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Abstract

Polycaprolactone is an electrospinnable polymer that holds significant importance in the
healthcare field due to its biodegradable nature and biocompatibility. PCL makes an intriguing
substrate for human healthcare applications because of its biodegradability and compatibility
with the biological environment. The high viscoelastic properties and low melting temperature
make it easy to fabricate into various shapes. The Food and Drug Administration (FDA) has
approved it for different biomedical applications including contraceptive devices, meniscus
regeneration, dental implants, osteoinductive, vascular biomaterial, tissue engineering and

wound healing.

The use of polycaprolactone (PCL) is limited by its poor hydrophilicity, lack of functional
groups, and inadequate cell affinity due to the absence of cell recognition sites. Without
physical, chemical, or biological modifications, PCL's effectiveness is significantly reduced,
which calls for the critical need for such modifications. This can be achieved by preparing PCL
biocomposites, where polysaccharide, protein and bioactive agents bring favourable
physiochemical changes to allow protein adsorption, cell adherence and proliferation on its

surface.

Polycaprolactone (PCL) has been electrospun with various materials such as silk, gelatin,
chitosan, collagen, and hyaluronic acid for wound healing applications. However, one of the
least explored combinations has been a blend of PCL with kappa carrageenan (kC). kC is a
sulphated linear polysaccharide derived from red seaweeds, known for its biocompatibility,
non-immunogenicity, and biodegradability. Its structural similarity to native
glycosaminoglycans (GAGs) found in the skin's extracellular matrix (ECM) makes kC a

candidate which can be explored and was chosen for this study. The incorporation of the anionic

vii



surfactant sodium dioctylsulfosuccinate (AOT) to enhance the miscibility between PCL and

kappa carrageenan (kC) has been explored.

In order to provide antimicrobial, antioxidant and therapeutic properties, different herbal
extracts were incorporated into PCL/ kC nanofiber. The presence of several phytochemicals
helps in the eradication of bacteria, providing antimicrobial properties along with antioxidant
properties. It also provides medicinal properties and facilitates the healing of wounds. The
herbal- extracts investigated for this study include 7. arjuna (hydroalcoholic extract), B.

monnieri (methanolic extract) and C. asiatica (methanolic extract).

This study focuses on developing a matrix by blending PCL and kC. The matrix aims to
combine the mechanical strength of PCL with the cytocompatibility of kC. AOT is employed
to improve the miscibility between PCL and kC while serving as a co-spinning agent. This dual
role helps reduce the mean fiber diameter and minimize bead defects during the electrospinning
process. The herbal drug extracts were incorporated into optimized PCL/ kC /AOT nanofibers
by blending them with a polymer solution and subsequently, electrospun them. The drug release
from the matrix was examined, and the release mechanism was investigated by using the
Korsmeyer-Peppas (KP) model. The antioxidant and antimicrobial properties were examined
to assess the potential of the drug-loaded nanofibers as a suitable wound-healing matrix.
Further, the biocompatibility of nanofibers was scrutinized by the MTT assay and cell staining.
The biocomposite matrix demonstrated promising potential to be used as a wound healing

application.

PCL is a hydrophobic synthetic polymer with good mechanical strength. kC is a hydrophilic
natural polymer with good cytocompatibility. Nevertheless, it has insufficient mechanical

strength and electrospinnability. Achieving homogeneous, bead-free nanofibers by blending
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hydrophobic PCL with hydrophilic kC presented a significant challenge. To enhance
compatibility between these materials, a surfactant was incorporated. Simultaneously, it

enhanced the physiochemical properties of nanofiber.

The herbal drugs have several medicinal properties that are suitable for wound healing, tissue
engineering, and drug delivery. However, loading herbal extract without losing its bioactivity
in nanofiber is difficult, as high voltage is applied to form nanofiber. Hence, the challenges in
incorporation of herbal extract and its bioactivity were investigated and have been reported in

the thesis.



1SIRS

diclidwloieels] Teh FoldclTuaiae difd § S 3H9ell arifsdsae udhfa 3R
SRR TATRIET & HRUT TR FaT &7 # HAgcaqul Aged @AM | NHITer 9=l
SrRfSISfaferdr 3R Sifdeh TaTeRoT & AT 3efehelal & HNUT AlTd FTEELY AT

AT & fAT v fGorEey deHge ST §1 3T [aEngaited qur AR A

Rraee &1 dae Affes 3eRT 7 AT FREr 3T ST 8 Wie va 3T
WAEA  (WhSIT) o aifadess 3o, AfNERH Yo, dd  GedRIgw,
SASH I & AT 58 HQU & & g1 diehhsitoldrelsT (Wiver) & 3ugrer
SH TIE FISSIThIATHCT, hlcHs FHEl I HAl, Foq 6T Fudhar 1 afea $H
3gafefd & $ROT 3R AT Aol AT & FHROT WAT 1 e, Tarafas
a1 Afdew gt & T, frfitee $r gsmaiicrar srhr s g S g, fFas fow
U HRMEEAT T AZcaqUT IMaRISAT gt &1 3§ drive SR dfoe R e gred
frar ST T@&dr &, STeT dleibeniss, Wi iR stfaca teie, 9l Rgsws fr
QITePel, ITRAHT ITefel IR FHRT Flg W JAR &l AT S & AT 3iefepel 3ifcin
T aRad o § S (five) F Or s & R &
W, fSafed, Fgead, dlds 3R geeifaes tfas S Afde amfaat & ary
SolaeISTeusT fhaT aaT &1 ETalieh, Ha8 & Wiol 31T ATl H H Teh HoqT hlolelel
(@) & Ty T @ AT T g1 T oo FHAT ATl F WIS Teh Hohes
& fou aem S g ocaen & Seg Atew (SHTA) #A 9v S a HJo

TSI AN Ieghed  (STTSl) & AT FHH WeTlcAh HATAT HH H ThH



3FAlcaR ST & T8 @ier S @l & 3R 33 3Ty & fau gar arar o)
drfive 3R Foar Histea (FE) & T FHofiEar & e & o 3afas dthace
QST SEHITFCATCHIEAC (TIHNET) & HATAA T Il ST AT | IIMIRIE,
wésitese 3R Rafhcdd T g i & o, [afdest gael 31 @l fEiwer/Har
AATBISSR H enfAer T T ATl 8 BIschfAdhed i Al SFEARAT & 3eqeleT
# Heg Il g, S TASNHREIST UM & H1Y IEMURIE 0T Yelel il g1 aqre &,

Ig el 3707 yereT e § 3N °rEl & 3UAR # WA Al o $H AT &
foT S aw el 3% A &L IS (BrEIiedIsiad 3h), Y. AT (AT
3p) AR . TRETfeHr (FumEifos 39 eMfAd g1 I8 3eade dfive 3R T &
AT =& T Afcara ARRAT e W Higd g1 Afcrd &1 a8 frave fF T3
AT &I HaT HT ATSCIHATCTITIEr & AT AT g1 THIET FI HE-FAls Toic & &9
H A U Newe 3R HA & g AR & gurR & & for FafEd
forar Srar 81 Fg aed qfAer sowafRufd gfdkar & e e e @ FA
Fr 3R NS g4 IHAT & SV N FH FT H A al &1 g9l &dl & 3h
N Ui & @Y fATAT e eThiad ST/ HE/TNe AaipEst # A
frar s 3R g H, 3¢ Soagisiad o sl AftEE @ gar Relrer & ST &
IS, 3R FEAIT-IO () AST T 3YANT e Rellol dF HI g &1 TS|
3YPFA UG A dlel AfgoFd & &I & &aT F N AP T &THAT HT 3Tehelel
A & v Ta3itedse 3R WEMURIEN ot &1 S & TS| SHE 3Helal, THERT
WY 3R el TIAT G@RT AABISSR & Sid 3fefeholcll I Sd & aTg| TAhFAIIC
A 1T IR aTel IIANT & FG A 3UANT [T S HiT 3MeATSTAF ST Fe& T
AT g Iifiver 3 Iifae afFd arer te gssmlies Adfes difes R &1 T
IS TR aren U gregifhioe Urhfae Sgesd &1 R o, g
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e FifE AfFT IR soFIRTAREE ¥ egwiie driiva @ sgifhios
AT & WY AT HF HAA, AAR-HFd AAIBEa UIed HAT Teh HecdqU!
Al 9T FAT 8| $oT WHATIE & e Tefeheldl qG1a1 o ToIT, Teh Ftheree ahl AMTAeT
frar amr arl @ &, 9% SAwnR F difae TERfaE et @ e &
goor Ganit # g MWl aqu7 gl § S O1a 3, Scdeh Soffaraiier 3R gar faeor
& U 3ugead 8l 81 BTellleh, slelihss’ # e Sid FlhIdr WU 91 goel 3
I oIS FAT HRe g, Fifeh FAAIhISs Fellel & foIT 3= dlecsl oe] fehar Srdr
€ SHIAT, geleT 37 3R SHRT Sid FlhAT T AMAA I H T aTell Yelfadr Hr
Strer &y aTg
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