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Abstract

Wound care is a clinical challenge due to the prevalence of antibiotic-resistant bacterial strains,
degradation of living standards, extended hospital stays, and complex and lengthy treatments.
The battlefield scenario also becomes uglier with increased wound complexity and
haemorrhage. In India, 4.5 and 10.5 per 1000 people suffer from chronic and acute wounds,
respectively. Thus, wound care management is expected to reach 16.36 billion USD globally
by 2030, leading to demand for new bioactive hemostatic wound dressings to reduce this
burden on the healthcare system. Recently, nanoparticle-based bioactive dressings (nano-
biocomposites) have garnered the attention of researchers and caregivers. These are made of
nanoparticles and biopolymers as fillers and matrices, respectively. The nano-biocomposites
are better than the macro-biocomposites due to their unique properties, such as the large
interfacial area between biopolymers and nanoparticles, mimicking the native tissue, and their
antimicrobial nature. The nanoparticles (NPs) such as silver, zinc oxide, gold, magnetite,
selenium and titanium oxide have complex antimicrobial actions, considerably reducing the
development of drug resistance in bacteria. The size and surface of the NPs can be easily
manipulated depending on the application and increasing popularity among scientists. Natural
polymers (biopolymers) such as chitosan and gelatin accelerate wound healing. Sooner or later,
human exposure to them is inevitable. Hence, toxicity studies should also be carried out
meticulously. The current toxicity studies lack molecular information regarding the toxicity
mechanism, which may even result in adverse reactions among the population. The present
thesis is divided into developing a nanoparticle-reinforced biocomposite and then investigating
the toxicity of nanoparticles and nano-biocomposite at the molecular level by metabolomics.
In this regard, silver nanoparticles (Ag NPs) are synthesized through green synthesis and then

used to develop biocomposites through solution



blending. Furthermore, their cytotoxicity and biocompatibility are evaluated against murine

fibroblast (L929) cells through NMR spectroscopy.

Chapter 1 deals with the skin anatomy, classification of wounds, physiology of wound healing,
factors responsible for impaired wound healing and commercially available hemostatic
dressings. This chapter elaborately discusses the inorganic nanoparticle-reinforced
biocomposites, their components and their potential in healing wounds. This chapter also
highlights the synergism of cell culture and pharmacology-based metabolomics to evaluate the
material's efficacy. The objective of the thesis is also covered in this chapter. Chapter 2
includes the synthesis of nanoparticles, composites and their characterization techniques. It
also briefly covers NMR spectroscopy as an analytical technique for Metabolomics. This
chapter also discusses the different in vitro assays conducted to evaluate the material's
efficiency. Chapter 3 is devoted to the synthesis and characterization of silver nanoparticles
(Ag NPs) and zinc oxide nanoparticles (ZnO NPs) from an eco-friendly route using Ocimum
sanctum (tulsi). Ag NPs are found to be better than ZnO NPs because of their better dispersion
in water, which is responsible for their sensitivity to the growth of bacteria. Chapter 4 is
dedicated to preparing and characterizing multifunctional biocomposite from chitosan and
gelatin (ratio = 1:1) based on Ag NPs. Different concentrations of Ag NPs (0, 1, 2%, w/v) are
used to prepare nano-biocomposite films (CG, CG: and CGy) through the physical blending
process followed by the solvent evaporation method. This chapter inspected the features of
nano-biocomposites as a potential topical wound dressing. In Chapter 5, we employed NMR-
based metabolomics to investigate the effects of Ag NPs and silver nitrate (AgNO3) on murine
fibroblast (L929) cells, as these cells are primarily used for in vitro studies of NPs and topical
drugs. Based on the MTT assay, the L929 cells are incubated with 0, 1 and 5 pg/mL of green
synthesis-mediated Ag NPs and AgNOz for 24 and 48 h. The treated cells are also

morphologically observed with the help of Acridine orange
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(AO) and Ethidium bromide (EB) staining under the fluorescence microscope. The cellular
metabolome was analyzed with the help of high-resolution NMR spectroscopy, and the datasets
were evaluated using multivariate analysis. NMR-based metabolomics showed that AgNO3
exposure induced early metabolic alteration (membrane, energy metabolites and amino acids),
while Ag NPs took another 24 hours to stimulate cell alterations at the same concentration.
This study presented NMR-based metabolomics as a potential analytical tool to reveal early
phenotype-dependent cellular events in L929 cells on exposure to green silver nanoparticles.
In Chapter 6, we exploited the NMR spectroscopy technique on Ag NPs reinforced
biocomposite exposed murine fibroblast (L929) cells to detect early metabolic alterations
associated with cell-nanomaterial interaction. It demonstrated that cellular metabolic profiles
reset towards control upon more exposure. Chapter 7 summarizes the results of the present
thesis, emphasizing the application of Ag NPs reinforced biocomposite as a potential candidate
for topical application in wound healing and taking a closer look toward the future prospects

of the work described in this chapter.
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TSRl Sharo] 3usiel &1 sardehal, Shael X # ORrae, ofd ##7g o
3T # W AR Ifed 3R d9 3T9UR & FROT 919 FI AT Teh sighieldh
el 1 a1 T Sifeerar 3R e &7 gefr & ar geuar w1 aRkeed o seqid
g SIar &1 #Rd H, 9fd 1000 &9t H AW 4.5 3 10.5 oher SAoT 3R N arar
d dNif3a &1 39 UHR, 2030 dF ANRFF TR W G919 AT oo 16.36 ToforasT
Hﬁﬁﬁ?ﬁmﬁqguﬁ $r 37 §, 09 TaEeT S@HTT YUTell W 39 &7 ol
HH Il & [T T gaefaead gARceles ara 3fber & AT ¢l grer & #,
StRur-3menRa sTaefdea AT (AT-areRaIfoed) o eeRarst 3R @S AR
areil T &ATeT AThNd fhar g1 I Har: e 3R AT & & 7 Admwon 3R
SRENIAE ¥ & gld g1 da-adihdiioe 30a 3efddid oI & HROT Hhl-
JRAIFRAITIC H 98X g, 9 foh IRANITAAR AR ARl & & d37T STIBIATA 817,
Hel Scleh I ool &l HR 3eTehl WMORIET epfc| ReeR, foien 3iferdrss, alles,
Hcierse, Yl AR crgefaga 3iiFass S saehol (NPs) & Sifeel JamoRred
foramd gt & S AR & ar gAY & AHE @l FH FH HT e & NPs &
PR R HAE @ e AR AR & § docll AhHAA & IFUR |
AT & gXHY fhar ST Fehar gl e 3R St S apfas difesr
(SR 919 $Ra & doil o &1 SX-ge, 3T Aldd U 3aRE g1 3T,
TSIt 7 3reager o Wraumqds fham S T1fgu| acATe favedan eagsi
H fauTerddr d & Ty F 30Tfaeh SRR S 37T &, s aIRomFEeawd e
& = gided SfAhaT o g Hhdr g1 goAe AfEE & Aerno-getod
TS Reffd i 3 ACEIAFH gaRT HUMds Fa¥ W Adinol AR
Aal-grRatRdIfoie I faueFddr i o e 7 Ffaa Rar & g1 59 de9y A,
Bear a=iuil (Ag NPs) & gRd TeeIVuT & ATegd & TeiNa fohar am § 3R
R gare afFaEsor & Aregd ¥ Tedfee Aefd & & for 3gaer fRar
IT §1 S 3ollal, TATHIR FASFSIEhIUT & ALTH § FYReT Bissilselee (L929)
HIRAGBIT & [Gellh IoAeh! ASeIeFarads iR T AIRISTE &1 FHearhe fHar
I R
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AT 1T T ARG TIAT, g1aT T JIleor, °a1d 9T I iorarelie, g9 91
H aremr & fov TFAeR aRe 3R caaa@e 9 @ 39asy gARcfes R
TEfT &1 Tg 3T IFEAF AaIpur-gaferd SASaITSIe, 37 gehr 3T aral #r
8k el I 3ofehl &TAAT TR O & @ T &l §1 T§ eI ol
THIGHRINAT & Hodlehel &l & U Tl Seak AR BATDIATST-3TUTRT
ACTEIGAFE & dleldel W o Yehrer STerdr g1 NFAE &1 3aged o 39 Ireary |
QTS &1 AT 2 alaliepunt 3R FAfSE HT TATT 3R 3Thr A&T0T quIA dheilh
AT &1 SHH ACEIAITAFH & fIU Th TAATUNcHS dheileh o ¥ H TATHIR
TearEndr & off &g & enfAe fFar ar §1 I8 3reury greeh &Y cetdar &
Hediehe! el & fav fohu a0 et g7 faer aderor ox off == &ear &1 srear
3 HTTAHA deFer (Tordlh) T ITANT FXeh GATROT-30Jehel AT I Aeat Aol (Ag
NPs) 3R TS 3ifearss Aol (ZnO NPs) & TeIVUT 3R o80T guld & fou
AT &1 Ag NPs Trell #H 98X thelld 3R dFIRAT & o & gfa dagaeierdr
% PRUT ZnO NPs ¥ SgaX UIT T §| 37U 4 Ag NPs & 3R R e 3R
fSefes (3eura = 1:1) @ sgiharhe sREASe dOR e AR RfEd &= &
forw @aAfa &1 AgNPs (0, 1, 2%, wiv) T faffiesr digar &1 39T faemaes arsdaor
afer & sg Hifde Asor afthar & Ategsd F Ad-asuee e (CG, CGr and
CGy) IR fhar g1 38 3¢9 & gHIAd A g1d 38T & &7 & dAdl-arduliele
s faAwamsit @1 fAeTor R T Y A 5 A, §HA FYRA BrSslede (L929)
HIASIBT W Ag NPs 3R Beax a18ee (AgNOs) & T8Tal &1 ST & falw NMR-
3R AerEtaiAed a1 fFafaa B, wifs g SRt &1 s gea & 4
NPs 3iR IR gansit & 31 fagr 3reaas & fow fear a/@r 81 MTT & 3mIR |,
L929 ShIfAeR3tt & 24 31X 488t & fAw 0, 131K 5 pg/mL RT FLATUT-HEITYAT arel
Ag NPs 3R AgNOs & &Y $idgac R =T §| 3uaiRd SR @ gfadica
HISSHIEDIT & Tl Ulshslel 3T (AO) 3R URITSTA SASS (EB) Yerell &I Heg &
®ATcAS & & 8T &@r 731 &1 ITU-RaAlegqed NMR FIFEEhIdT &l #Heg ¥ Hefol
AT &7 faeevor fohar T g, 3R ACdRue faelvur &7 39IRT e sciic
&I Hodiehel foRaT 31T §1 NMR-3ETRA AceliAed o fG@mrr f& AgNOs THadieR
S IR TIIT IRads (Bleel, 3T AcEeged 3R 3@ ufag) & aRka
forar, Stafe Ag NPs &F 38 Tehrardr & A 9Radsd & 3dfold @l H 24 §¢ 9T
AT| SH YA o GATRUT & 3Heldhel AgNPs & HUH H 3o T L9209 HITAHIAT H
IRAE  BACEI-AI Aok T3l H Tohe & & T NMR-3memed
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ACTSIAITATH I Teh HaMdc TARATUcHS IYNROT & ®T H Y& fharamm g |
I 6, §H ol AAIHACRIS FeXFAA F S IRTHb TITeT IRaclaAl I Tl
et & faw Ag Nps gaferd ariedifole teadiss =gRA Hissisaree (L929)
HITRABIT T NMR TAFEIERIAT Tehotleh T 3UTET ThAT| SHA YT Tell foh AofeR
Ao Arwse 3if8e taadior W fAg=or $r 3R 9 & Jar &1 e 7
T DA & IROTAT & GRIRAT AT §, °9d 8- H G 3fgoier & fow
AT 3FHIGaR & &9 # Ag NPs gafad ardledifaie & 3feqodier W SR &ar &
3R 3@ g A aftig s i wfasy Hr gHEannt W 9T § FoR Sodr gl
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