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Introduction: Cancer is one of the most significant diseases of the present century and
ranks as the second leading cause of death worldwide. Its incidence, particularly breast
cancer in women, is steadily increasing. This disease arises from uncontrolled cell
proliferation and the ability of cancer cells to migrate to healthy tissues, leading to
tumor formation and metastasis. The genetic and biological heterogeneity of cancer
cells, especially in breast cancer, complicates effective treatment. Conventional
therapies such as surgery, chemotherapy, and radiotherapy, although effective in
reducing tumor size, are associated with limitations, including damage to healthy cells,
drug resistance, and systemic side effects. Therefore, the development of targeted and
innovative therapeutic strategies is a priority in cancer research. One promising
approach is the use of nanoparticles for targeted drug delivery. Due to their small size,
high surface-to-volume ratio, and modifiable surfaces, nanoparticles can efficiently
carry drugs and deliver them to target cells. Controlled drug release from nanoparticles
reduces uptake by healthy cells and minimizes systemic toxicity. Iron oxide
nanoparticles (Fe3O4) possess unique magnetic and chemical properties that enable
precise guidance to tumor sites and allow real-time monitoring of drug distribution via
MRI. Surface modification with biocompatible polymers such as polyethylene glycol
(PEG) enhances nanoparticle stability, prolongs systemic circulation, reduces immune
clearance, and provides sites for conjugating targeting ligands such as folic acid and
glucose. Polylactic acid (PLA), a biodegradable and biocompatible polymer, increases
drug-loading capacity and enables sustained and controlled drug release. Combining
PLA with PEG and targeting ligands creates multifunctional nanoparticles that are
stable, biocompatible, and capable of selectively recognizing cancer cells while
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minimizing side effects on healthy tissues. Targeting ligands such as folic acid and
glucose facilitate selective cellular uptake; folic acid binds to overexpressed receptors
on many cancer cells, promoting intracellular drug delivery, while glucose exploits the
high metabolic demand of cancer cells, improving the delivery of therapeutic agents or
genes.

Aims: Dual-ligand nanoparticles enable multi-pathway targeting, enhancing
therapeutic efficacy and potentially overcoming drug resistance. In this study,
multifunctional PLA-PEG nanoparticles functionalized with folic acid and glucose and
incorporating Fe;O4 were developed for targeted drug delivery to triple-negative breast
cancer cells (Hs-578T). This system combines magnetic guidance, biocompatibility,
controlled drug release, and selective targeting, providing a promising platform for
effective and safe breast cancer treatment with reduced side effects compared to
conventional therapies.

Materials and Methods: Various chemicals and reagents, including MTT ((3-[4,5-
dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide)), Ethanol, HCIl, NaCl,
KH,POs, Chloroform, NH2-PEG-FA, NH2-PEG-Glu, NaOH, and paraformaldehyde
were procured from commercial suppliers, while FBS, DMEM, and trypsin-EDTA
were used for in vitro studies with Hs-578T breast cancer cells. Multifunctional
nanoparticles PPF (PLA-PEG-FA), PPG (PLA-PEG-Glu), and PPGF (PLA-PEG-
Glu/FA) were synthesized via the reaction of PLA-acrylate with the respective NH2-
PEG derivatives in chloroform under mechanical stirring and mild heating, followed
by purification through dialysis and freeze-drying. Methanolic extract of Silybum
marianum was prepared by ultrasonication of powdered aerial parts in 80% methanol,
followed by centrifugation and filtration. Fe;O4 nanoparticles were synthesized via co-
precipitation of Fe (IIT) and Fe (II) salts under nitrogen, followed by gradual addition
of Silybum marianum plant extract and NaOH, leading to nanoparticle formation. The
particles were collected magnetically, washed, freeze-dried, and stored in dark, dry
conditions. Targeted delivery of Curcumin (CUR) was achieved using folic acid and
glucose ligands. CUR and Fe3;04-OA were incorporated into PPF, PPG, or PPGF
matrices using sonication and emulsification in PVA solutions, followed by rotary
evaporation to remove chloroform, washing, and filtration to remove unencapsulated
drug and large particles. Structural and chemical composition were analyzed using 1H-
NMR and FTIR spectroscopy. Morphology was observed via TEM, and average size
and zeta potential were measured using dynamic light scattering (DLS). Drug
encapsulation efficiency was determined spectrophotometrically by measuring
unencapsulated CUR in the supernatant. CUR release kinetics were evaluated in two
pH environments: pH=7.4 (normal cells), and pH=4.5 (tumor-like), with periodic
sampling and replacement with fresh medium over three days. Cytotoxicity was
assessed via the MTT assay, with ICso values determined after treating Hs-578T cells
with varying concentrations of CUR, nanoparticles with CUR, or blank nanoparticles.
Apoptosis was analyzed using Annexin V/propidium iodide staining and flow
cytometry to distinguish apoptotic and necrotic cells. All experiments were performed
in triplicate. Data were analyzed using one-way ANOVA followed by Duncan’s test at
a 5% significance level, and normality was verified with the Kolmogorov—Smirnov
test. Results are reported as mean + standard deviation.

Results: Targeted drug delivery has emerged as a promising strategy for treating
difficult-to-treat diseases, including cancer, by directing therapeutic agents specifically
to diseased tissues while minimizing uptake by normal cells. Biocompatible and
biodegradable polymers are essential for efficient delivery systems. PLA, a widely used
biodegradable polymer, allows loading and controlled release of hydrophobic drugs
like curcumin. However, PLA alone can aggregate in serum due to hydrophobic
interactions, leading to immune recognition and clearance. To overcome this, PLA was
conjugated with PEG, which enhances nanoparticle circulation time and provides a
stealth effect, reducing recognition by the immune system. PEG also improves drug
loading and stability, although it is not biodegradable and may accumulate over
repeated doses. Magnetic Fe3O4 nanoparticles were incorporated to increase targeting
efficiency, while folic acid and glucose ligands were used for selective recognition of
cancer cells. The synthesized PLA-based nanoparticles demonstrated good
biocompatibility with Hs-578T cells, showing no significant cytotoxicity. Drug
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encapsulation within PLA-PEG nanoparticles allowed controlled and sustained release
of curcumin, which was particularly enhanced under acidic conditions mimicking the
tumor microenvironment. Notably, nanoparticles containing both folic acid and PEG
showed higher drug release compared to those with PEG alone, highlighting the role of
folic acid in facilitating curcumin release. This pH-sensitive release profile minimizes
drug exposure to normal tissues, potentially reducing side effects. Cytotoxicity assay
revealed that curcumin-loaded nanoparticles significantly inhibited Hs-578T cell
proliferation compared to free curcumin, with the dual-ligand nanoparticles exhibiting
the lowest ICsp values. Flow cytometry analysis demonstrated that these nanoparticles
primarily induced apoptosis rather than necrosis, suggesting selective activation of
programmed cell death pathways. The enhanced apoptotic effect is likely due to
increased cellular uptake and targeted delivery, which facilitates higher intracellular
concentrations of curcumin.

Discussion: Overall, the results indicate that PLA-PEG-based nanoparticles,
functionalized with magnetic Fe3O4 and surface ligands, provide an effective platform
for targeted curcumin delivery. These nanoparticles combine biocompatibility,
controlled release, tumor-specific accumulation, and apoptosis induction, which
collectively enhance therapeutic efficacy while minimizing systemic toxicity. The
study underscores the potential of multifunctional nanocarriers as a promising approach
for improving the effectiveness of anticancer therapies and offers a foundation for the
further development of targeted, stimuli-responsive drug delivery systems.

Conclusion: As a final conclusion of this study, it can be stated that the development
of novel drug delivery systems based on PLA-PEG copolymer nanoparticles is a
promising and strategic step toward overcoming the therapeutic challenges of
intractable diseases such as cancer. This study clearly demonstrated that the design of
such nanocarriers not only offers high biocompatibility and safety for normal cells, but
also, by taking advantage of the camouflage effect caused by PEG, increases blood
circulation time and prevents premature elimination by the immune system. The
outstanding feature of this system is the ability to control and intelligently release the
drug in response to specific stimuli of the tumor microenvironment, especially higher
acidity, which allows for maximum drug delivery to the target tissue and, subsequently,
a significant reduction in systemic side effects. In this study, the effect of adding
targeting ligands such as folic acid and glucose on the accuracy and efficiency of these
nanoparticles in recognizing and binding to cancer cells was also clearly observed. In
addition, the results of this study showed that the designed nanoparticles were
successfully able to increase the induction of cell apoptosis in Hs-578T cancer cells.
These findings strongly support the superiority of this nanotechnology compared to
conventional drug formulations, both in increasing therapeutic efficacy and reducing
toxicity. Overall, it can be concluded that PLA-PEG-based smart nanoparticles, with
their multimodal capabilities, have great potential to become a comprehensive and
reliable approach in the next generation of targeted cancer therapies, paving the way
for further studies and ultimately effective clinical applications.

Journal of Cell and Tissue 17(1), Spring (2026) 33-58



DAL TY Slxio AF+d Jlu d o)leids AV 058 ccidly 5 Jokw

'e"'. “"SL’ 9 JS‘L‘“

TFFO-TOSY 1 oSy il LS

ra.

o yobionizy )39l ST as HS-5T8T slo Jobus 4 cymosS 55 endud Ui
)59.15 9 sS.Jgﬁ M‘ b od.&c)bo‘ PLA-PEG-Fe30q4

Tstghn pile

Ol syl e godlaol 03T ol8tils ¢ s )} ol ¢ culids Cnns 09,5

oSy suls o3l
b aalllas (ol 3 sl dxlgn ag o Cenglie 5 YU prles b e 6t iy oy BB teban Gl o
(PLA)-PolyEthylene Glycol (PEG) yeslysS y ifes ojshiiosiz diadisn Jebrsill ads s SIS s

) : Hs- 5 o ulsCls

(FA) s sl closil8d LPLA-PEG &5 :lasbigy 9 Olge 5 silays oIS 5 copolais]
ey Slml 5 (pbliie Colan sl (Fe304) ol anSTl 5 b (5505800 (sl (Gl) 55615 VVE- BV bl o
PPG (PLA-PEG-Glu- PPF (PLA-PEG-FA-Fe104) &3 5L s Lo i s oS 5 a0
2 aul FTIR 5 'H-NMR ;| eslizal L PPGF (PLA-PEG-Glu-FA-Fe;0s) 5 FesOs)
5 gy DLS o SEM .TEM L (CUR) (5055 )55 () 185L 51y 13536 o5l 5 (535158 59
S MTT (5051 b Joho Coans 5 28,5 518 o3l 090 PH Gz Laylyd o )l (tale, St

VEEI AN 16,553 g,

VECEIANA by gyl

odplive mozdi ey g yeglb Voo VA o3lail b (59,5 )3l 1Ll .ol oduomiw (5 yioginlugld
aS J> o il glabhsde BB Coons gyl oy )35l cuils o BB ial38l
P o yiien 0l Glis (g loline Gl pwas Colsd aesS 165 b oodds (6105 L sla sV e )3
ICs0 ¢y 5pS b (PPGFFe/CUR) (o] aicnST 5 05 90 1o slls &l 350 a0 glate S g9
Wl 1) 5592 ] Boes )39l ol a8 ols lis (5 yagislugld 51 Jol> zuls .og (OF/V#) pg/mL)
e PH e, ol conds oo Jaom i 1 yeS domls S gn 5 oS5l 39,55 31 5 03,5
b 655 o Syt 2Vl Jeslis 5900 Gl 1y i3 oyt 1 5 Jolorsib sl S

Byl shie ailfan oyl

doddo —)

oo ez ;0 pe g S e Jale ragd ol pac Glas e (05 RSl g 2 Fete 3 SO Olgea Gl e
2 byl olls g b sk 0ol J S 1ué a5 2506 (5 lows Gl el (iul38l Jl> )0 el jebay o] £auds g 290 o0
(Sl sladobe (S5odem 5 (S5 €55 (V) 09bon slinlio 5 59005 Sloml 4 j2eie a5 Cunl b slacl 4 &2l

Lol (5 58 Gy g5 Faals liay o (V) 058 o0 lgl8 (Sleyo sla Sz coge (g (b )3 o594

CROFTVYYYAQ (S5 ¢+ AN YAYAAYYTD 150l ¢ Jgtuns odingi #
yaghoobi_h@iau.ac.ir : g xS cny o]



Yv S ol

A Glez 53 Ol Gl 202 3550 (el 99 AVl (WHO) Sler clage loslo sl ond piine G318 5.l
Polse b ege Sloy lasisy (8l Coaal g9050 (al 5 Cesl 9550 52 10 dgu ol cnl 5l Gl e 457 055 50 00l
Lo 15 b sloygegs alo 5| Galisie (sloaiss o5 b ol Ol o (1) WS (o0 Az Al | Wed08 5 7168 Sl
by 5l o Hs-ST8T slaJsho (F) conl axlse cigd oo adbid i b Cotie i Olieas &5 S (Sgo )90
Sy ld & (oo Cenglite g @ ;3T Aile 93 (Sfedsn Pl Sla TRy Jdoa Ol by shie Al Jol
Hleys o g, () Kgis oo ooliiwl sliinle;] jo dindan g (pg5 slole,s andllas gl cowlin Joo ylgieds ¢ Sloyd condd
5095 o5lul RS jo a4z ST la b, cnl Cl (S50y90 OS5 9 Sloyogin (Sloyd oot (> Jobd Gl (S
2155 5 19,10 Suoglie ol (slaJsho @ ool wiile (g B lacasgazms L Ll wilosgy ge o jlars slir (2l 5
0jp> 50 Sliniod slacyslsl | (o ailjglsi g atedan lojs (slahs; drwgi (Jdoirends it ol jen St
el Bedan Sluygyls (sl I3l 5l eolaiwl el Ho 0ausS lgasel (slos Sogy 5l (S (F) 09, o0 Jledas b s
b o J 5 5o Jam 5 @V ol s 23l Skl 5 VU o 0 oy o oSsS o3l sy b
3205 2815 | ol (sla Jobos Lasgs i s o3 255 i, L 4l e 35 ol 5 osdle s oaa sla sk
5ol S lsieds LS (glao L 5l oaliil b Sl3eil s $ias (V) 0l s Bl 45 1, ey Siaamses Comoms §
OB plejpee Sygot OlalS alierdaid SLS 5 () cnl 5o Sl grkae 9l el )5 S jlaze JlCinss g
SalS pogdle 0,505, (pl aijle so & o |y gom (oliands Slge 3l oolainl 4y 5LS g 00 )5 Wl | saisScanis 5 oaialS Jolse

V) 050 Gl yols 035> 30 (yaal 9,205 Jemilly § 5V (s 653 b (S350 wdgs 4 e o Sa¥T L

SLonsls ) (sote sl B 055 alord 5 (pmeblie 0 B4 amie slo Fhy Jdsar (Fei04) palacnst o35l
sblive Cools ( pudline o ol joaS e cpl 4 w5 ls cwsblisuel )b pgw cuols Ol3gl cpl a5 )ls diedan
WS (o0 RStz Sl () bl (lase jea )0 Lol wigd oo (6T sl anlgPl gend 5l g s oo s |
sl Sl el 5 o)l pe Joe eds S5 el (Shs 0l () 0,5 culan jpeg e sy |, lag] ol o0 s
FesOu &l 3ol ¢ bline calan  ogde 08 o SaS ooy ol talidl s 5 8,50 co 023 |, sl yd ansd (glag,lo
Olejed g0 (3 50 1 9,10 ez 5 @355 Glgi oo l plis 3ls 35 1) (MR (publine (uilig) b 5510 50 gead <o
ol P01 Sl s i (M) 8,5 ol ool sl fs i ol 3 IS 315 55 L5555 b,
S s b 3 5 il b 85 ool (PEG) Jp oM il e 53 sl s L 5Ll L
sle diadan slasilSd Lol Sl _oxans 3ol 2l (8) Sgbco 5,05 (6 erd ol Sgri 5 (oo priaas g B>
B gl e,y g wigd Jate Gl slaobe 4 (LBl Ojgo D138L L S (oo mal B 1) SIS 5 sl SCIg2
Ol e lay | (VU w4 e s g FE30a )3536 S 55 o5l05l el 3 ogdle () +) 09 plosil Ha5 5550 oo
OBl b9l ol (gublise Cunols (pizen (1)) 09dion Lol (4950 2 95l0 S50 99,9 9 (Gl sla sl
o Oly3gh aS ol cmbline 1> yleyd g aredan Slu,g,ls §eali ale ( S 5 slaleys o ol 5l solaxul
YY) 055 oo palp l—din oo o 5l GBI ©j90a 1) (Gl sladshe 5 00,5 adgi &)l oglite (cusbline Glas
sle 5 o 55 5 A5 oiens s 2ol bl ebliin sl S a5 b FesOr olyisib IS shos
OF) 5555 e ali plbr ey S Gl 5 steban sl ls sl Jlonl il o g)ls ans s
Sgte 5> dte G 5 Cewl SSgl (Gl jg)ls 5o B len ) Gloyesk e 3l (S PEG) JoSols sl

Y a)bn.af)/\ 6y99 Ny -Ll#/\f’a )L@/uﬁng,Lw



o5 9 SJgd wnwl b ous Mol PLA-PEG-Fes04 ojglionis Ol )34l oS 4y Hs-578T gbd Jolw 4y 095 595 iadud JUil | YA

Loy byl g ololis 5l gle «l)366 (6,8 5l (iulidl pogdle PEG .(VF) 5l aiedon slapinew o Slos
@ o) Sl i ols g il (Bl 3 (9955 )3 s SYeb ley sl cnlple 1005 oo G (el
Eoz 5l g 00 S 9 2 ladae ;0 D346 g lul 2ol38l Co g0 PEG jl eolatul cyizman (1 0) 85,15 jg085 oo
ottt i il bl Sildgiams Y 5 olul b jarl ol S e g pSsls lop] olinl b azulssl
B9 &S g Jlorb Lawgs g p (3LaSh (281 cge 45 WIS o0 Sloml K (iligy S pMllaslay g ools palS ) ety
2,350 el 3ol b g 05l c0 wal 3 1) (G2 ST b 5 Casgo]) Galises (slagyls 5o (6,65, G PEG (ol 52 opdle
wan 1 OVF) Sjocn yooma |y Sl sl sl olalis sl 355 5 dml Sdh aile aiedian (sloilSd Jlasl ol
)10 Laglo Sattnnn Comoms (22l 5 0l J5S (aley Gial 3l sy 59 550 &390 99 50 salS (28 PEG ¢ Sge
Sy oyl 45 w0356 ploond 5 Sused 0 Shes Lial3dl 1 ogde FesOuPEL &l )3yl ;0 PEG s> e oyl (1 +)
230 0 ek 51 So (PLA) sl SGaSY (%0 S5m0 5 S (o0 SeST Fge 5 Granl iadin (Slaj )l s
OF) o)ls baalgilb calos 13 (sogn G5 0095 6 iy P 5 G slodun s Jedoar &5 Canl aiadan Glu sl
il 200,5 oo b 0l 5 S anSlgs wiile ) 200 SYspame a5 S5d o0 @ (N S ek &y50n PLA
1,15 anlgs o PLA. 3l ot jiies lydsil (1Y) sodbce il b lse 5 Saaiammes o ialS el ] 5 asliiol
X5l pal B 1) g)ls ek J 7S g (s Ll «l)d ojlail g Jlisle JpuS L g aiS 6,850 1) Judgyaan 5 Siagds an
sile 1o yasly olo b oL PLA (ol s ogde (VA) saibco 5,15 g5 labo aalS 5 loys s il ialsdl r g a5
g 2ol cobld 5 (6,8 5locens s 5 YL (g lal ogdle aS 55l (slojglatenis &l )39 b 0gd oo oS 5 PEL L PEG
S @Y coeal Gy sl sl ololid sl a8 aiil o535 525 560 5 el S5d wiile wiedan laails
Slans] & Wlgi oo g 00l il |, 5,10 (6 b asd b 0,055k gy b Lol e clgicas PLA. ) asliiasl paizean (1)
35 o 6l Jskos s 1) ool 35S o g Al 4ls Vb LIS o2 4 035 S (giiadin ol yo)ls (glopiases
S ,Sas; 5l (S plarear wiedan 39l (b 5o Sl e sl Jshe ghan (polaisl Glanlld 6,5 )54 (V) ws
sl b anslio jo by glash 5l )k (V) 35500 a3lids (Slojoss 5 Sloysylogili 0> po sl S 5 (g
3ol gelans & 1o 15 1l oo (lawilE) 3loull ims o i 395 b 1o |, (ool slmods o a5 e s el
iz Gl 4 e (g ol (1) 33leie ool ) Gl slasle & olais] JLasl 5 o5l glolis oS
“pdr sbay Sloyd Sl Jl ol e )0 g ead 0 S a4y dly jetgdl S olepenilSe 3250 1 (Jolo
L)l JUST plesily S9ae (Sloyg)ls Cmolaisl alidl & plgs o0 9,50, Cnl Sblze G Ften 5 (V) bion S50 625
2 O3RN (YY) og0d o)Ll slacdly r polans e S35 (80 Sostins Sopons (2015 5 (B pae 555 (2ol ()
S glisn 8 |y s s 27 Slaied (5T iie & s iz slolS b Sl b el
3 Olseas) FA( sl SCdgd yle ol 50 (F) wles S8 Sloyo ol i)l g og)ls cglin p ade @ Wlgh oo
S S8 00510 5l st ol pol ol ol s sl = 356 (g jloiadan (glaailolis ;5 WaslEd o 50,5
s & 39l haw )3 sl Sgd (S50 (V1) Wdloe a5 5 IS i Gl aloz Sl gl o I (6l o
565 1y oy Sl 5 Jshong;o 99,5 aial 3 a4l g0 il sl sbo 4 Jlail Copolais 5 les Sl g
(Ol @il g osllae )5 locu; Vb )lul «SoS ojlail s a4 sl g8 iz (V) OIS oo S
S5 R0 g 51T 99,00 Jladty (Sloyoss 5 Slyglo (s glaailbeles (Hhb o eolizul gl Jlosy! slazy 5

¥ oyleis 11 0595 1Y ol 114D 5l /bl g Jobow



Y4 S ol

bogs Slays laps ©iz 5 (625 B8 Sgnr sl egt (el 00l ke F S slaaileles j5 Lisuag s> Glsisa
Sl Al 55l5 Srae el oS Slbyw sla ok 5l il YL (STt 5L Jds 4 (VF) Gl sl Jobos
Sple gz 5 ol 5l Wlgoe 05 JEl sladal 4 915 Gl d(Canl Bgyme S p)ly il 4 a5 (loyay) wims oe ol
Goiadon Uil slaailols ails o o, Kimets 5 sl slrog,S L lapgssed b oli3sil g5l ol b (YD) oS (515 0,0
S ply cpl digd hate Ked oo Gl Sy o sle zdaw j0 a5 5565 sla 8L 4y olais! jgb 4y a5 oS ol
ol 2 oal Sl yoe Pl s ) plle slacdl p alsz b SIST Al ses o IBL 0F Qa2 ks &
1y sk 0950 Lol JUl g ool (2al381 1) SLalS'si (slaal codl 5 (5)luly atils oo 35515 L saisdlal (sla Jul>
ey edian a8 5 Bay 4l Jsbo slaosi S ly alllae (nl jo 55505 5 (FA) Slsd apl (V) oS Joges
S5 Ol Glays 5 (Sleyds 4o i oo ) (6 e SIRIee SIS g 65 Bus g5k« Joke iz o6, jlucins 5
Ban b Jlegh cnl 0gye0 Jleddr GiFumg (63,509 o) JUES! slaailels )3 Sgd apl 5 55 9lS (S Ban sl S
sl s anulyml Sl il g ool Laglial ) by ol ay o5 JUiil LS a5 0 alool (o ysbiioninr &35 b
S 59,5 0loy (Rl jolaiedy ol oslitl g o JUESl 5 (6 25k sl PLA jljslaie (s oas palS' ], ol
el ;85 5 58 90l (PEG) JoSlS” sl sloaS'53355 b (ool jocy i b o sla b a2 5l JUiil

s oolizl (HS-578T Jskos (clos¥) Gas sla Jsbos 4y 55l adin JUisil gl FE304 &3l 51wz

b w9y 9 Sl =Y

podgsl yi-HY- Lus 60-Ybd-(Jdg3ls-Y- Juie 65-53-(4 DMSO)) vSsalgs Juito «(KCD) ol 03,15 20/s0
5hawaadle 3L o (55l 5 (GldD) S e eS8 5l NaOH) eows 0nS'sjoue g NH2-PEG-Glu NH,-PEG-FA
S 3o I EDTA- s 5 s DMEM ciS L (FBS) (555 (i o -0 4 () pl) Sl ge 5150 o oK o]

DA (5l 3 (15 o] sasxie YLI) Biowest

Yo <> PLA-PEG-Glu/FA (PPGF) 3 PLA-PEG-Glu (PPG) PLA-PEG-FA (PPF) &/,0450 jiw
p 99,08 yid o ¥ 30 allas & g0 4 PLA - (ST Jgeg,5c0 V¢ g NH2-PEG-FA Js05,50 Y+ laul PPF 1,343
Fe clos ;o PLA-O ST - 0585 1S Jslxs 4 (gloyka &9 4 NH2-PEG-FA (ol> o550 Jslono s i
SIPLA-PEG-FA (gjls alls 0iid 5 )13 Sle o0jem o el Y Stay g ool ablol ol 5 il ax s F8
ool b Jgeama eplomil s s alonil Cslos 8 02 15 0T 50,5 Sl b s, ¥ oy 050 ol o 5ullis anl s 3,k
siiSly B,k I PPG &350 siw opl o ogdle .ol s Freeze Dryer(LMC-2, Rubarth, Germany) oKws ;|
L 55 PPGF &)346 s criz o (V) 0l plosl cds ools medgs YU y0 a5 jshilea PLA- ST NH2-PEG-Glu
plol s SEVL 0 a5 jeblen J>le ile g oo ploil PLA-2SL ST NH2-PEG-GIU/FA J5Sg0 90 ,0 oS 5

iy Jale plgieds o 0)l5 0 lac ((Fes04) ot s s 3976w jiciaw 3 ot o s oL i1 Spilio o liac angi

(_gl.aoy. o.\.;.ISL:_‘>| u*"-’ ‘(u.’)Lo...l....u o‘)‘g.gctg) Lg.\,:jy'pl.é 9 6]5J uLHS).s Q.';..i}‘o b 9 6305 J.o.c Fe;0q4 C_»|).S9JU e w50

Y a)bn.af)/\ 6y99 Ny -Ll#/\f’a )L@/uﬁng,Lw



o5 9 SJad wnwl b oss Mol PLA-PEG-Fe3s04 o)sbiosis O34l oS 4y Hs-578T sbd Jolw ds (y0gS 595 iadud JLas! ¥

o3l b Jlagly o030 Sts g o0 mez g ) J5uS b SlaS 5 cnl ol ange |y Slpdgil eaiiS ol 5 oo
e )5 (s plil) obS aigas jlite (al (sl i oo s sl 0 (gow alierd Jalse @ 5l 1alS g cBeS,
Lol b oo 5 Jgilie olae o 6 glans 7,5 oBuils slgz pg)ls LS caSimgyy 5l (Silybum marianum)
L Sgolyd zlgel Couv aads Vo Sue 4y bglee ol agd doyo Ar Joilio jid Lo Voo dyond (05 S p,S Ve 0,8
polae jobay ol § Ul az 0 YV sloo jo el YT Goedy s 9 <8,5 |13 Slg VO 0,08 5 35,00l S Vel )8
sl ol Blo &S 5 )b 5l coles ;0 g 0ed Bd> LS Ll b al 5. il Juols o las e ol ool 1SS
dw b SO w Tl ol Fies gy by, )l eslitul b FesOg ol,dgl .ol cavsay Blas Jgilie ojlac b o
05 YIY 5 FeCl.6H 0) (1) opalay 5 olaaliSa a)S V¥ wiisrs ol i oo Vo oglr o,2) oe YO+ il
By s 43 (59,0 55 daailas 51 (S 4 gwles coas ) e 0 adlsl (FeCla.4H20) (D) ool o S ol josal 25
od o VO (LBlais ol 00 o2 05 il az 0 Ae sled jo 4 B0 Ve Daedy Jalore 09l dloul 3l o s SO B Al
NaOH ;Yoo V Jolowo yid oo 7 33 Ve Sl Gy ol 4l pslae (33500 o g g yiian e ) (ISlg o ol
51 oslinl b 356 s 00l Lt olews 4y (gloggd 3 S5, a5 b FE304 Sl ydgil LS s adlil o lab o lab & g0t
S 5l ey (T9) g Bl silagdly glo calBU b winds atac SlS 0350 Ol b g oyslanr oyl slyinl
D36l g ksl sla Sy Laa> cy> (LMC-2, Rubarth, Germany) iz slezsl olSiws lawgs baiges 0,5

N (6,0 BT sles 5 St 5 Sl e o 1, a]

3 PPG/Fe;04-0A/CUR (PPGFe/CUR) PPF/Fe;0,,04/CUR (PPFFe/CUR) /)34l augi
Hs- Jobo slacn¥) plimy wilbyer sloslo 4 5l aieban Jlo,| PPGF/Fes0,-0A/CUR (PPGFFe/CUR)
S 5 L PPGFFe/CUR 5 PPGFe/CUR PPFFe/CUR ol 35l s plol 35515 5 Slgbareal 51 osliial b (S78T
CUR 3l oslin e 1ozl pglaze s 150 4g5 () J3a2) PPG 3 PPF Fes05-OA (CUR) cyoaS 558 comlio yolie
55 )] 4 Fi0-0A 5 PPGF) 50 8 o5 L s PPG L PP (s p85)15 2l lee# 1o  JsSlse 035 1
Cawddy OY gams s 8,5 )18 (55,05l Yo g 50 (63,) Ol o odal Cowsds oS 5l Yo 5l ey 0B
calsl 15 Lzl 0 ligo cygmeelSaipms Al b g o 8Ll ( JsSga (yj5 1) doys o PVA  slome i dia # o o0l
299V 2l (SilSe (e o (ole Jalne g oad aBlol ol 4y (J5Use (355 L) 9o 0 Y PVA Joloro 2 Lo Y

Lo 4583 O Boiady Lol bslis 59,15 Nl i pslaiods bl 55 2,5 )13 oL,8 il iy YO slas 5 (4ids ;o
s 033920 ST Lk aoiz 5 pslaer Jol D35l s )5 5 (25 2 3,50 DS 50 5 (6,05 Llgo elws
Sl 5 5 Sy o3l b L3 b s s ey Sea o /) 5 /FD sLid ld laugs ol )3l csim ale e o (TV) win

DA (6,)10a55 8,5 Bl ax 0 =V sl j0 )36k ploul s igd Bi (b eoe CUR e ylgieas) ol

¥ oyleis 11 0595 1Y ol 114D 5l /bl g Jobow



Pl oein il

Glizre @ly3gib i o ool 3,90 DloS 5 1) Joao

Fe304 PLA-PEG-Glu PLA-PEG-FA X
CUR (mg/ml) (mg/ml) (mg/ml) 29l &5
- - - Yo PPF
- - Yo - PPG
- - \YO \YO PPGF
\ - - Yo PPF/CUR
\ - Yo - PPG/CUR
\ _ YO YO PPGF/CUR
\ Y - Yo PPFFe/CUR
\ Y Yo - PPGFe/CUR
\ Y YO \YO PPGFFe/CUR

3 PP o 3 53l 55 sysn Sl 5 anl 5 65 o Sy w5l ot e s o coliarbn et
Bruker Avance Neo) olSws SaSa 3 (H-NMR) (59,000 slaine  cwblie wuid iw b lawgs PPG
o i 31 Oldgil 60 Slas sbvog,S 0929 dul g uized b s (J00MH, Bruker, Germany, 400
ol&ss 3l ooliztl b Feom Feer em dilaie ,o KBr cla o3 s, 5l oolicil b g (FTIR) ay,58 o 30,3 (ys0le
PPGFe/CUR (PPFFe/CUR &l,356 (556198 ,90 (YA) ois ploxsl (Bomem-MB 100, ABB, Kanada) jegidg mSowl
-olus 5t b Japan ,JEOL Ltd ,TEM, JEM-2100) 5,5.c  S9,Sl CoSsg S olws lawgs PPGFFe/CUR 4
,DLS) Lgy 95 (SauSTy 5l oolitasl b lagyT b sl g 3555 Lawgio ojlail cpui o .o odslice cgglS Yo v oaias

(Y2) ui s (Malvern Instruments, Westborough, USA
ubo o)Lb‘ @71?& ..5)3.9 )d w PDI ‘u‘)éyl: d.M.a) )Q w‘ o 4.;54.: s.i; )o QS'BSJBA S ae &’)5" 6‘;: G)L.x.c PDI

ol g o3Il 595 oaimsylis SYL PDI as” Jl> po sl gecleiss digad oo lis 5oyl PDIL ass oo 4l

PDI=2¥
M.

n
(My= J50s0 (335 Jamsgia, Ma= J5SUs0 (339 (5Sile)

_I(NiM?) M, == NiMi)
S(NiMy) Y

o] ;’;1)59313 3td :Mi 9 C;bfby’l.; slass :Ni J}cjs u_:l ) as
45 (eS8 slade (55050 L D35 50 (e )5 (59,00 s 9SSl (235 (0885 (500 (5 I,H0 (8056
uwuw )9’QJ)'“"L““" )‘ o= sw.tl.a)] 4.]9] =9 (:)Lc )b 09}5.40 CUR )‘..\.M su.s‘).'l.u W w.uu S W) d)?—uus)‘ gu‘)\)}'l} )\)

JS )‘..\M lJ =9 (':>Lo )0 9990 CUR )L.\.D.c e % ‘_g)j o)l..bl ).uoyl.' Y. B )M?—oﬁj)—&w‘ Ko Ja.ws.s u‘)OyL'
(Y aolao) s pss 5 25 4 CUR (6,138 ,L ca03L (V) o auslie (5,135 ,L a1 8 )0 ouis solawl CUR

Y a)bn.af)/\ 6y99 Ny -Ll#/\f’a )L@/uﬁng,Lw



Fol5 9 b wmwl b ousz Mol PLA-PEG-Fe304 o)shidoscs Ol 345l oS 4y Hs-578T sbd Jolw 4s ye0gS 595 wiadud Jlisil | FY

L Jasa — b 43 g1l dagd (gl o oalaind o Jada
(d)\ﬁju@agumy)= 308w R CUR L Sl b ) e s CUR L % 100
Q\)S)}U%d\ﬁbdu:\u\é‘)ycu}?)\&

o5 YU o a8 pshailen 5l (sl ly3gil w356 o CUR jlassl S anslie (s 29,0 (glwo i Sl
PH=¥/0) 5 (WJlos slo Jsbo Bl bl losa pH=Y/F) cglie PH b calisie laoe 98 50 Sliale )] e 350 dugs o ool
BU e Voo allas b ldgl g jlwsl;] St s gl o plosl (Gl e slo el bl Lo
Sy aabp gloy Jolsd jo .mul 4l ol 5 il 4> ,0 YV o (PHZV/F) ao )0 0 55505 Jsloxe s PH=Y/0) ouomwslinl
3todlil it sl il (29) b (akBo ¥ 5 akBo 1o 190 VYoo o) Sy il 5l ey (G5, T 1 4&B0 ¥+ 1) o
ey G guiliwge Cl as loame o3l et base i Lo Vo 50 D36k qgam Sloj 03b b e s 0 Lg)ﬂéo.?
il b 08,5 )18 | o )50 Korsmeyer-Peppas, Sovoew Joo SaSas Giolesl opl 5l Jol> sloosls plosl

(Y0) 09 aseiue gl (g5Lwals]

Ui MTT g, 5l oolial b &350 (355 o Jshos woys 0 J8las 5 po cargo a5 2Lale) ICso 50 ACs0 &5l o
e S Yoo s Salr 12 55 Jsho V) o ¥ Jslo o515 L Sal> 8 slocaly 4 Hs-578T (slaJsho jslaie ol gl o
0 g 0l)F slo 4> 0 YV sles) wuds 43680l s 9 (FBS woy0 Vo L DMEM o) wiols Jiiie JolS' coiS” Laxs
porde, e Fer g Yoo Nee e (wald) Lao) CUR Galise slacdale b b Joko el YE 51w (CO2 0oy
4g03) 915 9 b g CUR (9 ls (o5l (dsen 12 py59,8ea Fre g Vo Ve e 00 aals) Sio) i35l 5 () s
(CiS Laree )3y el )55 ,S0e OY MTT Jolono 7 Se Ve elslis VF 51 g i 44gSilo ligo 5 00 Lo (wals
Sysk g ouls alilsy og; mbe (o,5 cile 4z 0 YV sleo 5 Celi B) (ygumlisSSl 51 s 5 00 adlo] Sal> a4,
(5 s a2 TV 5los 5 4B38 ¥ ) (y3mlygSi 5| g 05 > (ol 52 53 525,500 ¥+ ) DMSO Lawgs e 3
& xS0\l (BioTek Instruments, Winooski, VT, USA) jus, <ol g, oSiws lawgs agb OV [0 (5,4 i

KARDIEW

S lodl L & 51 bl (5L ) s fiilind S Sl oo il i T s IUT
3 95T e S Glesl cal 5o 1) WS oo S W (5SSt sl 5520015, L T 05 o
PPFFe/CUR &l,356 b ooy jlows HS-578T (slo ok 050 oo oolitul dus pgrdugy olyed a4 oSS 51 659,55
Immunostep) Annexin V-Dy634 =S g s yogilwglé 5l solizwl b ol ;1 CUR 4 PPGFFe/CUR 4 PPGFe/CUR

Olyeds 00 jlos slasbo 5l criz o0 i8S 1B Ll 5 4525 050 migus] lp 0atiS el SS9 b
(FY) W (o3l Ve a5 FlowJoTM 3316 5 g FACS Verse joginlugls b laosls .o eolarwl ot J S

5P SPSS22 j158le 5 51 eolawl b eosls Judoo 5 4y jos s b)) )80 aw o aslas ol (o oals (6 pSojlasl el )b o
Al plxil doy0 B (gl S alw] jo Ao sladuslio lp SSls yeel ol Jloows g 48, uib g 5JUT 3,k

¥ oyleis 11 0595 1Y ol 114D 5l /bl g Jobow



Y ogin il

e Blmil b (Sl polie & jposs @l b gy By pramsb-Bg ,ToalsS ga5l 1 oolizul L Wools Jloy 2595
Wloas 5yl Glore Bl 2 . Silie)

¥

lygili ol (510055 e [ 5 o boarns sy 8 lpaorgucss ot 0

"H-NMR

39730 slaryig,0u 4 bgy e PPM V/F s3gamme ;0 39340 ald a5 sls L PLA &M ST'H-NMR s s ol
-\ ISK8) ws easlice pPM VY 03guze ;0 OCH3- slacysg,one e (@ g Y- JS0) cwwl CH3- S5 50
-\ JSs) ol saalice ppm /Y 5 O/Y I F/A oogae j0 s 5 & CH-  OCH= (sla 59,000 cpl pogdle (b cuisgs YU

o

d I?( b lz d

L4 a
©) T~otT d < b
n
HiCq o
[} /C

J ’F L lL JL

ppm
6 5 a 3 2 1 o

PLA o3, STIH-NMR Gl ) s

Sy S5 45 0 aseine Jol> s 3 g 19530 cuS 5 Y o 999 S5l PLA-PEG-FA <356 'H-NMR (ol
0 saalie PpM Y/F ssguzs 3 (PEG) JoSAS oLl S5 )0 CO-Ho) Sy youe lapsisn @ by iz
=¥ S W el ppm F/F 5 YA oogaze 1o i 4 CHa- g NH- 05,5 slaygigp crizpn (b g YL -V JS&)
T IS 5o ol saalie ppm AQ I FIO edgaze j0 Sdgd sl 4y by e sl Sy iz er (d 5 € lacing YU

Ll oo 00ls lis @ g YU LPLA & ST oS 5 by o slacsy

b
.. CH o <
d
0 l .‘. I\{ o <
¢ T o d L )
L 1 A Cc D C d Cc
o o
u
o q
a
Folic acid a
A
B av— 2 Ll
pPpm i i i i i i i
9 8 7 6 5 4 3 2 1 (8]

PLA-PEG-FA o35 "H-NMR (L ¥ S

¥ ooylois 11 659 1Y e 1140 5l /bl g Jabu



ol5 9 SJad wmwl b ousz Mol PLA-PEG-Fe304 o)sbidosis Ol 345l oS 4y Hs-578T sbd Jolw 4s ye0gS jo8 wiadud Jlisil - FF

wlolis o L3zl awb , ogdle PLA-PEG-Glu 1,356 TH-NMR i cinls 5l ool oot gulis 3ub iz o
(¥ US8) b 00l 58 oS 5 onl )0 355l5 0929 PEG g PLA L SL.S 5

OH
HO, )
\l) h lj N b o
Py o | ) O CH,
HO™ i o.” + \\/ﬁrig o
q:: | J H
HO O g%
D a
b
@ J{ A
ppm =) 5 Aa 3 2 1 o

PLA-PEG-Glu ol 366 "H-NMR s cinlo o IS5

FTIR
03laiwl FTIR 6,8 cinls 5l PLA-PEG-FA §PLA-PEG-Glu . PLA &1)356 ;5 sg2ge Jlole (sboog )5 (o) slaieds
Sy 45wl asie Fes0s ol,346 FTIR el 5l oel covsts gl gubs ((FUSE) oel Consds gl ub s
sz b e Fe-O 3 C-H slowigy oaiS byl b i ga cm'¥a0 5 em™'OV: oogame ;o asie 5 oo
ssalice PEG ol,34i6 FTIR cils ,0 9A+ cm™ osgass ;0 C-H lowign o2iS (olas )l copl o ogdle (A-F JS2)
(B-F JS5) o samlive js cmVAY sagase 10 (C-0-C & by o) (asuins 9 598 Sy a5 Cawl Il yo ol s
Bad olels PV em? g Y00 AVOR o i g PLA @ by e slacals lawgs PLA ;5 C-H 3 C=0 lasy,S
slaa>de BB &l s o Jol> oS 5 4 Fes0s oly3gil Jlasl s> o g PLA 4 PEG-FA Jlail 5l e (C-F JS3)
Sloged Jdoas a5 spem YO« BYY ¢ oogame 10 0 S SO oedd kS 1 Setee 0B odslie FTIR il o
Wiz Sy 5l etz b obml g sl i3l o sgzge (N-H) (sl 5 (O-H) JouSg 000 (sloog,S S
VOA« B VFAL oogame ;0 5 g (SSlog,l sladil> C=C _ziaS gN-H ies 5l sb)cm™ 180+ BV« - oogame ;o
0,553 el 4y SJg8 ol WIS ui¥lgsS JLasl (05 sl Zuriye 0atiSanl (Siileg, C=C (245 @) bgy e ) !
Gl s (35 8l LS 1) spboze b iels (53501 558 L 0,353k ans DLl o blio 53 (D-F JS5) 55
51 (O-H) JonS 5,040 09,5 g0l ooy 5| Sl a5 s cm™ Y-+ L ¥Y- e amnl jo od> b sl g ol

CmM N0 B e o3gaome ;8 39290 SloSy ax g BB Cugli 9 JSO i (nl 1 odle Sl 0ad Jaie 1S9l JoS s
JS) 052 aid nl b s ol i Tb (g selieadbse (6,500 dald b ool Zeas C-O (glanigy iS4 &5 !
(E-¥

¥ oyleis 11 0595 1Y ol 114D 5l /bl g Jobow



S

FO  oeim il

Transmittance (%)

Transmittance (%)
Transmittance (%)

3500 3000 2500 2000 1500 1000 500 . . . ) o0 30 3000 290 2000 100 1000 500
Wavenumber em-1 3500 3000“3221‘)"“5?2?“ | 1500 1000 500 Gow P

Transmittance (%)
Transmittance (%)

3500 3000 2500 2000 1500 1000 500 3500 3000 2500 2000 1500 1000 500
‘Wavenumbers [cm -1) Wavenumbers (cm -1)

PPG (E , PPF (D PLA (C PEG B Fes04 (A s 5 4 56 FTIR il 1 S

SEM §TEM ,4lar

sl @35l ol as ols Lis PPGFFe/CUR ¢ PPGFe/CUR PPFFe/CUR 1,346 SEM § TEM « Loy o 4l
S8 (e 153 56,0 (69,5 )L Lo B USCE) it agilb Ve o 10 Hlad 5 C3 9SG @5 9 Blo mhaw b 5,5 J5b
OF) ool snalie BB ST slaJgloe j0 Cungs ailSgs glankd sloaidsS o) 053 Jds 4 IS b &

;D B) ; PPGFFe/CUR 5 PPGFe/CUR PPFFe/CUR &l,356 5 TEM 5 «E 5 C A ) Slisil g35dsyse cloogas b S
PPGFFe/CUR s PPGFe/CUR PPFFe/CUR &, 1 SEM 5 (F

DLS
(g \YA) PPF &l,3g5b p0 ol san 136l o3Il o 55 i 5 0p 5S (Y Jga2) DLS 5l oawl cwoas mlis b
3 Fe304 g CUR jols alguSOl ol 0 ogdle o oanline (B-F JS5) (Gegl YY) PPGFFe/CUR4 (A-# ISi)

o929 Dl,3gil ol s ojll o e BB Sl (ol Lo LQQT o3l isli8l 90 PPGF 4 PPG PPF ol 346

¥ ooyleds /Y 0y90 Y ads VP8 ylee /bl 9 Jokuw



3ol 9 Sl gd vl b oulizdol PLA-PEG-Fe304 o ygbiodis Ol 395l oS 4 Hs-578T o Q. Sodu ! A4
9 99 Jdaml b [ ) > <oy ? S ? (09 )

W39y shie (o5 3l (xan Jb (S by oS sls (lis B39l b Jely (o) 2 5 ol S iz e 2l
¥+ [0+ s as PPGFFe/CUR 4 PPGFe/CUR . PPFFe/CUR 35l (ob5 iy uSilos o Jlio ylsicas
oS 51,5 sloog 5 3575 «ml,3sil o b Lewily als cde Yiazs| (Y Jsaz) sor (Sdg sloo) -FIVE /¥y -¥/¥E [OY
255 S5edl b 36 e a5 canl (oS el )b S (PDI) @)y SassTly jasls ool PLA 5w 0 Sel
FESESy ojlwl a5l diged il J S0y jhe 4 (aslh (nl 4z s e LA ) el o y0 S35k ol
L oyl ekt 3606 5o oids Al LS 5 Lial33l 99 oo blail ¥ Jgar 51 a5 g 5b sl (FY) ol (L SS)
o) oS58 4 S 5T B350 Dol aF b e iz 055 on PDI aslis (58l g a5

0dds i &ly3956 (PDI) @y SasS1y (asls 5 65 Jesl ojlail Y Jgam

Gy Jomily lyd o 3ladl G
PDI 059 g9
mV)xSD (nm)xSD Peney
DARE-XIEVN YA ETAR \vaty g PPF
DAR =AY EAESVANY ARRE= PPG
CVEENY -Y/0E- /DY YavEVY PPGF
A E=YER -floL-/o. VAPENY PPF/CUR
S[PYEIN RIAESINY ARAEaTA PPG/CUR
S ESVANY SYIVE Y YAVENY PPGF/CUR
cJEAE--Q AV ARREAT4 PPFFe/CUR
DAACTAR BAVAE-A 4 YevH\Y PPGFe/CUR
RUAYA=YATA -YIVE-Y Yiv+4 PPGFFe/CUR
St Distiuton by bfeasty Sce Distidaion by ilensdy Sae Distiduton by beasiy Sae Diswiboson by blessdy | Sae Disrusion by hiensty
™ ™) " " "
|
g . i ® g ® l 3 »
fa ia fa fo
) ¢ » » 8 2 \
0 ; 0 0 0
9" 1 wﬂ: " e @“ 1 “sau: w0 O" 1 nw‘_? I @“’ l nsun: w0 GM 1 ns«“-:o "o
ZeaPoesaDishsion [ — -~ TraPoend Davovan - 2t Pt Durin Wt
- o o
A A i
2 s | [Exom i vom im ’A‘ t
= : | . - ,’ ?
, (s , (e | -
em Bt ® m@m B ” m@a w0 0w ”10“ Gl | -

b5 Jewily 0 5 F < PPGFFe/CUR 4 PPFFe/CUR .PPGF .PPG PPF i35k o)l (B b A ol 356 esly 5 o5l :# ISt
PPGFFe/CUR 4 PPFFe/CUR PPGF PPG PPF ol 340
CUR 6})"’ ‘_;J/.if)lg Lo yo

Ol dgil o a5 ol aseice (Y JS5) oo i Sl,36il 40 yuegS 565 (59,18 (5,105 L dws o 5l sdw] Cuvoa b b

(2o, YOINYE) g,lo (6 )08,L cod b oy i Jlie lgieas 0)1s 0925 (g4l gime o yo b Dglase (6,105 ,L cod b calizes

¥ oyleis 11 0595 1Y ol 114D 5l /bl g Jobow



FY  osin il

=l 5l e (Y SKE) 05 PPGE 1 6 @ bl plo 5l siis (6,00 cxe jsbay a5 ol sanliee PPF &l )35L (o
SIS ,L e S8 sl slay 3S9l5 5 oolanl aS 84 o bliiwl Cpix Sl3gl 48 gl (6,108,051 el Cuvsas
s Sedgd ol (ool Slidgil o (aesS )5S g9yl ()I5,L woys aS (g by ams se 2Bl (5 by cme jsboas | g5l
Oezed 8L yialS wo d YYNO 4 e ol 0wl SKdgd sl 4 315615 03K L aS 09 wo 0 YONT L Ll (PPF)
2oy g 6l sme 13U alaniST sy Ll ols zals 1) (6,138 L e s Sgd ol sl)ls 0,350 4y 3S4l5 y0g33l

Y ISy caslas g)ls (6,138

9,0 L ey
40 ab b
30

20

Qo )0

10

PPF/CUR PPG/CUR PPGF/CUR  PPFFe/CUR PPGFe/CUR PPGFFe/CUR

00l yidaw SlH3gb 10 pesS 555 (59, (6,145 L ws o 1Y s

Gl Sl glaraloass (ygo5l olol 5 Sl adaiio 1o 50 Lo oo duo s B plans y0 Hlo e IS oimsylis Wigliie gyt

9 PPGFe/CUR PPFFe/CUR PPGF/CUR PPG/CUR PPF/CUR &/,34U ;/CUR i, 565 vy
PPGFFe/CUR

PH @ aiidly g)ls Giola) olie a5 0 aseie c0ad yiws Slhdsil 5l haesS 155 (59,00 Liale, 5l odel Cawody s b
sdel Cawdds glis Gub (B g A-AJS) sas co (il 1) @l 36l 5l gl iolay 1Sl F/A 4 VI 5 pH ialS g 0oy
Olime Jlie oylgieds olo Lol ) pH Luss 90 50 50 gyls Liola, oSl palocnsT &lhdgil ¢ gunY gunSSl a7 a0l jascice
aS 0y duo,0 O g FY Y L ol o5 s pH VT 0 PPGF/CUR 4 PPG/CUR PPF/CUR &340 51 9)ls isla,
4 < & PPGFFe/CUR 4 PPGFe/CUR PPFFe/CUR &l )345b jiw g 45530 &350 4 Fe304 o938l 51 o
Qb o lonnST 504580 b ol 39l candad o138 Ldoay wilgs co pel (pl a5 (A-A JS) Cdly iali8l ooy £Y 5 £O FY
Olreds (09 Cawgs Ol pled ot FE304 45 s, oo ity 500 ogw 5l oms o ial38l 1y g)lo iala, olie a5
S35l Sagigyoud dwd Caomwds b JUIS ol 5,k 5l O JESH i8S o Joe O350 5 K0T aten pul ps yo O JUIS
22T 5 S35 51 ns 155 63l Al lagSI o 0 e (i o A7) S o g o |y 51,355 g 5
)9.'944 )Lm.u‘ £9o 4\.1.‘>).A IS e walo C) ‘_g)l.?uu‘ )9‘b L u‘)OB_sL' )‘ CUR )LM‘ S LJﬁ‘ 4.1.‘>).A o ] 6‘4.1}).0 9o
Slgieas i o1 Jgl 59, 58 (ygumbisSSl 59, Y5 O 00D pliie (59,00 doyd B0 5l i (S jebbay Ll a8l aslol sl
IS a5 > 0 0e a0, YY L Iy pH VI Ll 1o auwlsSil el YF 51 o PPFFe/CUR I CUR jLal .l

el ool ools Hlis B g A-A IS j0 a5 jshilen ;500 pgw 5l 09 0o )0 FY 5o, V5l e 0,350 cpen 5l gl jLil

Y e)l.n.:b/\ 6y99 Ny -Ll#/\f’é )L@/uﬁng,Lw



o5 9 b wnl b ous Mol PLA-PEG-Fe304 ojsbionis Ol )34l oS 4y Hs-578T gbd Joluw as 095 595 wiadud Jliil |~ FA

5l oo ol CUR lade aSsyeb 4 .l loj 4 atwnly @l)346 51 CUR (gg,ls Litl Sitw a5 5,5 olo oly5 oo
ol lylyls ;0 CUR Lisle ) Glasein obj)l 5l Jols zls 0g (cdolidl ¢sumnliaSSl loy Do (ial38l b ol 3430
13 5l 0as S Linle 58 o b Lol gl i wosllas 8,Slae ,Siles el o @8, B-A IS o a5 (pH=F/Y)
O Gy 9 05> Ol 4 L3l 5,5 5l pw Aol 4 ax el bl (Gl sl Joke Bl laoe) (sopnl lae
Slosos (a5 w5750 o555 4 4255 L5 955 0 D90 (0959 s 5 Biras Lo Jslos (19,0 4 Loyl 09,5 «Bun 2Ly
510 oDl 5 @ Gl W YD) 955 o0 Bl Lo 5 (lolid poj3ed Jamsgs sl cnl 51 ok 4 00in)ls (53,15 5l
oS ol ol 5l Sl ol slaal .l o955 Sl caedl 5liagiesd b plesl 51 i epgi9ail (gouml lama o
ol 45 wims bl | s ge il ( Jslucysys loaliizes cl geml Lyl ph 51 oS0 res b i jols s b o34l

.MQGA w‘)ﬁ‘ ‘) k_;;Lo)b kS“)lS 9 ool u..&ls ‘) 5)|o RS JLQ.O‘ ).A‘

@ ....... PPF/CUR --- PPG/CUR — . - PPGF/CUR @ === PPF/CUR = .= PPG/CUR  =--: PPGF/CUR
—— PPFFe/CUR ~ —— PPGFe/CUR  — PPGFFe/CUR 120 |  —— PPFFe/CUR — PPGFe/CUR - PPGFFe/CUR
£ 8 $ 100
@ ~
§ 70 2 80
v 60 3
- @
w50 5 60
! ¥
: 40 :
R s ¥
g 2
0 )
£ 10 C]
g oo )
0 0.3 1 15 2 25 3 Y0 0.5 1 15 2 25 3
Time (days) Time (days)

(A ‘PPGFFe/CUR 4 PPGFe/CUR PPFFe/CUR PPGF/CUR PPG/CUR PPF/CUR o346 5l CUR s, (5551 A S
pH=¥/A B , pH=V/¥

b S (o) 2
Iw Flooi; o 40

5B (s 555 (59,00 A8) Sl 4y 35l a5 as aseie (A SE) b sols (i SKibie duslie 3l sael Cwods s Gl
D9s s gine 15U cnl 18 e 50 p S ke Yoo B clile (IR L g astil (Jole (Sleedi; (59) » s)losine
oo Hlows HS-578T sl Jsbu Sloos ;o (5,0 cre WS 55 (556l5 b ol S g8) calizes sloailld o iz o
0Xi S lgieds 35918 Sl oolanul a5 Wl aseie Jol> sbrosls Jdow g i g om0 b Ll L(AUSE) ais saslie 3
5991 L Ll ols i 1, (gl S Salgh el & S 5 45513 Jshar oo 555 521y 5 (2505 gl oo
o6 Sl a5 28l il oyl sine yabay Slydgil Lasgs HS-578T ol s slaJskos b adllin ols5 yensS 155 (63,00
19587 2 @2Yb Saeal 5l ol Glejs S wiedan Glu) gl j0 oS Sl (Joke (Sle 0sy (555 2 D350 Jls (e el
Silosre ssbar ok (Sleosy (e mesS )05 sol> 39l clale falEl L oS wd patie o8 g I Sl
PPGF 4 PPG PPPF ;J Lo )59, Fr e bonds Lo Hs-578T sl Joho Sleos) dus jo diged (gl 09 oialS
20,3 YAIVA 5 FOIVA SEYIVE &5 lme ol opmnsS 555 6,00 (309331 L 45 01 dusys AY/FY 5 ADIYY A-JAY s i,

¥ oyleis 11 0595 1Y ol 114D 5l /bl g Jobow



f4 S ol

330 ST 30 woas yiiw 365k a4 FesOyg (05580 4 ol aseie odel Cawdds gulis Gub cplpogdle (4 JSi) b jzals
VAA) Jokos Sleodsy o yo (eSS iz o (A JSE) Sl ailaGHS-578T  sla b Sloodis 59, » (5,0 xe 3
©lo s yybar a8 b eaalive i Lo yidg S Feo clale (o 5 0l51 raegS )55 (595l0 b o sh e o (a0

o oo las 1) HS-578T b s Jokos (¥ U abilie ;o g)ls ol (oVYh Coonl jol ol aS 09 o jles plu 5l eSS

120
a* g aga ., a, a a a a a a a
100 1y F abap B 3ab i g T ab 164 ab ab ab 4
2 Yo lbiaeltasel s q ; : :
3 T T be be be
80 s c be T cd
~ h T cd -
3 d d T de I
3 60 de de
= e ef
Y ef £ £ of ef
-, 40 .
M h
20 H i
0
UL B B L T B ] el Teleled] el
— || — || — || — || — || — || — || — || — || — ||
PPF PPG PPGF PPF/CUR PPG/CUR | PPGF/CUR | PPFFe/CUR [PPGFe/CUR [PPGFFe/CUR CUR

A ke 2 Al S b 35 S e

209 595 iR g QT BB L g w095 555 9 b g9l Dldgil alisee slacdale 36 cov HS-578T la ol ooy dusys 14 S
.alﬂ (CUR)

Gl S5l glaraloass (yge5l olol 5 Sl adaiio 1o 40 Lo oo duo s B prlans y0 Hlo e IS oimsylis Wiglie gyt

ICsp

(CUR) 50055555 iz 9 o 8B b g (s )55 59yl g5l Slpd9il ICs0 il o5 51 onal comsoty b 3o
e ) Caz g (ooliial 850 olgs cile 3 i) anils YU ICs0 el 036 356 a5 ad Lasedus o)+ JS5) 5]
Cowd 4 gl Gub iz o2 aiies wiojls 6 YL cdale 4 HS-578T Jslo slo (Y Comez jlas,0 00 JBlas 05
aSaysb a0, 09zg 5,lel i 5l gls (ime IS ICs0 (e S5 51 51 (g5l S35l (s 45 b (aseiis i onal
355 sl 0,35 & bgiye (il ks 2 59,50 YAVIAD ICs0 (5 ( ydin 52081 03U 5 9,1 (g5l 3536 5o
o LS 5 WK 90 0 aleal b g o clras Ssh sl 3Kl b g sl Jshos o WIS lsie & (PPG/CUR)
liee 5550 35l s FesOy o938l a5 s Lasedes ool s ogdle (Vv JS5) ol ialS (gl e jsboas ICs0 ol5ae
S o5 el S8 FesOu plojen (5,005 ,L a5 ol (aseie sdel Cavods ol 3l ol zals ()ls oo ysb a1, ICso
610,Le5) 1o ,los o 45 S 5 0392 g0 ey (PPGFF/CUR) PEG-PLA ,; it gl 1o cmasS )55 55,00 5
5o Lelog baylos plo 1 2eS™ (5)lo e jsboay oS cutls |y Gid (s 2 059,500 VAVIOP) ICs0 (e (2 305 (03530

il |y Gl oo o yidg Sen VYAIEO) IC50 o 0oa i (s 431) ol5T caasS 155 (55,5 Wodigas o dunlia

Y a)bn.«f)/\ 090 Ny -Ll#/\f’a )L@/bdng,.Lw



I ol5 9 SJad wnwl b oss Mol PLA-PEG-Fe3s04 o)yglioni Ol )34l oS 4y Hs-578T g Jolw &y (o095 595 diadud JUil | O

% 450
S 400
O
:i 350
3300
)
x250
d 200
A
150
3"
g 100
Z 50
0

'°‘)'T (CUR) eesS 585 (e g QT WL L g 95,55 59l ol 346 ICso Slade )+ S

Gl Sl glaraloass (ygo5l olol p Sl adaiio 1o 50 Lo oo duo s B lans y0 Hlo e S| oimsylis Wigliie gyt

Sobw w3900

Da s o3 &5 SISl b Sl sd Talpd o o el Jsho osinats 5 i tlin Tpo €55 S isinsy]
ok GouB 55T 1t S ye 58 Sy plsieds 9,50 i ) 055 0 bl jslme (slacdl 4y ol b el Gy S
9 2kl 590 4 e g 00 olyea Jobo U2 Shgime cuti y (ool slad ()Ll o 35 L oS 09d 0 LS
25 b (Sl SlaS 5 g bagyls (Jshe Coas b5 alnle (0F) 95800 SLLI s sla sl 4y ]
ok S (o 3l Gt 93 o Sl 055 Slofus Soenl Sl 5,5 L el Sl el ( Jske S re slagS)
S ) S5k plos el (Jshos Gyl S5 51 Comns Gl (o 2 5L T W3 L (rngS 155 (55,1 sl 350
0o yd oty ool 00 03l L el LS 3 ICs0 Clale b ond JLaiHS-578  sloJskos s Lgs e a5 VY 5 1)
b ook onl jlow a5 bogsye (000 VAIAD § YYIVD o ja)) Sigiysy] mp 9 Gl a0 50 @8lsHS-578 sl Jskus
Ll .(D-VY S 9 V) JSCi) csls (gl cime OB o jlas soled byl ol 51 aS 5 ysbas ey PPGFFe/CUR il j3456
S 315 S8l 1 (o Y10 ke (s 15T (o555 b W s o S5, el o 5 Bl slo Jshos 15 5
Sdsd asl) ot ool WIS g9 b s 51 (E-VY UKo 9 1) JS8) ol Las (5 o come M by Lo soled b L
L5558 (snsSulr sl oad ools (Las € 9 B-VY 511 USS 0 a8 jsbilen 5 (Jsbo mjssml woys 2 SIS L
GV 5oy iz o i Jsh s S ol 5 el S8 (s folins Sgles o Sall b 5 K58
ol b 5 Sl3 slge iz o e Jelo Culd; 4y by e wilgh oo wald Ll ;o 0ol cdaline 0dd 039,50 slo Jolu

(A=Y JS5)

¥ ooles /Y 0y90 1Y ade VP8 ylea /el 9 Jokuw



) T LR

35 B Necrotic (%) B Early apoptotic (%) a

Aoy
[\
(=]

Control PPFFe/CUR PPGFe/CUR PPGFFe/CUR CUR

b

PPGFFe/CUR

Sl 5SSl glassloniz ge3l ulul 1 Sy alate ;o 10 bdjlewd (s o )0 O mhaw ;o o gime BT saimoylis Siglase By >

. Jiacwo o — s : o P ™
¢ Jrans v b e L ”“] R o an e o o
d 4 ‘
T w i ! g
-] N 4 &
' 4
I > P s
"1 ¢ §
W' o 2 "
0 b i
" [ | e ey
(2% ¥ At 3 ey :
Yy 2 X ‘. y 5 ™™ b ) g . o o
0 0 S W 5 y P R w W ) "
Con AL AT A2 DS CopaaPCA - DA

ICs0 slocli 36 o onjstygn] o 5 it w5595 slajls o ly HS-578 (sloJsbos 51 5 2agislugli Seslot s 1Y IS
31 a5 555 (E 5 PPGFFe/CUR 3556 (D PPGFe/CUR 356 (C PPFFe/CUR ol ol B canlis Jlas (A sonbilons

S -0

Ol b 5l 2o S slagsslos Sl 5l Oloys slo) ol (5 i sl 51 (S6 (lgieas wedon Jla 5510 055!
0o ) Bon il 4y 5 Slakad L 5,1s caiadon 356 5l oolil b B ol o 55 cxws loys gy ol 45 il oo
caz PLA (¢ porisS 135 51 gl onl 5o 08 5 T8 YY) wsl azils 1y Jloy slocdl yo wda o 5eS 45 b 4o
ooy a3l g i i oslisal Hs-5T8 Jsbr sla ¥ U ablie gr (s 55 ol 53,15 (5050
oolinl 0 Fiwges (FE308) (yalumms] Sdgl 5l saiadan il caz 5 PEG 5l 5% olym 5o 150,55 @Sl
oolit (oo (sla Joko) B sl Jshos (i (sl nbans lolS lyieas 3515 5 Sl el 1 il osdle 0

19,85 Hs-578 sla Joks  (cowlio )55 sy 5l PLA (g5l> &,356 a5 ols ylis jols guios 5l Juol> gl
g cpl 50 edel Cawsds gl (A JS) s sdslice S350 ol o glakamMe bl Cuons 4555t 4S5, 9bar .oy
PLA-PEG .3 ;I sl el sloyailisS 08 a4 jamio (olgs 51 (VA 5 YV) o5 liwljen s Slidss gls b

Sl (Sloygsls )3 s Sloo 51 S0 o g)lo ey JyS 08 o)Ll gl ey J S 50 S3sl cnl (bly 4 ol o

Y a)l.n.af)/\ 6y99 Ny -Ll#/\f’a )L@/uﬁng,Lw



ol5 9 b wmwl b ousz Mol PLA-PEG-Fe304 ojsbidoscs Ol 345l oS 4y Hs-578T sbd Jolw 4s 095 595 wiadud Jlisil | OY

Gy Slalz slasi g)ls ()08 ey 4z b Sl e 50 00,5 6T ol gl VL 599 51 (8L 5)lee Wil e &S
Sl oo i S0 59,0 5,8 BF 4l S mida bdas e lagslew )0 i Ceogas (pl wlap Jile il g
A o il ) Sheoye adlas jlas i 49,0 55l B, Slads slaws o138l g law (pl jo Cowal Bl Ly
gy ad | olg> I PLA-PEG &1,34iL a5 o Laseie «(F+) oS0 g Rostami lawgs oo pll gubims [0 (¥9)
9blen WS oo silala, 1) 510 g ol o B e p 4 gl Lazme )3 S J o W ls 95 (205 PHL o el
Ol e 19595 5 (65 (ol Lo 5l Jloy ol b annlie ;o Sl ol usl oud asie g3 &5
S I 53 OV s Gl trss BB ol 2 il slocl 53 5ls 5lale, 6 35,5 o el PLA copoga
il 1 g s 51 56 b lse azsd B jsbas Sing ol il 955 e Jilas 1o Jloy slacily ;5 ols i, e
SIS Jloriel b ailyge ke izl e 53 ol plays slolSol, 51 53 olyiets leys (gmect 45,57 ns o
oolaitul 3 90 slog ls Vb Jloms (sl (2)lse o @ Sl slaJsho JolS Bl jslaiedy Sloyd Sl slaas (]3]
PLA- o3 51 olajerds 5o,k 5 o] Jloyl 5 eolatal b g)ls cdale 2ol381.(F)) 058 oo pdsl 1Sl 0,150 25T 50 5 cdew
Jed opl 50 leyo il o) a0 a5 Wl p2l)3 1) loys anlsl Sal g ls Sl o lse ials JJsas PEG

(FY) 2l sl (al8l T il 4 525 bags Lo

oz 5l ploewd Jalge g - mhaw sla Sy 5 SO ol wiile = (So5d Jelse 36 Co D350 )0 g)ls (55ludlgunS
slolizd by Jales 5 b 5985 (241381 4 las ol IS 5 5SS 0l 516 (FF) 8,05 o )18 iy (5ol 5 a5
SL3gl 5l gyl Ageme gilwalil aws [0 ohga Sh> slaids 5 les g PH asle aee byl i (FF) 0i)ls Jokos
JEl cgapml oS PH a5 Sl 0,135 o ;50 0,345L-5 15 sla puSdaS” Jlas! g ,lul 5 (oI L o pH L(F0) W)l
oS Sl (ol oo S5 05 o ol Bl 5l wile LIS Ll s aS b 0 wiS o Juped |y o9l sladlgeme sl I8
&b 5 027l ok pedsilio 2 a5 (PHZ) W)ls ol slaJolos 4 Cornd (5 g0l Ll 25 Ygomo Gl s sla s
‘_;’L“’W;‘? ‘)9‘5" MM‘ )I 6)‘0):0)@‘.: L: 45.1.: “))‘Jf‘;a )_ulJ U) JLA..Q‘ ulAd.:‘) » Le‘..u 4.JpH uBLﬂ.: u.:l b)ldf‘sn )..:L» ‘5'..0.:‘
9,10 wiedun Jlinl (gilwdige glp cauen,e Jelgs (pnl Sy (FF) was e dl)) wisdan Sl slagil il ol 1,
@ ol Lass 10 G136k 51 aesS 55 g9,k i, aS sl Ll b (glwalsT Sldllae .l (5590 &l)3gL o
9o Gy aS cwl ol g ol jo az g LB 4SS (A S0) cusls ilidl i laoee b aislie o 42 BB laae
Olis oS sl gyt Gl ol g g5 e g0 8,0 PPG @ly3gb b avslis 0 PPGF 4 PPF &l 340 5
L, LPH @ olas L3, cpl o lo pH s g0 52 50 dlgame (55lodls] Jagund ;0 S gbonnl (oS i aas o
Sl il 1o og,ls dsese diadan Jal gl 1) PPGF gla JouoS gl Juuilsy 5 0 1o cibllas boygegs 5 gou!
O39S 58S (59,00 ol yer 4y Y48 L ouls 2ol PEG- 5558 10 e &l 3556 «(FY) ), San g Zhang oS o din
Ol el 5 annls (ST PH s 4y Cod D336 Gl Jasgs )10 (Raley a5 s )57 (5155 5 00503 3w 5 (b )
O Aigign Jdoa |y o a5 g Jm s hzg BB sk 4 (VIF) s PH L aylie )0 (0/0) gopsl pH o 510

Ol o ooliiul 590 slag)ls 5 098 co g b b ablie Sz oy, kel 5l (S plrpe Sloys et
MLMjliA—MJ ;A-EJ o..\...S:\.L&ﬂ JA‘B.C J.AL....' La:o”f u.“ "\"9“(5" ‘_;A.ga\.o...la @BLR.HO ‘_gLQ:os)f B )." W&" uoLw‘ » 0)9}

¥ oyleis 11 0595 1Y ol 114D 5l /bl g Jobow



OY | sin il

g )59 0370 x9S g Sl (b 5 Jelislyyslh wile placdplio ST (tgers
S99% SIS Grized 5 G 355 5 ST geslS (nesS )95 (JuS TS alea 5l (orbs Lae b Jldles; ©loS 5
oo Lol 08 oo Wyl Lo jg095 5o (Jobos Sy Wl 5 2255l 1o (goter G2 Lglo (i p2 (FA) Wil oo jg09500
Caple (F1) 09, 00 jleds 4 L”QT b 05 edee slagsgaze Sl lzres (o BB e Sl o)lse § Seets
55 e Dy7ed (ML jg 0 5 00 Sy slasls JUS 50 b sladshs & ol a2 e el gl (nl wtadan 2
e (Sloygld (g sladilbs dacodgazmae cul p ade jglated (FR) 0)l0 ol poner 1) (55 595 9 Ciighe (ol s
eyl ilepald pogdle SIL3el culls (Slofug ol (s peel DI,35L oy lee jo oS wlatdly anwgs (5 ,5ligil
et 1) o)l Gl Co s S35 655055 lacdl 4y (Sle s et DL 5 wiedan Ul Sl g )ls (6,15,L (oYL
SLaS 5 Do 25 ey il 2l 50 5300 (6)lauly (a3l 4 onie Lo lislugil cnl (65 5 (0) wjslce
Sl 51 ooliiwl ozt j0 Dgd co 93 8,5 50 gyl jecdes Sioli8l Coles [ g gilwdgunS 0oL sl ST
Wil (Sl (B)lse 5 Sevtass Soon J e 3 g w00 W) (g S8 USSa]) Gloys LS wlgioe 6ok
b oliond 2ol 5l et S Gl (6 yar sla ol il 45 Cel ools i o265 anlads (D)) auky Ltals |,
8 Coons 2RI L g ongr LIs 1) (e )55 ela alag s S5e (oIS Sl vonsas Jlail sla Jale 5 cenlio sl 050
oy ( Sluygsls laailels I anws ul (OY) s oo a1l b cod s loys )0 (e Sloyo o S gyl 51 Lab
b e Gtuasel lan S plais a i Sl e sladshe (29)ls Cueglie n ade Ul 5 lase Ol pesd 4 YU Sl

(FY) wilazd 3 108 az g5 0 550 (Sl jo sonds lao paly S0 s

ok isunl orlid Sl 15 60l iz plsiear JLulS slam il eizee 9 Bel-2 oolsils glags
09,5 55 Jolis Bel-2 (slacyutigyy solgils (OF) 05l anTd cpl szl g 5T 50 (sloaisS s (2d5 g Qg o x>l
Fobo sl oy T 5les oS el (Bak s Bax ,uls) Sgnglyyn g Bel-XLgBel-2 asle) S g las slo iy p sdes
a bl @ iy (ot slasls Gl 4 5 slewls (OF) Sjlaise (s ] sadisi el S e WL
S USo & Gly 5 5 Wsd o0 e (V=3lmslS 5 Y= 3lels o) (a2l (A5LslS 5 A=3lels” aiile) JS5leT ass 50
Sl sadshe )13 coge Wlgs o conlais 4Gl cpl o S| 49558 (O8) wo S (o0 Jbb Sliiye 0 b Sl
e sladsbe sl Shis (n S le 5l (S oadsiyaelin (Jobo S pe pln o Caaglio (o e § 955 752
S Ll Caeglie ol e )3 (sope 5 WIS oo 9L (55l Sl s eTose csels walsd Lulul 2L (BF) 39,0 Loty
@ wedan Jlaul g gyl gylaly Gl (Jldun ) ©laS 5 IS0 colll Gezee ola Sy ahulsa ol,540
45 wlos,S Sl goanie Slalllae (AY) wile Jlab oo ssb 4 |y Seistignl 6l yuns 0iyolh s yg085 sloily
e lsieas S o Cushi |y sadisyasly Sye p lanl Wl de falrgil yo Sl psid LS 5 (g jloalguns
L Sl5T s 5557 & Cad g 508 (al 457 310 GLAS (s 5557 L 0l 6,5 35 (55, 2 endipladl (o)
il 8l 51 Lol Yl oasay () (OA) el oo oS Sl s slo Jokes 5 s j9 90T (SIS pe (g5l Jled o ge (5 i
Sldod plpogdle adlbise (Sojglem lalazme 10 (w355 i )Mk 9 S d s Ceny s Sgne (Jobo i
Slojpe a5 ol lis llllas () 51 S aslas sy Dl j3gl LB o Sleyo cands slag,ls oS 5 Ol oLyl 4 6 K0
S5 i ok ar Al 510 93 58 SenS g ST G5 )l e ge o a5 Dl 39L LSl 55 (IO e 5 Glinner

@L.;)”la S 51 S0 @.‘}5‘@-“’ Gl a8l ol (0Q) ol iol58l alie Sy sl Jsbo 5o I u‘“ﬁ-‘-’?—’] Oliee

Y a)bn.af)/\ 6y99 Ny -Ll#/\f’a )L@/uﬁng,Lw



ol5 9 b wmwl b ousz Mol PLA-PEG-Fe304 ojshidoscs Ol 345l oS 4y Hs-578T sbd Jolw 4s ye0gS 595 wiadud Jlisil - OF

)l ) Sloyd @bl dajlels 5598 (silaled 5 (29)ls Cuoglin Slapucile 5l Hone b 05)0l8 a5 was oo LiS ) (25
slacosgame p Wl oo s &5 SlL3gb 51 10 o0 a5 conl ] Silo caliee Slallas 51 Jeol> =l ol L anis
Ol Bel-2 oalgls slacratis y Gl hraws Gy 5l aSl csS ade Jolo 3585 5 (5 Il coadlo aia; 40 of3T slag s
slrosls i3 ce w8, (g Hee JSB a4 | sadigp,aely e sl dajluls g3l s Sy g Bax/Bel-2 cos
ool Wl sladly o9l slaaslels a5 ams o Hlis g o ls cdillas la 5,135 I b s pol> iagh 0 odel Cavsas
Slaieds Wl oo b fal>gil 5l eolil a5 ol o1 Silo ol ol OY 9 VY &) aias ol g BB olies 1)

55 18 e Gl wiedan slagleys waz s Sk sl GiSe el 600,
S 325 4 -

S yoaksS O35l p sie (Sluyg,ls (g8 slaailels arwgs oS cadls Hledl (1g co (Gipg () (2l 6 S Az (lgrea

el @Y Gl s i ks & ool uir (Shb oS ol (LiS zedy 4 aslllae (pl Sed o
Bd 5l g ools ilidl ], e 50,8 ley PEG 31 ol g banl 5151 6,080 0 b aSl s oo dil)] ando slo Jolos
5° 9l dredisn g 0l JyUS A Cobl el (pl Wz (g WS (o0 T sl (Seal s Lagi dege I A
Jlisas g Bua cél 4 9510 (5 35S Tas il (Sl as” ol YL ab sl 05040 9095 Laore ) o> SloS e 4y el
w0931 13U 290 & (e al 10 Leize ysle w1y Soatns e Bl seSaia el (]
sdalin b slaJsle a4 Jlasl 5 ololis o Sl 3l ! 15 5 <8 (59, S 6lS 5 aml g8 wils (guiedon
21y Joke migug! G aidly Cubige b sad >l 3k aS ol lis ubss ol zlS ol g oogdle o
S s0,8 b anslie ;o ol (5,08 pl (65 5l @bl jebas baadly cpl .o iol38l Hs-578T Jlb s slo Jols
iy S A ol has gl edie il gz slalll og s L PLA-PEG 4l 5 aieign ol)34il
Il sl )5 Coles jo g sien Slalllas gl 1 oly 5 a5l oyl jw diedon (slagyle s san] Jus jo slezel b g sol>

Sl e lgen Foe
&b =Y

1. Bourang S, Jahanbakhsh Godehkahriz S, Noruzpour M, Asghari Zakaria R, Granados-Principal S.
Anticancer properties of copolymer nanoparticles loaded with Foeniculum vulgare derivatives in
Hs578T and SUM159 cancer cell lines. Cancer Nanotechnology. 2025.1-28: (1)16.

2 .Mohajeri S, Dashti S, Noruzpour M, Bourang S, Yaghoubi H. Design and preparation of PLA-
chitosan-PEG-glucose copolymer for combined delivery of Paclitaxel and siRNA. Discover Applied
Sciences. 2025;7(8):801.

3. Noruzpour M, Zakaria RA, Zare N, Bourang S, Ebrahimi HA, Granados-Principal S. Delivery of
Moringa oleifera extract via PLA-PEG-FA/chitosan-PLA NPs into breast cancer cell lines.
BioNanoScience. 2025;15(2):287.

4. Amani A, Dustparast M, Noruzpour M, Zakaria RA, Ebrahimi HA. Design and invitro
characterization of green synthesized magnetic nanoparticles conjugated with multitargeted poly lactic

¥ oyleis 11 0595 1Y ol 114D 5l /bl g Jobow



00 | (oodm bl

acid copolymers for co-delivery of siRNA and paclitaxel. European Journal of Pharmaceutical Sciences.
2021;167:106007.

5.Kim H, Woo J, Dan K ,Lee K-M, Jin M-S, Park IA, et al. Quantitative proteomics reveals knockdown
of CD44 promotes proliferation and migration in claudin-low MDA-MB-231 and Hs 578T breast cancer
cell lines. Journal of Proteome Research. 2021;20(7):3720-33.

6. Zhong Y, Peng Z ,Peng Y, Li B, Pan Y, Ouyang Q, et al. Construction of Fe-doped ZIF-8/DOX
nanocomposites for ferroptosis strategy in the treatment of breast cancer. Journal of Materials Chemistry
B. 2023;11(27):6335-45.

7. Ahmadi-Nouraldinvand F, Bourang S, Azizi S, Noori M, Noruzpour M, Yaghoubi H. Preparation and
characterization of multi-target nanoparticles for co-drug delivery. Medicine in Drug Discovery.
2024;21:100177.

8. Nguyen MD, Tran H-V, Xu S, Lee TR. Fe304 nanoparticles: structures, synthesis, magnetic
properties, surface functionalization, and emerging applications. Applied Sciences. 2021;11(23):11301.
9. Mundel R, Thakur T, Chatterjee M. Emerging uses of PLA—PEG copolymer in cancer drug delivery.
3 Biotech. 2022;12(2):41.

10. Wang J-Z, You M-L, Ding Z-Q, Ye W-B. A review of emerging bone tissue engineering via PEG
conjugated biodegradable amphiphilic copolymers. Materials Science and Engineering: C.
2019;97:1021-35.

11. Jahazi S, Akbari H. Preparation and characterization of doxorubicin loaded Fe304-PEG
nanoparticles on AGS and MCF-7 cancer cells. Modares Journal of Biotechnology. 2020;11(2):167-75.
12. Dong W, Huang A, Huang J, Wu P, Guo S, Liu H, et al. Plasmid-loadable magnetic/ultrasound-
responsive nanodroplets with a SPIO-NP dispersed perfluoropentane core and lipid shell for tumor-
targeted intracellular plasmid delivery. Biomaterials science. 2020;8(19):5329-45.

13. Mohajeri S, Yaghoubi H, Bourang S, Noruzpour M. Multifunctional magnetic nanocapsules for dual
delivery of siRNA and chemotherapy to MCF-7cells (Breast cancer cells). Naunyn-Schmiedeberg's
Archives of Pharmacology. 2025:1-23.

14. Chang C-W, Choi D, Kim WIJ, Yockman JW, Christensen LV, Kim Y-H, Kim SW. Non-ionic
amphiphilic biodegradable PEG-PLGA-PEG copolymer enhances gene delivery efficiency in rat
skeletal muscle. Journal of Controlled Release. 2007;118(2):245-53.

15. Ke X, Shelton L, Hu Y, Zhu Y, Chow E, Tang H, et al. Surface-functionalized PEGylated
nanoparticles deliver messenger RNA to pulmonary immune cells. ACS applied materials & interfaces.
2020;12(32):35835-44.

16. Wadhawan A, Singh J, Sharma H, Handa S, Singh G, Kumar R, et al. Anticancer biosurfactant-
loaded PLA-PEG nanoparticles induce apoptosis in human MDA-MB-231 breast cancer cells. ACS
omega. 2022;7(6):5231-41.

17. Zhang C, Yang L, Wan F, Bera H, Cun D, Rantanen J, Yang M. Quality by design thinking in the
development of long-acting injectable PLGA/PLA-based microspheres for peptide and protein drug
delivery. International journal of pharmaceutics. 2020;585:119441.

18. Zou W, Liu C, Chen Z, Zhang N. Preparation and characterization of cationic PLA-PEG
nanoparticles for delivery of plasmid DNA. Nanoscale research letters. 2009;4:982-92.

19. Narmani A, Rezvani M, Farhood B, Darkhor P, Mohammadnejad J, Amini B, et al. Folic acid
functionalized nanoparticles as pharmaceutical carriers in drug delivery systems. Drug development
research. 2019;80(4):404-24.

20. Ramalho MJ, Alves B, Andrade S, Lima J, Loureiro JA, Pereira MC. Folic-acid-conjugated poly
(lactic-co-glycolic acid (nanoparticles loaded with gallic acid induce glioblastoma cell death by reactive-
oxygen-species-induced stress. Polymers. 2024;16(15):2161.

Y a)l.n.af)/\ 6y99 Ny -Ll#/\f’a )L@/uﬁng,Lw



o5 9 b wnl b ous Mol PLA-PEG-Fe3s04 o jsbioncs Ol )34l oS 4 Hs-578T gbd Jolw as 095 595 diadud Jliil |~ OF

21. Bourang S, Asadian S, Noruzpour M, Mansuryar A, Azizi S, Ebrahimi HA, Amani Hooshyar V.
PLA-HA/Fe304 magnetic nanoparticles loaded with curcumin: physicochemical characterization and
toxicity evaluation in HCT116 colorectal cancer cells. Discover Applied Sciences. 2024;6(4):186.

22. Bourang S, Noruzpour M, Jahanbakhsh Godekahriz S, Ebrahimi HAC, Amani A, Asghari Zakaria
R, Yaghoubi H. Application of nanoparticles in breast cancer treatment: a systematic review. Naunyn-
Schmiedeberg's Archives of Pharmacology. 2024;397(9):6459-505.

23. Soltani M, Ahmadzadeh N, Nasiraei Haghighi H, Khatamian N, Homayouni Tabrizi M .Targeted
cancer therapy potential of quercetin-conjugated with folic acid-modified nanocrystalline cellulose
nanoparticles: a study on AGS and A2780 cell lines. BMC biotechnology. 2025;25(1):29.

24. Rostami N, Gomari MM, Abdouss M, Moeinzadeh A, Choupani E, Davarnejad R, et al. Synthesis
and characterization of folic acid-functionalized DPLA-co-PEG nanomicelles for the targeted delivery
of letrozole. ACS Applied Bio Materials. 2023;6(5):1806-15.

25. Fadaka A, Ajiboye B, Ojo O, Adewale O, Olayide I, Emuowhochere R. Biology of glucose
metabolization in cancer cells. Journal of Oncological Sciences. 2017;3(2):45-51.

26. Bourang S, Jahanbakhsh Godehkahriz S, Asghari Zakaria R, Parsa H, Noruzpuor M. Green synthesis
of iron oxide, copper, zinc oxide and silver nanoparticles from aqueous extract of F. vulgare and
evaluation of their structural and antimicrobial properties. Agricultural Biotechnology Journal.
2024;16(3):60-88.

27. Mansuryar A, Bourang S, Noruzpour M, Ebrahimi HA, Amani A, Granados-Principal S, Calahorra
J. The effect of Fe304 biosynthesized through the green synthesis of Silybum marianum and HA in the
targeted delivery of 5-Fluorouracil to HCT116 cell line. DARU Journal of Pharmaceutical Sciences.
2025;33(2):27.

28. Bourang S, Jahanbakhsh-Godekahriz S, Asghari-Zakaria R, Parsa-Khankandi H, Noruzpour M.
Green synthesis of iron oxide, copper, zinc oxide and silver nanoparticles from aqueous extract of F.
vulgare and evaluation of their structural and antimicrobial properties. Agricultural Biotechnology

Journal. 2024;16(3):61-88.

29. Noruzpuor M, Asghari Zakaria R, Zare N, Ebrahimi HA, Parsa H, Bourang S. Green synthesis of
metal nanoparticles using aqueous extract of Moringa oleifera L. and investigating their antioxidant and
antibacterial properties .Applied Chemistry Today. 2024;19(71):283-302.

30. Jiao X, Wang Z, Wang F, Wen Y. Dual Stimuli-Responsive Controlled Release Nanocarrier for
Multidrug Resistance Cancer Therapy. ChemPhysChem. 2019;20(24):3271-5.

31. Solano-Galvez SG, Abadi-Chiriti J, Gutiérrez-Velez L, Rodriguez-Puente E, Konstat-Korzenny E,
Alvarez-Hernandez D-A, et al. Apoptosis: activation and inhibition in health and disease. Medical
Sciences. 2018;6(3):54.

32. Bourang S, Noruzpour M, Azizi S, Yaghoubi H, Ebrahimi HA. Synthesis and in vitro
characterization of PCL-PEG-HA/FeCo magnetic nanoparticles encapsulating curcumin and 5-FU.
Nanomedicine Journal. 2024;11(2).

33. Hoseini B, Jaafari MR, Golabpour A, Momtazi-Borojeni AA, Karimi M, Eslami S. Application of
ensemble machine learning approach to assess the factors affecting size and polydispersity index of
liposomal nanoparticles. Scientific reports. 2023;13(1):18012.

34. Ghosal K, Chatterjee S, Thomas S, Roy P. A detailed review on synthesis, functionalization,
application, challenges ,and current status of magnetic nanoparticles in the field of drug delivery and
gene delivery system. AAPS PharmSciTech. 2022;24(1):25.

35.Ho W, Gao M, Li F, Li Z, Zhang XQ, Xu X. Next-generation vaccines: nanoparticle-mediated DNA
and mRNA delivery. Advanced healthcare materials. 2021;10(8):2001812.

36. Puchkov PA, Maslov MA. Lipophilic Polyamines as promising components of Liposomal gene
delivery systems. Pharmaceutics. 2021;13(6):920.

¥ oyleis 11 0595 1Y ol 114D 5l /bl g Jobow



AY  edin pils

37. Sagar NA, Tarafdar S, Agarwal S, Tarafdar A, Sharma S. Polyamines: functions, metabolism, and
role in human disease management. Medical Sciences. 2021;9(2):44.

38. Parveen S, Sahoo SK. Long circulating chitosan/PEG blended PLGA nanoparticle for tumor drug
delivery. European journal of pharmacology. 2011;670(2-3):372-83.

39. Davoodi P, Lee LY, Xu Q, Sunil V, Sun Y, Soh S, Wang C-H. Drug delivery systems for
programmed and on-demand release. Advanced drug delivery reviews. 2018;132:104-38.

40. Rostami N, Faridghiasi F, Ghebleh A, Noei H, Samadzadeh M, Gomari MM, et al .Design, synthesis,
and comparison of PLA-PEG-PLA and PEG-PLA-PEG copolymers for curcumin delivery to cancer
cells. Polymers. 2023;15(14):3133.

41. Behranvand N, Nasri F, Zolfaghari Emameh R, Khani P, Hosseini A, Garssen J, Falak R.
Chemotherapy: a double-edged sword in cancer treatment. Cancer immunology, immunotherapy.
2022;71(3):507-26.

42.Jeong H, Lim H, Lee DY, Song YS, Kim BY. Preparation and Drug Release Behavior of Nifedipine-
Loaded Poly(lactic acid)/Polyethylene Glycol Microcapsules. J Nanosci Nanotechnol. 2021;21(7):3735-
41.

43. da Silva Feltrin F, Agner T, Sayer C, Lona LMF. Curcumin encapsulation in functional PLGA
nanoparticles: A promising strategy for cancer therapies. Advances in colloid and interface science.
2022;300:102582.

44. Logozzi M, Spugnini E, Mizzoni D, Di Raimo R, Fais S. Extracellular acidity and increased exosome
release as key phenotypes of malignant tumors. Cancer and Metastasis Reviews. 2019;38:93-101.

45. Zhou M, Li Y-J, Tang Y-C, Hao X-Y, Xu W-J, Xiang D-X, Wu J-Y. Apoptotic bodies for advanced
drug delivery and therapy. Journal of Controlled Release. 2022;351:394-406.

46. Wang S. pH-Responsive amphiphilic carboxylate polymers: Design and potential for endosomal
escape. Frontiers in Chemistry. 2021;9:645297.

47. Zhang ML, Zhang GP, Ma HS, Pan YZ, Liao XL. Preparation of pH-responsive polyurethane nano
micelles and their antibacterial application. J Biomater Sci Polym Ed. 2024;35(4):519-34.

48. Mozar FS, Meivita MP, Go S-X, Li L, Bajalovic N, Loke DK. Ultra-efficient MCF-7 cell ablation
and chemotherapy-integrated electrothermal therapy with DOX-WS2-PEG-M13 nanostructures.
Discover Materials. 2024;4(1):5.

49. Liu K, Zheng D, Lei H, Liu J, Lei J, Wang L, Ma X. Development of novel lignin-based targeted
polymeric nanoparticle platform for efficient delivery of anticancer drugs. ACS Biomaterials Science &
Engineering. 2018;4(5):1730-7.

50. Hamimed S, Jabberi M, Chatti A. Nanotechnology in drug and gene delivery. Naunyn-
schmiedeberg's Archives of Pharmacology. 2022;395(7):7-69-87.

51. Mosleh-Shirazi S, Abbasi M, reza Moaddeli M, Vaez A, Shafiee M, Kasaee SR, et al.
Nanotechnology advances in the detection and treatment of cancer: an overview. Nanotheranostics.
2022;6(4):400.

52.Fan Y-W, Lu I-C, Hsu M-Y, Kuo W-T, Wu S-Y, Lan S-H, et al. Synthetic lethality in human bladder
cancer cells by curcumin via concurrent Aurora A inhibition and autophagy induction. The Journal of
Nutritional Biochemistry. 2023;121:109438.

53. Kaloni D, Diepstraten ST, Strasser A, Kelly GL. BCL-2 protein family: attractive targets for cancer
therapy. Apoptosis. 2023;28(1):20-38.

54. Czabotar PE, Garcia-Saez AJ. Mechanisms of BCL-2 family proteins in mitochondrial apoptosis.
Nature reviews Molecular cell biology. 2023;24(10):732-48.

55. Green DR. Caspase activation and inhibition. Cold Spring Harbor Perspectives in Biology.
2022;14(8):a041020.

Y a)l.n.af)/\ 6y99 Ny -Ll#/\f’a )L@/uﬁng,Lw



o5 9 SJgd wmwl b ouls Mol PLA-PEG-Fes04 o jglioni Ol )34l oS 4y Hs-578T gbd Jolw 4y 095 595 diadud JUil | OA

56. Kitakata H, Endo J, Ikura H, Moriyama H, Shirakawa K, Katsumata Y, Sano M. Therapeutic targets
for DOX-induced cardiomyopathy: role of apoptosis vs. ferroptosis. International journal of molecular
sciences. 2022;23(3):1414.

57. Subroto E, Andoyo R, Indiarto R. Solid lipid nanoparticles: Review of the current research on
encapsulation and delivery systems for active and antioxidant compounds. Antioxidants.
2023.12(3):633.

58. Ahmadi M, Valizadeh A, Bazavar M, Yousefi B. Investigating the role of quercetin in increasing the
rate of cisplatin-induced apoptosis via the NF-kB pathway in MG-63 cancer cells. Drug research.
2022;72(07):385-9.

59. Romani AM. Cisplatin in cancer treatment. Biochemical pharmacology. 2022;206:115323.

¥ oyleis 11 0595 1Y ol 114D 5l /bl g Jobow



