & ypo (S5 o305l 9

&



VBB Lol ¥ 6o VA 693 o Jlouis (ylusl 5 Sy pke oKl alomo

Sldgine b JyuS 09,8 b dmalie )3 (Dl 095 50
b 35 sl S oalSsil (Joho Coons Sl eoizmon 0l saalie
Vel b GES e D3 b analie jo Vseg oo Ve e clale
9 S13gil b awolie 1o g Conl Yo sae P<e/eV b Y505 5o
s el s cime P<o/o0 b 5 Ve Sa Ve il b 318
by ;0eSel b oS Sla Jolo uilosns; wusys a5 s o lis
9 59% & alaly Ojpot (J7US 09,5 b dlie y3 wilad loy

ol a8l oS e

SL3gl 5l ealiiul b calisee b )los 5 (oy9Sms Srn molas

2aST 1390 Gaizman 5 porardet 3enST 5 SIS wnST S
MDA MB -231 slaJsbe (55, » poeossst deS] 5 LS
o5 5l ool oad sols ples a8 S8 o cell YE Soeay
FA 5l e MDA-MB-231 b, slaJsbe o cilise Sloys
ol 0dd ool olis Ab JSa 0 MTT ioles] Eord 5l celu
welo FA 5 G MTT (iolojl ;0 w0 o oanline a5 jeboijlan
plos 50 lacajonslisll b (Sloys slaog s 5o ok oo I
Orzes 9 (BLS G Slydgl g 31 gl l)3sl slaciale

10X e K1

K2 100X

K2 10X

K2 100 X

K24 porarssts aenS] g LS a1 o035 @l bl K1 XF+ LS5 L MDA-MB-231 sl Jsho (55, (Sl YF 51 o) cilisee (sloloss 5| (5355ms Soo ol & S5
logle,s 5ilicos MDA-MB-231 (gla Jsbos (oy5uss S st5bas €32) (Sl LS 5 Vs SKn lile 80imo Lt X) st so oL |y papasdsts T 5 LS 0T o 351l
e Buimarlis X) X e LS b oot apmeT 5 CILS 0T S35 K2 5 rososts a3 LS apnST o535 @35l KK 5 aslizal b (celos FA 51 o) cilisee

09251 5 GraphPad Prism 8 ,l38ls 5 5l eoliwl b leesls ol
slaawlis gly (S ee;lm 5l g ai plosl 48, b ANOVA
el YF 5l Gy a5 wims oo (LS gl ol o0l solainl S8 aus
Vo) OIS sl l3sll Sleys slaeg S 43 LSS ROS el
9 1) O35 e S3sil slog S L aglie 13 ((YgegSes V0

oy, S cuizman (P</+0) col YL (g o gine jobay (V-

(Ab) (Gl LS 5 V509,50

s byl ) eslinal b lacujalSail Glb s ST

L 231 MDA-MB- (gl Jsks )5 (ROS) oy5uS] Jlab (slatisS
o ool 55 bl el b ool pLas Vo JSE 43 DCF G e
b el oid LS5 L (i inles] caalllae 050 il jn (ol
e Sdel (38 el Bl ydgl calise glacdale 1 duglis

55 plosl el FA 5 YF 43 J3S 09,5 b it s 5 315



Ol 9 b oo

Vool b G3F sgle Sldgl b Sleys 098 )3 mizmen
slachale b (81,5 (e Sl3gl slaog 5L avslie )3 V509,50
Joisine M YgagSan Vor g Ve o)
SFROS zhans (o a5 i G5 co o IS & jg0a (P<+/0)
Veg,See Ve g1 lackale b 31F (gol> )35k glaeg S o

e BT S 09,5 b dunlie )0 (M s 09,5 (uizead

Cowl 00l ovaliv

] Al 0929 Hlo

ROS 24

80000~ i
g E *k
§ 5 60000- ] : T
c -
s ool Tl &
2 ' 40000
g
]
S o 20000
o
m

0 I I l I I I I I

\ Q O
\ \0 ‘\Q \‘\QQ

Q
0° \\Q§ (o‘xtg

A 09,5 bamlie 1o Yoy, Ko Ve g ) e e 81 (59l 39k
518 (6l gae BB 55
o cels FA Job jo (A3 ROS zhaw S0 B,
el 55 L el 28l 28lS o j5ralS 5 L s Joho dgrlse
Voo clle b oS ol Slgl s wels FA 5wy S
Golale b (81 s Sl3sl slaes ;S b anslie ;5 ¢ Vsag e
P<14N) 5,1 0g2y Soge ST Voeg, oo Voe g Ve )

ROS 48

" 40000 s
I p<0.001
g £ 30000+ l <0.05 i
238 ==, T
E 5] * ok k

1)
O I
2 20000
¢ £
£ & 10000-
o
i

0 1 I 1 I 1 I 1 I
S NN ®
INJIR N

N

\\“Q N
000\ eéq

39l o35 ol sl el sl 5l Gilise oo lalé 5 S 09,5 b oleys cos MDA-MB-231 (slaJobos j3 (ROS) (58T Jlab (sladis¥ oy b)) b Ve JSci

S aiid 75 05,5 5 aslllae 3,50 LS s s sine B Batas Lt Lao s celes FA 5 VF iloj slassl o (Ygmg,Sen Ve v 5 )
Vs e L M ] 20 g 5 L P<L/0

S 05,5 L P

oud i Sly303L K0 B,b 5 P< /4 0) el asls &)l sine
2 VgegySe Vv cdale o IS ygay Dl)35L 5 IS (gol>
slas L o Jed BB GRlEl (Gl b anslie
cel YL cdale jo @ldgl cpl G los )5 ol (5,005 g0

Ky g b oS s glie S LS 580w

ool Az 40 0ed e Jokw o)y siiws Rhodamine 123
bioe Gl 2l yie
ldgl a5 wes o plas \b e PRV RN =
9 Ygeg,See Vo
e g Vg9, Ve g
Ehine Gl SRS eg b anlie 5 ke
Syl ol plas g uauSgne lae Lalgs o P<+/--))
RPVRERN IR S RN A PN BCH IR
B o ginn SHEST Vo Sen ) e b (31 g0 Sl
P<-/-

s Ve ) ol L 315 gsl> oasii

Vel dale b 315 ey )3l

<)) wilasls T

A

© D) G 5 GILS s
o sine B (S 05, F LP< /00 o sixe

MMP (35051 Jolons gas 5225 s b
S5 yien e Salles 3] sl ot slo Ll 1 5
Sl 5l pm Sl S g SLiE G nddei Glime (o)
oo cos el FA 5 Y sty MDA-MB-231 gla JoLo
A 65503l e ys (glaog,S s MMP e caiis 51,5 cakisio
390 e o gl ol oad solo lis VYA S o o] mls a8
Sk G el sl
3 IS ot Sigli 5 IS sl Slipls Gl slackle
e 555 81,8 el V¥ 3 55 08 b aalie 5 0l s
ANOVA 3031 s GraphPad Prism 8 ,33le 5 5l esliwl b laosls
US55 oS sbplan o 50 (sl (55 opnilom 5 605
15 sl Sl3gl 05,8 celis YE 51 s w5 o canlis 112
L) O35 gy Shdgl b awslie o ((Ygeg,Se Vo cdale L)
Obs il igld Bk )3 (g locine Gl (Ygeg S ) il
Gl 5 S 58 L aglie 55 mizan PS4/

<0) wals



VPO lawal oY o)Ll A 0590 ‘@lm’b owlys (Sop pale ol isls alxo

MMP 24
80000
.g. p< 0.05
N —~
G = 60000 *
s e
£%
Qa
§ = 40000
g E
2 & 20000
= ~
K=}
[T
0 T Ll 1 L] 1 1 1 1
N NSO O N ®
O N N Q) N S
& KR N NS [N
S R RN
o R TR NN K
¥ % <« S >
MMP 48
p< 0.001
50000 — I
2 st
£ = 40000
s
£ o |
§cg_’:soooo
8 E 20000
g8
_g-—1oooo— |I|
(T8
o] ] ] L] ] l ] 1
S NS S
,éo ° N ,\Q N N
& RS Lo
& e R o“ 235

O Sl3gil g 31F ggl 3l alisee glacdale b loyo el YY 51 Ly MDA-MB-231  Jskus 85, ;5 Rhodamine 123 G jae b ool (s nSojlail MMP 50 A JSCio
Byae b 0aii 5,50l MMP l5e «()12) st J 35S 09,5 5 (o) 990 slocdale oy P<-/-0) o sire S sacmaylad ™ 1S 08,5 b duglie 10 iy e 5 5815
S 09,5 b avslie 10 D s g 581 Qs.\a 356 5 31,5 (ol D )3gl alisee glacdale b by cels A Iy MDA-MB-231 Jslos &, j,sRhodamine 123

S Ty U8 05,5 LP<e/e o s e DS

o L 5 S % o S Ly elS 5 e s
lom g S b (Sgides Vel a8 B il L) 5k
9 DRS mls [FF] w)ls poms 44 hles cbse 5Yob (g3luo 053
bliie JlB) 5 slbe (558 slaShy wodie 3 VSM
aS 5 yg0d iyl ol Cuwnl v S5y ol sl plad 1) s
Gl ppeal b aedan gluygls glable b o aily o
MTT Giolesl gloazily ( Sojslgm ,ha 5 gl solanal i)
G- C0304/Nd20s oS 5 @lpdgl as ols las bg,a
sladske ;0 a2l Sl jpuas Jl (Yges,500 V cbile o)
aoys wijs (MDA-MB-231) _iie &law sbian olbyw
Oley 5 590 4 ally jsbay SlSe (nl jpam o b sl Sleoss;
15 e Olimn S o S35 L alia s 5 il als
5 odalewdds ICs0 polie 09 i cwgmome JSB 4 b ol
OIS 098l aS s pgbay sl (i oS Djgon | 50
A 5l S50 5 590 el g (5 9egid Dya8 il e ge
S g9l &l,3556 ROS g0 5l ealicwsay gl wluly
5 o oS JUab slotisS il s staa il el
Sl Lol Jalse 51 52 o (slo gl ;5 ROS s 2413
53191 oyl 125 [ FO] el 55ml b ondignyanlyy Sy
950 (605 ge L 5 gy DNA &) ol g sy
Slydgik cpl a8 ol i 55 MMP (s3] mls coud 5 fyaad 4

By S 05,8 LPSAo) s gine DS

oY

100gs JyuS 09,5 g aslllas 5,90 sladale o o e SWST sacmslis Lol
OVb) was o

-
QST g LS 0T (813 oS 5 38l (imgh cml o
IR @LgL...g 9 o VHJB}A L (G—C0304/Nd203) POOVRILY
L5 oloordsSosed slogse;l b
S99 FTIR sl =35y ..)J)lo )b_{l.; 9 J:dzi.n ‘Q>|9;${
wols Les XRD (slagSl g 5,5 ol 1, Nd-O 5 Co-O slaige
odd jelite (5 D g (oSe Sok 5B 99,0 Slae oS 5 aS
3 Gyok L wms e plis alie L3 oldlhe mbs ool
5 Seelioge s )l crge dagdl pline (all Jdsas ol 350
(Said Pl 5 sdise gl Ll b anylin yo VL (ol
S o iS5 s it BB o] sl 5 (s oS
bl Gk 5l sl cdled S el canlis Suysh
SEY] asise )l syl Gl g et Jlad (sysk Slrio
@5 b asletind Juslo 5 TEM 5 FESEM olas [f)

6)L._‘>L.u u‘)dyl.\ L).I‘ as ol O

Gleo )5 gly as wsls lad 1) (6 il Bogame o &l )3 Clensy
Bl sl Wlgioe (Gl Sladoke )3 395 oTagh (St
S33lS 5l 3 45 5,5 b B3 Jpmiliy 5 DLS sl Jolow
WGl mezs 4y oS Jiled 63'1 Laos o g aijle oewlie
Sl plo 88900t (1 iamlin a5 s oo lis L3 slaasdl

dg85 8l 35,5 laojlail jo g sl agili Yoo sgus l34



Ol 9 b oo

2y 50 (Ag=GO-C0304) C0304 b oS 31,5 _ 0,i 4 (Co30a4
Ok sl § MRC-5) (Ll @l (525 andlog pod (sl Sk
aS ol lis gl ol bl MTT (ygejl 5l eoliral b (HepG2) o5
Ag-GO-C0304  GO-C0304 slacy ;52550 4 C0304 a3
ok 8395 ;2 0 Shalé 4 by g 4z g8 BB SenS g lagealy
s 5 Jlail ok 3 oo ites lgogilh ooles a5 s osalics o J5Sgo
o] Jlasl slaggszl g oyl I, DNA Slolis oLl DNA Soo8
S ool pogde Sgr yeite 3oy 656k 1V/EF b FIAY oy
Ag-GO- 3 GO-C0304 ,boayqly sl bl a5 ols las SiSls
oas Jlasl slgea 1) « IS5 g iyl slo F59 C030a
I ez g909e (nl &5 WS oo pald DNA S8 Lo
sl b aslis ;o HepG2  Jglus 85, 10 0394y el g5 g
[ro] wo MRC-5 anls
S wes e olis ols tegh sbbadl (IS O eea
Oleedy aulg o Co304/Nd203  jome 4815 slocyjealSgl
b1 gl aislid ol oo ployd 5o (iduanel slan s
2 sl olml 5 ROS) (58T Jad slaaiss adgs il
Aiols Glas 0g3 5l ez e BB (g,5055 0o BT (g0 gie o Sles
$Sony Slalllae plasl @ls ol G 5 90l sl (Jocnll
5920 alozl oy o Sl3gl ol Jld, b el (5,95 (1 VIVO)
(sn slapls )0 958 gy o] Sty il 5 sk vmis
Sty sladsbe Qlulid 1o &8sl corge Wl oo loaiy
a5 et 355 ol sla sl S B e 2l
b Jlyigig ale Slays cng slaghy) b lacajemlisl ol
Lo ye JsSge 6o yas Consl p3¥ iy lisles ol 0 Shac b5505 yig
ol 3o Wigd sy Syt S8 b (Jsho S po g 55l SWIL
9 FSlESe SesS dgl ads 6l e wnld gslean
@l ek S Jlsen 1) by T (1l 015 yns Silsi o 55l
3 oot OB oai] y0 wiilyy Ly jealS 6l £g cnl sy oo L

S 5 4
Cu9palS il 45 wims oo LES 3825 (ol (slaaidly cpgaa 5
drwg Gl siSung oS 5 Glseds Wl o G-C0304/Nd20s
5 olimebl ly (o inll 05 zrhe was Glb juas slag )l
Sl s Jae ;o i Oldllas plosl (2,356 ! o) g (sies)]
Slajmns 5 (090 GHlMb St Suew (owyn s
Sryad gkl @l (IS Hsba il (6)9,8 (SeS Sl
Sl ol plays ;o GBS Ll p SlSeb ol Jesly 5 G,
b g )5 wtedan slapleys dawgi Cuz )0 fie alf 5 9200

Dyl oo Dgmte SuO3 Akl ,0 SIS 5)lse

‘5“0)-\5 9 ’S.«A y
OB e, (Siy pele oRiils ciwgh Coglee 3l B e

oY

Bl o5 a5 wload 6,0 st glié Jawily ialS cel,
LSy a9 cnl ceslasho 10 sl 01500950 s (a3 Jled
ool Gl b G-C0304/Nd205 &l 3sils a5 el o] Silo o2
Sl 5o rge (s i gian 3,Shac 3 PES 5 5lanns]
S S Gl e il s 5l gt (Sl
R E TN PSERRUINC I BYCIC SOV DR JC RSO
i 5o 750 Ly Y 835 s b S ol 03,5 sl
|y sk 5 0,951 ol i i3m 225 5 e |y i 5501 i
ST a5 5 Cansl ROS sidgs ole LS ST 5S o (S0
Srgppind Suold 5 5yl w3 P plend GlaShs b 5
Oly3gil as conl ools plas Ko Gldlas mlbs (s &b )
Sl s Wl 55 55 18 il s e LS 4]
WS e dgaze Cwdlw By 0 |y b 015 lagl (oYL
5 e ol yuas clled bliay (GO) w1 31,5 a5 Jlo o
GO o938l el oas asbs ] o 68 lecan;
Ly SIS 0T D39l oo 5 2iSu o0 Sgnte |y ) Lo
Sgdge bis lapl Sl jwas el a5 Jl> s was o Siels
Goyb 51C0304 5 GO sasylsilen i1 a5 ols (s lalllas oyl s
Cacdld sll coge (ROS) ias| b sloaiss alg
@ el glannST ol Gl 4 oS g0 Sl yuns
o Jolo S0 cales 55 5 DNA & ol o,055 500
SocuselSsl  SnSgigia U a5 5500
5 eolazwl b BI6FL0) ige pedle sloJshw ,o C0304/GO
(20,3 £+) C0304/GO o j5alS 5L aS 0l L MTT s
aJsbe Sleoss; 1o g B 5t (1o V) GO L awslis o
[ﬂ] asols olas
g9 9 GO-C0304 slocyj5alSsil jiw 6,50 Aalllas (o
GO— o= (Phytic Acid; PA) ewd ol b ] sasszdol
5 ety ol Jleyig e g, 5 osliial L CosO4PA

ol oo

S ol ol ml el snd gy o] lbpens olsE
83, 30 stz P I drSgigiw GO-C0s04PA 2y 50155k
mg/mL 1 ICs0 Jlaia g o)ls MCF-Y) sy olb s Jsbos
GO-C0304 45 bgs o o 51 20 s geiy o sl oo 4 VY/AF
Gl el olb s ele Slsieas PA sg ($¥/FPME/mL)
Gl i o g biyemelSyl b MCF-7 Jsku 85, ol
W (el S, MTT laggnl gl b atmnS g
Ik U3 58T b sladisS imiw 3 Annexin V/PI
s (14t 35 GO-C0:04-PA y55.8l5 5l 45 ol ol (ROS)
SS1s lalllas gl ol iy ol s oo (sl 00 gorgel
o lpesilng myl b olaS s 25wy oopn ly Jsse
as ol olis Bel- 2 psig 9 4fm9 u5) DNA & Jaie Sl
b g diel slaol 51 5ty slaws b wilgs o GO—-Co:04—PA
LMTT a5l b g9050 cnl bl Jlasl o giie Jlasl (5551
[¥#] 555wl
98T 35l SenS gims (ol (6500 dallhae ;5 (uizmen
GO-) C0:0s 5 081 535 (slaciajomelS s 3 (C0304) LS



VPO lawal oY o)Ll A 0590 ‘Gﬂmﬁa ol Sy pale ol isls alxo

Biles S S e llie ol (gjlwoslel jo ot g ples

b ol

OB, (Sop pele oKl Jbo coles b oaslllas oyl
el 0oy plosil ol ol e ulee o

References

1. Sonnenschein C, Soto AM, editors. Theories of Carcinogenesis:
an Emerging Perspective. Semin Cancer Biol. 2008;18(5):372-
377. DOI:  10.1016/j.semcancer.2008.03.012 PMID:
18472276

2. Parkin DM. The Global Health Burden of Infection-Associated
Cancers in the Year 2002. Int J Cancer. 2006;118(12):3030-44.
[DOI: 10.1002/ijc.21731] [PMID: 16404738]

3. Fazel R, Krumholz HM, Wang Y, Ross JS, Chen J, Ting HH, et al.
Exposure to Low-Dose Ionizing Radiation from Medical Imaging
Procedures. N Engl J Med. 2009;361(9):849-57. [DOIL:
10.1056/NEJM0a0901249] [PMID: 19710483 ]

4. William WN, Heymach JV, Kim ES, Lippman SM. Molecular
Targets for Cancer Chemoprevention. Nat Rev Drug Discov.
2009;8(3):213-25.  [DOI:  10.1038/nrd2663]  [PMID:
19247304]

S.  Heinrich MC, Blanke CD, Druker BJ, Corless CL. Inhibition of
KIT Tyrosine Kinase Activity: a Novel Molecular Approach to
the Treatment of KIT-Positive Malignancies. J Clin Oncol.
2002;20(6):1692-1703. [DOL: 10.1200/]C0.2002.20.6.1692]

6. Thomas RK, Baker AC, DeBiasi RM, Winckler W, LaFramboise
T, Lin WM, et al. High-Throughput Oncogene Mutation
Profiling in Human Cancer. Nature Genetics. 2007;39(3):347-
351.[DOI: 10.1038/ng1975] [PMID: 17293865 |

7. Weinstein IB, Joe AK. Mechanisms of Disease: Oncogene

Addiction—a Rationale for Molecular Targeting in Cancer
Therapy. Nature Clin Practice Oncol. 2006;3(8):448-57. [DOIL:
10.1038/ncponc0558] [PMID: 16894390

8. Wei Q Li L, Chen DJ. DNA Repair, Genetic Instability, and
Cancer. New York: World Scientific; 2007. [ Link ]

9. Friedenson B. A Theory That Explains the Tissue Specificity of
BRCA1/2 Related and Other Hereditary Cancers. ] Med Med
Sci. 2010;1(8):372-384. [ Link]

10. Narod SA, Foulkes WD. BRCAI and BRCA2: 1994 and Beyond.
Nature Rev Cancer. 2004;4(9):665-76. [DOL:
10.1038/nrc1431] [PMID: 15343273

11. Zhou GP, Doctor K. Subcellular Location Prediction of
Apoptosis  Proteins. Proteins: Structure, Function, and
Bioinformatics. 2003;50(1):44-48. [Doi: 10.1002/prot.10251]

PMID: 12471598

12. Nagata S. Apoptotic DNA Fragmentation. Exp Cell Res.
2000;256(1):12-8. [DOL: 10.1006/excr2000.4834]

13. Kaur RP, Vasudeva K, Kumar R, Munshi A. Role of p53 Gene in
Breast Cancer: Focus on Mutation Spectrum and Therapeutic
Strategies. Current Pharm Design. 2018;24(30):3566-75. [DOIL:
10.2174/1381612824666180926095709] [PMID: 30255744 ]

14. Shah R, Rosso K, Nathanson SD. Pathogenesis, Prevention,
Diagnosis and Treatment of Breast Cancer. World J Clin Oncol.
2014;5(3):283-98. [DOL: 10.5306/wico.v5.3.283] [PMID:
25114845

15. Heer E, Harper A, Escandor N, Sung H, McCormack V, Fidler-
Benaoudia MM. Global Burden and Trends in Premenopausal
and Postmenopausal Breast Cancer: a Population-Based Study.
Lancet Glob Health. 2020;8(8):e1027-e1037. [DOL:
10.1016/82214-109X(20)30215-1] [PMID: 32710860]

of

DS e (G008l nl e o

S ol
A oS wlieyo (B e 0 (S pole olKails 5l allie
Lol 00,5 3511, IRHUMS.REC.1400.215

&3Lw olai
5 gdlie ol lie ol Bty s el pl

16. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global Cancer Statistics 2018: Globocan Estimates of Incidence
and Mortality Worldwide for 36 Cancers in 185 Countries. CA
Cancer] Clin.2018;68(6):394-424. [DOI: 10.3322/caac.21492]

PMID: 30207593
17. Boyle P. Triple-Negative Breast Cancer: Epidemiological

Considerations and Recommendations. Annal Oncol.
2012;Suppl 6:vi7-12. [DOIL: 10.1093/annonc/mds187] [PMID:
23012306

18. Chavez K], Garimella SV, Lipkowitz S. Triple Negative Breast
Cancer Cell Lines: One Tool in the Search for Better Treatment
of Triple Negative Breast Cancer. Breast Dis. 2010;32(1-2):35-
48.[DOI: 10.3233/BD-2010-0307] [PMID: 21778573]

19. Akhter S, Ahmad I, Ahmad MZ, Ramazani F, Singh A, Rahman Z,
et al. Nanomedicines as Cancer Therapeutics: Current Status.
Cancer ~ Drug  Targ.  2013;13(4):362-78.  [DOL
10.2174/1568009611313040002 ] [PMID: 23517593 ]

20. Mohammadian E, Rahimpour E, Alizadeh-Sani M, Foroumadi A,
Jouyban A. An Overview on Terbium Sensitized Based-Optical

Sensors/Nanosensors for Determination of Pharmaceuticals.
Appl  Spectrosc  Rev.  2022;57(1):39-76.  [DOIL:
10.1080/05704928.2020.1843174]

21. Feng L, Liu Z. Graphene in Biomedicine: Opportunities and
Challenges.  Nanomedicine. ~ 2011;6(2):317-324. DOL:
10.2217/nnm.10.158

22. YangK, Zhang S, Zhang G, Sun X, Lee S-T, Liu Z. Graphene in
Mice: Ultrahigh In Vivo Tumor Uptake and Efficient
Photothermal Therapy. Nano Lett. 2010;10(9):3318-23. [DOI:
10.1021/n1100996u] [PMID: 20684528]

23. Geim AK, Novoselov KS. The Rise of Graphene. Nat Mater.
2007;6(3):183-91. [DOL  10.1038/nmat1849] [PMID:
17330084

24. WangY,LiZ, WangJ,LiJ, Lin Y. Graphene and Graphene Oxide:
Biofunctionalization and Applications in Biotechnology. Trend
Biotechnol. 2011;29(5):205-212. DOL

et al. Porous Graphenes: Two-Dimensional Polymer Synthesis
with Atomic Precision. Chem Commun. 2009(45):6919-21.
[DOI: 10.1039/B915190G] [PMID: 19904347]

26. Reuven DG, Shashikala HBM, Mandal S, Williams MNV,
Chaudhary J, Wang XQ. Supramolecular Assembly of DNA on
Graphene Nanoribbons. ] Mat Chem. 2013;1(32):3926-31.
[DOI: 10.1039/C3TB20397B] [PMID: 24032074]

27. Xu H, Wang D, He S, Li ], Feng B, Ma P, et al. Graphene-Based
Nanoprobes and a Prototype Optical Biosensing Platform.
Biosens Bioelect. 2013;50:251-S. [DOTI:
10.1016/j.bi0s.2013.06.039] [PMID: 23871873 ]

28. Khan S, Ansari AA, Khan AA, Ahmad R, Al-Obaid O, Al-Kattan
W. In Vitro Evaluation of Anticancer and Antibacterial Activities
of Cobalt Oxide Nanoparticles. ] Biol Inorg Chem.
2015;20(8):1319-26.  [DOI:  10.1007/s00775-015-1310-2]

PMID: 26563952
29. Gassner A-L, Duhot C, G. Bunzli J-C, Chauvin A-S. Remarkable



https://pmc.ncbi.nlm.nih.gov/articles/PMC2730644/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2730644/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2730644/
https://pubmed.ncbi.nlm.nih.gov/16404738/
https://pubmed.ncbi.nlm.nih.gov/16404738/
https://pubmed.ncbi.nlm.nih.gov/19710483/
https://pubmed.ncbi.nlm.nih.gov/19710483/
https://pubmed.ncbi.nlm.nih.gov/19710483/
https://pubmed.ncbi.nlm.nih.gov/19247304/
https://pubmed.ncbi.nlm.nih.gov/19247304/
https://pubmed.ncbi.nlm.nih.gov/19247304/
https://ascopubs.org/doi/10.1200/JCO.2002.20.6.1692
https://pubmed.ncbi.nlm.nih.gov/17293865/
https://pubmed.ncbi.nlm.nih.gov/17293865/
https://pubmed.ncbi.nlm.nih.gov/16894390/
https://pubmed.ncbi.nlm.nih.gov/16894390/
https://pubmed.ncbi.nlm.nih.gov/16894390/
https://utsouthwestern.elsevierpure.com/en/publications/dna-repair-genetic-instability-and-cancer/
https://www.interesjournals.org/articles/a-theory-that-explains-the-tissue-specificity-of-brca12-related-and-other-hereditary-cancers.pdf
https://pubmed.ncbi.nlm.nih.gov/15343273/
https://pubmed.ncbi.nlm.nih.gov/15343273/
https://pubmed.ncbi.nlm.nih.gov/15343273/
https://pubmed.ncbi.nlm.nih.gov/12471598/
https://pubmed.ncbi.nlm.nih.gov/12471598/
https://www.sciencedirect.com/science/article/abs/pii/S0014482700948341?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/30255744/
https://pubmed.ncbi.nlm.nih.gov/30255744/
https://pubmed.ncbi.nlm.nih.gov/30255744/
https://pubmed.ncbi.nlm.nih.gov/25114845/
https://pubmed.ncbi.nlm.nih.gov/25114845/
https://pubmed.ncbi.nlm.nih.gov/25114845/
https://pubmed.ncbi.nlm.nih.gov/32710860/
https://pubmed.ncbi.nlm.nih.gov/32710860/
https://pubmed.ncbi.nlm.nih.gov/32710860/
https://pubmed.ncbi.nlm.nih.gov/30207593/
https://pubmed.ncbi.nlm.nih.gov/30207593/
https://pubmed.ncbi.nlm.nih.gov/23012306/
https://pubmed.ncbi.nlm.nih.gov/23012306/
https://pubmed.ncbi.nlm.nih.gov/23012306/
https://pubmed.ncbi.nlm.nih.gov/21778573/
https://pubmed.ncbi.nlm.nih.gov/21778573/
https://pubmed.ncbi.nlm.nih.gov/23517593/
https://pubmed.ncbi.nlm.nih.gov/23517593/
https://pubmed.ncbi.nlm.nih.gov/23517593/
https://www.tandfonline.com/doi/full/10.1080/05704928.2020.1843174
https://www.tandfonline.com/doi/full/10.1080/05704928.2020.1843174
https://pubmed.ncbi.nlm.nih.gov/21385134/
https://pubmed.ncbi.nlm.nih.gov/21385134/
https://pubmed.ncbi.nlm.nih.gov/20684528/
https://pubmed.ncbi.nlm.nih.gov/20684528/
https://pubmed.ncbi.nlm.nih.gov/20684528/
https://pubmed.ncbi.nlm.nih.gov/17330084/
https://pubmed.ncbi.nlm.nih.gov/17330084/
https://pubmed.ncbi.nlm.nih.gov/17330084/
https://pubmed.ncbi.nlm.nih.gov/21397350/
https://pubmed.ncbi.nlm.nih.gov/21397350/
https://pubmed.ncbi.nlm.nih.gov/21397350/
https://pubmed.ncbi.nlm.nih.gov/19904347/
https://pubmed.ncbi.nlm.nih.gov/19904347/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3766927/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3766927/
https://pubmed.ncbi.nlm.nih.gov/23871873/
https://pubmed.ncbi.nlm.nih.gov/23871873/
https://pubmed.ncbi.nlm.nih.gov/23871873/
https://pubmed.ncbi.nlm.nih.gov/26563952/
https://pubmed.ncbi.nlm.nih.gov/26563952/

Ol 9 b oo

30.

31.

32.

33.

34.

3S.

36.

37.

Tuning of the Photophysical Properties of Bifunctional
Lanthanide Tris (Dipicolinates) and its Consequence on the
Design of Bioprobes. Inorg Chem. 2008;47(17):7802-12. [DOI:
10.1021/ic800842f] [PMID: 18656913]

Reji TAF, Pearl AJ, Rosy BA. Synthesis, Characterization,
Cytotoxicity, DNA Cleavage and Antimicrobial Activity of
Homodinuclear Lanthanide Complexes of Phenylthioacetic
Acid. J Rare Earths. 2013;31(10):1009-16. [DOL:
10.1016/81002-0721(13)60022-8]

Zapala L, Kosinska M, Woznicka E, Byczynski ¥, Zapala W.
Synthesis, Spectral and Thermal Study of La (III), Nd (III), Sm
(111), Eu (I11), Gd (11I) and Tb (III) Complexes with Mefenamic
Acid. ] Therm Anal Calorim. 2016;124(1):363-374. [DOL:
10.1007/s10973-015-5120-0]

Mishra A, Singh A, Kushwaha HR, Mishra A. Cytotoxic Effect of
Cobalt Oxide-Graphene Oxide Nanocomposites on Melanoma
Cell Line. J Exp Nanosci. 2022;17(1):509-521. [DOL:
10.1080/17458080.2022.2115483]

Rotunjanu S, Gogulescu A, Marangoci NL, Dascilu A-I, Mioc M,

Racoviceanu R, et al. Synthesis, Characterization, and In Vitro
Cytotoxic Evaluation of Neodymium-Doped Cobalt Ferrite
Nanoparticles on Human Cancer Cell Lines. Materials.
2025;18(16):3911. [DOL  10.3390/mal8163911] [PMID:
40870228

Das D, Saikia BJ. Synthesis, Characterization and Biological
Applications of Cobalt Oxide (Co304) Nanoparticles. Chemical
Physics Impact. 2023;6:100137. [DOIL:
10.1016/j.chphi.2022.100137]

Tlikci-Sagkan R, Istifli ES, Liman R, Atacan K, Bas SZ, Ozmen M.
Effect of Silver-Graphene Oxide-Cobalt Oxide Nanocomposite
on Cytotoxic Levels in MRC-5 and HepG2 Cell Lines and
Molecular Docking Studies. J Clust Sci. 2024;35(5):1481-91.
[DOI: 10.1007/510876-024-02604-1]

Gholivand K, Sabaghian M, Babaei A, Malekshah RE, Sadeghi-
Mohammadi S, Naderi-Manesh H. Phytic Acid-Modified

Graphene/Cobalt ~ Oxide ~ Nanocomposites:  Synthesis,
Characterization,  Theoretical ~ Studies,  Antiproliferative
Properties, and Catalytic ~ Activities. New ] Chem.

2023;47(17):8363-80. [DOL: 10.1039/D3NJ00091E]
Kumar P, Mathpal MC, Prakash J, Viljoen BC, Roos W, Swart H.

AN

38.

39.

40.

41.

42.

43.

44,

4S.

Band Gap Tailoring of Cauliflower-Shaped CuO Nanostructures
by Zn Doping for Antibacterial Applications. J Alloys Compd.
2020;832:154968. [DOLI: 10.1016/j.jallcom.2020.154968 |
Omidi M, Saeedi M, Zahiri MA, Azimi S, Mohammadian E,
Hashemi SMH. Green Arbutin-Chitosan Nanoparticles gel as an
Eco-Friendly and Promising Product for Skin Lightening: In
Vitro and In Vivo Assessment. Nanomed J. 2026;13(1):224-237.
[DOTI: 10.22038/NM]J.2025.83053.2075]

Mohammadian E, Oghabi Bakhshaiesh T, Jouyban A, Nazeri E,
Hasanvand Z, Moghimi S, et al. Thienopyrimidine-Based Agents

Bearing Diphenylurea: Design, Synthesis, and Evaluation of
Antiproliferative and Antiangiogenic Activity. Arch Pharm.
2023;356(3):2200349. [DOI: 10.1002/ardp.202200349]
Mohammadi-Bardbori A, Omidi M, Arabnezhad M-R. Impact of
CH223191-induced Mitochondrial Dysfunction on its Aryl
Hydrocarbon Receptor Agonistic and Antagonistic Activities.
Chem  Res  Toxicol.  2019;32(4):691-697.  [DOL:
10.1021/acs.chemrestox.8b00371] [PMID: 30793600

Khan I, Saeed K, Khan I. Nanoparticles: Properties, Applications
and Toxicities. Arab J Chem. 2019;12(7):908-931. [DOI:
10.1016/j.arabjc.2017.05.011]

Tabanli S, Eryurek G, Bilir G, Erdem M. Structural and Optical
Properties of Rare Earth Nano-Crystalline Oxides Embedded in
Adv Mater TechConnect Br.

Polymethyl Methacrylate.
2016;10:217-220. [Link]
TanY, Gao Q, Yang C, Yang K, Tian W, Zhu L. One-Dimensional
Porous Nanofibers of Co304 on The Carbon Matrix from
Human Hair with Superior Lithium Ion Storage Performance. Sci
Rep. 2015;5(1):12382. [DOIL: 10.1038/srep12382] [PMID:
26201874

Oztiirk K, Kaplan M, Cals S. Effects of Nanoparticle Size, Shape,
and Zeta Potential on Drug Delivery. Int J Pharm.
2024;666:124799. [DOI:  10.1016/j.ijpharm.2024.124799]
PMID: 39369767

Nakamura H, Takada K. Reactive Oxygen Species in Cancer:
Current Findings and Future Directions. Cancer Sci.
2021;112(10):3945-52. [DOL: 10.1111/cas.15068] [PMID:
34286881]



https://pubmed.ncbi.nlm.nih.gov/18656913/
https://pubmed.ncbi.nlm.nih.gov/18656913/
https://pubmed.ncbi.nlm.nih.gov/18656913/
https://www.sciencedirect.com/science/article/abs/pii/S1002072113600228?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1002072113600228?via%3Dihub
https://link.springer.com/article/10.1007/s10973-015-5120-0
https://link.springer.com/article/10.1007/s10973-015-5120-0
https://www.tandfonline.com/doi/full/10.1080/17458080.2022.2115483?utm_source=researchgate.net&utm_medium=article
https://www.tandfonline.com/doi/full/10.1080/17458080.2022.2115483?utm_source=researchgate.net&utm_medium=article
https://pubmed.ncbi.nlm.nih.gov/40870228/
https://pubmed.ncbi.nlm.nih.gov/40870228/
https://pubmed.ncbi.nlm.nih.gov/40870228/
https://www.sciencedirect.com/science/article/pii/S2667022422000755?ssrnid=4172613&dgcid=SSRN_redirect_SD
https://www.sciencedirect.com/science/article/pii/S2667022422000755?ssrnid=4172613&dgcid=SSRN_redirect_SD
https://link.springer.com/article/10.1007/s10876-024-02604-1?utm_source=researchgate.net&utm_medium=article
https://pubs.rsc.org/en/content/articlelanding/2023/nj/d3nj00091e
https://www.sciencedirect.com/science/article/abs/pii/S0925838820313311
https://journals.mums.ac.ir/article_26068.html
https://onlinelibrary.wiley.com/doi/abs/10.1002/ardp.202200349
https://pubmed.ncbi.nlm.nih.gov/30793600/
https://pubmed.ncbi.nlm.nih.gov/30793600/
https://pubmed.ncbi.nlm.nih.gov/30793600/
https://arabjchem.org/nanoparticles-properties-applications-and-toxicities/
https://arabjchem.org/nanoparticles-properties-applications-and-toxicities/
https://briefs.techconnect.org/wp-content/volumes/TCB2016v1/pdf/145.pdf
https://pubmed.ncbi.nlm.nih.gov/26201874/
https://pubmed.ncbi.nlm.nih.gov/26201874/
https://pubmed.ncbi.nlm.nih.gov/26201874/
https://pubmed.ncbi.nlm.nih.gov/39369767/
https://pubmed.ncbi.nlm.nih.gov/39369767/
https://pubmed.ncbi.nlm.nih.gov/34286881/
https://pubmed.ncbi.nlm.nih.gov/34286881/
https://pubmed.ncbi.nlm.nih.gov/34286881/


      n m


  ۲   𝜇 m −

