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ABSTRACT

Nanotechnology (NT) isafield that is mushrooming, making animpact in
all spheres of human life. Presently available literature revealed that the
Titanium dioxide(TiO,) synthesisusing medicinal plants, microorganisms
and algae and others as source has been unexplored and underexpl oited.
NT isvery important in devel oping sustainabl e technol ogiesfor the future,
for humanity and the environment. The development of green processes
for the synthesis of TiO, NPs is evolving into an important branch of
nanotechnology. Plant mediated synthesis of TiO, nanoparticlesisgaining
more importance owing to its simplicity, rapid rate of synthesis of NP of
attractive and diverse morphologies and elimination of elaborate
maintenance of cell cultures and ecofriendliness. The nontoxic and
biocompatible properties of Titania find its applications in biomedical
sciences such as bone tissue engineering as well as in pharmaceutical
industries. This review presents a summary of green synthesis and
biocompatibility of and a concise account of the in vitro toxicity data on
TiO, nanoparticles. Presently, the researchers are looking into the
development of cost-effective procedures for producing reproducible,
stable and biocompatible metal NPs.
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INTRODUCTION

Theword “nano” is used to indicate one billionth of
ameter or 10-9. Nanoparticlesareclusters of atoms
andther szefrom 1-100 nm. “Nano” is a Greek word
meaning extremedy smdl. Nanotechnol ogy isafield that
isvastinmaking animpactinal fieldsof humanlife.
Nanobiotechnology can be used as aternative for
chemical and physical methods of nanoparticlessyn-
thes's. Nano science and nanotechnology beganinlate
1959 with atalk entitled “There s Plenty of Roomat

the Bottom” by physicist Richard Feynman at an
American Physical Society conference, held at the Cal
Tech. Theterm Nanotechnology (NT) wascoined by
Professor Norio Taniguchi of Tokyo Science Univer-
sty intheyear 1974. Nanoparticles(NP) attract greater
attention dueto their various applicationsin different
fieldsincluding “nanomedicine”. NPs can be broadly
grouped into two, namely, organic nanoparticleswhich
include carbon NPs where as some of theinorganic
nanoparticlesinclude magnetic NPs, semi-conductor
nanoparticles (like titanium oxide (TiO,). Metallic
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nanoparticlesaremost promising and remarkablebio-
medical agents. Materidsat the nanometer dimension
arenot new. NPsare common in nature, for example,
life dependson many nanoscal ed objects, indluding pro-
teins, enzymesand DNA, and nanosized particlesoc-
cur naturaly intheatmosphere. Nanoparticlesdisplay
unique physical and chemical features because of ef-
fects such asthe quantum size effect, mini size effect
and surfaceeffect. Natural sources of nanoparticlesin-
cludefiresand vol canic eruptions. The nanotechnology
have short to long term useslikeenvironmental pollu-
tion cleanup, efficient and safe drug delivery mecha-
nismswith lesssideeffects, developmentsininforma
tiontechnology, salf cleaningwindow glass, ‘smart’ fab-
ricswhich adjust to suit thetemperature. Some of these
technol ogies have aready been adopted. Striving for
dternative and chegper pathwaysfor nanoparticlessyn-
thesis, scientists contributed to the devel opment of a
relatively new and largely unexplored areaof research
based on the biosynthesisof nanomateridg¥ Utilizinga
biological sourcegivesan easy approach, easy multi-
plication, and easy increase of biomassand szeunifor-
mity antibiotic resistanceistheworld’s major public
healthcare problem. Ultrasmall particles (USPs, size/
diameter <10 nm), so-called “ultra small nanoparticles”
arereviewed? Applicationsof NPsin medicd field al-
ready explored®®l, Scientistsarelooking for longer-
term gpplicationsincludingdesign of additiond ‘smart’
materia s such asfood packaging which changes color
whenthe ‘use by’ date of its contents expires. Titanium
dioxide(TiO,) isamaterid of great Significanceinmany
fields, e.g., photo catalyss, solar cell devices, gassen-
sors, and biomaterids. Thenontoxicand biocompatible
propertiesof Titaniafind itsapplicationsin biomedical
sciences such asbonetissue engineering aswell asin
pharmaceutical industries. Inmedica applicationsthe
titanium pinsare dueto because of their non-reactive
nature when contacting boneand flesh. The TiO, NPs
are synthesi zed using various methods such assol gdl,
plants, hydrotherma, flame combustion, solvothermd,
fungal mediated biosynthesisetc. Recently themicro-
organisms such as Lactobacillus sp. and Saccharo-
myces cerevisae are used for the synthesis of TiO,
nanoparticles”. Aswith any other man-made materi-
as, bothinvitroandinvivo studieson biological ef-
fectsof NPsneed to be performed Invitro modd sys-
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temsprovidearapid and effective meansto assessNPs
for anumber of toxicological endpoints. They dsoal-
low deve opment of mechanism-driven evaluaionsand
providerefined information on how NPsinteract with
human cdllsin many ways. Such studiescan beusedto
establish concentration—effect relationships and the ef-
fect-specificthresholdsin cells. Theseassaysare suited
for high-throughput screening of an ever increasing num-
ber of new engineered nanomaterialsobviating theneed
forinvivotesting of individua materials. NT isimpor-
tant in devel oping sustai nabletechnologiesfor thefu-
ture, for humanity and theenvironment. Thereisagrow-
ing need to devel op environmenta ly friendly processes
through green synthes sand other biologica gpproaches.

IMPORTANCE OFTHE STUDY

Presently availableliteraturereved ed that themetd
NPssynthesisusing plants, microorganismsand algae
assourcehas been unexplored and underexploited. Re-
Sistanceto antimicrobia agentsby pathogenic bacteria
has emerged in recent years and is a mgjor health
problem. The development of green processes for the
synthesisof NPisevolving into animportant branch of
green nanotechnology. Plantshave evolvedinthepres-
enceof natural nanomaterias. Thereasonfor selecting
plant for Biosynthes sisbecausethey contain reducing
agentslikecitric acid, ascorbic acids, flavonoids, re-
ductases and dehydrogenases and extracellular elec-
tron shuttlersthat may play animportant rolein biosyn-
thesisof metd nanoparticles®9. Physicochemica prop-
ertiesof nanomaterias, biologica effects. Theunusua
phys cochemicd propertiesof engineered nanomaterids
aredtributabletotheir smdl sze(surffaceareaandsize
digtribution), chemica composition (purity, crystdlinity,
electronic propertiesetc.), surface structure (surface
reactivity, surface groups, inorganic or organic coaings
etc.), solubility, shape and aggregation. Shape of the
NPs has been shown to have apronounced effect on
thebiologicd activity. Reactive oxygen species(ROS),
due to their high chemical reactivity can react with
DNA, proteins, carbohydratesand lipidsin adestruc-
tive manner causing cell death either by apoptosisor
necross. Themost frequently affected macromol ecules
arethose genesor proteins, which haverolesinoxida
tivestress, DNA damage, inflammation or injury tothe
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immune system. However, the probability of plant ex-
posure to nanomateria s hasincreased to agreater ex-
tent with the ongoing increasing production and use of
engineered nano materialsin avariety of instruments
and goods. Plant mediated synthesis of metal NPsis
gaining moreimportance owingtoitssmplicity, rapid
rate of synthesisof TiO, NPsof attractiveand diverse
morphologiesand elimination of eaborate maintenance
of cell culturesand ecofriendliness.

SIGNIFICANCEAND SYNTHESISOFTIO,
NPsSPARTICLES

Thereasonfor selecting plant for biosynthesisis
because they contain reducing agentslikecitric acid,
ascorbic acids, flavonoids, reductasesand dehydroge-
nases and extracel lular el ectron shuttlersthat may play
an important rolein biosynthesis of metal nano par-
ticled'd. They life pan of metal nanoparticlesand speed
up the rate of synthesis in comparison to
microorganism’s. Depending on the origin we can dis-
tinguish threetypesof NPs: naturd incidental and engi-
neered. Natural NPshave existed from earth formation
and still occur inthe environment invol canic dustsand
minera composites. Thegenerd procedureusing plants
to produce metallic nanoparticles employsthedried
biomass of theplantsand ametalic sdt, asbioreducing
agent and precursor, respectively. No correlation is
observed between the color devel opment and increase
in abundance exhibited by the synthesized nano metdl.
Thegreen synthesisof NPsinvolvesthree main steps,
including (a) sdection of solvent medium, (b) selection
of environmenta ly benign reducing agent, and (C) se-
lection of nontoxic substancesfor theNPssynthesig™.
Studieshave shown that the size, morphol ogy, stability
and properties (chemical and physical) of the metal
nanoparticlesare strongly influenced by the condition
of experiment, thekineticsof interaction of metd ions
with reducing agents, and adsorption processesof sta-
bilizing agent with metal nanoparticles™@. Different ma-
terial s can be used to make these nanoparticles, such
asmetal oxideceramics, slicates, magnetic materials,
lyposomes, dendrimers, emulsionsand etc*¥, Severa
scientistsadready synthesized green route of TiO, NPs
using Aspergillustubingensig'¥. A novel, low-cost,
green and reproducible bacteria, Aeromonas
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hydrophilal*, using microorganisms*®, Annona squa-
mosa peel extract!!, Eclipta prostrata leaf aqueous
extract™,

FACTORSAFFECTINGBIOSYNTHESISOF
NANOPARTICLES

Nature has el egant and ingeniousways of creating
themogt efficient miniaturized functiona materials. In
attemptsto create miniaturized structures, significant
achievements have been achieved and structures of
micron and nano-dimens onscan now beroutindy fab-
ricated though the compl exity manifested by the nature
isyet adistant goal. The most important challengein
nanotechnology today isto cost effectively tailor the
optical, el ectric and e ectronic property of NPsby con-
tralling theconfiguration aswdl asmonodigpersty. Syn-
thesisof nano materials with the required quality and
desired properties are one of theimportant issues in
present greennanotechnology. Different kindsof NPs
can be successfully synthesized by traditionaly chemi-
cal and physical methods. Temperature playsanim-
portant role to control the aspect ratio and relative
amounts of gold nanotriangles and spherical
nanoparticles. pH of themediumdsoinfluencesthesize
of nanoparticlesat great concern. Other than pH and
temperature other factorslike concentration of extract
aso play rolein NP synthesisand reduction process of
ionsinto metallic nano.

ACTIVITIESOF NPs

Solanum trilobatum extract-
mediated synthesis of titanium dioxide nanoparticles to
control Pediculus humanus capitis, Hyalomma
anatolicum and Anopheles subpictug®, Chlamy-
domonasreinhardtii, Other microorgani smg?t24:
Candida albicand %, E. coli(?,

CHARACTERIZATION OF NPs

Characterization of nanoparticlesisimportant task
to understandand control over nanoparticlessynthesis
and applicationsand it can be done using devel oped
and sophisticated techniques such astransmissonand
scanning electron microscopy (TEM, SEM), atomic
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force microscopy (AFM), dynamic light scattering
(DLS), X-ray photoelectron spectroscopy (XPS),
powder X-ray diffractometry (XRD), Fourier transform
infrared spectroscopy (FTIR), and UV—Vis spectros-
copy®. The TiO2 NPswere characterized by FTIR,
XRD,AFM and FESEM with EDX.

SEPARATIONAND PURIFICATION OF NPs

Capillary magneticteld tiow fractionation (MFFF)
was described by?® demonstratesthat magnetic NPs
can be separated not only accordingto sizebut dsoon
material composition, HPLC and sizeexclusion chro-
matography?%, NPs are successfully separated
gold®U- NPsand another important approachis cen-
trifugationisused widely in colloid science now and
Membranefiltration.

BIOCOMPATIBILITY OF NPS(NPS)

They dso serveaswel |l defined systemsfor study-
ing the structure-activity relationships involving
nanomaterias. Some of the distinct advantagesof in
vitrosysemsusing variouscdl linesinclude; (1) revela
tion of primary effectsof target cellsin the absence of
secondary effects caused by inflammation; (2) identifi-
cation of primary mechanismsof toxicity intheabsence
of thephysiologica and compensatory factorsthat con-
found theinterpretation of wholeanima studies; (3) €f-
ficiency, rapidity and cost-effectiveness, Thecytotoxic
effectsfor dmogt dl kindsof metdlic, metal oxide, semi-
conductor NPs, polymeric NPs and carbon based
nanomateriasetc. have been reported. For establish-
ing ‘safe’ nanotechnology it would be necessary to prove
non-genotoxic nature of the nanomateriasin question.
Severd genotoxicity assays can becarried out invitro.
Inwvitro cytotoxicity studiesof metalic NPsusing cell
lines, incubationtimesand col orimetric assayswith dif-
ferent nanomaterialsareincreasingly being published
and thetechniquesthat can be used to assessthetoxic-
ity of nanomateriasinclude (1) invitro assaysfor cell
viability/proliferation using MTT, LDH assay!®2%3
mechani stic assays ROS generation, apoptos's, necro-
sis, DNA damaging potential using ROS assay**! (2)
microscopic evauation of intracellular localization in-
cludeSEM-EDS, TEM, AFM, Fuorescence spectros-
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copy, MRI, VEDIC microscopy (3) geneexpression
anaysis, high-throughput systems (4) invitro hemoly-
sisand (5) genotoxicity etc. The NPs are tested for
biocompatility for pulmonary™, erythrocytes™”, endot-
helid cdllsfor cardiovascular disease® Ovarian Can-
cer®.49% in anima sspleeninjury, lunginflammation®Y,
mouseembryonic fibroblastd*, human monocytes
human spermatozod*!, murinegliomacel 199, ocular
USG[47]'

APPLICATIONS

Nanotechnology isafield that is mushrooming,
making animpact in al spheresof humanlife. During
thecurrent scenario nanotechnol ogy motivatesprogress
in al sphere of life, hence biosynthetic route of
nanoparticles synthesiswill emerge as safer and best
dternativeto conventiond methods. Recently Sesbania
Gumisusedto preparemetal NPsanditisanew idea,
green and low cost approach for synthesis
nanoparticles*® Tio2 nanoparticles (Tio,-NPs), ap-
proximatdy lessthan 100 nmin diameter, have become
anew generation of advanced materialsdueto their
nove and interesting optica, diglectric, and photo-cata
lytic propertiesfrom size quantization. photo catal yst
andwidely utilized asasdf-cleaning and self disinfect-
ing materia for surface coating in many applications,
titanium dioxidehasamore hdpful rolein our environ-
mentd purification dueto itsnontoxicity, photo induced
super-hydrophobicity and antifogging effect Though
variousbiologica entitieshave been exploited for the
production of nanoparticles, the use of plantsfor the
facilerobust synthesi sof nanoparticlesisatremendous.
The use of nanoparticlesfor biomedical applications,
such asdrug, delivery, biosensors, cancer treatment,
has been extensively studied throughout the past de-
cade“* %, Toxicity of silver and other NPsarenot fully
understood evenitisusing fromlongtime. Shapeand
sizecontrol of nanoparticlesiseasily understood with
theuseof plants. The nanoparticlesextracted fromplants
are used in many applicationsfor benefit of humans.
Metd nanoparticlesareappliedin biology asbiosensors
in protein detection™> |abeling agents ™ and cancer
therapeutics™. The Green chemistry synthetic route
can be employed for both silver and gold silver
nanoparticlessynthesis.
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CONCLUSION

The*““green” route for nanoparticle (NP) synthesis
isof great interest dueto eco-friendliness, economic
prospects, and feasibility and wide range of applica-
tionsin nanomedicine, new category catdyssmedicine,
nano-optoe ectronics, etc. Itisanew and emerging area
of research in the scientific world, where day-by-day
developmentsisnoted inwarranting abright futurefor
thisfield. Thisgreen chemistry approach toward the
synthesisof TiO, and othershavemany advantagessuch
as, easewith which the process have economic viabil-
ity, etc. The characterization analysis proved that the
particle so produced in nano dimensions would be
equaly effectiveasthat of antibioticsand other drugsin
pharmaceutica applications. Theongoing research f-
forts are focussed on evaluating the safety of
nanomedicineand formulating theinternationa regula:
tory guiddinesfor the same, whichiscritical for tech-
nology advancement. With vast technology push, there
aremany challenges head that need to be understood
and solve in order to make the NP-based products
commercialy viable. Thispaper hasreviewed recent
knowledge and built adata base of bioreductive ap-
proachestotitanium oxide (TiO,) NPsusing different
biological systems. Thepresent review highlightsthe
current knowledge regarding the potential sourcesfor
biosynthesis of these NPsand presentsadatabase that
future researchers can build upon. Presently, there-
searchersarel ooking into the devel opment of cost-ef-
fective proceduresfor producing reproducible, stable
and biocompatiblemetal lic NPsfrom bioresources.
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