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ABSTRACT

Background:

Breast cancer remains one of the leading causes of cancer-related mortality among women
globally, despite major advances in diagnostic and therapeutic strategies. Conventional
treatment modalities, including chemotherapy, radiotherapy, and surgery, are constrained by
systemic toxicity, multidrug resistance, limited tumor selectivity, poor penetration into solid
tumors, and the lack of real-time monitoring of therapeutic response. Although nanotechnology
has emerged as a promising approach to address these challenges, many existing
nanotherapeutic systems continue to suffer from inadequate tumor accumulation, biological
instability, immunogenicity, high cost, and batch-to-batch variability. These persistent
limitations highlight the urgent need for multifunctional, selective, and clinically translatable
nanomedicine platforms. The aim of this thesis was to rationally design and systematically
evaluate a progressive nanomedicine framework that integrates therapeutic and diagnostic
functionalities to overcome multidrug resistance, enhance tumor penetration, and enable

precise, effective, and scalable breast cancer treatment.
Methods:

This thesis presents an evolution-driven nanomedicine strategy progressing from cost-effective
passive nanocarriers to advanced, tumor-responsive, and precision-targeted theranostic
systems. Carbon-based nanomaterials, Janus nanomotors, nanozymes, and molecularly
imprinted polymers (nanoMIPs) were strategically engineered to enhance intracellular drug
accumulation, improve tumor penetration, and integrate therapeutic and diagnostic functions.
Biomass-derived carbon nanodots (CDs) were synthesised and optimised using response
surface methodology and co-loaded with curcumin and quercetin. These nanocarriers were
characterised using UV—Vis spectroscopy, XRD, FTIR, and zeta potential analysis, and their
stability was assessed across a wide pH range and over extended time periods. Biological
efficacy was evaluated using two-dimensional breast cancer cell lines and three-dimensional
tumor spheroid models. To overcome the limitations of diffusion-controlled delivery,
platinum—mesoporous silica Janus nanomotors capped with carbon nanodots and gated by
redox-responsive di-selenide linkages were synthesised to achieve active propulsion, deep
tumor penetration, and controlled drug release. Subsequently, a dual-gated iron-doped carbon
nanodot nanozyme conjugated with an indole-3-acetic acid prodrug and functionalised with
folic acid was developed to combine catalytic activity with receptor-mediated targeting.

iv



Finally, ligand-free HER 3-specific nanoMIPs were fabricated using solid-phase imprinting and
co-loaded with curcumin and doxorubicin to achieve synthetic molecular recognition and

theranostic capability.
Results and Discussion:

Co-loaded carbon nanodots exhibited excellent physicochemical stability for up to 120 h under
both acidic and basic conditions and significantly enhanced the stability and bioavailability of
curcumin. In vitro studies using MCF-7 breast cancer cells demonstrated strong
antiproliferative and antimigration effects, with markedly increased apoptosis, reactive oxygen
species (ROS) generation, nuclear degeneration, and tumor inhibition compared to single-drug-
loaded systems. These effects were mediated through effective blockage of multidrug
resistance via downregulation of membrane-bound P-glycoprotein, suppression of BIRC gene
expression, and upregulation of the tumor suppressor p53. Enhanced penetration and
therapeutic efficacy were confirmed in three-dimensional tumor spheroid models, although the
reliance on passive targeting highlighted limitations associated with tumor heterogeneity. Janus
nanomotors demonstrated active motion-driven delivery, leading to superior cellular uptake,
deep spheroid penetration, and potent cytotoxicity in both MCF-7 and MDA-MB-231 breast
cancer cell lines. These systems significantly enhanced apoptosis, ROS production, and tumor
cell killing in vitro and effectively restricted tumor growth in vivo, with treated animals
exhibiting a marked reduction in tumor volume compared to controls. While highly effective,
these platforms primarily relied on tumor microenvironment cues, underscoring the need for
more precise molecular recognition strategies. The dual-gated FeCDs@IAA@Folic Acid
nanozyme exhibited intrinsic peroxidase-like activity and selective anticancer efficacy,
achieving low IC50 values in hormone receptor-positive and triple-negative breast cancer cells
while sparing normal epithelial cells. This nanocarrier induced excessive ROS production,
mitochondrial depolarisation, apoptosis, and G2/M cell cycle arrest, and significantly inhibited
cancer cell migration. Three-dimensional spheroid studies confirmed deep tumor penetration
and efficient tumor eradication; however, dependence on biological ligands raised concerns
related to immunogenicity, receptor heterogeneity, and translational robustness. To address
these challenges, HER3-specific nanoMIPs were engineered as ligand-free synthetic plastic
antibodies capable of precise molecular recognition. Co-loaded doxorubicin-curcumin
nanoMIPs effectively blocked P-glycoprotein-mediated drug efflux, resulting in enhanced
intracellular drug accumulation and superior cytotoxicity. These nanoMIPs induced apoptosis,

ROS generation, and nuclear degeneration in breast cancer cells, while their intrinsic
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fluorescence enabled point-of-care detection of HER3-expressing cells. Evaluation in three-
dimensional tumor spheroid models demonstrated efficient penetration, high specificity, and
robust therapeutic efficacy, supporting the clinical relevance of this scalable and cost-effective

approach.
Conclusion:

This thesis establishes a comprehensive and clinically translatable nanomedicine framework
for breast cancer treatment and biosensing. By systematically integrating passive delivery,
active propulsion, redox-responsive gating, catalytic nanozyme activity, receptor-mediated
targeting, and synthetic molecular recognition, this work addresses critical limitations of
conventional therapies and existing nanoplatforms. The findings provide significant insights
into multifunctional nanotherapeutic design and offer promising pathways toward safer, more

effective, and affordable precision nanomedicine for breast cancer.
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AR (ABSTRACT)

t{g"jﬁl’ (Background):

W B AP TR R Afearst H HIR T Taifed Tog & TG HROT H | Th T g3 8,
T FeM 3R ITAR OFIGA § H8dqUl WA g 8| URUR® IUaR fafedr, formd
ST, ISR 3R ot A §, TometiiTd fawTeddr, 9g-gar ufakry, v e
FATED ], 3 SR T HHSIR TR, 94T ITARIAS Ufdfehar &1 ardidsd 90qg o
R & srura St Torell @ a1 &1 gef AReaarl 7 A Bl R A &
foe uh smerHE =PI F FU A SR B, O ot B8 Ager A-fafeada yonferat
IO SR Tood, Sfdd SRR, ufRemsHoal, I A SR 99-9-949
uRad=iear @ Ik §1 3 fFRaR et sg-wrafers, s 3R Aee 9 9 3rdie
g ISR WewhH! & diapliele STaRddhdl ! Waifehd Bl ¢ | 39 Y BT I
TS WfaRid THRfSRA thHaad &1 dhaid fSwg iR afeyd i BT T, Sl
fafraiia iR FeME® Sremars ®f Tdhigpd HXd 9g-adl URIY &I X $Y, TR
AT P FGIY, 3R T, YHTI dUT Whraladl T HoR IUIR JeH B |

faferar (Methods):

I8 MY U fapr-snuia AR oM vRga &-ar &, S anra-uuret fAfesg
BT T I, eR-UfAfsharia 3iR Teid-afard RIS Jonfer) e Ui SRl
g1 F-euRa A NARIR, Janus MY, AR R AfdEERd 3BiRS
ORI (nanoMIPs) &1 IUMITA® ¥U T 39 UHR SN fovar mar fos 9 Sifrestg gar
T Bl FeTd, TR § T8l U YAd &<, auT fafeciia Sk Femas o1l & t@isa
B | FAHN-3YRT BTG A1SIeH (CDs) T TIAWUT 3R IHa R~ TWhd
TYSIArS gRT far a1 9uT 38 HRAEg SR dRdfed &I ¥g-als far Tl g4
FNHRTY BT fIZAT0T Uv-Vis WERDIT, XRD, FTIR 3R SieT UIeRad gRT fdar T,
JUT Ip! FRRAT B At pH 39 iR &9 7Y 9% Ul 7| Sfae gHEa=iadr &1
T fg-Smart T HeR HIRIBT arg-l auT FH-smam ok Wigs Arew | foar
T JR-AERT fediadl &t Farel & R HA 8, WicTH-Aa9uRy R&{fddT Janus
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A, S HIeH Arsed ¥ $t8 3 3R YeTa-ufafrariia SE-dass fKies 9 fics
d, BT Y=awuT o a1 difes wiohy 71f, T8 SR U SR fRifa gar fadied U g
qP | 3P d1G, Th SA-11C8 3RA-BIE HIe A-I8le A-oneH, i g8id-3-Tafed
RIS OIS ¥ g SR hifcrs TRIS ¥ harMars fdar T, fawRid faar mar arfes
Fefafed Tafafdy s RApR-Teawy aférd feehiast o1 daifora farar S e | siaa:, fafe-
g HER3-fAfRIF nanoMIPs ! Tifere-that 3fRIfET gRT FfHd foam mam sik wragfem aut
SIRIE SR & Y Tg-ars foar mar, fored Ridfes Aifeeger uga™ iR RAEIReH

& dT UTd 81 gab |

gf¥urmH Td CEl (Results and Discussion):

TE-TIeS HIa A-Islcy = 3 3R &R a1 aRfRUfaal & 120 B¢ d& I T Hifds-
T R UERid &1 auT exagiq &1 fRRAT 3R Sasudsd & Swie-d ¥4 3
FGMAT| MCF-7 9 $¥R PIRIH1SH IR 39 fae) 3remm = Aolgd Uel-Uifaoheied ok Uel-
AURM UHTE gRIY, fomd Tuipiie, Rufaed sifaitom i=isr (ROS) IdTEH, faaaR
SIOREA 3R SR 3Ry H Iea@-1d gis g3, o RiTTa-g71 Reed &1 gan H $1fias ot
Y THTG P-TATSHIUICH & SIRICRM, BIRC S NS & GHT SR TTHR TR p53
& ISR & A J §g-gdl eIy B JUTA &Y F 3HISg HIA & HRU S0 gU|
- SR Wiz His® # 98k U6 3R fafeaa nyasiadr @1 gfY g3, grdife
fAfsra AferaRor W) FiRar 3 R fawwar & S&fa damst @ S9PR &1l Janus
e A iy - fEaias! ueiRia &t s dgdR SIRMGY SaRiyoy, T8t
WSS UG 3R MCF-7 QYT MDA-MB-231 GIFIl BITRIDT AlSH! 8 3o AT ehadic! U
g3 | 9 yunferdl = 3 facl & TUIDIR, ROS SMTE SR SR BRI O Hf Fer
JUT g faat o R gis &1 oHTet U 9§ Hiftd foran, STel Su=amid seeri § fHa=0r g
& g H R I H WP FHH <7 5| T SAd THIET 8 & SIde[g, A
RIChIH JEId: SR ATSHITIaRRTHe dobdl W) MR 3, St ifde wdie Affeeger
UgaM UM B SISl Bl SRidl § | SIA-11C8 FeCDs@IAA@Folic Acid A-ogH
7 SfafifRd WIS 0 Tl iR T e TSR gHTaRierar uefid o, forw
gHMH-RAR uififed 3R feua-AAifed T= HaR SRS & B 105 A T §T, Jab
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I TRl SIREE REE @ 3 SHIGRIR 7 3dftié ROs IdTEH,
AECIhIead fSUTRISOIRM, THPIRM iR G2/M Id Arsfrd eR¥e &I ORkd foar aut
HIR DHIABT AZIRE DI IGH1T T F AT | FH-3mardt TWhRigs sreaaql = Tt ek
U6 SR GHId! SR I3 $1 Y B, gTaiiies wifdes ferfgd W FeRar A uforams e,
AP e 3R ereiea Horec! § efird fearsi o o faan | g7 gl R A
¥ T, HER3-RARY nanoMips &1 feifsfed Ridfer wifes wherdl & w=u H
3T foram ma, ot e Aiferager Uga H Werd €| SIauIRe [SRH-BRafHT -
TS S nanoMIPs = P-TeIZDIUICIH-HEIRY Gal I bl UHTA! ¥ U favg b, forad
HIRNDHY a1 Fag9 # g iR I ASelelaic! U g5 | 7 nanoMIPs = THPIR,
ROS I 3R YfdmR So-ReH ! URkd forar, Safe 9@ siafifiea Wik A
HER3-3Had DIRIBISM DI gige-3Hh-HhaR fSCarM I J&m -1l F-ardt SR
RIS s U Hid 7 gHTa! U6, 3= fafiyar iRk Aviey fafecia uHaiadrn
TR o1, S 39 Thaad 3R ANT-THTE 2P0 B AT TRifidmdT &l g-Ifdr 3|

st (Conclusion):

Tg TNY W HIR IUAR 3R TRARIRIT 3 o v amues 3R A1 &9 ¥ 3are arg
TRfERE Thraad wIftd Ha1 g1 FRfsey fecdiadl, afea tuwm, Yeia-ufafharia
A, Fefafed AemsH Tiafafd, RITR-aery afdarur sk Ridfes Affieger vgaH
& AT THIHRU GRI, T§ B IRURS SUTAR] 3R HISlel AIRehH &) Agayuf
Hraft &1 TSI dxal g | A ey ag-Frafds R s fSHe- § Heayuf siae
TG $Rd § SR T HIR & 1T Sfid RIEG, gurdt 3R fmradt s AafsRea
oI fe=n & smemeHe A uvdd -d B
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