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ABSTRACT

The effect of variation of applied voltages, orifice diameters, solvent mixtures, solvent ratios, PLA/PCL
blending ratios, solution concentration of blends, and the flow rate was reported via morphological
analysis of electrospun mats (EMSs). Further, the set of optimal process parameters, i.e., the orifice
diameter of ~0.5 mm, receiving distance ~5 cm, an applied voltage of ~20 kV, a solvent mixture of
CF/DMF (80:20), solution concentration of ~10 wt. %, optimized for individual PLA and PCL-based
EMs, was later adopted for the fabrication of EMs based on the PLA/PCL blends. Thus, the study
established a hierarchical processing optimization route for designing blended EMs by following a set
of variable electrospinning process parameters. In a subsequent study, the influence of the solvent
systems on the fiber-diameters, morphology, crystallinity, thermal stability, hydrophobicity, quasi-
static mechanical, and solid-state visco-elastic responses of the EMs was evaluated. PLA/PCL (70:30
w/w) blend-based EMs fabricated using DCM/DMF (80:20 v/v) solvent mixture exhibited
comparatively lower crystallinity (~25%) but higher fiber diameter (1.03 + 0.21 pum), strain-at-break
(~155%), and hydrophobicity (~130°) compared to CF/DMF (80:20 v/v) system. Thus, the study
demonstrated the systematic role of solvent characteristics in terms of their volatility, dielectric
constant, and solvent-mixture composition on the electro-spinnability and fabrication of high-strength,
deformable, hydrophobic, bead-free EMs with near monodisperse fibrous assemblies for biomedical
applications. Similarly, a compositionally optimized operational pathway was established for designing
and the estimation of the physico-mechanical performance of PLA (PLAF), PCL (PCLF), and different
PLA/PCL blend-based EMs, fabricated at a constant set of electrospinning process parameters. The
mechanical performance of PPF-80 (PLA/PCL 80:20 w/w) EM exhibited the highest tensile strength
(~2 MPa) and strain-at-break (~94%) amongst fabricated mats. Further, PPF-70 (PLA/PCL 70:30 w/w)
EMs also exhibited comparable, mechanical performance, crystallinity, and hydrophobicity. Thus, PPF-
70 and PPF-80 blended systems can be used for the fabrication of engineered EMs. Moreover, the
structural fabrication and optimization of PLA/PCL blend-based bead-free EMs were performed using
Response Surface Methodology (RSM) and Taguchi design of experiments (DoE). From the three
control parameters i.e., PCL content, N, N- dimethylformamide (DMF) content, and electrospinning
solution concentration, the optimal parametric combinations for minimizing the bead defects amongst
EMs were obtained. The parametric optimization outcomes remained identical, from both RSM and
Taguchi approaches, irrespective of the difference in the number of experimental trials. The
experimental validation of the predicted results from Taguchi-design showed an excellent agreement
with >95% accuracy concerning minimization of bead defects and average fiber diameter. The
optimally designed EM structures showed a correspondingly optimal level of suture resistance, where
fine fibers offered higher resistance to suture failure due to the cooperative network effects unlike the
relatively coarse fiber-based EMs undergoing collapse attributed to fiber buckling and fiber slippage in

the labile structural network.
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Integrated structures were also fabricated by compaction of PLA/PCL mixed films (~150 pm) over
PLA/PCL-based entangled EMs (fiber diameter ~250- 850 nm) by adopting (a) solvent adhesion and
(b) hot compression techniques. The morphological, thermal, microstructural, and quasi-mechanical
properties of solvent-cast films and integrated composite patches were investigated. It was found that
solvent-assisted consolidation efficiency remained inferior to the hot compression-assisted
consolidation techniques. The tensile strength/modulus remained better in the composite patches
obtained by hot compression while strain-at-break was superior in the patches obtained by solvent-
assisted consolidation technique. The study established the conceptual feasibility of developing
structurally engineered 3D composite patches with tunable physico-mechanical properties. In a
subsequent study, curcumin (CUR)-loaded PLA/PCL EMs were fabricated as excellent carrier systems,
exhibiting a diffusion-controlled mechanism release behavior confirming to Peppas- Korsmeyer,
Higuchi, Kopcha model and the new generalized logarithmic model. The evaluation of structural and
viscoelastic properties of the fabricated EMs showed an increase in modulus and strength, along with a
subsequent decrease in elongation, with an increase in CUR content. Suture-induced cooperative
collapse dynamics in the EMs have been found to be a three-stage process involving stable, stable-
unstable, and fast-unstable structural failure corresponding to network realignment, lateral
pullout/fracture of fibers, and divergent tearing along the crack path. The viscoelastic responses showed
a prominent shift in glass transition temperature (Tg) of the PCL phase indicating the development of
CUR-induced microstructural changes and are attributed to the presence of H-bonding interactions
between the polymeric segments of PLA/PCL-based EMs. Thus, the study demonstrates, functionally
efficient designing of PLA/PCL-based CUR-loaded biodegradable EMs with sustained retention of
tunable mechanical properties and hydrophobicity, irrespective of the extent of (in-vitro) CUR release.
Similarly, the influence of beta-cyclodextrin (B-CD) loading on the morphological, thermal, and
microstructural properties was thoroughly investigated. The studies revealed an enhancement in
modulus and strength was observed for ~2.5-5 phr of B-CD content, however, the mechanical properties
were observed to deteriorate for 3-CD content > 5 phr. Spectroscopic analysis elucidated the removal
of CUR from ethanol-water solutions and its simultaneous encapsulation in 3-CD hydrophobic cavities
(released) of fabricated EMs. Thus, the study demonstrates the development of biodegradable-
functional EMs with tunable physico-mechanical properties for biomedical applications, facilitating

encapsulation and rapid removal of waste hydrophobic ultrafine molecules from the system.

Synthesis and characterization of CUR and B-CD based inclusion complexes (ICs) prepared using co-
solvent (IC-1) and common solvent (IC-2) precipitation techniques, were evaluated. The thermal and
microstructural characterization exhibited a complete encapsulation of CUR with 3-CD from both sides
for IC-2. Thus, the study demonstrates the possibility to fabricate optimally controlled nanoparticles
(NPs) of CUR/ B-CD IC, exhibiting a significant potential to be electrosprayed on biomedical surfaces

of implants and devices with enhanced efficacy and stability of CUR release. In a subsequent study, the
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IC of CUR and B-CD was optimally incorporated in electrospun PVA nanofibers, to obtain uniform
bead-free nanofibers with minimum average diameter and variation using Taguchi’s experimental
design. Analysis of variance (ANOVA) showed a major influence of IC loading on the average fiber
diameter and the number of bead defects, for IC-loaded PVA-based EMs. This is attributed to the
presence of significant interactions between IC and PVA matrix. The study conceptually demonstrated
the optimal designing of structurally engineered hydrophilic 1C-loaded PVA-based EMs as potential

drug release substrates.

Further, PCL-b-PLLA diblock copolymer and its EMs were characterized for their microstructural,
thermal, and physico-mechanical properties. The EMs of synthesized copolymer exhibiting the optimal
level of average fiber diameter (Co-FD) and diameter variation (Co-SD) were obtained following
Taguchi’s experimental design. The physico-mechanical properties of the optimized EMs were
evaluated vis-a-vis the influence of FD and SD on the mechanical properties. The swelling and weight
loss showed marked improvement in PCL-b-PLLA based EMs reiterating the possibility of their
enhanced compatibility as biomedical materials. Similarly, in a subsequent study, the poly(L-lactide-
co-g-caprolactone) (PLCL) concentration induced variation in thermal, microstructural, mechanical,
and viscoelastic attributes of thermodynamically immiscible PLA/PCL (70:30 w/w) blend-based EMs,
was evaluated. An increase in surface electronegative potential, specific surface area, pore-volume,
strength, and modulus with a subsequent decrease in elongation was observed for EMs with low
copolymer content (~2.5 to ~5 phr), indicating the presence of significant interactions between the
respective polymeric chains of the block copolymer and blended matrix. Further, the surface
responsiveness of engineered EMs exhibited significant potential for the adsorption of hydroxyapatites
with a subsequent enhancement in cell viability. Thus, the study reports an efficient approach for
designing surface-active, compatibilized, biodegradable, and structurally stable EMs of immiscible
polymeric blends with tuneable properties using a similar polymer-based diblock copolymer for its
potential use in the development of biomedical devices. Moreover, the physico-mechanical
performance of IC-loaded PVA coated compatibilized PLA/PCL blend (~2.5 phr copolymer content)
based hybrid EMs, was evaluated. Here, ~60 wt. % and ~80 wt. % IC loaded PVA-based EMs, exhibit
excellent antimicrobial efficacy, with adherent bacteria < 10%. Moreover, an enhancement in cell
attachment potential, i.e., ~135% was observed for H-bonded IC and PVA coated hybrid EMs. Thus,
the study demonstrates the development of engineered structurally stable, pliable, biocompatible, and

antimicrobial EMs, as potential wound dressing materials.
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R

W] diecd, foog o, faars iy, faare srurd, diuay / disied fsor srura, fison o gma=
THTIAT, 3R TaT8 & &1 fHFdT &1 UG e He (3UH) & ST [aeyuT & HIeH I §d1aT 147 47|
$YP 3T, STTH UfehdT AIUGS! &1 Ye, I, ~0.5 T &1 fovs o, U gl ~5 A, ~20 Sl &1 Th a1
e, HIuw / STTHTE (80:20) HT Uh s HI%0T, THIUT THIICT ~10 wt. %, AfGaTd UITay 3R
URAT-3eTid SUH & fore srg e, a1e | diuay/diiud fson & s1uR W $TH & ufor & forg o=
T AT | $9 UBR, 3T = TR G N1 Uiehdl ATUES! & U A< BT T Db [H13d STH Bl {$oirgA
HRA & AT TP UGTIeh T TRIRUT 3G AN B RITIAT B | 916 & T 3T H, UH & HIRaR-aN,
AHIND!, frediadr, yia RRd1, gEewieRic, d-Qfies aified ik I faww-aeaer
yfafeare R fadrae wonferdl & guTa &1 Gedidh- faar a1 4TI DCM/DME (80:20 viv) fadraes fisor &1
JTART e T dreae / 9RITd (70:30 wiw) FS01-3MeMRd EMs Ja-Td® 0 4 $H forediadT (~25%)
QAT = WIZER T (1.03 + 0.21 pm) TR & ¢ | YIUh/STHuw (80:20 di/dh) Yoreht &t o1 # a-1a-
WR-IF (~155%), 3R BIESIBISRICT (~130 )| 3T UBR, AT 3 3aiae)-RyAfaferct IR ITd SRR,
Sidmar gl FARaR, 3R faaraes- Mo WRamr & Sy & faams faivarstt &t erafRid Yl &1 uewiH fasan
3R I e, A, SR SIhIad, T Had STA & UT AT RRIGR Srigel & Iy fafor fan Siq
PP S5rEiTT & R | ¥ o, SQag RUTHHT Ui 3 Uep PReR e wR ffife dhuery (deeiaew), diefiea
Ufiuaum), 3R fafte dioae / dda fygor-eneriia Sua & fEemsf ok Wifde-aifie uerfa & aneaa
¥ T U WReATeTS U § 3 ford ufare drf &t AT &t 18 o WRefteR| prF-go (druet / difiea
80:20 w/w) EM & Tife UeRiH 3 gk s He & s S=add I=0dl didhd (~2 MPa) 3R RH-Ue-8d (~94%)
yeRfd fean sae sramar, PrF-70 (TEaT / dRfted 70:30 wiw) EMs = e, T UeRi, fhediadr 3k
BRSPS o7 off weRfF foran| 59 UK, PPF-70 3R PPF-80 3 wumferat o1 IuivT SoifR EMs &
fufor & e foran o wodr 81 59 srerman, duau / diftua fysror-snenid AH@T-gad SUH & WRaeTH
frefor 3R S @) g Wby BUISIiel (SRTHTH) 3R arTd fes offt Taiiaey @6hs)
BT ITGNT R ol 1T T | it Fa=or Arue st it Uiiied 9l T, T-SRiusanmigs (SeHus)
Ift, SR FAFCITAFHT THIYT UHTIAT ¥, STH & aid TH1 QI8 Bl HH B & (oY 3vad WRifesw
TS U T T A1 Ui aRieon &) T § SR & STave, SRUHTH 3R dR[E Gl R 1§
WRfifee srgpa uiRkom T X8 | arE-fese ¥ srgmifaa ulumdt &t s Tere A=t 3 7T grst
3R 3 BIR Y B! HH B J Fafd > 95% Gl & 1Y U IHT JHAT ST | IPaH =9 &
ST 31 775 STr RSl = Ria UieRiY &1 Ue S99 0 9 SPaH ¥R (G811, 551 31d B3R - UgdRI
s THTAl &b HRUT RAa fAwadl & e 3o TRy &1 U= &, 3UeTHd HIc BIRaR-M1eRd STH &
TR, S BTEeR FaiciT SR TR d TaeRd H HIeaR Rt & forg fodieR 31 Aeds |

@ faamaes s 8k @ T FdteT ae-iew! & st fiuay / difiua-snumid Iag §U STH (BIEsR
M ~250- 850 TATH) TR Hua / Yiiied ffdd fhed! (~150 A1) & a4 gRT Udhidhd I8 Hf T
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T3 off| Giede-are fhert 3R teiepd Mfd T & Furds, yd, AgdReard 3R i -gife o ot
S o1 T3 | I8 U T o fadrae- g Tadr U IS gérar TH YUleH-TgrIdl Uid IHG do-ie! O
AR L TH IusT gR1 U fAifea 99 & 9= Mfed/ATies 9gaR 8T Seie Aiede-3Res Haifire
T gRT UT Ug H H-Ue-5 SgcR UT| 3709 = &d B3 A Ui -aifAd o7 & 91y IR H
w0 Y IR 38 T U9 fasRid o3 &t aaies SragrddT Afid &1 | 918 & Ud 3eqd- H, HRagfie
(CUR)-dAISS duert / URflud EMs &1 IHT aTgdh UNferd! & FU H 1T 74T AT, S UUT-S AR, R,
HIE Alsd 3R 7T IHRAGd AriRefie Ared o1 Y #Rd gU Ue TuR-afid & Ras ragr ueflfa
HAT 21 TT¢ U STH & IRATHD 3IR fapiafieds 01 & Hedic 3 PR Irpht & g & 91y, sga o
e H HH & WY-TIY AP 3R A H gia fars | Sud & Rg=it-0fd Gt uad o nfasfiear &t fi=-
RN &} Ufehan & =0 & urar 7 B, o fRR, fRR-HRR, 3R AH-3HTRR TR fatwherar wnfira §, o
Fedd TR, U1 gasiae / dgefl & haeR iR @R & 1Y Q-3 BIS & AT gl Tl
fopifes ufafewarstl 7 dfied @Rur & Sia Fwqur auaE (@t § U6 U9 deard fe@m, o fd
WISR-IRT GeA WA= URTdH! o fadHT o1 g=ifdT § SR et / difed-snenfid Sua & ggas Tsl
F o9 TT-aeT SeXax &t Jufufd & for PR 81 39 UoR, 3ieqeH gxifdr 8, dieau/dified-smemfed
WmR-Aee TAfSISTA ST & FRESG wU ¥ HA (ST, S &= g Tifds 7o 3R
BRSBINRIE & FRAR UfduRu & A1y, (37-fag)) WgeR Relle &1 W1 & savg | 34l &g, &l
TrEFATSHeH (B-CD) & TUTEHD, YA 3R AISHRCIR 0N WR TS B & YU DI I R I g P
TS| T ¥ UaT Ial ¢ [ H1aies # i g3 8 3R p-CD It & ~2.5-5 phr & oW arded ot 71 o,
gctifeb, TifAep Ul T p-CD AHHT> 5 phr & 1T faTTsd gU & a1 UT| WD faaiwor = 33Ta-
U & °1d ¥ CUR 1 82 3R 71¢ §U EMs & B-CD BT SIhITae TETaf (SR N 39 TrY-T1Y THH A<
F WY fHaT| 39 UBR, a0 SAMfSHd VAN & T e[ & arg Wifide-aifie 1o & Y
IAfSUSTd-Hrafds STH & [AHNT & UafRid $Hal &, e TieRaRE &1 gfau gkt 8 ok Rren &
UTIT BTSSRI SHeTThT Ui Y Aot J §eTaT ST |

Te-fadms (1c-1) 3R AR faame (1C-2) auf deb-ic! BT IUTNT HRP dIR CUR 3R B-CD TR
JHTARH URERY (1Cs) & TRAWUT 3R TEI01 qUI b Hedieh+1 [T 71T oT | Y 3R HTSsh ReaRRd T&ur qul
J1C-2 F fory S TRW ¥ B-CD F WY CUR &1 T TSR USRI fawan| 39 UHR, 318997 CUR / p-
CD IC & &R fafd AFIwul (NPs) &I g &t THTEAT BT UShRid o 8, S CUR Refisr t 5¢t g3
YUTTHTRGT 3R FRRAT & 1Y IR 3R IUHRUN B} SRATSH Tdg! IR Saae S 811 B U Hedqut
& USRI Rl 8| 91¢ & U 37eqg= o, dANTE & YA fSSg &1 SUANT ddb <AdH d
3R T & 1Y U GHH HAD] Jard "HIhISaR U 6 & folT, CUR 3R B-CD & IC Hl SAFEYA PVA
TNEIER H dgdR ¥U J XM foar 7 o1 | fa=ror & fazawr (ANOVA) 7 IC-TSS PVA-3TUTRT EMs &
forT 3Td ISR AN SR TSI G &1 WAl WR IC ANfET &1 U 81 UHTd fearn| a8 e 3R ddiy
Afead & sg AgayUl ITadid $T SURITT & T RIGR §1 3169 A Huifad gar e gaecd & U H



WITASG T I SR gRSIbi® Mgdl-dles UdIE-3MemRd T & 3I¥ad femgf=m &t
SIYRUTHD *U I USRI foar|

O 3famar, iied-di-fiuauay fEsaie SraeiR R $9& STH &I 3d Y& WS, YHd 3R
ifaes-aifes Ton & forg fa=iwdr 2| 3T WTgeR N (Co-FD) 3R T sl (Co-SD) & 3 TR &I
TR HRA aTe YA BIACIR & EMs B dR[E! & W fEoie & &8 UTe fan mam o sigfea
A & Wifdw-TifE T &1 Jedie- TifAd TN IR ThS! 3R TSt & YHTd & I far a1 o1l Yo 8iR
goH ge 3 URiiua-di-dieeuey snufid suq & Ieoa-a uR feamn, St o9 ffecn el & w0 3
D! TG g3 WA Bt FUIGAT BT eI 1 I ARG, G & U g H, Uil (T-aeISS-Pl-e-
FUager) (dieasfie) Terr 3 yHisEe U ¥ sty dieae / fifiud (70:30 &9/ S5) &
Ifd, TS ReaaRd, Hopfdd 3R fawpiaRed faRydrett o fiysar &) Ofka fasar| fsor-snenfa Sum, &1
egich T 7T 7| g Saae e &, fafiy Tde &3, drs-1-AmE, didhd SR AUis | gfa & a1g
e § HHI & 1Y STH o o1 HH SHIAHR ARR (~2.5 F ~5 phr) & AU HEAYU! STdaid 1 SUfRUT o
Tavd feam am o1l il HIaraR iR fAfda ffeay ot Yefia sgas Saant| 39 faml, FolifAaR suH
DI g B! Ufaferar 7 Iq derdar & a1 # 3G & 1Y gESiRiucrscy & AR &1 Agaqu! &dl &I
TSR fHdT| 39 TR, e SHASHA BT & e § 596 Juifad ITan & fou T 9a e
TgAD-3MYTRA fSsdiler BIUITHR BT SUIANT PRb S[H B ARG IUI & 1Y AU sgetas Hyon &
Jag-Tftha, T, TNSUSTH, 3R WREHHS T I R 00 F! fEozd 37 & et H3a =B
T ROIE BRAT 31 3T 31T, IME-ASS U Hics Hiafefyans fuawdifitg &g (~2.5 phr
PIAAR FHec) MR BIfos 30 & Widw-Tifis UeH &1 Yeuid- fasar a1 U1l 8T, ~60 wt. % 3R
~80 wt. % ST Aes WdIe-3meid $uH, Ipy ATMURIE THEaHIRGT UelRid Har §, S dadifear
<10% & 1Y | TP 37T, TI-sY37 38t R Ui Aftd gfers Sun & forg Iar sicadic emar H gfe,
T ~135% ST TR | S YR, AL YU °91d SRIAT Il & =0 § SolifR WRa-de €0 9 [RR,
agrd, $a-g7rd, 3R MR SuH & fabr &) uefRid Hedr 2|
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