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       Glimpses of 11th International Symposium on òAdvances in Technology and Business 

Potential of New Drug Delivery Systemsó 17th and 18th Feb. 2011  

at Hotel ITC Grand Maratha, Mumbai.  
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Distinguished panel members inaugurating abstract 
book at 11th  International Symposium on Advances in 

Technology and   business potential of  new drug 
delivery systems 

Distinguished panel members inaugurating CRS 
Newsletter at 11th  International Symposium on 

Advances in Technology and   business potential of  new 
drug delivery systems 

Prof. Maitra at the Lamp Lightning Ceremony at 11th International Symposium International 
Symposium on Advances in Technology and business potential of new drug delivery systems 

Prof. Maitra delivering Key Note Address at 11th  
International Symposium on Advances in Technology 
and   business potential of  new drug delivery systems  

 

Section of Audience attending a session at 11th 
International Symposium  on Advances in Technology 
and business potential of new drug delivery systems 
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Welcome to yet another exciting Controlled Release Society - Indian 
Chapter 2012!!!  
The pharmaceutical industry is ushering into the defining chapter of its 
existence. In recent times, the fierce competitiveness from the allied fields 
has compelled the industry to diversify its research interests. Further, the 
uncertainty grappling the pharmaceutical market has made INNOVATION 
pivotal for the longevity of the industry. Although, the academia has 
embraced this fact, the industry at large is still lagging behind in 
acclimatizing to this reality. Nevertheless, this dismal scenario is proving to 
be a catalyst in overhauling the entire outlook of the pharmaceutical 
community.  
Innovation, however, should not be restricted to but has to transcend the 
ambit of drug delivery technologies. It should be borne in mind that there 
are myriad of opportunities waiting to be explored; especially in newer 
avenues such as biopolymer synthesis, gene drug delivery, medical device, 
vaccine, diagnostics and theranostics. Further, the revolution of 
nanotechnology has made it essential to explore newer technologies for 
ease of fabrication of these versatile components at industrial level. These 
favorable prospects have necessitated the need for upgradation and lateral 
thinking of inventive ways to bolster every quarter of the industry i.e., from 
research to commercialization. 
Since its inception, Controlled Release Society - Indian Chapter has zealously 
pursued the goal of dissemination of the current and innovative knowledge 
for edifying the intellectual minds of the scientific community. This year too 
is not an exception, the Controlled Release Society - Indian Chapter through 
the conference and the Newsletter has made conscientious efforts to 
introduce the delegates to the recent advancements in the scientific arena.  
Likewise, the editorial committee has also invested commendable efforts in 
collating information on the most relevant topics in sync with the 
conference ideology. Through this Newsletter, the organization intends to 
encourage the young minds and my fellow colleagues to fearlessly tackle 
the challenges of the emerging future which holds the promise of only rich 
dividends.  
As always, we earnestly hope that the efforts of the editorial team provide 
impetus to our colleague to think innovative! Finally, I would like to 
conclude with the motivating quote of former President Abdul J. Kalam 
ΨLook at the sky. We are not alone. The whole universe is friendly to us and 
conspires only to give the best to those who dream and work.Ω 
 
Dr. AMARJIT SINGH 
PRESIDENT ς CRS INDIAN CHAPTER 
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Dr. Tejas Gunjikar Showcasing their technology at 11th 
International Symposium International Symposium on 
Advances in Technology and business potential of new 

drug delivery systems 

 
 
 
 
 
 
 

 
Poster Presentation at 11th  International Symposium on Advances in Technology and   business potential of  new 

drug delivery systems 
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Prof.  Vinod Labhasetwar addressing the delegates 
at International Symposium on Advances in 

Technology and   business potential of  new drug 
delivery systems 

Dr. Manish Rane, Colorcon Asia Pvt. Ltd. Showcasing 
their technology at 11th International Symposium 
International Symposium on Advances in Technology 
and business potential of new drug delivery systems 
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The Twelfth International Symposium on 'Advances in Technology and Business 
Potential of New Drug Delivery Systems' holds special relevance to the CRS 
Newsletter editorial team. Recalling the last few years, a familiar sense of déjà vu 
grips us as CRS Newsletter celebrates its 5th glorious year of publication. Although 
still in its infancy, the endeavor has been gradually gaining recognition among the 
patrons of the CRS Indian Chapter for its attempt to propagate the ideology of 
innovativeness in outlook towards research.  
In the past few decades, the pharmaceutical research has transcended from just 
being mediocre to something more avant-garde. However, this phenomenal 
change in the knowledge sector has only contributed to further the divide in the 
academia and industrial doctrines. Ironically, it is the same knowledge which 
holds the key to dissipate this issue. As daunting as it will be, embracing this 
change is the only deciding factor for Indian pharmaceuticals to metamorphose 
into world class leading brands. This changing paradigm is the underlying theme 
of the 5th edition of CRS Newsletter. 
Addressing this change is the eclectic mix of distinguished authors who have 
contributed insightful viewpoints on an array of topics. For their unflagging and 
timely support to this endeavor, the editorial team expresses heartfelt gratitude 
to all our immensely busy and talented authors. In recent times, relatively 
ambiguous nanotechnology has been panned as well as extolled for its virtues. 
However, the ongoing research has made us realize that there is more to this 
technology than meets the eye. Explaining what make nanomedicine pivotal in 
disease management is the feature on Nanoparticle and cell interactions which 
succinctly elucidates the possible interactions of nanoparticles at the cellular 
level. While debating on the latest trend of exploiting ƴŀǘǳǊŜΩǎ bounty is a brief 
insight on the possible impact of natural antioxidants on the ADME of 
concomitant administered drugs under the ambit of Drug-Nutraceutical 
Interactions. Illustrating change is the introductory article on the widely 
acclaimed green technology; Supercritical fluid: simplifying nanotechnology. 
Although in its nascence, this technology is being touted as one of the possible 
alternatives to industrialize nanotechnology. Keeping pace with the innovations is 
the feature on patents which promises to be an insight on the significance of 
recognition of the opportunities and risks in patenting innovations. Bringing us to 
reality is the recount of the one of the most successful entrepreneur in the Indian 
scenario. This article is an attempt of abreast the young and aspiring 
entrepreneurs about the possible struggles arising due to the lacunae in the 
system. Adding to the much needed twist to ubiquitous Infra Red analytical 
technique is an interesting feature on the imaging analytical technique for 
facilitating better understanding of the drug and excipients interactions in drug 
delivery systems. Finally, as always we have lined up brain teasers for providing a 
breather from these topics. 
Reiterating the fact, the realization of this issue of Newsletter is an enriching and 
exhilarating experience for the entire editorial team. We hope we are successful 
in challenging our readers to  think innovative. We strive to excel in our endeavor 
and we believe attaining excellence is impossible without your feedbacks. So 
looking forward to your encouraging feedbacks and hoping all of you have a great 
networking experience. 
 
Vandana B. Patravale 
Professor of Pharmaceutics, ICT, Mumbai. 
 
  
 

Newsletter articles reflect 
only the views of the 
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 Introduction 

 It is close to half a century since the use of nanoscale 
phospholipid vesicles or liposomes was proposed for drug 
delivery purposes. Since then nanoparticles made of 
various organic and inorganic materials have been 
successfully used for diagnostic and drug delivery 
applications. Recent nanoparticulate drug delivery 
systems have been designed for increased therapeutic 
efficacy. This is achieved via targeted delivery of the drug 
to the afflicted site and its controlled release, thereby 
reducing absolute concentration as well as  fluctuations 
in the concentration of the drug. Nanoparticle based 
systems have proven to be very effective for delivery of 
adenoviruses, proteins and siRNA. The use of 
nanoparticles has also been demonstrated for 
applications such as in vitro diagnostics and in vivo 
imaging. Moreover, enhancement of therapeutic 
techniques such as X-ray treatment by gold-nanoparticles 
and hyperthermia with magnetic nanoparticles has also 
been achieved [1]. Furthermore, theranostic applications 
have been proposed where diagnostic and therapeutic 
actions are simultaneously employed [2]. For example,  
liposomes enclosing quantum-dots and the cytotoxic 
drug doxorubicin, have been used for imaging and 
treatment of tumors [3].  Apart from drug delivery and 
diagnostics, nanoparticles have also been used in the 
design of novel biomaterials for tissue engineering 
applications [1].     

Types of nanoparticles 

Based on the materials used nanoparticles may be 
classified as: (a) lipid-based nanoparticles such as 
liposomes, micelles, (b) polymer-based nanoparticulate 
dendrimers, hydrogels, polymerosomes, made of 
polylactic acid, poly-caprolactone, poly-(ethylene glycol), 
polylactic-coglycolic acid etc. (c) metal-based 
nanoparticles made of gold, silver etc. (d) metal-oxide 
nanoparticles made of iron oxide, silica, titania etc. [1, 4]. 
In addition to these classes there are several hybrid 
nanoparticulate systems such as liposomes and hydrogels 
that encapsulate quantum-dots or adenoviruses as well 
as core-shell nanoparticles with a metal core and a 
polymer shell [2, 3, 5]. Targeting of the nanoparticles to 
specific tissue/cells is achieved by conjugation with 
ligands such as antibodies and adhesive peptides which 
bind specifically to cell surface receptors [4]. New reports 
of novel nano-materials with more varied biomedical 
applications continue to appear in scientific literature 
with increased frequency. 

Barriers to nanoparticle uptake  

The route of drug administration is critical for the design 
of nanocarriers. There is a need for strategies to 
overcome physical barriers to transport of nanoparticles 
such as the skin in transdermal route, endothelium in the 
case of vascular delivery and epithelium for gastro-
intestinal and respiratory administration [6]. The mucus 
lining the enteric route is the first obstacle to 
nanoparticle transport, and maybe circumvented by 
alternating arrays of positive and negative charges on the 
nanoparticles [7]. Rapid clearance of nanoparticles from 
the blood and lymphatic vessels by the reticulo-
endothelial system has been inhibited by poly-electrolyte 
brushes grafted on the nanoparticle surface. In the case 
of drugs administered to the central nervous system, a 
possible strategy to breach the blood-brain barrier may 
be via caveolae-mediated transcytosis [8]. To enhance 
nanoparticle transport through solid tissues such as 
tumors, it has been suggested that the permeability of 
the extracellular matrix may be increased [9].  

Mechanism of nanoparticle uptake 

Based on the nature of target cells and their response to 
the nanocarriers, cellular uptake of nanoparticles is 
primarily accomplished by either phagocytosis or 
pinocytosis (Fig. 1). During phagocytosis various opsonins 
such as immunoglobulins and complement components 
from the blood plasma adsorb on the nanoparticle 
surface which are then recognized by receptors on 
phagocytic leukocytes [10].  This receptor-binding and 
clustering leads to signal transduction mediated by small 
GTPases and their downstream effectors which regulate 
the local reorganization of the actin cytoskeleton 
beneath bound nanoparticles. The resulting membrane 
protrusions engulf the nanoparticles into phagosomes 
which are actively transported into the cell [10].  
In contrast to phagocytosis which is limited to certain cell 
types, pinocytosis is carried out by almost all cell types. 
The pinocytic pathways primarily consist of clathrin-
mediated endocytosis, caveolae-mediated endocytosis 
and macropinocytosis [11]. Receptor-dependent clathrin-
mediated endocytosis is initiated by receptor-ligand 
clathrin-rich membrane regions form  clathrin-coated pits 
which then close at the mouth to form vesicles. These 
vesicles are subsequently transported into the cell and 
end up in lysosomes. A similar vesicle formation by 
clathrin cages is also observed in the case of receptor-
independent clathrin-mediated endocytosis.  
 

Sameer Jadhav, PhD (Johns Hopkins U.)  
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Figure 1. Nanoparticle uptake by biological cells.  
(A) Opsonization and phagocytosis of nanoparticles, (B) 
receptor- dependent or independent clathrin-mediated 
pinocytosis, (C) caveolae-mediated pinocytosis and, (D) 
macropinocytosis. 

Caveolae-mediated endocytosis is observed particularly 
in endothelial cells,  smooth muscle cells and fibroblasts. 
Caveolae are membrane invaginations, lined by the 
dimeric protein, caveolin. Caveolae-mediated 
endocytosis results in transport to caveosome thereby 
avoiding the acid degradation typically observed in 
lysosomes [10]. Macropinocytosis is another pinocytic 
process whereby the large membrane protrusions 
envelope contents at the cell surface leading to 
formation of macropinosomes which are speculated to 
subsequently fuse with lysosomes [11]. 

Nanoparticle interactions with host cells  

To assess the biocompatibility of nanoparticles it is 
typically recommended that they do not exhibit 
hemolytic activity, thrombogenicity and complement 
activation [12]. Hemolytic activity is a measure of the 
ability of a foreign body to induce rupture of the 
erythrocyte plasma membrane. Thrombogenicity is the 
property of the foreign material to initiate platelet 
aggregation leading to blood coagulation. Complement 
activation is the mechanism by which the immune 
system of the host responds to "non-self" materials via 
leukocyte action. The nanoparticles may directly interact 
with the respective cells or through adsorbed plasma 
proteins that may result in the activation of 
thrombogenic or inflammatory processes. Nanoparticle 
size and shape have been shown to influence the kinetics 
of their uptake by various cells, with sizes between 25-
75nm and spherical nanoparticles exhibiting faster 
uptake rates [11]. Surface charge and hydrophobicity of 
nanoparticles has been known to support their adhesive 
interactions with plasma proteins, cells surface receptors 
as well as the cell plasma membrane [12, 13].  Grafting 
neutral and hydrophilic polymers such as poly (ethylene 
glycol) on nanoparticles has been shown to significantly 
reduce their non-specific binding to cells and proteins. 
Polymer-grafted nanoparticle interactions with cells or 
plasma proteins are very sensitive to polymer charge, 
size and configuration. For instance, in contrast to 
dendrimers of neutral polymers,  those comprising of 
cationic polymers were found to disrupt the plasma 
membrane [13]. Studies also demonstrated that 
disruption of lipid bilayers by cationic particles  occurs  
 

regardless of shape, chemical composition, deformability, 
charge density, or size [11]. It has been reported that 
nanoparticles cause local surface reconstruction of lipid 
bilayers. Specifically, a local gelation was observed on 
binding of anionic nanoparticles to a fluid lipid bilayer, 
while positively charged nanoparticles induced fluidity in 
gel-phase bilayers [14].  

Forces at the nano-bio interphase 

In order to gain a better understanding of nanoparticle 
adhesive interactions with cells, it is important to obtain 
quantitative estimates of the Van der Waals, solvation, 
depletion and electrostatic forces that act between 
nanoparticles and the cells (Fig. 2). The adhesive forces 
between nanoparticles and specific cell types have been 
shown to be modulated by the presence of certain 
plasma proteins [15]. Therefore it is also necessary to 
quantify the forces that act between nanoparticles and 
absorbed proteins as well as those acting between 
adsorbed plasma proteins and cell surface receptors. 
These interactions at single macromolecule level have 
been measured using atomic force microscopy(AFM) 
[16]. While scanning probe microscopy enabled imaging 
the orientation of nanoparticles on cell surfaces, time 
lapse AFM has been used to estimate the rate of 
nanoparticle internalization from the cell surface. Using 
these techniques, it has been reported that 
functionalized nanoparticle uptake at the surface is 
significantly faster than that of non-functionalized 
nanoparticles [17]. Simultaneous imaging and force 
measurements have also been carried out to understand 
the spatial variation of receptor density and nanoparticle 
adhesive interactions at the  cell surface [18]. Using laser 
scanning confocal microscopy and AFM it was shown that 
nanoparticles with random distribution of hydrophobic 
patches ended up in lysosomes. In contrast sub-
nanometer patterned arrangement of the hydrophobic 
patches led to their penetration of the plasma membrane 
without bilayer disruption [19].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Forces relevant to nanoparticle-cell interactions. (A) 
Van der Waals (electrodynamic) attraction, (B) electrostatic 
attraction or repulsion,  (C) steric repulsion between polymer 
brush on nanoparticle and cell surface glycocalyx, (D) 
hydrophobic attraction between nanoparticle and protein 
(opsonin) and,  (E) depletion attraction due to exclusion of 
large molecules near the cell surface. 
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