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ABSTRACT
Recent research in the development of biomaterials has shifted focus from synthetic
biocompatible polymers to natural materials due to their inherent biocompatibility,
biodegradability, and compatibility with the metabolic system. Among natural biomolecules,
polysaccharides have garnered interest due to their abundance, hydrophilicity, defined
structure, ease of functionalization, and selectivity towards specific cell sites.
Polysaccharides, as constituents of glycoproteins, glycolipids, and proteoglycans, play
crucial roles in cell signalling, immune recognition, proliferation, adhesion, and tumor
metastasis. These properties make them ideal for biomedical applications ranging from drug
delivery to tissue engineering. Polysaccharide-based biomaterials can mimic biological
functions, resist elimination from the body, and perform targeted therapeutic actions, making

them promising candidates for advanced therapeutic delivery systems.

This thesis explores the fabrication and application of polysaccharide-based materials for
drug delivery. Chapter 2 discusses the synthesis of carboxylated nanocellulose fibers for
sustained antimicrobial delivery. The nanocellulose was prepared through a two-step process
involving citric acid-induced hydrolysis followed by TEMPO-mediated oxidation, resulting
in high carboxyl content (~1.12 mmol/g). This high carboxyl content facilitated the capture
and release of antibiotics like triclosan and ampicillin sodium, showing high drug loading
(>40%) and entrapment efficiency (>80%). Molecular docking studies revealed that the
nanocellulose with the highest carboxyl content exhibited strong binding affinity towards
antibiotics via hydrogen bonding. Triclosan-loaded fibers displayed sustained antibacterial
activity against Escherichia coli and Staphylococcus aureus over a week, and ampicillin-
loaded fibers released the drug within 48 hours, demonstrating diffusion-driven release. The
nanocellulose-based system offers a green and cost-effective alternative for developing
biodegradable nanocarriers with high drug loading and sustained antibacterial effects.
Clinical validation was performed by loading the fibers with moxifloxacin hydrochloride to
treat bacterial-resistant ocular infections. The moxifloxacin-loaded fibers showed better
permeability into Staphylococcus aureus biofilm, with a sustained release of the drug over

40 hours and a reduction in the frequency of dosing.

Chapter 3 details the development of core-shell microspheres with a cellulosic core and an
acetalated dextran as shell for stimuli-responsive drug delivery. The acetalated dextran based
shell, a pH-sensitive polysaccharide, provided physiological stability, while the porous

cellulose core facilitated better drug entrapment and diffusion. A magneto/photo-responsive
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microsphere co-loaded with magnetite (Fe3O4) nanoparticles, nano zero valent iron (nZVI)
particles, and a photoacid generator (PAG) was designed for degradation-assisted release
behavior. Upon exposure to an alternating magnetic field (AMF) and UV LED irradiation,
these microspheres rapidly degraded, releasing a model drug (curcumin) in less than 50
minutes. The system demonstrated cytotoxicity under external stimulus, validating its
potential for targeted cancer therapy. In Chapter 4, the microspheres were modified for
radiofrequency (RF) responsiveness by incorporating graphene oxide (GO), enabling on-
demand drug release. The GO-loaded microspheres exhibited RF-triggered disintegration
and released 98% of the encapsulated drug within 60 minutes, showing promise for precision
drug delivery. Chapter 5 introduces bicompartmental (Janus) microparticles with
spatioselective conjugation of polymannose (polyMEMA) moieties for targeted drug
delivery. The microparticles were fabricated using poly(lactic acid) (PLA) and bromo-
functionalized random copolymers through electrohydrodynamic co-jetting, followed by
surface-initiated atom transfer radical polymerization (SIATRP) to graft poly(MEMA)
brushes. The density of polymannose increased with PLA-Br concentration, enhancing the
binding affinity of the particles to mannose receptors expressed on macrophages and
dendritic cells. Interaction studies using Concanavalin A and functionalized polymersomes
(may act as drug carriers) confirmed their efficient conjugation to polymannose brush
modified Janus particles, indicating their potential as targeted drug delivery vehicles. Finally,
Chapter 6 concludes the advances in polysaccharide-based biomaterials for targeted drug
delivery, highlighting their biocompatibility, biodegradability, and specificity. Systems like
carboxylated nanocellulose based fibers, core-shell microspheres, and Janus microparticles
demonstrated sustained drug release for applications in antimicrobial therapy, cancer
treatment, and immune targeting. The outlook suggests diversifying the polysaccharide types
and improving their scalability for in situ diagnostics and controlled release, paving an

innovative way for sustainable, personalized drug delivery in biomedical arena.
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ITARIT & AT & g & MU o JUr Fdfeied SRFEIe iAo,
TAfERREd R Aceive Recd & WY Hadr & &RoT HdRs
TEARTd difoeR ¥ TFfae a@ARRr W e &Ra frar g1 gefas
A H, G a]Iss & 3796l TYIAT, BISSHbIaEer, TRHATNT  E,
FATCHBAT H I 3R Afse do @Eser & 9fa agdcaAshdr & FROT I
o Fr &1 TAEHNEA, TaEHIaftsg IR NRATAsET & Heh & ®T A
HecaqoT AT 8T 81 F 90T 3¢ gal Ao & el Scfeh SollfagRar deh &
otg afehcar 3ol & T e §od §1 GToiheiss-3TuRd S RT e
Sifas w1t Fr dThad X Tohd §, IR T AshrEsT 1 R FT o § 39T 2
A A WORIE TRoT & fov SeffFaees dddegest Beat & TRevor |
T B IS B AAdegeltsl P A-TUNT YihdT & ATEIH I AR fhar @ ar
Saa aefer ts-aRa gEgifaf@a arffdea o, 3a% g TEMPO-#ALIEY
3TrEIeRToT 837, foraeh IRUIAFa®T 3Ta Fsiferde @A (~ 1.12 mmol/g) Ared
5| 36 3Td Feifedd @HEM A gEdetad R vedfdeld @iftam S
TaEIfcaFd &l ghsel 3R Bisa & #Agg o1, TFd 3T gar Afsa (> 40%) 3R
BT T &I (> 80%) femrs &1 3murfae sifeher reuzat & oar ger § 6
ITadH FEfFde GHA e AAAegelsl o gIEglele dlfesd & HAEIH |
TSI & Iid Holqd Sl TG Jeilld [har| greFdide-ellss Bigek o Th
qedlg A TEIRTRAT el 3R R ARaw & Wark fFaw shaori
afafafr ueffig &, 3R Fhf@ca-oass weaw & 48 el & R gar SRy &,
St JER-FaTfard RelisT &l Jediel Xl &1 Adcgellel-3MemRe Jollell 3T &ar
NifSer 3R fax SharoRieh germat & @y arfSdsad AeihiRar fAwfad e &
Tt gRA 3R aRTd e Ahed Uerd Rl g1 SFIRAT-ATaRIET a3 JshdAvi
% 3ITAR & U BEaR A AFHFAFATAA IESIFeRISS A Wls Hlch Al
T fRar T AleOwF A asd-diss Bea o Efhdieed  RI
IRfhed H S8R UREdr fewrs, fogs 40 g @ 31f9% g\ d ear f iy
Rer$ 3R gues Hr 3rgfa # wlr S| ey 3 F FASAN-3eErRT gar fawor &
foIT Aegellel X 31X THIdIeS SFACE Aol & HIY -2l ATGHIEHIAT & fdehrd
a1 faavor fear aar &1 vHiteoRs STae Ud, U fiva-Hdcaeiiel dieliaiss,
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ARINE FERRAT vee aar g, sfafd Baqet degesr #) 98k gar wae 3R
YHR $T GIAUT el Far g1 ATACST (Fe304) iaiienvll, sl SIRY dele HRReT
(nZVI) Holf 3R Th HRIUAs JRkeX (PAG) & I Hg-ois HU T TH
HIACH/BIC-3AREGRT ASHIFHBRIR & TRIae-agaar aread Rellsl sgagrR & fav
fSSTseT foham aram Tl Teh denfodsh e &9 (AMF) 3R UV LED fafeor & dueh
H 3 W), T ABHEIRR oot & faafea g 71w, owd 50 fAde & ft &7 a5
H Uh HAlsd cgdl (FHfA) el TS| 30 YoMl & d@d 3dolell & dgd
arscreiFarac o ged forar, Taw afeia Fa NAr & v sadr efaar &
qfe g1 HETT 4 H, APHEER F IR JHiFAES (GO) T AMAST Xk
Ianhieradr (RF) afafraneiear & for aanfa Far mar on, e 3a-Bas
297 Relier THT g 13| GO-ai13s ABHITHIA of RF-EIR fagesT &1 et forar
3R 60 AdTe & M 98% TASTHeles ZaT &l Reller T, e & za1
f3eladY fr Forraar few@rs & 3reary 5 af@id 397 Beliad & o giehdas Asds
& TIfeleh TTACHS HIIHA & WY Gld-hedicHed (SIo1d) HIShITched
IR ST | SFCIgSSISIIT G hl-AATedl & ATETH T Ulel(dliFesdh TiAS) (PLA)
IR SHA-FaRAeSos {3H POIfFAT T 3YANET I ASHIUNCHed Pl AT
T IrT, 38 1 9rel(MEMA) §I?T & IMFe e & fov IWhg-safees ven
TR ISPl TleFRISAAT (SIATRP) T 3UANET fhAT =TI Greldlalel HT Eelca
PLA-Br Higdl & @Y geT, oo #Apher 3R Ssefew fIftient w sgga dde
RAaceqd & T Foil Fr SUaT FMATTT §¢ TS| FPidcheldiold T 3R FATCHD
Tl FARAH Pl 3UANT Fleh SeFNA JEITA o 54 ATSHIUIched & THET TET
T qSe T, ST &I FIROT argeil & & H 3eTehl &THAT T Hebel &l 81 3T #,
AT 6 dAffId &ar [AaaRor & foT gieldeiss-3meiRd SRACRI T & vt &'
sy Aaraar &, 3ah Sa-geraar, sig-Aeieoiiaar 3t R[fsear . gerer
ST §1 FEFHACS AAAegelsl IS, PO AGHEHAT 3N o
ASHUChed ol Yunfordl TaASHISTST MU, FEX 3R 3R giaweT
TefIRoT H gt & faT fReR gar Relier & yefdid &t &1 sifasa &
gTSEhIUT Tlcldess YR & fafatrar el AR s-dig sreaeesd 3R HafiEa
Refrst & fAT AT & GUR a7 &1 A ST g, foad saaAfEsa syt
H R#1F, safedera gar AaRor &1 #ART 9Ed 8T &,
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