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Abstract

While bone tissues have regenerative capabilities to cure minor injuries, the process is
inefficient for large sized bone defects and hence requires clinical interventions. Conventional
treatments like autografts and allografts are still considered as the gold standard to cure the
condition, however they present severe challenges due to their limited availability along with
post-operative complications. To overcome these challenges, scaffolds are being developed as
support structures that enable cell adhesion, proliferation, and subsequent tissue regeneration.
Achieving optimal mechanical stability and bioactivity relies on careful control of scaffold
design, which is governed by material choice, fabrication technique, and post-fabrication
modifications. For this, high internal phase emulsion (HIPE) templating is of huge importance
considering its capability to produce highly porous three-dimensional scaffolds. While HIPE
templating has been studied for wide range of polymers, poly(e-caprolactone) (PCL) based
HIPE templated constructs are most widely used for bone tissue regeneration. However, PCL
based HIPE templating can require very high concentration of surfactants (up to 60 wt%) which
not only requires rigorous purification process but also generate environmental waste.

To address this, we have developed surfactant-free Pickering HIPE templating of e-
caprolactone (CL) using hydrophobically modified fumed silica nanoparticles (mSiNP) as
stabilizers. The resulting Pickering HIPE demonstrated excellent stability further polymerizing
at 120 °C. The physicochemical properties of the scaffolds were thoroughly characterized to
confirm their chemical and mechanical compatibility at the implant-site. An antimicrobial
therapeutic, clove oil (CO), was used to impart antimicrobial properties within scaffolds which
were evaluated against gram-positive (S. aureus) and gram-negative (E. coli) bacteria. The
cytocompatibility of CO-incorporated scaffolds was confirmed using MG-63 cells over the
period of 7 days by observing the metabolic activity of cells in the presence of pristine and CO-

incorporated scaffolds.



A detailed thermal analysis of the scaffolds was carried out to study the effect of crosslinking,
mSiNP, and porosity on the crystallization behaviour of the scaffolds. The porosity of the
scaffolds was controlled by adjusting the dispersed phase volume fraction (¢s) of HIPE. The
thermal behaviour was observed under non-isothermal conditions, and the resulting curves
were analyzed using Jeziorny, Ozawa, and Mo models. While crosslinking and mSiNP led to
retarded crystallization kinetics due to hindered chain mobility, the effect was further elevated
in the presence of porosity. The x-ray diffraction studies also confirmed significant changes in
the crystalline structure of the polymer at very high porosity.

The use of functional initiator for the polymerization of PCL was explored using hydroxyethyl
cellulose (HEC). The unreacted hydroxyl groups of HEC not only controlled the
hydrophobicity of the scaffolds but also provided functional sites for surface modification.
Type 1 collagen was incorporated over the scaffolds using a combination of Malaprade
oxidation and Schiff base chemistry utilizing the primary amine groups in collagen. The
cytocompatibility of collagen functionalized scaffolds was confirmed using MG-63 cells
wherein the presence of collagen not only led to higher number of metabolic cells over the
surface of scaffolds but also promoted improved cell adhesion due to its bioactive sites.
Photocurable PCL oligomers were also synthesized using hydroxyethyl methacrylate (HEMA)
as an initiator for PCL. The resulting PCL oligomers were HIPE templated and photocured to
form crosslinked porous scaffolds using ethylene glycol dimethacrylate (EGDMA). The effect
of initiator concentration, comonomer concentration, and ¢ on physicochemical properties of
the polymer and scaffolds was also studied. The resulting porous scaffolds were incorporated
with tea tree oil (TTO) and the sustained release kinetics of TTO was elaborated using Weibull
and Ritger-Peppas models. The TTO-loaded scaffolds demonstrated excellent antimicrobial
properties against S. aureus and E. coli confirming their potential as antimicrobial therapeutic

delivery carriers.



AR
TS & HaAD! H A et DI 31dh B DI WIHIAH GoH &HdT Ikl 8, Al 59
IMHR B TSI B &l & T a5 ufsean v =8t gt SIR sufer fafecia geaay &t
TARGH T TSl g | TRURTT IUAR Wiy W-UfaRiuor 3R wR-ufarigor o+ oft s fRufa &
SUAR & T Wul-A® T S &, i 370! Hid SUdsar auT et & sia
B arelt wifeaarstt & HRor A fafden & & forg MR gfaal wgd eva &1 39 gfaal
B R B & oL, WY Wphies AR fbT o I6 § Sl DRI & oM, e 3R
SIE B Sd® Yo Bl J&l g aId T8 GId &I B B & | Jhhics & dd
R 3R Sa-Tfhadl HI 9gaR T8 @ & Y ISP NGB R A g0
3TA=RAH ©, Sl STANT BT T8 JrRR, FAafur g 3iR i & &g fey U d=ieqt 9§
JUIfId BT 5 |
T I & Y, 8T8 S Wol IHRM (HIPE) I Safties foagad, B-smamt
WHHITE IR B P U &HdT B HRUN 3dd Hedqut & | Ff HIPE S fafie
UHR & UIerR] & forT 31eqgq o1 718 8, el (e-pUIiae ) (PCL) 3METRT HIPE SUdeS
ITHPITS B! Hdd GAo & fod Ja e IUANT foT oiTd € | §Talifoh, PCL 3enia
HIPE QT H 984 3Hfid AR H Tha e (60 wt dd) BI STaRgehdl 81 Tl |, fored
HSR GBI Ufeharsii o1 Sawdrdl Usd! § auT waieruig Sufy +ff Sad gidr 8|
T I B §d B & (A8, A SRSBIed 0 I JNfed wgrs fferer Aol
(mSiNP) ®| RRRBR® & U H ITANT Hd §U e-BUIcide (CL) B Hhac eI ed R
HIPE QT fasRid &t g | UTe st HIPE A Iy fRRd UelRfd &t 3iR 120°c R
qH A UICTRISY g5 | Thhite &1 HI® - faRivdrsif &1 e fageso
a1 1 difd Sl Age W 3H! IS qUT TS SHadl o gy &I S Fob |
TR HIfUd IUTRS & FU | AN &1 dd (CO) Whhics H aftiferd fasar man, =
YA-UINITRE (S, aureus) 3R -G (. coli) SHINTT & favg IHY MRS 107
TefRid Ul co-Tafed Thwics & Ageimriiefitrdt MG-63 SIR@BeT W 7 famt @i
3{afd o DIfRrepT TATgaY AT BT URTEf0T B FATUd Bt 75 |

Vi



Wi & yHd faRiwdrsit &1 fawqga fazawor foean man, aifd I, mSiNp quT
&%l &1 iR & fhieellaRu] TAgR TR UHIG GO o I | IhWIcs B foadl dl
HIPE & fST0R Tl i ThaRM (4) P THIEINTG B Had fohdT 7| ¥Hd SIdgR
B! A-smsayHa uRfRufaal & <ar mar ayr gfRoma} o7 faTaWor Jeziorny, Ozawa 3TR Mo
AT BT SUTNT HX P [haT TRT | HIATeiahT 3R mSiNP = §ael TMa=iard H & & HROT
fopeeciienur Titerdn 1 i fbar, $fR a8 UHTd I fgdr ot Sufkfa & 3R sifers
§¢ TaT| TR faad (XRD) 31eqgq A it 9gd S1fe fgdt R uiferR &1 fohedia TRaT
% Heayuf ufkad= &t gfp @t

PCL &1 UIICHRISSIRM & o Srafcde SR & © 0 ¥ SR IRITURd 9ogdis (HEC)
& JUTNT &1 31eqg a1 71| HEC & STaRfhaRiia eesiiand Tqg! 4 9 Had Wb b
B! TRSIBIORIE B FafEd fobar, sfcs dagt ¥R & fou sraids el i it
SUASIAT UG Bt | TISY 1 PIciold Bl HIAITS ST 3R R o T o o
BT FUINT Hh WhWhIcs UR Jreferd fava 7T, ford diciom & wrfiies srfie wgg! &
ST fo T 7T | DI - TR WP hIcs &I A8 cBHIfeaie! MG-63 BRI TR S
TS, o Piced &t JURURT = IThwics Idg W IS IaTa=lt Fichd Difwrslt &
fAATor & TTY-T1Y IGD! J9-Hfthg el & HRUI dgak BIRNHT e ot gt
BICIRRETA PCL AN &1 A=W SIRSIRITTRA BYTfehelc (HEMA) &1 PCL &
SFRTER & T T IUINT B 1631 711 Ui PCL SAIfFTH™ Dbl HIPE cieic fosar
3R TR TEHId SEAYUMHAe (EGDMA) &1 IUTNT dRdp BICIHR B Hiafcids
fagad Whhics O uRafid fasar T 3HRTeR wigdl, -AHER gl 9l od B
OIeER 3R Whhics o Hifde-Iarae aRwdrsi wR gura Ht srerae foar man sifod
fsagad Whwice d & ¢ sffgd (TTO) & withfed fhar man, ok sud Iad Refw
Tfasfierdr o1 fazayur Igga iR ReTR-JWr Aisal &1 IUUNT Hb {1 Tl TTO-
T ITHBICE A S, aureus 3R E. coli b [a8G IHT IMURIEH 707 vefRid fvg, o 5%
MR SRS TR0 A8H & = H SUANT B DI GHIETSH D1 IfY I 5 |

Vii



Table of Contents

Content Page
number
Certificate 1
Acknowledgements il
Abstract v
TR vi
Table of Contents viii
List of Figures and Schemes Xiv
List of Tables XX
List of Symbols XX1
List of Abbreviations XXiii
Chapter 1  Introduction and Motivation 1-10
1.1 Background 2
1.2 Objective of work 4
1.3 Thesis organizational structure 5
1.4 References 9
Chapter 2 Literature Review 11-47
2.1 High internal phase emulsion (HIPE) templating 12
2.2 Stabilization of HIPE 18
2.2.1 Surfactant-stabilized HIPE 18
2.2.2 Particle-stabilized Pickering HIPE 19
2.2.3 Factors affecting HIPE stability 20
2.3 HIPE templated poly (e-caprolactone) (PCL) scaffolds 22
24 Strategy towards PCL modification for biomedical application 31
2.4.1 Physical modification of PCL scaffolds 31
2.4.2 Chemical modification of PCL scaffolds 32
2.5 Biomedical applications of HIPE templated PCL scaffolds 33
2.6 Summary 35
2.7 Research objectives 36
2.8 References 36

viii



Chapter 3
3.1
3.2
33

3.4

Experimental Techniques

Introduction

Materials

Methods

3.3.1
332

333
334
335
3.3.6

Synthesis of BCY crosslinker
Preparation of CL based Pickering high internal
phase emulsions (Pickering HIPE)
Preparation of PCL-based nanocomposite scaffolds
Therapeutic loaded PCL scaffolds
Protein immobilization on the surface of scaffold

Preparation of phosphate buffer solution (PBS)

Characterization

34.1
34.2
343
344
3.4.5
3.4.6
3.4.7
3.4.38
3.4.9
3.4.10
3.4.11
3.4.12
3.4.13
3.4.14
3.4.15
3.4.16
3.4.17
3.4.18
3.4.19
3.4.20
3421

Nuclear magnetic resonance (NMR)

Steady shear analysis

Drop shape analysis

Optical microscopy

Confocal microscopy

Scanning electron microscopy (SEM)
Porosity

Liquid uptake capacity and gel content
Cyclic compression test

Fourier Transform Infrared Spectroscopy (FTIR)
Energy-dispersive X-ray spectroscopy (EDX)
Transmission electron microscopy (TEM)
X-ray photoelectron spectroscopy (XPS)
Differential scanning calorimetry (DSC)
X-ray diffraction (XRD)

Cumulative release profile of therapeutic
Zone of inhibition (ZOI)

Bacterial reduction percentage

Biofilm adhesion

Bacterial morphology

Cytoplasmic content

48-57
49
49

50
51

51
51
52
52

52
53
53
53
53
53
53
54
54
54
55
55
55
55
55
56
56
56
56
57
57



3.5
Chapter 4

4.1
4.2
4.3

4.4

4.5
4.6
Chapter 5

5.1
5.2
53

3.4.22 MTT assay

References

Stabilization of Pickering HIPE Leading to the Fabrication

of Crosslinked Poly(e-caprolactone) PolyHIPE with

Optimized Stabilizer Concentration

Introduction

Materials

Procedures

4.3.1 Synthesis of crosslinked PCL nanocomposite

polyHIPEs

4.3.2 Synthesis of crosslinker BCY

4.3.3 Characterization

Results and discussions

4.4.1 Stabilization of PCL based Pickering HIPE

4.4.2 Formation of porous nanocomposite PCL polyHIPE

4.4.3 Physicochemical characterization of polyHIPE

4.4.4 Thermal characterization of PCL polyHIPE

4.4.5 Liquid uptake capacity of PCL polyHIPE

4.4.6 Optimization of stabilizer concentration for PCL

polyHIPE synthesis

Conclusions

References

Development of Pickering HIPE Templated Poly(e-

caprolactone) Scaffolds with Antimicrobial Properties for

Bone Regeneration

Introduction

Materials

Procedures

5.3.1 Preparation of cPCL nanocomposites via Pickering
HIPE-ROP

5.3.2 Preparation of clove oil (CO)-incorporated cPCL
nanocomposite scaffolds

5.3.3 Preparation of phosphate buffer solution (PBS)

57
67
58-76

59
60

61

62
62

65
66
68
69
70
72

74

75
77-103

78

79

80

81

81



54

5.5
5.6
Chapter 6

6.1

6.2
6.3

6.4

5.3.4 Characterization

Results and discussions

5.4.1 Stabilization of Pickering HIPEs

5.4.2 cPCL nanocomposite scaffolds

5.4.3 Mechanical properties of scaffolds

5.4.4 Liquid uptake of scaffolds

5.4.5 Clove oil (CO)- incorporated scaffolds

5.4.6 Release kinetics

5.4.7 Antimicrobial properties of the scaffolds

5.4.8 Bacterial morphology

5.4.9 Biofilm inhibition

5.4.10 Cell viability

Conclusions

References

Thermal Behaviour of Poly(e-caprolactone) Scaffolds as a

Function of Porosity

Introduction

Materials

Procedures

6.3.1 Synthesis of non-porous poly(e-caprolactone) (PCL)

6.3.2 Synthesis of emulsion templated porous PCL scaffolds

6.3.3 Characterization

Results and discussions

6.4.1 Stabilization of Pickering emulsions

6.4.2 Fabrication of nanocomposite scaffolds

6.4.3 Thermal behavior of non-porous and porous scaffolds

6.4.4 Crystallization kinetics of non-porous and porous
scaffolds

6.4.5 Jeziorny model

6.4.6 Ozawa model

6.4.7 Mo model

6.4.8 Nucleation energy

6.4.9 Crystalline structure of non-porous and porous scaffolds

Xi

81

85
88
90
90
92
94
94
95
97
98
100
100
104-127

105
106

106
107
108

110
111
112
115

116
118
120
122
123



6.5
6.6
Chapter 7

7.1
7.2
7.3

7.4

7.5
7.6
Chapter 8

8.1
8.2
8.3

Conclusion

References

Utilization of Functional Initiator for Poly(e-caprolactone)

Polymerization to Facilitate Surface Functionalization of

Scaffolds

Introduction

Materials

Procedure

7.3.1 Preparation of PCL nanocomposite scaffolds via
Pickering HIPE-ROP

7.3.2  Collagen functionalization of scaffolds

7.3.3 Preparation of phosphate buffer solution (PBS)

7.3.4 Characterization

Results and discussions

7.4.1 Fabrication of HEC-g-PCL scaffolds

7.4.2 Physicochemical and mechanical characterization of
HEC-g-PCL scaffolds

7.4.3  Functionalization of HEC-g-PCL scaffolds with type I
collagen

7.4.4 Cytocompatibility of collagen functionalized OHEC-g-
PCL scaffolds

Conclusions

References

Fabrication of Photocured Poly(e-caprolactone) PolyHIPEs

Using Low Molecular Weight Oligomers

Introduction

Materials

Procedures

8.3.1 Synthesis of photocurable PCL oligomers

8.3.2 Crosslinking of photocurable PCL oligomers

8.3.3 HIPE-templated photocured crosslinked PCL drug

carriers

Xii

124
125
128-154

129

131

131

132

132

132

138
141

145

147

151

152

155-182

156
157

158
158
158



8.3.4 Incorporation of TTO in the porous crosslinked PCL 160
polyHIPEs
8.3.5 Preparation of PBS 160
8.3.6 Characterization 160
8.4 Results and discussions
8.4.1 Synthesis of photocurable PCL oligomers 164
8.4.2 Fabrication of photo-crosslinked PCL polyHIPEs 167
8.4.3 TTO-loaded porous polyHIPEs 171
84.4 TTO release kinetics from TTO-loaded porous 172
polyHIPEs
8.4.5 Antimicrobial properties of TTO-loaded porous 175
polyHIPEs
8.4.6 Bacterial killing mechanism 176
8.4.7 Biofilm formation 177
8.5 Conclusions 179
8.6 References 180
Chapter 9 Conclusions and Future OQutlook 183-187
9.1 Conclusions 184
9.2 Future outlook 186
Curriculum Vitae 188-190

Xiii



List of Figures and Schemes

Figure
number

Figure caption

Page
number

2.1

3.1

4.1

4.2

43
4.4
45

4.6

4.7

4.8

5.1

Schematic representation for fabrication of 3D porous scaffold using
HIPE templating.

Schematic representation of the procedure for the fabrication of PCL
based nanocomposite scaffolds through Pickering HIPE templating.

Stabilization of Pickering HIPE using mSiNP at various stabilizer
concentration and ¢q. (A) Digital images of Pickering HIPE stabilized
using various clay as Pickering stabilizer. (B) Digital image of Pickering
HIPE of CL stabilized using mSiNP as Pickering stabilizer. (C) TEM
image of mSiNP used to stabilize CL based Pickering HIPE. (B) Optical
images of Pickering HIPEs stabilized using mSiNP at varied
concentration and ¢g.

SEM image of C5V75 (inset showing the surface roughness) and C5V80
polyHIPEs.

FTIR spectra of neat PCL and C5V75.
Stress vs. strain curve for C5V75.

DSC thermograms of C5V75 Pickering polyHIPE recorded at 10 °C/min
rate.

(A) Chloroform sorption values of C5V75 polyHIPE during cyclic
sorption-desorption study. (B) Dimensional changes at equilibrium
chloroform sorption by C5V75 polyHIPE.

SEM images of polyHIPEs fabricated using mSiNP (5 wt.%) and
surfactant Pluronic F127 (0-10 wt.%) as co-stabilizers.

(A) SEM image of polyHIPE with both unmodified SINP and mSiNP in
continuous phase. (B) SEM image of polyHIPE fabricated using
unmodified SiNP in continuous phase and mSiNP in dispersed phase.
(C) SEM image of resulting polyHIPE with mSiNP in both continuous
and dispersed phase. (D) SEM images of polyHIPEs fabricated using
mSiNP in only dispersed phase at various mSiNP concentration and ¢a.

(A) Contact angle of CL and silicone oil with respect to mSiNP. (B)
Digital images of the interface over a period of time when mSiNP was
dispersed in different phases. (C) Graphical representation of the
concentration required to stabilize Pickering HIPEs when mSiNP was
dispersed in CL and silicone oil. (D) Digital images of Pickering HIPEs
stabilized at room temperature and 120 °C. Arrows indicate the phase

17

52

66

67

68
69
70

71

71

72

89

Xiv



52

53

5.4

5.5

5.6

5.7

5.8

6.1

6.2

6.3

separation in the HIPEs. (E) Apparent viscosity of CL at varied shear
rates before and after 10 min of polymerization. (F) Optical images of
Pickering HIPEs formulated at varied mSiNP concentration and ¢a.

(A) SEM images of nanocomposite Pickering cPCL scaffolds. (B)
Graphical summary of droplet and pore sizes of various Pickering HIPEs
and polyHIPE scaffolds, respectively. (C) FTIR graphs of
nanocomposites fabricated at varied mSiNP concentration. (D)
Compressive stress-strain curves of the scaffolds fabricated with
different mSiNP loadings.

Liquid uptake capacity of various cPCL scaffolds in chloroform and
PBS.

(A) FTIR graphs of cPCL scaffolds incorporated with varied loading of
CO. (B) Compressive stress-strain curves of various CO-incorporated
scaffolds. (C) Cumulative release profile of CO from the fabricated C5
nanocomposite scaffold. Inset shows the detailed release profile of CO
during initial 12 h.

(A) Digital images of ZOI against S. aureus and E. coli resulting from
various CO-incorporated scaffolds. (B) Quantitative representation of
resulting ZOI. (C) Bacterial reduction percentage due to various CO-
incorporated scaffolds against S. aureus and E. coli. (D) Digital images
of the CFUs supported by various scaffolds.

(A) Bacterial morphology observed using TEM when treated with
pristine and C5 scaffolds. (B) SEM images of the bacteria post-treatment
with pristine and C5 scaffolds. (C) UV absorbance due to nucleic acid
extravasated from S. aureus and E. coli resulting from treatment with
pristine and C5 scaffolds.

Biofilm formed by (A) S. aureus and (B) E. coli on the surface of
scaffolds when treated with pristine and C5 scaffolds.

(A) Viability of MG-63 cells seeded on pristine and C5 scaffolds. (B)
Morphology of MG-63 cell adhered on C5 scaffold after the incubation
of 24 h. (C) SEM image of the C5 scaffold seeded with MG-63 cells and
incubated for 7 days. Inset shows mineralization of the scaffold due to
ECM deposition.

Optical images of various precursor solutions and Pickering emulsions
of CL stabilized using mSiNP at ¢4 varied between 0.55-0.85.

SEM images of various non-porous and porous scaffolds resulting from
the polymerization of corresponding precursor solutions and Pickering
emulsions.

(A) High magnification SEM image demonstrating the surface
roughness of resulting PCL Pickering polyHIPEs due to the inclusion of

91

92

93

96

97

98

99

110

111

112

XV



6.4

6.5

6.6

6.7

6.8

6.9

7.1

7.2

mSiNP. (B) EDX image of PCL Pickering polyHIPEs demonstrating the
even presence of Si, confirming the presence of mSiNP.

DSC thermograms of various non-porous and porous scaffolds resulting
from (A) cooling cycle after melting at 10 °C/min, and subsequent (B)
2" melting at 10 °C/min. (C) the resulting X.4 of various scaffolds. (D)
Schematic illustration of the effect of increase in ¢4 on the interfacial
thickness and confinement within the porous scaffolds.

Relative crystallinity of various non-porous and porous scaffolds with
respect to (A) temperature and (B) time estimated at 10 °C/min cooling
rate. (C) The resulting Avrami plots between In[-In(1 - X;)] and In# for
various scaffolds.

Crystallization and 2" melting curves of various samples recorded at (A)
2 °C/min, (B) 18 °C/min, and (C) 26 °C/min.

Ozawa plots for various non-porous and porous scaffolds demonstrating
the relation between X;and S at given temperatures.

Mo plots for various non-porous and porous scaffolds demonstrating the
relation between Inz and Inf at given extent of crystallinity.

(A) XRD patterns demonstrating the crystalline structures of various
non-porous and porous scaffolds, recorded at their crystallization
temperatures. (B) XRD pattern of various non-porous and porous
scaffolds between 18° and 30°. (C) Deconvoluted peaks of XRD scans
demonstrating the crystalline peaks and amorphous curve of various
non-porous and porous scaffolds.

Schematic representation illustration the preparation of HEC-g-PCL
nanocomposite scaffolds further functionalized with type 1 collagen
using the combination of Malaprade oxidation and Schiff base reaction.

Various HIPE templated PCL scaffolds synthesized using HEC as a
macroinitiator for polymerization of PCL. (A) Chemical scheme
demonstrating HEC as a macro-initiator for polymerization of CL and
BCY leading to the formation of crosslinked HEC-g-PCL polymer
network. (B) Digital image confirming the formation of uniform solution
of HEC in CL at 2 wt% concentration prepared at 120 °C. (C) Apparent
viscosity of various HEC and CL solutions at varied shear rate
illustrating the effect of HEC concentration on rheological properties of
the solution. (D) Fluorescence microscopic images exhibiting the droplet
morphology of various Pickering HIPE prepared using mSiNP as
Pickering stabilizer with varied HEC concentration. (E) SEM images
capturing the pore morphology of various scaffolds fabricated by
polymerization and purification of corresponding Pickering HIPE.
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7.3

7.4

7.5

8.1

8.2

8.3

Physicochemical and mechanical properties of PCL scaffolds
synthesized using HEC as a macroinitiator. (A) Contact angle of various
copolymers fabricated at varied HEC concentration confirming its effect
on hydrophilicity of the material. (B) XPS service spectra demonstrating
the effect of inclusion of HEC on its O/C ratio. (C) C 1s peaks of various
scaffolds illustrating the presence of unreacted -OH groups in HEC1.0
scaffold. (D) EDX elemental mapping of HEC1.0 scaffold illustrating
the uniform presence of Si corresponding to mSiNP throughout the
surface. (E) Liquid uptake capacity of the scaffolds in hydrophobic
(DCM) and hydrophilic (PBS) media. (F) Cyclic compressional curves
of the scaffolds analyzed up to 60% strain for 5 cycles.

Surface functionalization of HIPE templated PCL scaffolds using type 1
collagen. (A) Chemical schematic illustrating the functionalization of
HEC-g-PCL scaffolds with type 1 collagen using a combination of
Malaprade oxidation and Schiff base chemistry. (B) FTIR spectra of
various scaffolds demonstrating the change in peaks owing to collagen
functionalization over the surface of scaffolds. (C) XPS spectra of
collagen powder and collagen functionalized OHEC1.0-COL scaffold.
The arrow indicates the peak at 400 eV corresponding to N 1s. (D) EDX
elemental mapping of OHEC1.0-COL scaffold confirming the uniform
presence of N corresponding to collagen type 1 throughout the surface
of the scaffolds. (E) Type 1 collagen antibody staining illustrating the
uniform presence of type 1 collagen owing to its successful
immobilization throughout the surface of OHEC1.0-COL scaffold

Cytocompatibility and osteogenic bioactivity evaluation of developed
collagen functionalized PCL-g-OHEC scaffolds. (A) Live-dead staining
of MG-63 cells after day 3 and day 7 incubated over the surface of
various scaffolds. (B) SEM images demonstrating the cellular adhesion
and morphology on the surface of the scaffolds observed after 3 days of
incubation. Arrows indicate the porous architecture of the scaffold
underneath the layer of cell. (C) The absorbance values observed during
MTT assay resulting from the metabolically active cells on the scaffolds
evaluated at day 1, 3, and 7. (D) The ALP activity of MG-63 cells
assessed after 7 and 14 days of incubation on the scaffolds.

Schematic representation of HIPE templating leading to the formation of
TTO-loaded nanocomposite porous polyHIPEs.

Chemical scheme for the preparation of photocurable PCL oligomers
that could further polymerize and crosslink using EGDMA in the
presence of photoinitiator.

(A) Digital images of HEMA initiated PCL oligomers with varied ratios
of CL:HEMA. (B) 'H NMR spectra of monomers and HEMA initiated
ROP synthesized PCL oligomers at varied CL:HEMA ratios. (C) FTIR
spectra CL, HEMA and HEMA initiated O1 PCL oligomer. (D) Digital
images demonstrating the solubility of photocured PCL oligomers with
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8.4

8.5

8.6

8.7

8.8

varied crosslinker EGDMA concentrations. The arrows point at
undissolved remains of crosslinked PCL. (E) Gel content of O1 PCL
oligomers photocured and crosslinked at various EGDMA density. (F)
DSC thermograms of O1X0 and O1X5 demonstrating the effect of
crosslinking on thermal properties of photocured PCL.

(A) Confocal images of resulting HIPE formulated using O1 oligomer at
various crosslink densities and ¢s. (B) SEM images of corresponding
porous polyHIPEs resulting from the polymerization of HIPE. The graph
demonstrates mean droplet diameter of stable HIPEs and the mean pore
size of corresponding polyHIPEs.

(A) Higher magnification SEM image of O1X4-75 demonstrating the
roughness at the interface which was attributed to the presence of mSiNP.
(B) EDX elemental mapping to detect the presence of C, O, and Si on
the surface of polyHIPEs. (C) FTIR spectra of photocurable PCL
oligomer, crosslinker, and mSiNP along with the fabricated porous
polyHIPE. (D) Compressional mechanical strength of porous polyHIPEs
analyzed up to 60% strain. (E) Liquid uptake capacity of the porous
polyHIPEs in both hydrophobic (DCM) and hydrophilic (PBS) media.
(F) DSC thermograms of O1X4-75 polyHIPE demonstrating both
crystallization and 2™ melting behaviour.

(A) TTO-loading within the O1X4-75 polyHIPE estimated
gravimetrically under various TTO concentration solution. (B) FTIR
spectra of TTO and TTO-loaded porous polyHIPEs at varied TTO
loading. (C) Compressional stress-stain curves of O1X4-75 and TTO-
loaded T30 polyHIPE measured up to 60% strain.

(A) Cumulative release profiles of TTO-loaded polyHIPEs with varied
TTO loading analyzed for 48 h. Inset demonstrate cumulative release
profiles of various polyHIPEs during the initial 6 h. (B) Weibull equation
fit of various TTO release profiles of TTO-loaded polyHIPEs obtained
using Eq. 4. (C) Linear fit of various TTO release profiles obtained using
logarithmic form of Ritger-Peppas model in Eq. 5.

(A) Digital images of culture plate demonstrating the CFU in the absence
and presence of TTO-loaded polyHIPEs at various TTO concentrations.
(B) Bacterial reduction percentage due to TTO-loaded polyHIPEs
against S. aureus and E. coli. (C) Live-dead stained images of S. aureus
and E. coli incubated in presence of pristine and T30 polyHIPE, captured
using confocal microscope. (D) TEM images of S. aureus and E. coli
under the influence of pristine and T30 polyHIPE. (E) Absorbance at 260
nm recorded using UV-vis spectrophotometer for S. aureus and E. coli
suspension media treated against pristine and T30 polyHIPE. (F) Biofilm
formation by S. aureus and E. coli observed on the surface of pristine
and T30 polyHIPE using FESEM. (G) S. aureus and E. coli
morphologies as seen on pristine and T30 polyHIPE using FESEM.
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