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ABSTRACT
Materials used for biomedical applications cover a wide spectrum and must exhibit specific
properties. The most important property of materials used for fabricating implants is
biocompatibility, followed by corrosion resistance. The main metallic biomaterials are
stainless steels, cobalt alloy, and titanium and titanium alloys. Among these metallic
biomaterials Ti alloys exhibit the highest biocompatibility, corrosion resistance, and specific
strength (ratio of the tensile strength to density). Apart from metallic materials, biodegradable
polymers have recently become as an influential platform for biomedical field to be used in
various areas such as biosensor, therapeutics, targeted drug delivery, tissue engineering,
biomedical implants, etc. due to their biodegradability, biocompatibility, controlled
crystallinity, and adequate stability in biological environment. However, tailoring the
properties of the polymeric surface widens the functionality, durability and applicability of
the biodegradable polymers to be used for various applications. For example, the
performance and functionality of the biodegradable polymer-based devices utilized for
biomedical applications are significantly marked by the method of modification and its
process parameters, emphasizing the need for understanding the methods used for

modification.

This thesis explores the fabrication and application of biocompatible inorganic and
biodegradable polymeric materials for biomedical implant applications. Chapter 2 discusses
the synthesis of micropatterned PolyPEGMA nanobrushes on Titanium for enhancing
antifouling and antimicrobial properties. A facile and scalable approach to create
microtextured biocompatible and biofunctional polymer brushes with the ability to generate
different type of protein patterns (e.g., line and circular) is reported. Nanosecond fibre laser
was employed to generate around 30 micron wide patterns on the polymer brush
(poly(ethylene glycol) methacrylate (polyPEGMA), a protein repellent brush) modified Ti
alloy based substrate. PolyPEGMA brush of varying thickness (11-87 nm, measured by
ellipsometry) was grafted on Ti alloy via surface initiated atom transfer radical
polymerisation (SIATRP) using chloro functionalized ATRP initiator immobilized on Ti
surface with initiator density (6*) of 1.5 initiators/nm?. Polymer brushes were then selectively
laser ablated. Spatial orientation of biomolecules was first achieved by non-specific protein
adsorption on areas ablated by the laser, via physisorption. Further, patterned brushes of
polyPEGMA were modified to activated ester that gave rise to protein conjugation

specifically on non-laser ablated brush areas. Moreover, the laser ablated brush modified



template forming alternate patterns was also demonstrated for generating alternate patterns

of bacteria such as E. coli.

Chapter 3 details the development of micropatterned dual polymer brushes for biomedical
implant and diagnostic applications. Micropatterned dual polymer brushes (PolyPEGMA and
PolyDMAEMA) were grafted on PHBV surface via surface-initiated atom transfer radical
polymerization (SIATRP). Immobilization of ATRP initiating sites were arranged with the
help of hydroxyl groups generated via oxygen plasma on the PHBV surface. Presence of
PolyPEGMA brushes on the surface helps to achieve antifouling properties in addition to
spatial orientation of biomolecules in alternate patterns on the surface. These micropatterned
dual polymer brush modified surfaces were also found to be an excellent source of attachment
and detection of HeLa cells through patterned surfaces modified with aptamers immobilized
on PolyDMAEMA brushes. In Chapter 4, the micropatterned dual polymer brushes were
fabricated as domain selective cationic (PMETA) and anionic (PSPMA) polymer brushes on
PLA for biomedical implant applications. The micropatterned dual ionic polymer brushes
modified surface showed adsorption of different proteins taking advantage of their unique
isoelectric point along with DNA adsorption at varying pH conditions and antimicrobial
properties. Chapter 5 introduces synthesis of aliphatic biodegradable polylactide in
combination with tartaric acid based copolymers with orthogonal functionality. Compared to
the challenges involved for the formation of micropatterns on biodegradable surfaces, a new
methodology was applied to fabricate cationic and anionic polymer brushes on copolymer
matrix with patterned structure. Spatio-slective attachment of gold and silver microparticles
along with the demonstration of spatial attachment of DNA was obtained. Based on this
unique construction of polyelectrolyte brushes in one system, UV light enabled the
introduction of new surface functionality. A particular advantage of this approach was that
triple micropatterns of proteins were also obtained in facile manner. This work clearly
establishes the preparation of polyelectrolyte surfaces with orthogonal reaction strategies to
achieve multifunctional surface. Finally, Chapter 6 includes a comprehensive summary of all
the works and highlights the significant outcomes while proposing directions for future
research based on the findings of the thesis. Patterned polymer brushes were developed on
both the inorganic biocompatible (Ti) and organic biodegradable polymeric substrates. The
techniques used for patterning was broadly classified into nanosecond laser patterning,
oxygen plasma treatment and click chemistry. Development of micropatterned surfaces

offers promising strategies in the biomedical area to develop protein array, diagnostics,



biosensors, etc. Nonetheless, development of such surfaces is a tedious process and require
multistep synthesis. A facile, reproducible, and scalable approach to yield micropatterned

surfaces having multifunctionality and non-toxicity needs to be developed for future benefits.
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L3108

Sta-fafecar equdial & 39N S arell HHEA FT Teh SAIh TAFCH Bl
¢, fower fafrse apuit &1 yedlst 3mavaes giar §1 sFvelic AT & fow 3uher &
STiel aTell FATIGT T TG HeaqoT I[OT SIT-HIAT &, $Hh a1 &ROT FlaRIer r
I 7T &1 J&I eiicas dRFACRICH H Todold T, didlee AU 3R
cscfagd 3R sa+h %%T‘ZJI'IFQT (Titanium and its alloys) e &1 378 T
fAsrTg STaad Sig-Haredr, eRoT gforier 3R fafse ofdd (drehd 3R efea &t
3eqTe) Yeid a1 erfeaes HATIGT & 3eTEr, gl & ant # arfsdsad
qife e Sig-fafehcdr & # SR, Rfhcdd 3equier, offid gar faawor, Sdas
HEFR 3N Sa-RfEwcar sredica S RAffie & d FAgeaqer qfAer e
F g FeeRdr wefdia #Xa &1 e, aifes R & Jas & ol A 3eTEhiod FE
3eTehl HRAETHT, TUMAca iR fAffes eqoet & 39T @ germ S el Bl
3erer & fou, Sta-Rfkcar eyl & v 3uder fFu e are srRifsasae
OITlFAR-3MUTRA 3TN T wIIETHAT GelversT hr fafer 3R gfehar Aest ) AR
Wl &, 0 59 Tl ATRIT o GHASET 31T g T gl Ig e gy
ST-HIT Pt R STAEISeTd difos e aevEl & @@ 3R sa-Rfecar
SFCRlIC AN & 3eTch YN HT V0T Al gl LA 2 H TATH W
ABHYeT fhU T PolyPEGMA =ilsie & HRWOT WX T4l & 15 §, orad
QEMORIET 3R TERISTAT IO AT FErAT IAT g1 AcdIdehs WISSR oloik HI 3T
hich GTN(SUTSEINT TelTgehicl) HATHISAIC (PolyPEGMA) ST dTel ersefoiaa fasmemg
QT ETHAT 30 ATSHIA TS Yol ST IMT| PolyPEGMA & &7 HIES (1-87 nm,
ofoc@lASr carT AT 99) FI Tdg-3IRTAT TEANRYT (SIATRP) & HIEIH &
crsfagd AyUrg W ST 71 4, fSid FRl-heRlddses VAR sfafivey @ r
39T foRaT I1T| SHF 91G, ITFR §I2T T ololk GaRT TIATcHS & F gerdT 13T,
mdlq\w—i\l&w«w—i FI TUMAdh JTRTGI (spatial orientation of biomolecules)
ured fohar aram| eI 3 # ATSHIUCHs 33T Ui ST (PolyPEGMA 3R
PolyDMAEMA) & fd&rd &1 aufa fRar s g, f9e¢ PHBV Idg W SIATRP &
ACTH F SISl a1 A AGHIUCHS FHT UITAAR 52T SATT el Sl FTioieh
feufd 31k HeLa AR &7 gar oot & 39ABN 9T a7w) 3789 4 H PLA W
SIAT-TIATCHS hedifeieh (PMETA) 3R taaifaies (PSPMA) UifoleiR s & fA&ToT
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A TEqA R o ¥, S R 98 3R SweT s@eiver & R s )
AT 5 H e tfAs-3muid dg-difeek & ary AAferthfed aaif3adsad
TlclToleFel$s o HROIWOT ohl MiAel foham a7 &, Tore# o1 it 3R SIveTT & Tl
3fefeldetal Sl AT AT §1 UV Fehlel GaNT AT HAGT HraTcHDaI3i S e3ne o
Yeffd &1 1§ T 3HdAd:, AT 6 # FYUT FF & AN T o a=m g 3R
HIAST & T T T GM3HT b1 T&cra fam aram §1 58 ey A oiiidehs
ook Yefeier, Aardeld TalledT 39AR 3R [Foe hfATEr Y deeliel T 39IET
Hh ATGHIICHHS TE3MATEN Tlel 1 faehrer foham I/ g, S aidler @, s 3R
SRIIAEeed 3UaUN & Ahrg H 39 & o &1 8Tolifeh, 39 kg oI gdal &l
e e Sfea gfshar § 3R sas v &% ROl arelr aeeiwor fafear smavas
gicl 81 SATAT, HiasT # IR-TAWTeFd, TeTecdiea1d 3R Eholdol AGHIUCHS Helgl
f#oT & U T @ gitehvr Al ael HT HEThar g, S sia-fafecar
gFeelic YA faNeh & Fgcaqul yorfd &1 e Tl T |
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