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Abstract

Drug delivery vehicles are devices designed to deliver therapeutics to the target site in the body
to enhance the treatment's safety and efficacy. These carriers improve the solubility, stability,
and bioavailability of poorly soluble drugs and facilitate drug transport at a desired location in
a programmable fashion, thus minimizing the side effects. Among several types of drug carriers,
polymeric particles sit at the forefront due to their abundant possibilities for physical and
chemical alteration, leading to the development of innovative characteristics such as
biomimetic shape, size, and easy fabrication. Apparently, suitably designed particles have the
ability to cross biological barriers and deliver the therapeutics precisely to the target site. This
dissertation focuses on the latest advancements in the design and shape of multicompartmental
polymeric particles for drug delivery applications. These innovations have greatly improved
the ability to target drugs, regulate their release, and boost the treatment outcome, though many
critical challenges still need to be carefully assessed prior to their widespread use in clinical

studies.

The electrohydrodynamic co-jetting was used to precisely design and engineer
multicompartmental carriers for combination therapy. For instance, in Chapter 2A the aim of
this work was to engineer polymeric microcarriers to encapsulate three PD (Parkinson's disease)
drugs. The developed Tricompartmental system incorporated all three drugs, Levodopa(LD),
Carbidopa (CD), and Entacapone(ENT), with high encapsulation efficiency (~100%) in a single
carrier at a fixed drug ratio of 4:1:8 (LD: CD: ENT). Upon oral administration, the drug ratio
needs to be maintained on subsequent release from microparticles to enhance the bioavailability
of primary drug LD. That was a notable challenge, as all three drugs vary in their aqueous
solubility (LD>CD>ENT). The equilibrium between the release of therapeutics was achieved
by combining FDA-approved polymers (PLA, PLGA, PCL, and PEG) and the disc shape of
particles. The in vitro studies demonstrated the simultaneous release of all three therapeutics in

a sustained and controlled fashion.

To validate the parameter obtained by an experimentally optimized tricompartmental system,
in Chapter 2B, tricompartmental microcarriers with controlled release profiles were
investigated employing the Taguchi orthogonal L9 design-of-experiment approach by
systematically varying the processing parameters, i.€., solvent ratio, polymer concentration, and
flow rate. The "smaller-the-better" norm for the S/N ratio demonstrated the solvent ratio (DMF

content) and polymer concentration as the most influential parameter in ensuring the RBC shape
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and controlling the release of drugs. Analysis of variance and Response surface methodology
approach provided insights into the optimal influence of control factors on response variables.
Confirmation experiments further validated the optimized microparticles (Poptimized),
demonstrating an error of only ~0.13% in ARpgv (Aspect ratioy and ~19% (within tolerance
limit) in RF(Release Factor) from the predicted experiment. Moreover, Poptimized €xhibits ~100%
encapsulation efficiency of all three PD drugs, with the cumulative release of ~100% LD, ~97%

CD, and ~65% ENT within the 5h of the in vitro study.

The in vivo study of the developed tricompartmental system was investigated in Chapter 3 for
the pharmacokinetics (healthy/diseased rat) and pharmacodynamics characteristics of rotenone
and MPTP-induced Parkinson's animal model. A pharmacokinetic study elucidates the
improvement in delivery metrics of LD from the tricompartmental system, a two-field increase
two-fold increase in maximum plasma concentration (Cmax ~520 ng/mL), a three-fold
augmentation in area under the curve (AUCo. ~5088 ng/mL), and a doubled mean residence
time (MRT ~13.5 h) compared to free LD. MPTP and rotenone-induced models further
supported these advancements. Meanwhile, pharmacodynamic studies concentrated on
evaluating the drug's efficacy in easing motor and non-motor symptoms and reducing
neurodegeneration. This work utilizes complementary models to offer extensive insights into
the therapeutic potential of the established system and its translational significance for human

Parkinson's disease.

Chapter 4 presents the development of innovative bicompartmental particles for pH-responsive
dual-drug delivery utilizing PLGA and crosslinked PEI polymer systems. Two formulations
were developed: DGPI (Doxorubicin in the PLGA phase, Paclitaxel in the PLGA+PEI+BTDA
phase) and DIPG (Doxorubicin in the PLGA+PEI+BTDA phase, Paclitaxel in the PLGA
phase). The particles were analyzed using SEM, FTIR, DSC, and TGA techniques. Scanning
electron microscopy (SEM) demonstrated a consistent spherical morphology with average
diameters of 11.73 pm for DGPI and 6.15 pm for DIPG. FTIR and thermal study validated the
effective inclusion of the drugs and the crosslinking of the polymer. Drug release investigations
performed at pH levels of 5.0, 6.5, and 7.4 exhibited notable pH-dependent release profiles.
DGPI exhibited fast DOX release (~100% after 24 hours) at pH 5.0 while ensuring regulated
PTX release. DIPG demonstrated prolonged release profiles for both drugs, with increased
release under acidic circumstances. The pH-responsive characteristics and capacity to regulate

specific drug release via strategic compartmentalization render these particles highly



advantageous for targeted cancer therapy, as the acidic tumor microenvironment may initiate

localized drug release while ensuring minimal release under physiological conditions.

Further utilization of the same system for combinational therapy was often done to reduce drug
resistance or improve the delivery system's efficiency. In Chapter 5, bicompartmental
nanoparticles were fabricated using the electrohydrodynamic co-jetting (EHDC) technique. The
nanoparticles consist of a PLGA compartment for controlled drug release and a PLGA-PEI
compartment for enhanced biomolecular interactions. By optimizing fabrication parameters,
including polymer concentration, flow rate, and dielectric properties, precise control over
particle size was achieved, transitioning from micro to nano dimensions. The resulting
nanoparticles exhibited high biocompatibility, maintaining cell viability above 80% in
HEK293T cells across a broad concentration range. Cellular uptake studies revealed efficient
internalization in both HEK293 and HeLa cells, with uptake levels reaching 79.7% and 83.4%,
respectively. Incorporating PEI enabled effective DNA binding at optimized N/P ratios, while
the encapsulation of rhodamine B allowed for tracking and visualization of intracellular
distribution. Enzymatic delivery of B-galactosidase demonstrated preserved catalytic activity
and efficient delivery, as validated through X-gal staining by fluorescence microscopy. Ethanol
dissolution studies confirmed the integrity of the bicompartmental architecture, highlighting the
system's capability to provide dual functionality. Initial integration of NIR-II dye demonstrated
potential for bioimaging applications, with future efforts directed towards optimizing dye
compatibility with the solvent system. These findings position the bicompartmental
nanoparticles as a promising platform for combination therapies and multi-modal treatments,

offering simultaneous capabilities for drug delivery, gene therapy, and diagnostic imaging.
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AR

&q1 faarur are! (871 feaia’! B @) FT 39 IR H dfed ”F R Fafeaaa gt
&I QR R THIE U T UgaT 811 o | 3 a8D, HH Ga-=id garsil & gemRiadr,
FRRAT 3R ST &I TG1d & 3R T3] ®I T difesd R TR Faiford ki § Ugam
H UE® Bid €, foras gorHmal § St ol B | fafis YR & a1 ared! H, Sgae g Ul
iR midee) Hifde iR IMEfHAE aRad-l & TR SHIEST & SR Ja9d
eyl €, o Staftiifeds R, AT 3R S iy SRt 7 faRivdrst &1 fawm
BId1 8 | SUgad U J fEog fort 0 Fuif § Sifde anemaff o) IR $RA 3R dfed R R
faf @ Ia Uardl &1 Ucie U 3 UgdH &t &I 8idl ¢ | I8 [N Uee TaT faaRor SrgeanT
& forg sg-fawnforg sgasia Hoi & fEomsA iR SMeR & AdHas Wifd W Hfsd g1 37
TarERI 3 garsii &Y dfdrd B, I Refiel &1 FHEfid w3 3R IuaR & uRumAt &
SER TH P &Hd § YR 51 7, TAlfd 39d UG ST § Ugd B3 Headyul
AN BT FAUIaD HTHTT B B! ATl g |

AR BRI BI-SI T B SUTNT §g-[AHIIT aed| (Ao I T Hed BIRa) &l
oo fafere & o Tdie U 3§ fETg 3R Soif-R @3- & forg fovam | I
& TY, 31T 2A T S0 B BT 36-4 1 UTfcha (PD) GaT3fl &1 Had - o [l Igadb 1
DGR Bl SollaR HAT UT| [awRid B-fqufora gumett (Reprmrcdea Red) &
forarear (LD), FIfSSIUT (CD), 3R T=IHUM (ENT) ATHS i) gdrsil & U ol aigd A
4:1:8 (LD: CD: ENT) & fAf3d 3rqurd & I SRR GerdT (~100%) & J1 2 far
AT ARAe UG & a1, UTAfie dl LD &1 SIa3udsydl &l 9¢MH & [T ATShispun 9
garsfl @1 Refiel & SR S SUTd B §IE TG HTIRIS 7| T§ Th Hgeayul AT 2,
i 1 qarstl & STend gaRitad # fsdr o (LD>CD>ENT) | fafeaeia uarif &t
fYefiel & ot Iqa UTa A & folE, FDA-3AIfGd Iga®! (PLA, PLGA, PCL, 3R PEG)
3R FHUN & f&¥w SMHR FT TaIoA forar mar| 3 faet sreras o i+t fafecre g uerdf o
TS 1Y, Jad 3R Ffa w0 3 Refiet veflRia g3

TS FU Y 3pierd fA-TauTiord Yot gR1 Uit Arucs| &l 91 o & forg, srem
2B H, FRifd Reflet Titersa arat B-fawiford argehieiRad &t Sid 3T 715, s gem=o
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¢ s!, o Wicde 3UTd, Igad Higdl 3R UdTg &X &1 aryd &9 9 i #d gu
Taguchi SIS L9 FETITE-3{Tth-TaquREe EPH 10 &1 SUTNT fohdt 771 /N SUTd &
forT "Ble1-V-Bler AFCS 3 Wiede AT (DMF I 3R 9ga® Tigdl B! RBC 3THR
AT HRA 3R garsit o Refiel 1 Fafid & o Tad nHIaRe Arues & w0 A veflkia
foraT | IRTH SR i~ TR T o1 fa=eivor = ufdfehdr @R W a0 sSR! & 38
TUTT & IR T 3fae® Ua™ &1 | g8 TAT 3 ST S iard A Idh Ul (Poptimized) 1 AT
foraT, foR ARDEV (30 3fJTd) H Hdd ~0.13% (e 3R RF (Ralw haex) &
Higsaroft fFT T TRt § ~19% (@fewEr dar & fidR) I vefia g51 s9d s,
Poptimized = T+ T UIFHTA T (Parkinson's disease) BT GATSN B ~100% B &l
TefRiq ), o 5 9 & 3 f3e) 3reage & HaR ~100% LD, ~97% CD, 3R ~65% ENT &1
T e ga|

faenRra F-fauford omelt o 3 faat sreoaq & sieamg 3 # A iR MPTP-URG UTfdhem
U HIST & BIHIG BT (TR Tg1) 3R BHb ISR fagvdrsf & forg
ST T | BHIDIBEACd Heaa ¥ I8 WP g3 o B-faurfora gumedt ¥ Lb & faawo
Ay O GUR g3, forad Wada LD &1 go1 & Sifeidhdd WIeHT Wigdl (Cmax ~520 ng/mL)
A TGS, &8 & I8d IF T IfG (AUC0-00 ~5088 ng/mL), AR ST eI THT (MRT
~13.5 h) B G gf S8 T2 1 MPTP 3R ISAH-IRT Aled A 34 wfadl &1 3R qae=
UeH fHarl 38 a9, BaleTSIATRe 3ieaa= 3 AR 3R TR-ACX A&U &l HH B
R RISISRRM B HH H3 A adl & YHTARITd S edidh [T | 98 B b Alsdl
BT IUANT B WG et &1 fafeaia emar ik ama wibe J & forg s
a1 Hed & IS =D UM HRal g |

A 4 T pH-Yadg=Nd qlgr-adl [daRur & faw ai fg-faurfora ool o1 fder ugd
forar mar B, SR PLGA SR HI4feigs PEI Sgad UUNferdl &1 IUANT fowar T g1 a1
TR0l fabRid fdhT T8 DGPI (PLGA aRUN § SlRIRSaRI, PLGA+PEI+BTDA TRUI H
UfRTeTld) 3R DIPG (PLGA+PEI+BTDA TRU H SIRIRSORM, PLGA WU |
UfoRTeTad) | SO o1 faZAWur SEM, FTIR, DSC, iR TGA TH1b! BT SUUNT 6 b
T | TWh 1T SAaei- HISHIRDIUT (SEM) 3 DGPI & ol 11.73 pm 3R DIPG & fAW 6.15 um
& IId AT & 1Y Th JAT MATHR IR USRI BT FTIR 3R YHS 37ea 3 garsif
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& JUTST THTART 3R Tga® P hIarciieh T dl I fhaT| pH ®R 5.0, 6.5, 3R 7.4 | fhg
T ga1 Reltst offd A Yeera-1d pH-F1R el Tiwrsd uglRid fast | DGPIA pH 5.0 TR dsht
¥ DOX RSl (~100% 24 ©e a1g) UeRid farar, Safe prx &t Fafa Refier gfya o1
DIPG A aIH! garafi & forg dfa T ae Reite Mwrsd vefRid feu, o srcit ufkfufaal
¥ Reftel ¥ gfeg <l 715 | pH-Hag=itet faRivany $fiR fafkiy a1 Refier &1 xorifaes faures
& H1d 9 FRIRd 37 B &A1 3 HUN I A HaR fafdbe & o Sfiid AyHR
S B, Fiifp ey iR ASshITTarR-He T a1 Rele & URY &R Jobdl §
wrafe TR aRfufaal & <gaan Refter gHfa sar gl

Udhigd fAafdbd & forg 33 Yol &1 SFl &1 IUANT 3R gdl UieRIY &I HH B Il
fIoRUT gunelt St gerdT # YR & e fosar man srem s #, fg-fouifoa Aeon &1
AR BIRSISIHING BI-SIfHT (EHDC) ddh-iieh &1 SUTRT B (AfHd fovam mar| -
o i gar Refie & W T PLGA faqTSH 3R 941 §5 aramITeraer Sevar & forg
T PLGA-PEI [aHToH 2nfirer 8 | Fafor Aracst, S agas Aigar, UaTe &%, 3R Seafdes
T BT SIHT PP, HUT HHR R Fle 801 U foean man, o Azt ¥ A4
ATt & WepHur g uRumd el 7 3= Sa-Iiddr (aisrafefaferdt) ueffa o,
HEK293T PIRIB137 T 80% T D hITRIebT St Rfdd s 6T | AR 3HUCH AT
q HEK293 3R HeLa BB T HRIA ATARGHIUN (SCAAGOIRM) BT Jar o,
ORI HH: 79.7% 3R 83.4% T 3UH TR UTE 31| PEI BT IR 3B ord N/P
3T TR YT} STTTU SIS o1 e §1a1 §, STaids JSTHIS B BT HRa<H HI1RIH131
¥ 3R ARV BT ¢ FHA 3R WA BT A AT g | p-Iae e BT TgHfee faar,
TR ATSeh b gRT X-T1et R & A J, TRigrd IR nfafafer sik $ora faaron
! TERId ol § | SATTA ga=itadn sreaaHt A fg-fauifora Iem & srdsdr &1 g 3,
T TIITelt 1 QI8! B UG o3 &1 &HdT SOIFR Bt & | WRIN NIR-II §T8 BT
TR SRAGHRT SFIHANTT Bt GUTET BT Teffd e 2, forrd ufawr & o g€ ot
T B! Flede TUTE & WY Spierd B Bt fomm & FefRa gl 3 fed fg-faunfsa
AHT B o FafbeT 3R Tg-AISd SUAR & o7l T RIS Hd & U H R
A &, O TP 1Y gl faaror, i R, iR Aeres AT & T ey we &vd g
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Figure 1.1

Figure 1.2

Figure 1.3

LIST OF FIGURES

a) Mechanisms of degradation of polymeric drug delivery carrier,
b) SEM pictures of small and large, lidocaine-loaded, PLGA-based
microparticles after 7 d exposure to phosphate buffer pH 7.4 (surfaces
and cross-sections, as indicated in the figure) [52].c) PEGylated
nanoparticles are able to avoid clearance from the blood stream by
repelling protein adsorption, thus prolonging nanoparticle circulation
time within the body[64], d) Schematic illustrations of basic
mechanical property terms and their definitions. Elasticity and
stiffness[72] e) Distribution of soft and stiff hydrogel micelles in
fluorescently labelled tumour spheroids: blue, DAPI (nuclei); green,
micelles; purple, DiD (cell membrane) [73]. Adapted by permission
from Ref. [52](b), Ref.[64] (c), Ref[72] (d), and Ref[73](e) Copyright
b, d 2005, 2019 © American Chemical Society, ¢ and e Elsvier and
Copyright Clerance Centre.

a) Schematic representation of the formation of multilayered
microparticles and attainment of different configurations depending on
the viscosity of Polymer A [81], b) (i) LbL adsorption of polymers on
colloid templates.(ii)) After the dissolution of the multilayer-coated
core-shells, the hollow multilayer capsules are obtained. iii) After
polymer multilayer on a sacrificial core is crosslinked and iv) the
second component is released from the network, e) the core-shells
coated with multilayer hydrogel network are obtained, and v) the core
dissolution results in a multilayer hydrogel capsule. Adapted with
permission from Ref. [81] (a) and Ref. [83] (b) copyright by John
Wiley and Sons and Copyright Clearance Center.

a) Schematic representation of Microfluidic technique [89]. b) a)
Preparation of PRINT mold and fabrication of PRINT particles. A
liquid PFPE precursor can completely wet the silicon wafer with
micro- and nanosized patterns because of its positive spreading
coefficient on almost all surfaces and can be photocured to generate an
elastomeric PRINT mold with negative micro/nanofeatures derived
from the patterns on the silicon wafer. A liquid pre-particle material
(red) 1s filled into the cavities without wetting the land area
surrounding the cavities using a roll-to-roll process which involves a
film-split technique against a high-surface-energy polyethylene
terephthalate (PET) counter sheet when passed through a nip of a roller
which applies pressure to the mold. The liquid in the mold cavities is
then converted into a solid through a number of different processes
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Figure 1.4

Figure 1.5

including photocuring, or perhaps through vitrification by filling at an
elevated temperature and cooling down, or by solvent evaporation.
Once the liquid in the mold cavities is solidified, the array of particles
(red) can be removed from the mold by bringing the mold in contact
with an adhesive layer (yellow) which can pull the particles from the
low-surface-energy mold. The particles can now be easily freed from
the surface by dissolving the adhesive layer[94]. c¢) Schematic
representation  of  electrohydrodynamic  co-letting  exhibiting
fabrication of cup-shape, disc shape and donut shape particles by
manipulating process parameters (electrical conductivity, viscosity,
flow rate)[95]. Adapted with permission from Ref. [89](a), Ref.
[94](b), Ref.[95](c) copyright by John Wiley and Sons and Copyright
Clearance Centre, © 2013 WILEY-VCH Verlag GmbH & Co. KGaA,
Weinheim, © 2019 Elsevier.

a) Schematic diagram of preparing PLGA microspheres and
microrods, as well as DOX@PLGA microrods and DOX@PLGA
microspheres, and the calculated entrapment efficiency and drug-
loading capacity, n =3, [108] b In vitro A549 cell relative viabilities
normalized to the wuntreated control after co-cultured with
DOX@PLGA microrods or DOX@PLGA microspheres at the
concentrations of 0.0625—4 mg mL—1 for 48 h, n =3, [108] c¢) Effect
of particle shape on the phagocytic efficiency of neutrophils and
intracellular release profile. Showing size distribution calculated from
SEM images of PLGA nanoparticles with different aspect ratio and
corresponding CLSM images. d) Schematic representation of tissue
permeability of CCO-1, CCO-2, and CCO-3 micelles. CLSM images
of tumor penetration of CCO-1, CCO-2, and CCO-3 in MCF-7. The
scale bar was 200 um[113]. ) Hemolysis rate resulting from red blood
cells (RBCs) incubated for 2 h with increasing concentrations of MSs.
RBCs exposed to ultrapure water (+) and phosphate buffered saline (—)
were employed as controls and Bright field light microscopy images
of RBCs post incubation with various MSs concentrations during the
hemolysis rate assay[112]. Adapted with permission from Ref. [108]
(a,b), Ref. [113] (c,d), Ref. [112] (e) copyright Elsevier and Copyright
Clearance Center, CC-By and Royal Society of Chemistry.

a) Confocal images displaying penetration of SMs and NWs co-
incubated with 3D HelLa: 3T3 multicellular spheroids (MCSs,
Scanning depth: 30 pm. Blue: Hoechst; Green: BODIPY dye-labeled
NWs; Red: SMs, scale bar = 100 um, inset: zoom in of the
imaging)[117], b) The TEM images of micelles, c) Representative in
vivo bioluminescence imaging of the orthotopic colorectal tumor at the
indicated time. The HCT-116 cells were labeled with luciferase (n =
3). Scale bar: 2 cm d) Representative photos of the tumors harvested at
the end of the experiment (Day 14). Scale bar: 1 cm [121] ) Schematic
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Figure 1.6

Figure 1.7

Figure 1.8

representation of fabrication of carboxylated nanofibrillated cellulose
using citric acid hydrolysis followed by TEMPO mediated oxidation.,
f) TEM images of cNFC [123] g) Visual examination of bacterial
keratitis after 24 h, 48 h and 72 h of disease induction. Bacterial
keratitis was induced in male Wistar rats by 5 ul intrastromal injection
of Staphylococcus aureus. In treatment group, rats (n = 5) were treated
after 24 h of disease induction with carboxylated Nanofibrillated
cellulose particle (cNFC), moxifloxacin (Mox) and moxifloxacin
loaded particle (Mox-cNFC) either t.i.d, b.i.d or o.i.d for 48 h. Slit-
lamp images were captured at 24 h, 48 h, and 72 h of infection;
Infection size was measured at 72 h of infection (h). Eyes treated with
Mox and Mox-cNFC showed a reduction in infection from 48 h to
72 h, however significant difference was not observed[124]. Adapted
with permission form Ref. [117] (a), Ref. [121] (b,c,d), Ref. [123], (e),
Ref.[124] (f,g,h) copyright CC-NC WILEY-VCH, Elsevier and
Copyright Clearance Center.

a) Synthetic scheme for the formation of HA-poly(PEGMA)-b-
poly(MMA-co-CySMA) block copolymer, self-assembly,
encapsulation, and oral delivery for site-specific release, b) Percentage
of micelle positive tumor nodules 24 h post-administration of micelle-
loaded alginate microcapsules, c¢) tissue distribution of targeted
micelles in tumor [125]. Adapted with permission from Ref.,
Copyright by John Wiley and Sons and Copyright Clearance Centre.
a) Synthetic Route of PEG(PAA-b-PS)20 (top row) and Schematic
Models/TEM Images (bottom row) of the Self-Assembled
Multicompartment (i, iv) Micelle, (ii1, v) Vesicle, and (iv, vi) String.
Orange, Blue, and Green Represent PS, PAA, and PEG Chains,
Respectively) b) Evolution of the structure of single core—shell
bottlebrush polymer chains deposited on mica from a dilute solution
at Cp = 10 pg/mL. The scale of the inset images is 500 x 500 nm2 for
parts i and iv; 400 x 400 nm2 for part iv; and 700 % 700 nm2 for parts
[129], copyright © 2020 and 2023 American Chemical Society.

a) Schematic illustration of the drug release process for the core-shell
particles. (b) Optical microscopy images and CLSM images of the
DOX- and VEGF-loaded core-shell microparticles[130]. The images
of microparticle with single core, double cores, and triple cores. The
red and green fluorescence indicates DOX and FITC-BSA,
respectively[130]. (¢) A) PDMS mold. (B) Deposition of polymeric
solution on PDMS mold. (C) Dried layer. (D) MNss filled with MPs.
(E) Compacted and HL applied. (F) MNs extracted from mold. MPs,
which are pressed and plasticized by using a non-invasive soft
plasticization method previously reported (d) Stereomicroscope
micrographs of microneedle patches with rhodamine-loaded tips. (e)
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Figure 1.9

Figure 1.10

Figurel.11

Figure 1.12

Scheme 1. Schematic Illustration of the Preparation Process and
Thrombolysis Mechanism of Pc/Ca@r-JRs. Adapted with permission
from Ref. [130](a,b), [131](c,d), [132](e), copyright © 2021
American Chemical Society, CC-NC and 2021 Elsevier Ltd. All rights
reserved.

a) Microscopic and fluorescent images of droplets and particles with
different concentrations of span 80[133]; b) Schematic of the
fabrication and performance of bubble-containing multicompartmental
particles (BCMPs) ¢) An image of two-compartment alginate BCMPs
loaded with black tracker beads. Side and top views show a bubble
located within the top of the particle [136]. Adapted with permission
from Ref. [133](a), and Ref. [136] (b,c) copyright CC-BY and © 2023
Wiley-VCH GmbH.

a) Microscopic and fluorescent images of droplets and particles with
different concentrations of span 80[133]; b) Schematic of the
fabrication and performance of bubble-containing multicompartmental
particles (BCMPs) ¢) An image of two-compartment alginate BCMPs
loaded with black tracker beads. Side and top views show a bubble
located within the top of the particle [136]. Adapted with permission
from Ref. [133](a), and Ref. [136] (b,c) copyright CC-BY and © 2023
Wiley-VCH GmbH.

a)Schematic setup of electrohydrodynamic co-jetting (EHDC) b)
CLSM images of PLA/PLGA biphasic particles having PLGA
compartment containing red dyec)/n vitro release study of LD and CD
from 1) system A (LD in PLA and CD in PLGA) and ii) system B (LD
in PLGA and CD in PLA) in SGF for 5 h followed by release into SIF
for 24 h at 37 °Ce) (i,11) Light and (iii,iv) SEM images of JPMP1 and
JPMP2. JPMP1 with x1 PPYNP and x2 MNPs (external phase
containing PVA/SDBS cosurfactants) JPMP2 with x1 PPYNP and x2
MNPs (external phase containing SDS/SDBS cosurfactants) [135].
Adapted with permission from Ref.[116] (a,b,c,d) Ref. [135] copyright
© 2024, American Chemical Society and CC-BY-4.0

a) The morphology changes of MTSs within 7 days after incubation
with free-DOX, HSA-PEPA-DOX nanospheres or nanoworms (Scale
bar=100 um). b) Changes in MTSs diameter after different incubation
times with free-DOX and HSA-PEPA-DOX (n = 3). **p <0.01 [120]
¢) NQO1-responsive PEG-PTU-PEG triblock copolymer micelles for
redox-triggered intracellular drug delivery[146].d) DLS measurement
and TEM images of NPs-2 before and after irradiation with the 630 nm
light for 20 min. The experiment was repeated three times[148].
Adapted with permission from Ref. [120] (a,b), Ref.[146](c), Ref.
[148] (d) copyright by John Wiley and Sons and Copyright Clearance
Center, © 2023 and, © 2024, American Chemical Society.
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Figurel.13

Figure 1.14

Figure 2A.1

Figure 2A.2

Figure 2A.3

Figure 2A .4

Figure 2A.5

a) Shematic diagram of the interactions between the photons and tissue
when executing fluorescence imaging. B) absorption spectrum of
water in the range of 400—1800 nm measured through a 1-mm-long
path. C) reduced scattering of different biological tissues and intralipid
solution in the 400—1700 nm range. D) autofluorescence spectra of ex
vivo mouse liver (black), spleen (red), and heart tissue (blue) under
808 nm excitation. E) timeline of significant milestones in the
development of NIR-II fluorophore. 50

a) Calibration curve of Indole from B-gal and X gal reaction product at
different conc.b) Kinectics of B-gal and X gal racting at 1:1 ratio (conc
100uM).

Digital photograph of EHDC instrument used for the fabrication of
tricompartmental particles.

(a) Schematic of Electrohydrodynamic co-jetting (EHDC) set-up to
fabricate tri-compartmental particles. (b) Digital image of the
formation of (i) droplet and (ii) Taylor cone while running
electrojetting process; TiO2 (white stain) and ZVI (black stain)
containing polymeric solution was observed to come out from the three
different needles tied together (i) at 0 KV (ii) at 10 KV.

(a) Schematic diagram of optimized tricompartmental microcarrier
system. (b) Optical Micrograph. (c) SEM Micrograph (zoom-in-image
inset) (d) Particle size distribution (average particle diameter 4 +
0.99um; standard deviation 0.99) (e) Atomic Force Micrograph of
microparticles, the phase contrast shows the presence of three distinct
compartments. and (f-h) CLSM micrographs of tricompartmental
particles (system, T-4). (f) Blue channel represents PLA+PCL phase
loaded with LD and (g) red channel represents LPLGA phase of
particle loaded with CD on one side and PEG+ENT on the other. (h)
Overlays of both blue and red channels. Scale bars represent b, ¢ and
f-g 10pm and e Sum for AFM micrograph.

Represented Raman spectra of tricompartmental microparticles
irradiated at (a) ‘position 1’ loaded with LD in the middle PLA/PCL
phase-1, (b) ‘position 2’ loaded with CD in LPLGA phase-2, (c) and
‘position 3’ loaded with ENT in LPLGA/PEG phase-3. Corresponding
spectra of the neat PLA, PCL, LPLGA, PEG, and drugs LD, CD, and
ENT were given to compare drugs' presence in the localized
compartment.

(a) DSC thermogram of pure PLA, LPLGA, PCL, PEG, tri-
compartmental microparticles (neat and drug-loaded), and simple
blend (PLA/PLGA/PCL/PEG/drugs). (b) XRD spectra for pure drugs,
i.e., LD, CD and ENT and drug loaded monophasic microparticles.
Note: A single drug was loaded in the monophasic particles and the
composition of the matrix for carrying that drug remained the same as
that of their original composition for that particular compartment.
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Figure 2A.6
Figure 2B.1

Figure 2B.2

Figure 2B.3
Figure 2B.4
Figure 2B.5

Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

(a)in vitro release study of therapeutics from a) system t-7, (b)

commercially available tablet.
Schematic representation of electro-jetting to show the formation of
tri-compartmental microcarriers
SEM images for experimental trials according to Taguchi L9 (P1 to
P9), the corresponding zoom-in images shown as inset with a scale bar:
1 um.
a) Main effect of S/N ratios on ARpgv b) Release factor
Control variables' relative contribution on the a) ARpgv and b) RF
a) SEM micrograph of optimized microcarrier b) particle size
distribution ¢) CLSM micrograph of tricompartmental microcarrier
loaded with polymeric dye in PLGA phase, 1- exhibited the blue
fluorescence irradiated by 405 nm UV laser, 2- demonstrated the DIC
micrograph, 3-overlay of DIC and blue fluorescence d) In-vitro
cumulative release of LD, CD, and ENT from the optimized
electrojetted microparticle (Poptimized)
Plasma concentration-time profile of a) Levodopa (LD), b) Carbidopa
(CD) and c¢) Entacapone (ENT), from rats fed with free drug (red lines)
and DLM formulation (blue lines). Data were analysed by using two-
way ANOVA followed by Sidak’s post hoc multiple comparison test,
Values are mean = SEM (n=3-5) and *p < 0.05, **p < 0.01 ***p <
0.001.
a) Body Weight evaluation, b) Rotarod c¢) Catalepsy d) Swim Test e)
Passive avoidance. Values are mean +SEM values (n =5 in each
group). “**(P <0.001) compared to saline-treated normal group; *(P <
0.05), **(P <0.01), ***(P <0.001) compared to treatment group
Plasma concentration-time profile of Levodopa (LD) from the
microparticles (red line) and the administered free drug (green line).
Results are expressed as the mean + SD (n=4).
Effects of DLM and standard formulation on motor function and
behaviour of mice assessed at 1 week and 3’ week after PD induction.
a) Total distance travelled in open-field test, b) Catalepsy duration c)
Fall latency in rotarod test d) Beam-walk score e) Forelimb
withholding force in grip strength test f) total number of TH-positive
neurons and g) representative microscopic images for TH-
immunoreactivity in the substantia nigra shown for control (healthy
mice), MPTP (diseased mice), Standard formulation (Diseased mice
treated with standard formulation) and DLM (Diseased mice treated
with DLM). Data were analysed by using two-way ANOVA followed
by Tukey’s (for fig a-e) and Dunnett’s (for fig f) post hoc multiple
comparison test. Values are mean + SEM (n=6) *p< 0.05 and #p <
0.001 when compared with healthy control group, *p < 0.05, **p <
0.01 ***p <0.001 when compared with diseased control.

XX1i

82

89

96

100
101
103

122

125

127

130



Figure 4.1
Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

a) Experimental set-up of bicompartmental particles, b) Design of
bicompartmental polymeric carrier.

SEM micrograph of biphasic microparticles at a) 0%, b) 10%, c) 25%,
and d) 50% PEI concentration in one phase

SEM micrograph of bicompartmental microparticles with a) 10w/w %,
b) 25w/w%, and c¢) 50w/w% PEI along with 5 w/w% BTDA of PEI in
one phase

FTIR spectra of PLGA, PEIL, PEl+crosslinker(BTDA), and
PLGA+PEI+Crosslinker (BTDA).

Swelling ratio of microparticles by varying pH (5 and 7.4) , crosslinker
percentage and PEI concentration a) 10% PEIL b) 25% PEIL Control
group refers to Ow/w% of PEI concentration in bicompartmental
system (PLGA microparticles).

Swelling Kinetics of biphasic particles with PLGA+RED dye in one
phase and PLGA+PEI (10% w/w) +10%w/w BTDA)+ Blue dye in
other at a) pH-5 and b) pH-7

Swelling Kinetics of biphasic particles with PLGA+RED dye in one
phase and PLGA+PEI (25% w/w) +10%w/w BTDA)+ Blue dye in
other at a) pH-5 and b) pH-7

CLSM Micrograph of bicompartmental microparticles with A) PLGA
/ PLGA, B)PLGA+CdSe / PLGA+BLUE dye, C) PLGA+CdSe /
PLGA + PEI + BTAD+Blue dye, D) PLGA+Blue dye /
PLGA+PEI+BTAD+CdSe+Red in different phase.

a) SEM micrograph of DGPI bicompartmental particles (zoom-in
micrograph given at left corner, scale: 1um) and its b) corresponding
particle size distribution, ¢) SEM micrograph of DIPG
bicompartmental particles (zoom-in micrograph given at right corner,
scale: 1um) and its d) corresponding particle size distribution, e)
CLSM micrograph (overlay) of DGPI  particles loaded with
ADS129BE dye in PLGA/PEI phase along with PTX to give blue
fluorescence and DOX in PLGA phase to give red fluorescence (zoom-
in micrograph given at left corner, scale:5pum), f) CLSM micrograph
(overlay) of DIPG particles loaded with ADS129BE dye in PLGA
phase along with PTX to give blue fluorescence and DOX in
PLGA/PEI phase to give red fluorescence (zoom-in micrograph given
at left corner, scale:5um), (note: No red dye was loaded in the given
CLSM micrograph, red fluorescence was from DOX)

a) Figure 10 : FTIR spectra of PEI, PEI+BTDA (crosslinker), PLGA
+ PEI + BTDA, PLGA, NP (neat particles), DGPI (DOX loaded in
PLGA phase and PTX in PLGA/PEI), DIPG (DOX loaded in
PLGA/PEI and PTX in PLGA phase, neat drugs DOX and PTX.
b)DSC thermograph of bicompartmental particles, ¢)TGA analysis
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Figure 4.11

Figure 4.12

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

In vitro release at from a) pH-5, b) pH- 6.5 ¢) pH-7.4 from DGPI
formulation and d)pH-5 e) pH-6.5 and f) pH-7.4 from DIPG
formulation.

MTT-assay of microparticles with PLGA in one phase and various
concentrations of PLGA+PEI in the other phase. a) PEI10:
PLGA+10w/w% PEI, PEI10X: PLGA+10w/w% PEI+BTDA, PEI25:
PLGA+25w/w%, b) PEI, PEI25X: PLGA+25w/w% PEI+BTDA,
PEI50: PLGA+50w/w% PEI, PEIS0X: PLGA+50w/w% PEI+BTDA,
Control: PLGA (no PEI)

SEM micrograph of particles dispersed in a) acetone, b) water
(Iyophilized), ¢) TEM micrograph d) Particle size-distribution of
nanoparticles fabricated from polymer concentration of 1 w/v % at a
solvent concentration (DMF :CHCI3) of 6:4 at a flow rate of 20ul/h,
by passing through syringe filter of 0.22pm. Biphasic particles with
crosslinked PEI e) SEM micrograph f) TEM micrograph g) Particle
size distribution measured from TEM micrograph through Image].
SEM micrograph of particles fabricated at 1 w/v % polymer
concentration with a) 0.5w/w%, b) 1w/w%, c) 1.5w/w% of CTAB, d)
SEM micrograph of optimized biphasic nanoparticles with 10% NIR-
II dye and e) the particle size distribution measured from SEM through
Imagel.

SEM micrograph of biphasic nanoparticles with a) 25w/w% of PEI in
one phase after dispersing in ethanol, b) zoom-in image of (a), c) SEM
micrograph of biphasic nanoparticles with 40% NIR-II dye, d) particle
size distribution of individual particles measured through DLS, e)
Scheme showing conjugation of DSPE-PEG-CM to nanoparticles by
EDC/NHS coupling f) Particle size distribution of modified
nanoparticles, g) Zeta-potential of developed nanoparticles system
Brightness intensity of nanoparticles loaded with a) 10% NIR-II dye in
the PLGA phase, irradiated using a 793 nm laser and observed through
an 1100 nm long pass filter at an exposure time of 100 ms, at
concentrations of 1) 30 mg/mL, i1) 15 mg/mL, iii) 10 mg/mL, and iv)
7.5 mg/mL. b) 40% NIR-II dye in the PLGA phase, with both DSPE-
PEG-modified and unmodified samples, irradiated using a 793 nm
laser and observed through an 1100 nm long pass filter at an exposure
time of 100 ms, at concentrations of 1) 30 mg/mL, 11) 20 mg/mL, iii)
12.5 mg/mL, iv) 10 mg/mL, v) 5 mg/mL, and vi) 2 mg/mL.
Rhodamine loaded bicompartmental nanoparticles a) SEM
micrograph, zoom-in image inset at the right corner, b) TEM
micrograph, zoom-in image inset at the top-left corner, c) Particle size
distribution measured from TEM micrograph, d) Overlay CLSM
micrograph overlay of bicompartmental nanoparticles loaded with
rhodamine b(red fluorescence) and PEI phase conjugated with FITC-
BSA.
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Figure 5.6

Figure 5.7

Figure 5.8

Figure 5.9

Figure 5.10

Figure 5.11

Figure 2A.S.1

Figure 2A.S.2

MTT-Assay of bicompartmental nanoparticles loaded with rhodamine
B dye in HEK293T cells.

Confocal laser scanning microscopy (CLSM) images demonstrating
cellular uptake of rhodamine-B loaded bicompartmental
PLGA/PLGA-PEI nanoparticles in HeLa cells after Sh incubation. (a)
Control cells showing nucleus stained with DAPI (blue), red channel,
and overlay with brightfield image. (b) Cells treated with nanoparticles
(100 uM) showing distinct punctate structures (yellow -circles)
indicating successful cellular internalization. Scale bar: 10 pm.
Dose-dependent cellular uptake and intracellular distribution of
rhodamine B-loaded bicompartmental PLGA/PLGA-PEI
nanoparticles in HeLa cells after 24h. (a) Control cells showing
nucleus (DAPI, blue) and cytoskeleton (Alexa Fluor, green) staining.
(b-d) Cells treated with increasing concentrations of nanoparticles: (b)
20 uM, (c) 40 uM, and (d) 100 pM. Scale bar: 10 um.

Quantitative analysis of cellular uptake of rhodamine B-loaded
bicompartmental PLGA/PLGA-PEI nanoparticles using flow
cytometry. (a) Flow cytometry scatter plots showing concentration-
dependent cellular uptake in HEK293 cells at varying nanoparticle
concentrations (control, 20, 60, and 100 uM). (b) Similar analysis in
HeLa cells demonstrating comparable uptake patterns. (c,d) Bar graphs
representing the percentage of cell population showing successful
nanoparticle uptake in HEK293 and HeLa cells respectively,
illustrating consistent concentration-dependent internalization patterns
across different cell types. Data presented as mean + SD.

Evaluation of cargo delivery efficiency using [-galactosidase as a
model enzyme. epifluorescence microscopy images showing X-gal
staining in (a) control cells, (b) cells treated with B-galactosidase alone,
(c) PLGA nanoparticles without PEI, (d,e) bicompartmental
nanoparticles at 1:60 and 1:100 ratios respectively. Scale bar: 150
um(f) Quantitative analysis of [-galactosidase activity through
fluorescence intensity measurements of blue staining measured from
the micrograph through ImageJ

Gel retardation assay demonstrating plasmid DNA binding efficiency
of bicompartmental PLGA/PLGA-PEI nanoparticles. Analysis
performed with varying PEI concentrations (10% and 25%) and N/P
ratios (1:10, 1:50, and 1:100) shows optimal DNA binding at 10% PEI
concentration, while higher PEI content (25%) resulted in reduced
complexation efficiency.

(a) FESEM micrograph of TiO2 nanoparticles, inset shows the
particles size distribution and their corresponding (b) EDX spectrum.
(a) FESEM micrograph of microparticles loaded with ZV1 in the centre
and Ti02 on either side. (b) FESEM of single particle selected for EDX
spectrum and (c) their corresponding EDX spectrum. Note: the
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Figure 2A.S.3

Figure 2A.S4

Figure 2A.S.5

Figure 2A.S.6
Figure 2A.S.7

Figure 2A.S.8

Figure 2B.S.1

Figure 2B.S.2

Figure 2B.S.3

Figure 2B.S.4

Figure 3.S.1
Figure 3S.2

Figure 3S.3

microparticles were rupturing due to ZVI and TiO2 loading under high
intensity beam during EDX scan, also the resolution of image was
compromised for the same reason.

Representative (a) TEM micrograph of microparticles loaded with
ZV1in the centre and TiO2 on either side. (b) (i) HR-TEM micrograph
of microparticles from which centre (scale bar: 500nm) (ii) area was
selected to capture the EDX scan (scale bar:200nm), and their
corresponding EDX spectrum, exhibiting the presence of TiO2 and
ZVlin the matrix. (c) Table showing the weight% of the corresponding
elements present in the particles. Note. Due to high intensity of beam
used during EDX, particles were rupturing.

Comparison between the Proton NMR spectra of (a) LD, CD and (b)
ENT after extracting from electrojetted particles with their
corresponding neat spectrum. The spectra were run in D20 and MeOD,
respectively.

Digital micrograph of microparticles suspended in simulated gastric
fluid (SGF) for in vitro study. Image was captured right after adding
the particles in SGF.

In vitro release study of therapeutics (LD, CD and ENT) from different

formulations a) T-1, b) T-2, ¢) T-3, d) T4, e) TS, f) T-6.

SEM micrograph of drug loaded particles taken after 24h of in vitro
release study
Linear forms of drug release kinetic model (a) Zero Order, (b) First
Order, (c) Higuchi, (d) Hixon-Crowell, () Rigter-Peppas were applied
for the in vitro release of LD, CD and ENT from the optimized T-7
system given in Figure-5A(for the first Sh).

RBC AR 1.25 £ 0.1 (calculated using ImageJ) Copyright (1996)
National Academy of Sciences, U.S.A .

In vitro release study of 3 drugs from a)P1, b)P2, c)P3, d)P4, e)P5,
f)P6, g)P7, h)P8, 1)P9 in SGF for 5 h followed by release into SIF for
24 h at 37 °C for L9 Taguchi experiments

Confocal laser scanning microscopy (CLSM) image of low ARDEV &
low RF and high ARDEV & high RF

Linear forms of drug release kinetic model (a) Zero Order, (b) First
Order, (c) Higuchi, (d) Hixon-Crowell, (e) Ritger-Peppas were applied
for the in vitro release of LD, CD and ENT from the optimized system
given in Figure-5d (for the first Sh)

Representative Mass spectra of CD, MD, LD, and ENT

Flowchart showing the division of animals (rats) and steps involved in
in vivo study

Representative microscopic images for TH-immunoreactivity in the
substantia nigra of mice a) Control, b) MPTP, c¢) Standard formulation,
and d) DLM. Left panel shows respective hemisphere with acquired
image at 4X and their respective zoom in image in the right at 20X
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Figure 4S.1

Figure 4S.2

Figure 4S.3

Figure 4S.4

Figure 4S.5

Figure 4S.6

Figure 4S.7

Figure 4S.8

Figure 4S.9

Figure 4S.10

Figure 4S.11

Figure 4.S.12

Figure 4.S.13

Figure 5.S.1

Figure 5.S.2

SEM Micrograph of bicompartmental particles after incubating in pH-
5 for 24h

DIC micrograph of particles with 0%PEI (bicompartment PLGA
microparticles) a) pH-7 and b) pH-5, ¢) Showing the change in particle
size over time in pH-5 and pH-7

DIC micrograph of particles with 10 w/w %PEI in one phase with 0
w/w % crosslinker (BTDA) in a) pH-7 and b) pH-5, ¢) Showing the
change in particle size over time in pH-5 and pH-7

DIC micrograph of particles with 10 w/w %PEI in one phase with
Sw/w % crosslinker (BTDA) in a) pH-7 and b) pH-5, ¢) Showing the
change in particle size over time in pH-5 and pH-7

DIC micrograph of particles with 10 w/w%PEI in one phase with
10w/w % crosslinker (BTDA) in a) pH-7 and b) pH-5, ¢) Showing the
change in particle size over time in pH-5 and pH-7

DIC micrograph of particles with 10 w/w %PEI in one phase with 15
w/w% crosslinker (BTDA) in a) pH-7 and b) pH-5, c) Showing the
change in particle size over time in pH-5 and pH-7

DIC micrograph of particles with 25 w/w %PEI in one phase in a) pH-
7 and b) pH-5. ¢) Showing the change in particle size over time in pH-
5 and pH-7

DIC micrograph of particles with 25 w/w %PEI in one phase with
Sw/w % crosslinker(BTDA) in a) pH-7 and b) pH-5. ¢) Showing the
change in particle size over time in pH-5 and pH-7.

DIC micrograph of particles with 25w/w %PEI in one phase with
10w/w% crosslinker(BTDA) in a) pH-7 and b) pH-5, c) Showing the
change in particle size over time in pH-5 and pH-7

DIC micrograph of particles with 25w/w%PEI in one phase with
15w/w% crosslinker (BTDA) in a) pH-7 and b) pH-5. ¢) Showing the
change in particle size over time in pH-5 and pH-7

Fluorescence spectra of pure CdSe NPLs (BA-36), CdSe NPLs(BA-
36) added in PEI (BA-36+PEI)

Cumulative release profile of model drug Rhodamine B(RB) and
Ibuprofen (IB) from PLGA+RB in one phase and Ibuprofen in with a)
PLGA  b)PLGA+5w/W%PEI, c¢) PLGA+5w/w%PEI+BTDA,
d)PLGA+10w/W%PEI+BTDA, ¢)PLGA+25w/w%PEI+BTDA, and f)
PLGA+50w/w%PEI+BTDA in another phase.

SEM micrograph of bicompartmental drug loaded particles after 7days
of release study a) DGPI, B)DIPG

Biphasic nanoparticles through the EHDC technique. a) polymer
concentration of 3, 2, 1 w/v% at a flow rate of 50 pl/h and 100 pl/h b)
polymer concentration of 1, 0.8, 0.5 w/v% in at a flow rate of 30ul/h .
Solvent ratio was maintained at CHCI3: DMF (1:1)

Biphasic nanoparticles through EHDC technique. a) The polymer
concentration of 1 w/v% in CHCI3: DMF (6:4) at flow rates of 50ul/h,
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Figure 5.S.3

Figure 5.S.4

30ul/h and 20ul/h, b)The SEM micrograph of nanoparticles at a
polymer concentration of 1 w/v % in solvent concentration (DMF :
CHCI3) of 7:3, 8:2 and 95:5 at a flow rate of 20ul/h.

MTT-Assay of nanoparticles loaded with 40% NIR-II polymer in
PLGA phase with A) PEG conjugation and B) unmodified surface,
respectively.

a) Calibration curve of Indole from B-gal and X gal reaction product at
different conc.b) Kinectics of B-gal and X gal racting at 1:1 ratio (conc
100uM).
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Table 1.1

Table 2A.1

Table 2A.2

Table 2A.3

Table 2A.4

Table 2B.1
Table 2B.2
Table 2B.3
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Table 2B.5
Table 2B.6
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Table 3.1
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Table 4.1

Table 4.2

Table 4.3
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LIST OF TABLE

Summarising the wvarious fabrication methods for creating
polymeric particles designed for drug delivery application.
Polymer used and their concentration taken to fabricate
tricompartmental particles.

Composition of polymer solution taken to fabricate drug-loaded
particles.

Composition of compartments, particle size
encapsulation efficiency in various systems
Kinetics parameters obtained by fitting to the in vitro release data
of LD, CD and ENT from T-7 tricompartmental system.

Control factors (A, B, C) with three different levels (L, M, H)
Taguchi L9 OA experimental design

and drug

Encapsulation efficiency and cumulative release (5 h) for various
particles

Design of Experiment (DoE Taguchi’s L9 OA) of aspect ratio
deviation (ARpev), RF(release factor), and S/N ratio

Control variables' relative contribution on the a) ARpgv and b) RF
Regression validation analysis

ANOVA analysis for the Taguchi designed

Kinetics Model fitted to the in vitro release data of LD (levodopa),
CD (Carbidopa) and ENT (Entacapone) from Poptimized €Xperiment
Different animal groups studied in vivo

Scores given to the rats during the swim test according to the type
of swimming

Single-dose pharmacokinetics
microcarriers (DLM) given to healthy rats and their comparison
with free drugs (LD, CD and ENT

Pharmacokinetics parameter of LD obtained from the treatment
group, i.e, Group-I (fed with microparticles) after 24 hrs of oral
administration and the same obtained from the animals fed with

parameters of drug-loaded

free drug.
Electrical conductivity and particle size of electrojetted solution
at different PEI concentrations.

Kinetics Model fitted to the in vitro release data (pH-5) of PTX
(Paclitaxel) and Dox (Doxorubicin hydrochloride) from DIPG and
DGPI system.

Molecular weight of polymer obtained from GPC

Wavenumber  Assignment from Raman Spectrum of
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Scheme 1.1:

Scheme 1.2:

Scheme 2B.1

LIST OF SCHEMES

Schematic representing size-dependent delivery of carrier with
respect to the delivery sites.

Schematic representation of advances in the design of polymeric
particles for drug delivery application.

Pictorial representation of plausible mechanism of forming particle
morphology on increasing the DMF (low volatile solvent) percentage
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LIST OF ABBREVIATIONS

Ace-DEX Acetalated Dextran

ACN Acetronitrile

ANOVA Analysis Of Variance
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AFM Atomic Force Microscope

BBB Blood-Brain Barrier

BTDA 1,2,3,4 Butanetertacarboxylic Dianhydride
BSA Bovine Serum Albumin

CD Carbidopa
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CT Computed Tomography

CPN Cylindrical Polymer Brushes
COMT Catechol-O-Methyltransferase
Cv Coefficient Of Variance

CLSM Confocal Laser Scanning Microscope
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DOE Design Of Experiment
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DMSO Dimethyl Sulfoxide

DDC Dopa Decarboxylase

EHDC Electrohydrodynamic Co-Jetting
EE Encapsulation Efficiency

ENT Entacapone

FI Fluorescence Imaging
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IUPAC International Union Of Pure And Applied Chemistry
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PAI Photoacoustic Imaging
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PVA Poly (Vinyl Alcohol)
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