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Abstract

Poly-N-Vinyl Pyrrolidone (PVP) with molecular formula (CsHgNO) 4, of molecular weight
40,000 is a water soluble polymer, is a highly biocompatible polyactamide homopolymer. PVP is
taken as an important component is firstly converted into it oxime derivative. PVP is treated with
hydroxylamine hydrochloride (NH,OH.HCI) in alkaline medium to facilitate smooth reaction.
Spectroscopic characterization of the PVP-Oxime molecule is carried by Fourier Transmission
IR Spectra, 'H NMR Spectra, UV-VIS Spectrophotometer. The IR vibration frequencies of PVP-
Oxime show the presence of side chains as poly vinyl chain. *"H NMR Spectra infers the presence
of oxime group in the molecule. At 0.001% concentration of PVP-Oxime absorbance of UV-Vis
spectra is studied. Physico-chemical characterization of the PVP-Oxime molecule is studied by
sophisticated Analytical instrument Survismeter. It includes Viscosity, Surface tension,
Friccohesity, interaction between the molecules, volumetric interaction in bulk and in thin films.
The 0.001%, 0.0005%, 0.00025%, 0.000125%, 0.0000625% samples of different concentration
of PVP-Oxime in aqueous media are studied for adhesive, cohesive, frictional forces, Wetting
and De-wetting effects. The supramolecule can be extensively applied as an adsorbent surfaces
for many bio-physicochemical phenomena. The surface morphology of the Poly-N-Vinyl
Pyrrolidone and its Oxime molecules are studied by Scanning Electron Microscopy (SEM)
techniques. The porosity and the nanostructure surface properties of the molecule can be studied.
Thus the physico-chemical and structural Characterization of the PVP and PVP-Oxime nano
particles reveals us the Physical, Chemical and biological activities of the molecule making it
more applicable in broad areas of medicinal chemistry, Bio-physical Engineering, Drug
chemistry as nano bio-chips, biosensors, drug loading and drug delivery systems, etc.

Keywords: PVP-Oxime, adsorbent, wetting effects, biological activities,
nanostructures, biosensors

Introduction diversities. These assemble in different ways
Nature has created the world with large which enables us to study a wide range of
biodiversity among living organisms, with possible supramolecular structures. Latest
limited number of building blocks- and current research scenario demands focus
carbohydrates, amino acids, lipids, nuclei on the small organic molecules which have
acids, which has various bio-chemical proven to be invaluable tools for
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investigating biological systems, but there is
still much to learn from their use. To
discover and to use more effecient new
chemical tools to understand biology,
strategies are needed that allow us to
systematically explore ‘biological-activity
space’. Such strategies are helpful in
analysing both protein binding of, and
phenotypic responses to, small organic
molecules. The advanes in synthetic
chemistry and biotechnology enables us to
synthesise new biomaterials uing these
smaller organic molecules as building
blocks that have not been yet made. Those
methods which promise to shorten the time
or the cost are eagerly taken up, and this is
with combinatorial chemistry and multiple
parallel syntheses. Such self assembled
materials can be improved with enhancing
their properties as well as their applications
in drug chemistry [1-3]. Combinatorial
chemistry is the collection of systemic and
repetitive covalent connection of variety of
building blocks of varying structures leading
to the formation of new diverse
supramolecular entities which is the recent
trend in the pharmacogenics.

Solid phase synthesis and solid phase
organic synthesis can be used. The use of
central core molecule with multiple binding
sites as a template for the construction of
libraries has been reported by Carell and co-
workers [4]. The application of parallel
synthesis to lead optimization programs in
drug discovery has been an ongoing
challenge [5]. In addition to the potential for
targeting, the physicochemical properties of
nanoparticles make them ideal devices for
the delivery of compounds to tumor cells.
Molecules such as contrast agents or drugs
can be loaded into the core of a nanoparticle
or applied as a coating to its surface. The
process of a single nanoparticle carrying a
large number of drug molecules or ions is
referred to as "nanoparticle amplification™
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and explains the concept of nanoparticles as
delivery devices[6]. In the mordern research
nanoparticles are finding increased uses in
drug delivery applications as a means to
increase treatment efficacy and improve
patient care.  Engineered  polymeric
nanoparticles that undergo a hydrophobic to
hydrophilic transition at a definite pH range
afford swelling and rapid release of their
contents has been reported [7]. Polymeric
systems play a very important role in
industrial and chemical processes as well as
in biological processes of living organisms.
A novel magnetic drug-targeting carrier
characterized by a polymeric core - shell
structure has become a matter of interest in
the clinical chemistry [8-9]. So, polymeric
systems has become a matter of great
interest for biochemists and chemical
engineers as it offers chemical, mechanical
and thermal robustness, adhesion to a wide
variety of materials like different polymers,
inorganic metals etc. polymeric systems can
be processed into thin films, fibres, wave
guides, and large areas structures, optical
sources and detectors integration with
electronic systems, low cost and potential
for long range orientation [10-11]. Recent
trends in nano particle sized bio- physical
engineering has widely increased the
formulation  opportunities  of  water-
insoluble drugs. Thus, these studies could
serve as a basis for the use of nanoparticle-
mediated drug delivery to enhance
bioavailability and limit any unwanted
toxicity of  chemopreventive  agents.
Combination of different classes of
materials may lead to the formation of our
new products which are of desired features
and properties and can fulfill our objectives
[12-15]. High molecular weight polymers
have been widely used as soluble drug
carriers to improve drug targeting and
chemotherapeutic efficacy. Dendritic
polymers have broad range of applications



as monodisperse drug carriers due to their
well-defined structure, multivalency, and
flexibility for tailored functionalization [16].
A variety of approaches have been made in
which drugs have been conjugated to
polymers to improve their water solubility
properties, to decrease their toxicity due to
local accumulation of the drug prior to
reaching the target tissue, and to protect
them from any possible enzymatic
degradation or hydrolysis within the
biological system. By manipulating the
chemical composition of the dendritic
systems  the biocompatibility  and

pharmacodynamics can be tuned desirably
[17].
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Poly-N-Vinyl Pyrrolidone (PVP):
Polyvinylpyrrolidone is a white, light, flaky
powder, water soluble photopolymer readily
absorbs up to 40% of its weight in
atmospheric water. PVP is a nonionic water-
soluble polymer, is readily soluble in polar
solvents such as alcohols, amines, acids and
chlorinated hydrocarbons.

Technical Applications:

Polymer PVP was used as a blood plasma
expander for trauma victims. It is used as a
binder in many pharmaceutical tablets and
forms a complex with iodine called
iodine complex wused a

povidone -
disinfectant.

Fig. 1: Dendritic System and Dendrimer Surfaces to Bind Biological Molecules.

Polyvinylpyrrolidone (PVP)
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PVP is wused as stabilizer in food
additive.PVP can be used as substitute to
blood plasma with no side effects.The
tensile strength of the hydrogel membranes
increases with increasing PVP ratios. The
prepared hydrogel membranes were found to
be biocompatible with B16 melanoma cells.
There is a decrease in crystallinity of the
hydrogel membranes with increase in PVP
ratio. A medium containing
polyvinylpyrrolidone (PVP), in addition to
DMSO, can be used for long-term storage of
hepatocytes for preparing primary cultures
to be used in drug metabolism studies [18-
21]. PVP is hydrophilic in nature and highly
biocompatible, and its thin films have found
many applications in the biomedical
community, one of which is as
antibiofouling surfaces [22]. PVP shows
good compatibility —with  plasticizers,
hydrophilic binders, and thin films. PVP
shows reversible association with iodine,
tannins, dyes polyphenols and forms
complexes. The inhibitory effects of
polyphenolic contamination of RNA are
reversed by the inclusion of PVP in the
polymerase chain reaction [23]. PVP binds
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Fig. 2: Adhesive applications of PVP.
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to polar molecules , because of its polar
nature. This has made its application in
coatings for photo-quality ink-jet papers and
transparencies, in inks for inkjet printers. In
the immunochemical studies PVP is used as
a blocking agent[24]. The change in the
properties upon the addition of PVP into the
blends prepared with chitosan shows the
hydrophilicity of the blends increases due to
the presence of PVP in the chitosan
substrate which helps in breaking the
hydrogen bonds in between chitosan
molecules and causes the blends to swell.

Pharmaceutical Applications of PVP:

The effects of two typical additives, lithium
chloride (LiCl) and glycerol, on the
fabrication of poly (vinylidene fluoride-co-
hexafluropropylene) (PVDF-HFP)
asymmetric  microporous hollow fiber
membranes were studied by Lei Shi in terms
of membrane morphology, structure, and
permeation performance, hydrophobic and
mechanical property in which the membrane
hydrophobicity was affected more by PVP,
by changing the thermodynamic and kinetic
properties.



The combined effect of hydroxypropyl-p-
cyclodextrin (HPBCD) and
polyvinylpyrrolidone (PVP) on the solubility
of naproxen (NAP) was studied at different
temperatures. Variations in thermodynamic
parameters infer the significance of PVP in
the formation of a NAP-HPBCD-PVP
ternary complex. The combination of PVP
and HPBCD has led to a synergistic
increasing effect of the aqueous solubility of
NAP (120 times that of the pure drug) [25-
26]. Using PVP as additive on
polyvinylidene fluoride (PVDF), the hollow
fibre membrane morphology and structure
for microfiltration was studied where the
rejection rate and tensile strength was
increased. Enrica Fontananova prepared
Porous asymmetric hydrophobic membranes

were from poly(vinylidenefluoride-co-
hexafluoropropylene)and

polyvinylidenefluoride (PVDF)
homopolymer by the phase inversion

process, where the membranes made of
PVDF copolymer offer a higher resistance to
mass transport is due to lower membrane
porosity and pore size[27].To improve the
dissolution performance of a drug Bay

.
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Fig. 3: Properties of PVP.
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t3839 Andreas Ohm  [30]applied
coprecipitate formulation method and the
necessary ratio polyvinylpyrrolidone (PVP)
to drug substance was found to achieve
supersaturation ,as the drug is highly
sparingly soluble drug. PVP and co-polymer
product has been developed as a new
valuable  biosensor and  conducting
copolymer molecule to serve as useful
biochip and a biocompatible template [31].
Water-soluble ~ complexes of AmB
(amphotericin B) and polyvinylpyrrolidone
(AmB-PVP) compared with PVP display
lower cytotoxicity while maintaining
antifungal activity was less hemolytic and
cytotoxic than AmB [32].
Polyvinylpyrrolidone is one of the most
important  excipient used in  modern
pharmaceutical technology. Combination of
Ce 6-PVP induced fluorescence imaging and
spectroscopy can be widely applied for
optical detection and discrimination between
cancer and the surrounding normal tissues.
Because of the selective localization and
photodynamic activity of Ce6-PVP, it is
used as a therapeutic agent for
photodynamic cancer therapy [33-36].
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Industrial applications of PVP:

The sorption and desorption of poly
(vinylpyrrolidone)-Se-0 (PVP-Se-0)
nanoparticles on gel films of cellulose
Acetobacter xylinum (CAX) are studied.
Depending upon their sorption inside the
cellulose gel film and on the film surface,
these nanoclusters differ in the number and
size and can be used as cellulose template in
medical practices. Nanoscale optical
memory and photo fabrication on spin-
coated dye-doped PVP polymer films are
studied with respect to storage capacity and
readout signal-to-noise ratio with near-field
one-photon and two-photon excitations.
Doped polymer colloids are applied for
conductivity were prepared
electrochemically which adsorbs calcium,
copper and iron ions from aqueous solutions
and are used as biosensors. TiO, films
doped with ZnP- PVP can be used for
optical and photo physical studies. Doped
metal oxides are used as thin-film
optoelectronic devices in presence of the 1-
nm- to 3-nm-thick PVP surfactant layer are
applicable as organic solar cells. Sawicka
.etal. by the electrospining technique has
prepared nanocomposite fibres of urease and
PVP and the materials have proved to be
good urea biosensors which may find their
applications in the different fields of medical
diagnosis, environmental and bio- industrial
analysis [37-42]. Poly (vinylpyrrolidone)
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Fig. 4: AFM study of ultra thin PVP layers.
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films containing cobalt chloride or iodine
form polymeric complexes with electrical
conductivities are observed to be very
sensitive  to  environmental  humidity.
Huixiang Tang et al. prepared gas sensors
based on (PVP)-modified ZnO nanoparticles
with different molar ratios of Zn*" ions
shows fairly gas sensing properties [43-45].
Chengbin Jing et al. prepared CdS-PVP
nanocomposite film that shows excellent
optical properties exhibited by a nonlinear
optical refractive index and a certain
absorption coefficient values and are helpful
in the production of optical devices with
various shapes. The adhesive joint between
silica nanoparticles and ultra thin PVP layers
(thickness between 3 and 100 nm) was
studied with atomic force microscope. The
mechanical properties of the system as well
as molecular characteristics of the PVP layer
are responsible for the pronounced adhesive
property. Thus adhesive properties of the
thin films can be very much applicable in
different biomedical devices.

Using PVP as a binder, water based alumina
tapes were fabricated which shows high
flexural strength [46-48]. In the presence of
poly (vinylpyrrolidone) electron-transfer
quenching of tris (2, 2-bipyridine) ruthenium
(1) by methylviologen in an aqueous
suspension of clay was studied by Norishige
Kakegawa et al [49].

Force

gt

91


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6THH-4G65C5B-1&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=fd5488cd77e8d5dbaa78706a4205a942#vt1#vt1

By measuring the corrosion potential, linear
polarization resistance and AC impedance
during 60 days immersion in NaCl and
NaCl + PVP solutions on the corrosion
resistance of steel A.A. Glrten et al.[50]
observed that the compressive strength of
concrete had increased approximately 44%
in the specimens containing PVP. PVP-I
(povidone) is a potent antiseptic and, when
used as a component in a rinse with H,0o, it
can decrease the level of gingivitis. With
regards to patients with adult periodontitis,
Dr. Gary Greenstei observations show that
PVP-I delivered via an ultrasonic device.
Gold nanoclusters are stabilized by poly (N-
vinyl-2-pyrrolidone) readily oxidize
benzylic alcohols to the corresponding
aldehydes or carboxylic acids. It is proposed
a superoxo-like molecular oxygen species is
adsorbed on the surface of the small Au
nanoclusters which abstracts a hydrogen
atom from the alkoxide. By phase inversion
process  using  immersion—precipitation
technique membranes were formed from
poly (bisphenol-A sulfone)/poly (vinyl
pyrrolidone)/dimethylacetamide/water

systems. It explains that the macro voids
development is a function of the resistances
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created by precipitation kinetics of former
layers. Polymeric membranes are developed
having advanced or novel functions in the
various membrane separation processes for
liquid and gaseous mixtures (gas separation,
reverse 0SMOSis, pervaporation,
nanofiltration, ultrafiltration, microfiltration)
and in other important applications of
membranes such as biomaterials, catalysis
(including fuel cell systems) or lab-on-chip
technologies[51-54].

Poly-N-Vinyl Pyrrolidone (PVP) Oxime:
The synthesis of Oxime derivative of PVP
(Poly-N-Vinyl Pyrrolidone) is carried out by
taking PVP (Merck), hydroxylamine
hydrochloride (Merck) 1:1 ratio, wi/w,
followed by the addition of 5ml 1IN NaOH
solution in 50% ethanolic medium. The
reaction mixture was taken in RB flask
provided with magnetic stirrer and kept for
20-25 minutes; a white precipitate of PVP-
Oxime is formed. The White precipitate
formed is filtered through Whatman Filter
Paper washing several times with 25%
aqueous ethanolic solution. Precipitate
formed is Vacuum dried and collected [55-
56].
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Physico - Chemical Characterization:
PVP-Oxime, a derivative of PVP is highly
biocompatible and can be applied for broad
spectrum of applications. Man Singh et al.
has developed a new valuable biosensor and
conducting  Polyvinylpyrrolidone (PVP)-
oximate-silico-benzoyl glycine (POSBG)
copolymer molecule to serve as useful
biochip and a biocompatible template [57].
The average viscosity and molecular
weights (M) of PVP-oxime and the
copolymer were determined with their
respective dilute aqueous solutions at pH 7.
The IR spectra of the PVVP-oxime depicts the
1602, 1688 ™ stretching vibration
frequencies noted in the spectra infer the
presence of — C = N, — C = O, functional
groups, respectively, in the molecule [58].
The presence of colloidal particles or any
polymeric solute increases the viscosity of
the liquid than that of pure solvent. It was
shown by Einstein that the relative viscosity
of spherical colloidal particle is given by the
expression:

nw=n/n. =1+2.560, (1)

nr = the relative viscosity, n = viscosity of
the solution, n. = viscosity of the pure
solvent, 6, = the volume fraction of the
colloid particle. According to the above
equation the volume or overall size of the
colloidal particle of polymer and imbibed
solvent increases ,volume fraction 0, and the
relative viscosity mn, also increases. The 1
(viscosity) values are the function of the size
and shape of the polymeric molecule [59-
60]. Viscometric studies can be done by the
sophisticated analytical instrument
“Survismeter” [61] based on 2 in 1
technique for surface tension and viscosity
data measurement. These intrinsic viscosity
data has been considered as an effective
technique for (My) molecular weight
determination. 0.001%, 0.0005%,
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0.00025%, 0.000125%, 0.0000625%
samples of different concentration of PVP-
Oxime in aqueous media are studied for
adhesive, cohesive, frictional forces,
Wetting and De-wetting effects by
Survismeter [61-64]. Apart from frictional
and cohesive forces a new property known
as Friccohesity (c)[65] which illustrates the
rheological behaviour of the biological
fluids and the diffusion of the biocompatible
ions Na* , K*, Mg?* etc. and other molecular
ions, Zwitter ions (amino acids), globular
polyvalent protein ions get transported with
biofluids in the blood capillaries. Depending
upon the fluid behaviour fluids are

categorized as: Time independent Non -
Newtonian Fluids and time dependent Non -
Newtonian Fluids [66]. Property of some
non - Newtonian pseudo plastic fluids show
a time dependent change in viscosity is
known as Thixotropy.

Different formulations based on bioadhesive
and biocompatible polymers with different
rheological properties in terms of flow and
oscillation properties are widely employed
as important parameters for the application
as OVD(ophthalmic  viscosurgical
devices)[67-68].The study of rheological
properties of biological fluids are important
tools for correlating the pathological
conditions with the rheological behaviour
and biosubstitutes[69]. The wetting and



dewetting properties of thin films of
polymer of PVP-O can be studied by the
relation 1 h? / t vs. y. Bulk surface tension
measurements of the polymer cannot be
used to estimate the stability of ultra thin
films. Polymer film wettability is also
influenced by, the interfacial free energy
between the polymer and the substrate [70].
Surface morphology of the molecule is
studied by Scanning Electron Microscopy.
Controlling the size, shape, and structure of
polymer nanoparticles is technologically
important because of the strong correlation
between these parameters and drug loading,
drug delivery, optical, electrical, and
catalytic properties etc. To prepare pulsatile
release formulations consisting of two-
layered tablets appropriate for preventing
ischemic  heart diseases, PVP/HPMC
miscible blends with enhanced
mucoadhesive properties were taken. The
active core was constituted by a FELO/PVP
10/90 w/w solid dispersion while for the
adjustment of the drug release time the
coating layer was composed of PVP/HPMC
blends at different compositions, which acts
as a stimulus responsible layer [71]. y-
Butyrolactam is manufactured
conventionally by the reaction of
butyrolactone (derived from 1,4-butanediol)
with ammonia and is used as a precursor for
the manufacture of
poly(vinylpyrrolidone).Poly

(vinylpyrrolidone) is a specialty polymer
with applications as binders and blood
plasma substitutes in the cosmetic and
medical sectors. The scope of the
possibilities to generate current
functionalized chemical materials using
amino acids from biomass instead of fossil
resources, thereby taking advantage of the
biomass structure in a more efficient way for
the production of fuels or electricity[72]. It
was reported that polyvinylpyrrolidone
(PVP)-iodine complex (PVP- iodine)
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gradually released active iodine and the
broad-spectrum microbicidal activity of the
iodine, electrospun PVP-iodine nanofibers
can have external anti-bacterial, antimycotic
and antiviral applications. The detection of
interactions between a photosensitizer,
hypericin (HY), and its solvent system
prepared with a formulation additive,
polyvinylpyrrolidone (PVP), a commonly
used pharmaceutical excipient has been
reported. The results reveal out the
coordination of HY-PVP binding, HY
disaggregation in the presence of PVP, and
strengthened HY tumor uptake selectivity.
Thus PVP is suggested as a potential
adjuvant to previously investigated N-
methyl pyrrolidone (NMP) in the HY
delivery system as well as a replacement for
the conventionally used albumin in the HY
bladder instillation fluids preparation for
clinical use[73-74]. A new series of
poly(vinyl pyrrolidone) (PVP) and silver
chloride nanoparticles (AgCl) composite
fibres as been synthesized by Jie Bai et al.
which can be used in a wide range owing to
their unique properties and intriguing

applications in many areas[75- 76].

images of pure PVP

Fig. 7: SEM
nanofibres.



Conclusions

This review has covered the diverse
applications of PVP and its derivative PVP-
Oxime. The review is by no means is
exhaustive, and new applications are
emerging out continuously using PVP. The
above studies reveal that PVP and its
derivative ~ PVP-Oxime are  highly
biocompatible. The interaction of PVP-
Oxime with water is very high which shows
the presence of free sites available in the
molecule for binding. Thus, the very own
prepared molecule can be applied widely for
various biomedical applications as drug
vehicles, drug carriers, chemical sensors
etc.The above studies infer that the PVP and
PVP derivatives are promising materials for
controlled drug delivery systems. Coatings
made from PVP has been accepted by
medical communities because of their high
biocompatibility, antithrombogenecity,
protein repelling property, commercial
availability etc.The presence of hydrophilic
and hydrophobic functional groups on the
PVP and PVP-Oxime molecules and the
nanoparticle size makes the molecule
ensuring for its accessibility to all the
interior sites within the biological systems
and thus can be very useful in the drug
delivery systems as carriers and vehicles.
Hydrogels of PVP and its derivatives are
extensively used as substitutes for the
vitreous humor of the eye and also in the
tissue engineering and tissue regeneration.
The rheological properties of thin films of
the polymer are widely used as an important
parameter for its application in various
surgical instruments. The friccohesity,
cohesive and adhesive forces, wetting and
dewetting effects of the PVP-Oxime
molecule can be studied from this review
thereby making the molecule applicable
various biomedical and clinical areas. The
polymeric molecules have the interfacial
energies and physical properties like surface
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tension, viscosity , frictional forces, pseudo
plastic , dilatant behaviour etc.are the
important parameters to study the chemical
and physical behaviour of the molecule.
This review has mainly emphasized on the
study of various properties of the PVP and
PVP-Oxime molecules which can be applied
in the broad spectrum of pharmacogenomics
mainly as thin film coatings, chemical
biosensors, bio — organic chips, drug
loading and drug delivery systems,
substitute to biological fluids etc. Polymeric
particles are used for the controlled delivery
of several types of medicaments, including
anticancer agents, antihypertensive agents,
immunomodulatory ~ drugs,  hormones,
vitamins and macromolecules such as
nucleic acid, proteins, peptides, antibodies,
etc.

References

1. Brent R. Stockwell Nature 432, 846-854,
(2004).

2. F. Balkenhohl. C.Von dem, Bussche-
Hunnefeld, A Lansky and C.Zechel:
Angew. Chem. Int. Ed. Eng. 35 (1996),
2288.

3. Mark A. Gallop, Ronald W. Barrett,
William J. Dower, Stephen P. A. Fodor,
Eric M. J. Med. Chem., 1994, 37 (9),
1233-1251, 1994,

4. SR Wilson, AW Czarnik 1997,
Combinatorial Chemistry: synthesis and
applications

5. Harold N. Weller, David S. Nirschl,
Edward W. Petrillo, Michael A. Poss,
Charles J. Andres, Cullen L. Cavallaro,
Martin M. Echols, Katherine A. Grant-
Young, John G. Houston, Arthur V.
Miller, and R. Thomas Swann J. Comb.
Chem., 2006, 8 (5), 664—66.

6. DA Orringer, YE Koo, T Chen,
R Kopelman, O Sagher and MA Philbert
Clinical Pharmacology & Therapeutics
(2009); 85, 5, 531-534



7. Aaron P. Griset, Joseph Walpole Rong
Liu, Ann Gaffey, Yolonda L. Colson and
Mark W. Grinstaff J. Am. Chem. Soc.,
2009, 131 (7), 2469-2471.

8. Christian Geismann, Andriy
Yaroshchuk, and Mathias Ulbricht.
Lehrstuhl fir Technische Chemie I,

Universitdt ~ Duisburg-Essen, 45117
Essen, Langmuir, 2007, 23 (1), 76-83.

9. J. L. Zhang, R. S. Srivastava, and R. D.
K. Misra Langmuir, 2007, 23 (11), 6342—
6351.

10.Sergey E. Paramonov, Eric M. Bachelder,
Tristan T. Beaudette, Stephany M.
Standley, Cameron C. Lee, Jesse Dashe
and Jean M. J. Fréchet Bioconjugate
Chem., 2008, 19 (4), 911-919.

11.Yaroslav Klichko , Monty Liong
Eunshil Choi , Sarah Angelos , Andre
E. Nel , J. Fraser Stoddart , Fuyuhiko
Tamanoi and Jeffrey I. Zink Journal of
the American Ceramic Society 92, (1)
2008, (2-10).

12.Jean-Bosco Tagne, Srikanth Kakumanu,
Sumeet  Gupta, Thomas Volkert,
Richard Young and Robert J Nicolosi
The FASEB Journal. 2007; 21:1b15.

13.Imtiaz A. Siddiqui, Vagar M. Adhami,
Dhruba J. Bharali Bilal B. Hafeez,
Mohammad Asim, Sabih 1. Khwaja,
Nihal Ahmad, Huadong Cui, Shaker A.
Mousa and Hasan Mukhtar Cancer
Research 69, 1712, 2009.

14. HP Nestler, PA Bartlett, WC Still - The
Journal of Organic Chemistry, 1994 -
pubs.acs.org.

15.0mayra L. Padilla De Jesus, Henrik R.
Ihre, Lucie Gagne, Jean M. J.  Fréchet,
and Francis C. Szoka, Jr. Bioconjugate
Chem., 2002, 13 (3), 453-461.

16.Cameron C Lee, John A MacKay, Jean M
J Fréchet & Francis C Szoka  Nature
Biotechnology 23, 2005, 1517 — 1526.

96

IJSAR, 2(7), 2015; 86-98

17.Zzili Sideratou, Leto-Aikaterini Tziveleka,
Christina Kontoyianni, Dimitris
Tsiourvas, Constantinos M. Paleos Gene
Ther Mol Biol, 10, 71-94, 2006.

18. Rakesh K. Mishra, Mahesh Datt
Ajit K. Banthia 9, 2/, 335-72, 2008.

19.A. Nakano, Y. Minoura, J. Appl . Polm.
Sci. 21, 1977, 2877.

20.B. Wurzschmitt, Fresenius Z. Anal.
Chem. 130 (1949/50) 128.

21.M. J. Gbémez-Lechon, A. Lahoz, N.
Jiménez, J. Vicente Castell and M. T.
Donato 2006, 3, 6, 457-472.

22.Kelvin Chan, Lara E. Kostun, Wyatt E.

Tenhaeff and Karen K. Gleason. Polymer

47, 20, 2006, 6941-6947.

23. PK Koonjul, WF Brandt, JM
Farrant and GG Lindsey Nucleic Acids
Research, 27, 3,

915-916.
Haycock J. W. Analytical Biochemistry
208, 2, 397-399, 1993,

and

24.

25. M. T. Qurashi , H. S. Blair, S. J. Allen
Journal of Applied Polymer Science
46,2, 255 - 261.
Paola Mura, M. Teresa Faucci and Gian
Piero Bettinetti , European Journal of
Pharmaceutical Sciences 13, 2, 2001,
187-194.
Lei Shi, Rong Wang, Yiming Cao, David
Tee Lian and Joo Hwa Tay. Journal of
Membrane Science, 315, 1-2, 2008, 195-
204.

28. Cha, Bong-Jun; Yang, Jung-Mok.

Macromolecular research
14, 6, 2006, 596-602.

29. Enrica Fontananova, Johannes C.
Jansen, Alessandra Cristiano, Efrem
Curcio and Enrico

Drioli Desalination 192, 1-3,
2006, 190-197.

26.

217.


http://www3.interscience.wiley.com/journal/121627759/issue
http://www.sciencedirect.com/science/journal/00323861
javascript:DetailQuick_author('Cha,%20Bong+Jun%20')

34.

35.

36.

37.

38.

39.

40.

30. Andreas Ohm European Journal
of Pharmaceutics and Biopharmaceutics.
49, 2, 2000,

183-189.

31. Man Singh, Sushila Chauhan
Journal of Applied Polymer Science. 104,
5, 2006, 3261 — 3268.

32. Ekatherina Charvalos, Manolis N.
Tzatzarakis, Frangoise Van Bambeke,
Paul M. Tulkens, Aristidis M. Tsatsakis,
George N. Tzanakakis and Marie-Paule
Mingeot-Leclercq Journal of
Antimicrobial ~ Chemotherapy 2006,
57(2), 236-244.

33.  William WL Chin, Patricia SP
Thong, Ramaswamy  Bhuvaneswari,
Khee

Chee Soo, Paul WS Heng, and
Malini Olivo BMC Med Imaging. 2009 ;
9:1.
Ramaswamy B, Manivasager V, Chin
WW, Soo KC, Olivo M. Int J Oncol.
2005; 26:1501-1506.
Chin WW, Heng PW, Olivo M. Chlorine
6 — BMC Pharmacol. 2007; 7:15.
Maria Micha-Screttas and  Helmut
Ringsdorf Current Topics in Medicinal
Chemistry, 2008, 8, No. 14.
Baklagina, Y. G. ; Khripunov, A. K. ;
Tkachenko, A. A. ; Suvorova, E. I. ;
Klechkovskaya, V. V. ; Borovikova, L.
N. Smyslov, R. Y. ; Nilova, V. K. ;
Nazarkina, Y. I. ; Lavrentev, V. K. ;
Valueva, S. V. ; Kipper, A. I. ; Kopeikin,
V. V. Crystallography Reports, 51, 4,
2006, 619-626.
Yuzhen Shen, Jacek Swiatkiewicz, Paras
N. Prasad and Richard A. Vaia 200, 1-6,
2001, 9-13.
J. M. Davey, P. C. Innis, S. E. Ralph, C.
O. Too, G. G. Wallace and A. C.
Partridge 175, 3, 2000, 291-301.
Teresa M. R. Viseu, Graham Hungerford,
and Maria Isabel C. Ferreira J. Phys.
Chem. B, 2002, 106 (8), 1853-1861.

97

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

IJSAR, 2(7), 2015; 86-98

Jung-Yong Lee, Stephen T. Connor, Yi
Cui, and Peter Peumans Nano Lett.,
2008, 8 (2), 689-692.

Sawicka, K.; Gouma, P. & Simon, S.
Electrospun biocomposite nanofibres for
urea biosensing. Sensors and Actuators
B, 2005, 108, 585-88.

M.K.Patra, K.Manzoor, M.Manoth,
S.C.Negi, S.R.Vadera, N.Kumar Defence
science journal, 58, 5, 2008, 236-249.
Alvaro A. A. De Queiroz , Demétrio A.
W. Soares , Piotr Trzesniak , Gustavo A.
Abraham Journal of Polymer Science
Part A: Polymer Chemistry, 39 4, 459 —
469.

Huixiang Tang, Mi Yan, Xingfa Ma, Hui
Zhang, Mang Wang and Deren Yang
Chemical, 113, 1, 2006, 324-328.
Chengbin Jing, Xinguang Xu, Xiaoliang
Zhang, Zhibo Liu and Junhao Chu 2009
J. Phys. D: Appl. Phys. 42 075402 (6pp).

Baris Kokuoz, Konstantin G. Kornev and
Igor Luzinov ACS Appl. Mater.
Interfaces, 2009, 1 (3), 575-583.

Seok Park, Yu Jeong cho, Myung Hyun
Lee,Se Young Choi,Deuk Yong Lee, Dae
Joon Kim Journal of Korean ceramic
society, 38,11, 1060-1066, 2001.
Norishige Kakegawa and Makoto Ogawa
Langmuir, 2004, 20 (17), 7004—70009.
AA. Girten, M. Erbil and K.
Kayakirilmaz Cement and Concrete
Composites 27, 7-8, 2005, 802-808.

Dr. Gary Greenstei Journal of
Periodontology, 1999, 70, 11, 1397-1405.
Hironori Tsunoyama, Hidehiro Sakurai,
Yuichi Negishi, and Tatsuya Tsukuda J.
Am. Chem. Soc., 2005, 127 (26), 9374—
9375.

P. S. T. Machado, A. C. Habert and C. P.
Borges Journal of Membrane Science
155, 2, 1999, 171-183.

Mathias Ulbricht Polymer, 47, 7, 2006,
2217-2262.


http://www3.interscience.wiley.com/journal/30035/home
http://infoscience.epfl.ch/search?f=author&p=Baklagina%2C%20Y.%20G.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Khripunov%2C%20A.%20K.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Tkachenko%2C%20A.%20A.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Suvorova%2C%20E.%20I.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Klechkovskaya%2C%20V.%20V.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Borovikova%2C%20L.%20N.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Borovikova%2C%20L.%20N.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Borovikova%2C%20L.%20N.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Smyslov%2C%20R.%20Y.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Nilova%2C%20V.%20K.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Nazarkina%2C%20Y.%20I.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Lavrent%27ev%2C%20V.%20K.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Valueva%2C%20S.%20V.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Kipper%2C%20A.%20I.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Kopeikin%2C%20V.%20V.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Kopeikin%2C%20V.%20V.&ln=en
http://infoscience.epfl.ch/search?f=author&p=Kopeikin%2C%20V.%20V.&ln=en
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6THH-4G65C5B-1&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=fd5488cd77e8d5dbaa78706a4205a942#vt1#vt1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6THH-4G65C5B-1&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=fd5488cd77e8d5dbaa78706a4205a942#vt2#vt2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6THH-4G65C5B-1&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=fd5488cd77e8d5dbaa78706a4205a942#vt3#vt3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6THH-4G65C5B-1&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=fd5488cd77e8d5dbaa78706a4205a942#vt4#vt4
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6THH-4G65C5B-1&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=fd5488cd77e8d5dbaa78706a4205a942#vt5#vt5
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6THH-4G65C5B-1&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=fd5488cd77e8d5dbaa78706a4205a942#vt6#vt6
http://www.sciencedirect.com/science/journal/09254005
http://www.sciencedirect.com/science/journal/09254005
http://www.sciencedirect.com/science/journal/09254005
http://www.iop.org/EJ/search_author?query2=Chengbin%20Jing&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1
http://www.iop.org/EJ/search_author?query2=Xinguang%20Xu&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1
http://www.iop.org/EJ/search_author?query2=Zhibo%20Liu&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1
http://www.iop.org/EJ/search_author?query2=Junhao%20Chu&searchfield2=authors&journaltype=all&datetype=all&sort=date_cover&submit=1

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Vogel's Textbook of Practical Organic
Chemistry (5th Edition) by A.l. Vogel ,

A.R. Tatchell , B.S. Furnis , A.J.
Hannaford , P.W.G. Smith.
Arthur 1. Vogel, Vogel's Practical

Organic Chemistry Third Edition, 1956.
Man Singh, Sushila Chauhan Journal of
Applied Polymer Science 104 5, 2007,
3261 — 3268.

Man Singh , Sushila Chauhan Physics
and Chemistry of Liquids, 45, 4, 2007 ,
443 — 452,

A. Einstein, Ann. Phys, 19, 1906, 289.
Tomito B, J. Appl. Polym Sci, 15,1977,
2347.

Man Singh, Ind.J. Chem. CSIR, 43A,
2004, 1696-1700.

Man Singh, J. Exp. Instr. Tech., 48(2)
(2005), 270-271.

Man Singh and Ajay Kumar, J. Soln
.Chem. 35 (4), 2006, 567-582.

CFCT- National Physical Laboratory,
New Delhi, 2006.
Man Singh, J. Biochem. Biophys.

Methods, 67, 2006, 151- 161.

Cheng et al 1965 Br. J. Appl. Phys. 16
,1599-1617.

Thomas H. Simon, H. George DeKay,
Gilbert  S. Banker  Journal  of
Pharmaceutical Sciences 2006 , 50,
10, 880 — 885.

Adriana Maltese, Assunta Borzacchiello’,
Laura Mayol , Claudio Bucolo, Francesco

98

69.

70.

71.

72.

73.

74.

75.

76.

77.

IJSAR, 2(7), 2015; 86-98

Maugeri,
Ambrosio
27, 29, 2006, 5134-5142.

Tissue Engineering and novel Drug
delivery ~ System by Michael J.
Yaszemski, Donald L. Wise.

K. M. Ashley, D. Raghavan, J. F.
Douglas, and A. Karim, Langmuir 2005,
21, 9518-9523.

Evangelos Karavas, Emmanouel
Georgarakis and Dimitrios Bikiaris
European Journal of Pharmaceutics and
Biopharmaceutics, 64, 1, 2006, 115-126.
Elinor Scott, Francisc Peter, and Johan
Sanders Appl Microbiol Biotechnol.
2007; 75(4): 751-762.

Fang Jian et al. Chinese Science Bulletin
August 2008, 53, 15, 2265-2286.

Jun Liu, Constance Lay Lay Saw, Malini
Olivo, Thankiah Sudhaharan and Sohail
Ahmed , Paul Wan Sia Heng, Thorsten
Wohland National J. Biomed. Opt., 14,
014003 (2009).

Jie bai, Yaoxian li, Lei sun, Chaoqun
Zhang and Gingbiao Yang Bull. Mater.
Sci. 32, No. 2, 2009, 161-164.

M Singh, GV Padmaja - Bulletin of the
Korean Chemical Society, 30, 2010, 7.
Anne Corine lzer, Erik Vriezekolk, Erik
Rolevink and Kitty Nijmeijer Journal of
Chemical Technology and
Biotechnology, 90, 2014, 1.

Luigi  Nicolaisand  Luigi

Biomaterials


http://www.amazon.com/exec/obidos/search-handle-url/ref=ntt_athr_dp_sr_1?%5Fencoding=UTF8&search-type=ss&index=books&field-author=A.I.%20Vogel
http://www.amazon.com/exec/obidos/search-handle-url/ref=ntt_athr_dp_sr_5?%5Fencoding=UTF8&search-type=ss&index=books&field-author=B.S.%20Furnis
http://www.informaworld.com/smpp/title~content=t713646857~db=all~tab=issueslist~branches=45#v45
http://www.informaworld.com/smpp/title~content=g780582853~db=all
http://www.sciencedirect.com/science/journal/01429612
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Saw%2C+Constance+Lay+Lay&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Ahmed%2C+Sohail&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Ahmed%2C+Sohail&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Ahmed%2C+Sohail&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Heng%2C+Paul+Wan+Sia&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Wohland%2C+Thorsten&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Wohland%2C+Thorsten&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Wohland%2C+Thorsten&possible1zone=author&maxdisp=25&smode=strresults&aqs=true

