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Abstract:

We have developed a chemo-enzymatic synthesis for obtaining novel amphiphilic polymeric nanoparticles
based on PEG having a broad range of additional chemical functionalities under mild conditions. Simplicity and
versatility of this method for the synthesis of highly functionalized amphiphilic polymeric nanoparticles with the

advantage of “Green appeal” further enhance its applications as an important strategy.

These unique alternating copolymer micellar nanoparticles have been used successfully for the encapsulation
of a large number of drugs of different classes and delivery vehicles targeted to human cancer cells expressing
the underglycosylated mucin-1 antigen, which is found on almost all epithelial cell adenocarcinomas. The
solubility of the chemotherapy drug doxorubicin increased by encapsulation in these nanoparticles, and
cellular uptake, and hence cancerous cell death, was enhanced as compared to that with the free drug. The

encapsulated taxol and doxorubicin showed significant enhanced activity against neuroblastoma cancer cells
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than anti-cancer drugs alone, and doxorubicin encapsulation showed 3-6 times better activity against

pancreatic cancer cells.

Nanospheres with different linker molecules such as naturally occurring aspartic acid and glutamic acid have
also been prepared to assure non-toxic character of these nanomaterials and their biodegradability. The
surface of these nanospheres is hon-immunogenic as they are rich in PEG chains which do not interact with
proteins. These polymers self assemble in water to produce nanospheres with a typical diameter of 10-70
nanometers. Critical micelle concentration for these micelles is low (~0.25 millimolar). These materials are

non-toxic, 60 g material per kg body weight can be tolerated.

A novel nanotechnology platform for in vivo imaging and delivery of multifunctional thererapeutics of cancer has
also been designed based on perfluorinated amphiphilic copolymers. These nanoprobes are highly unique
because of their ability to image and treat the cancer tumors by delivering the drugs to the cancer tumor sites.
The methodology developed for the synthesis of perfluorinated copolymers is highly flexible and efficient. The
in vitro and in vivo studies on these nanoprobes are in progress. Recently we have synthesized cationic
polymers that constitute of guanidine functional groups and poly(ethylene glycol) units. Because of their
strongly basic character, guanidines are fully protonated under physiological conditions. The positive charge
thus imposed on the molecule forms the basis for specific interactions between ligand and receptor or enzyme
and substrate, i.e. as ammonium cations, they may bind to polyanionic DNA’s and also to negatively charged
cell surfaces to trigger endocytosis. Thus they may serve as gene siRNA delivery vehicles in order to cure
many hereditary diseases and treat acquired diseases resulting from either multigenic disorders or foreign viral

genes.

Based on lipase (Candida antarctica lipase B), oxidase (horse radish peroxidase) and their combination, the
synthesis of pegylated polyelectrolytes has been developed. The pegylated macromers were polymerized and
co-polymerized with various monomers of interest to generate a variety of tethered ion-conducting polymers for
preparing quasi-solid electrolytes. The bio-derived non-crystallizable polymeric materials were used in
formulating quasi-solid electrolyte compositions and incorporated into flexible dye-sensitized titanium oxide
solar cells (DSSC). It was observed that the solar conversion efficiency of quasi —solid electrolytes incorporated
solar cells depends strongly on the polymer microstructure used in formulating the redox electrolyte and our

polymeric materials showed photovoltaic efficiency of up to 9 %.

Further, highly useful novel, non-toxic “environment-friendly” non-halogenated flame retardant organo-silicone
polymeric materials using the above environmentally benign “green” biocatalytic technologies have been

developed. These show superior properties than commercial flame retardant materials.
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These results shall be presented in the talk.

Key References:

10.

11.

12.

13.

K Danprasert, R Kumar, M-H Cheng, P Gupta, NA Shakil, AK Prasad, VS Parmar, J Kumar, LA Samuelson
and AC Watterson. Synthesis of novel poly(ethylene glycol) based amphiphilic  polymers. European
Polymer Journal 39, 2003, 1983.

SK Sharma, AK Sharma, LA Samuelson, J Kumar, AC Watterson and VS Parmar. Synthesis of amphiphilic
guanylated polymers as potential gene delivery carriers. Journal of Macromolecular Science Part A — Pure
and Applied Chemistry 41, 2004, 1459.

R Kumar, R Tyagi, VS Parmar, LA Samuelson, J Kumar and AC Watterson. Biocatalytic “green” synthesis
of PEG-based aromatic polyesters: optimization of the substrate and reaction conditions. Green Chemistry
6, 2004, 516.

R Kumar, M-H Cheng, VS Parmar, LA Samuelson, J Kumar, R Nicolosi, S Yoganathan and AC Watterson.
Supramolecular assemblies based on copolymers of PEG600 and functionalized aromatic diesters for drug
delivery applications. Journal of the American Chemical Society 126, 2004, 10640.

R Kumar, R Tyagi, VS Parmar, LA Samuelson, J Kumar, A Schoemann, PR Westmoreland and AC
Watterson. Biocatalytic synthesis of highly flame retardant inorganic-organic hybrid polymers. Advanced
Materials 16, 2004, 1515; Science 306, 2004, 375.

R Kumar, F Bruno, VS Parmar, J Kumar, AC Watterson, KG Chittibabu and LA Samuelson. “Green”-
enzymatic synthesis of pegylated phenolic macromer and polymer. Chemical Communications 2004, 862.
R Kumar, AK Sharma, VS Parmar, AC Watterson, KG Chittibabu, J Kumar and LA Samuelson. Flexible,
dye-sensitized nanocrystalline solar cells employing biocatalytically synthesized polymeric electrolytes.
Chemistry of Materials 16, 2004, 4841.

SK Sharma, R Kumar, S Kumar, R Mosurkal, VS Parmar, LA Samuelson, AC Watterson and J Kumar.
Influence of EDA-p interactions in drug encapsulation using nanospheres. Chemical Communications
2004, 2689.

R Kumar, AC Watterson, VS Parmar, J Kumar and LA Samuelson. Enzymatic synthesis of polymers. US
Patent No. US 6962963 B2. Date of issue: 8" November 2005.

R Mosurkal, LA Samuelson, VS Parmar, J Kumar and AC Watterson. Biocatalytic synthesis of
organosiloxane copolyimide. Macromolecules 40, 2007, 7742.

R Mosurkal, LA Samuelson, KD Smith, PR Westmoreland, VS Parmar, F Yan, J Kumar and AC Watterson.
Nanocomposites of TiO, and siloxane copolymers as environmentally safe flame-retardant materials.
Journal of Macromolecular Science — Pure and Applied Chemistry 45, 2008, 943.

MK Pandey, R Tyagi, B Gupta, VS Parmar, J Kumar and AC Watterson. Synthesis and characterization of
novel amphiphilic polymers as drug delivery nanocarriers. Journal of Macromolecular Science, Part A: Pure
and Applied Chemistry 45, 2008, 932.

MK Pandey, K Yang, C Pei, PK Sharma, J Viola, R Stromberg, J Kumar, VS Parmar and AC Watterson.
Design and biocatalytic synthesis of pluronics-based nanomicellar self-assembly systems for drug
encapsulation applications. Journal of Macromolecular Science, Part A: Pure and Applied Chemistry 47,
2010, 788.


http://www.sdu.dk/indexE.html

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ol

UNIVERSITY OF [SOUTHERN DENMARK

S Malhotra, M Calderon, AK Prasad, VS Parmar and R Haag. Novel chemoenzymatic methodology for the
regioselective glycine loading on polyhydroxy compounds. Organic and Biomolecular Chemistry 8, 2010,
2228.

V Kumar; B Gupta; G Kumar; MK Pandey; E Aiazian; VS Parmar; J Kumar and AC Watterson. Novel
PEGylated amphiphilic copolymers as nanocarriers for drug delivery: synthesis, characterization and
curumin encapsulation. Journal of Macromolecular Science, Pure and Applied Chemistry 47, 2010, 1154.

S Gupta, MK Pandey, K Levon, R Haag, AC Watterson, VS Parmar and SK Sharma. Biocatalytic approach
for the synthesis of glycerol-based macroamphiphiles and their self-assembly to micellar nanotransporters.
Macromolecular Chemistry and Physics 211, 2010, 239.

MK Pandey, R Tyagi, K Yang, RJ Fisher, CK Colton, J Kumar, VS Parmar, E Aiazian and AC Watterson.
Design and synthesis of perfluorinated amphiphilic copolymers: Smart nanomicelles for theranostic
applications. Polymer 52, 2011, 4727.

B Gupta, V Kumar, G Kumar, A Khan, NA Shakil, A Dhawan, VS Parmar, J Kumar and AC Watterson.
Amphiphilic copolymers having saturated and unsaturated aliphatic side chains as nano carriers for drug
delivery applications. Journal of Macromolecular Science, Part A: Pure and Applied Chemistry 48, 2011,
10009.

S Bhatia, A Mohr, D Mathur, VS Parmar, R Haag and AK Prasad. Biocatalytic route to sugar-PEG-based
polymers for drug delivery applications. Biomacromolecules 12, 2011, 2543.

S Malhotra, H Bauer, A Tschiche, AM Staedtler, A Mohr, M Calderén, VS Parmar, L Hoeke, S Sharbati, R
Einspanier and R Haag. Glycine-terminated dendritic amphiphiles for nonviral gene delivery.
Biomacromolecules 13, 2012, 3087.

S Gupta, R Tyagi, VS Parmar, SK Sharma and R Haag. Polyether based amphiphiles for delivery of active
components. Polymer 53, 2012, 3053.

A Dhawan, V Kumar, VS Parmar and AL Cholli. Novel polymeric antioxidants for materials. Antioxidant
Polymers: Synthesis, Properties and Applications. Editors: G Cirillo and F lemma. Wiley & Scrivener
Publishing LLC 2012, 385.

A Khan, SK Sharma, A Kumar, AC Watterson, J Kumar and VS Parmar. Novozym 435- catalyzed
syntheses of polyesters and polyamides of medicinal and industrial relevance. ChemSusChem 7, 2014,
379.

G Kumar, A Dhawan, BK Singh, NK Sharma, SK Sharma, AK Prasad, EV Van der Eycken, C Len, AC
Watterson and VS Parmar. Highly selective biocatalytic transesterification reactions on aryl 3-hydroxy-2-
(hydroxymethyl)-2-methylpropanoates. Catalysis Letters 145, 2015, 919.

C Colton, A Watterson, VS Parmar, R Fisher, R Kumar and J Kumar. Amphiphilic polymers and methods of
use thereof. US Patent No. US 8349991. Date of issue: 24" July 2015.

AC Watterson, R Mosurkal, J Kumar, VS Parmar, LA Samuelson, R Kumarand VB Tucci. Mixed organic
and inorganic polymers. US Patent No. US 9156945. Date of issue: 13" October 2015.


http://www.sdu.dk/indexE.html

