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Name: Dr. Atmaram Pawar
Designation: Professor of Pharmaceutics, HOD, Pharm.D.,

Vice Principal, Bharati Vidyapeeth University’s 
Poona College of Pharmacy, Pune.

Educational Background: M.Pharm. Ph.D. R.Ph
Experience: 24+ years

Area of Expertise: Dr. Atmaram Pawar has been serving as Professor of Pharmaceutics at his alma mater, 
Poona College of Pharmacy, Pune from last 25 years. He has particular interest in incorporating new concepts 
in teaching and modernization of the curriculum. Among his 12 books ‘Handbook for Community 
Pharmacists’ and ‘Aushadha Gandha’ are special editions for retail pharmacists and common men that are to 
his credit. His area of research is in the field of particle engineering and targeted anticancer drug delivery 
systems. Dr. Pawar has to his credit 4 patents, 76 international and 27 national peer reviewed research 
papers. He is an active member of Pharm. D. Committee, Pharmacy Council of India and also has served on 

thScientific Services of 19  APTICON 2014 as Chairman and member for 65  to 67  IPCs. Dr. Pawar is 
recipient of 10 prestigious awards including Prof. BM. Mithal Memorial National Award, 2008 (APTI), 
Outstanding Teacher 2011 & Best Researcher Award 2015 of Bharati Vidyapeeth University and Pharmacy 
Teacher of the Year 2015 National Award by APTI for his contribution in education, research and social 

nd rd thactivities. He has delivered more than 250 invited lectures including symposium speeches at 62 , 63 , 65 , 
th th st

67  IPC and 17  and 21  APTICON.

th th
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Name: Dr. Pankaj Pathak
Designation: Business Development Manager, 

Lubrizol Lifesciences, Mumbai.
Educational Background: M.Pharm. (Pharmaceutics), 

Ph.D. (Pharm. Tech).
Experience: 7+ years

Area of Expertise: Dr. Pankaj Pathak presently is working with Lubrizol Advanced Materials India Pvt. Ltd as 
Business Development Manager-South Asia involving Polymer, Formulation and Manufacturing services for 
Pharmaceutical Industry. Prior to Lubrizol he has also worked with reputed Pharmaceutical companies such as 
Cipla, Panacea Biotec, Reliance LifeSciences and Rubicon. His area of interest includes Lipid based drug 
delivery systems including Liposomes, Solid Lipid Nanoparticles (SLN) and Nano-Structured Lipid Carriers 
(NLC), Polymeric biodegradable long acting parenteral depot formulations for peptide and hormone delivery 
including microspheres as implants and nano-milling for development of sustained release particulate 
formulations. He is also an Adjunct Faculty at Dr. L.H. Hiranandani College of Pharmacy, Ulhasnagar. He is 
also the Reviewer for Indian Journal of Pharmaceutical Sciences. Dr. Pankaj Pathak has 3 Patents, 6 inter-
national publications and 9 presentations (International and National) to his credit. Dr. Pankaj Pathak has 
received numerous achievements to name a few, Senior Research Fellowship from the Council for Scientific 
and Industrial Research (CSIR), Government of India New Delhi for pursuing Ph.D. (2008-2011), Travel grant 
from Department of Science and Technology (DST), Government of India, for attending short term research 
training at the University of Jena, Germany in 2010, Best oral presentation award for the research work 
entitled “Novel Polysaccharide Guided Liposomal System for Targeting Hepatocellular Carcinoma” 

thpresented at the 5  International Conference on Clinical Pharmacology-Drug Discovery and beyond, 
organized by the South Asian Chapter-American College of Clinical Pharmacology (SAC-ACCP) in 2011.
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Name: Mr. Rahul Aher
Designation: Sr. Research Scientist, RND Division 

Glenmark Pharmaceuticals Ltd.
Sinnar.

Educational Background: M. Pharm. (Pharmaceutics)
Experience: 10+ Years 

Area of Expertise: He is Currently working as Sr. Research Scientist with Glenmark Pharmaceuticals Ltd., 
Sinnar. His job profile includes Product Development of Respiratory Products, Onco Injectables, Oral Solids 
and Dermatological Products for regulated, semi regulated and domestic markets. Before Glenmark 
Pharmaceuticals he worked with Dr. Reddys Ltd, Hyderabad as Assistant Manager, Quality Assurance, in 
IPDO (R&D), where his job profile included conducting internal audits, review of documents for process and 
product development, strategies to be planned for escalating exhibit batches, ensuring quality by design 
aspect (QbD-ensures robustness of the product & process) preparation, review & approval of QbD 
documents like QTPP, CQAs, CMAs (of API & excipients), CPP, control strategy and scale dependent & 
independent process parameters. Mr. Rahul Aher also worked as Executive QA officer in Nicholas Piramal 
India Ltd., as FND officer in Concept Pharma Ltd. and developed oral solid products and with Lupin Ltd., 
Aurangabad in 2003, as Production Pharmacist in the manufacturing department (tablet, Injection and liquid 
department).

Name: Dr. Sujata Sawarkar
Designation: Associate Professor in Pharmaceutics,(HOD)

SVKM’s Dr. Bhanuben Nanavati College of 
Pharmacy, Mumbai.

Educational Background: M.Pharm. (Pharmaceutics), 
Ph.D. (Tech) Pharmaceutics

Experience: 20+ years

Area of Expertise: Dr. Sujata Sawarkar has a total work experience of 20 years which includes 11 years of 
industrial and 9 years of academic experience. She is currently the HOD and Associate Professor in 
Pharmaceutics at SVKM’s Dr. Bhanuben Nanavati College of Pharmacy, Mumbai. Prior to academics, during 
her industrial tenure, she was leading and guiding the Formulation Development team for regulated (US and 
EU) and semi regulated markets. She  has  worked with reputed Pharmaceutical Companies such as FDC Ltd, 
USV Ltd, Indoco Remedies Ltd, CIPLA ltd, Wander (I) Ltd and Parke Davis (I) Ltd. She has several Government 
and Industry funded projects worth about 65 lacs. She has guided 25 M.Pharm students and is also the 
Examiner for M.Pharm. Thesis at University of Mumbai, Institute of Chemical Technology, SNDT Women’s 
University. She has various book chapters to her credit such as Intra-arterial and Intravascular Drug Delivery 
Systems Chapter published in Advances in Controlled and Novel Drug Delivery and Colonic Drug Targeting 
Approaches for Treatment of IBD, published in Inflammatory Bowel Disease. She is also an Invited reviewer for 
Indian Drugs, AAPS PharmSciTech, International Journal of Nanomedicine Dove Press, Journal of 
Bioequivalence & Bioavailability, European Journal of Pharmaceutics and Biopharmaceutics. Dr. Sawarkar is 
the Scientific Session Chairperson for Controlled Release Society, India Chapter and Mentor for COMCAT 
(Communication Catalyst for Malnutrition Management) jointly organized by Glenmark and Idobro. She has 
presented 40 papers at national and international conferences and has one patent, 7 Research articles and 9 
Review articles to her credit. She has been invited for various guest lectures and has also been of part of 
various Conferences and Symposiums.



SYNTHESIS, CHARACTERIZATION AND APPLICATION OF CATIONIC MODIFIED BANANA STARCH AS FLOCCULATING AGENT
Abhijeet V. Puri, Department of Pharmacognosy

INTRODUCTION: Starch is a moderately economic crude material with 
physical and chemical properties that have numerous utilizations in 
pharmaceutical industry. Starch from different sources has been 
generally utilized for different reasons as a part of pharmaceuticals. 
Additionally, the yield in isolated starch, so as to be monetarily feasible, 
must be refined without critical change to the starch granules.  Green 
banana mash contains up to 70–80% starch on a dry weight premise, a 
percentage similar to that in the endosperm of corn grain and the mash of 

[1] white potato. Starch is one of the most widely used filler, binder, and 
disintegrant in the manufacture of solid dosage forms. An important 
member of renewable primary products such as cellulose and chitosan, 
especially low-cost starch, are alternatives to synthetic flocculants. In 

RESULTS AND DISCUSSION: Synthesis and intrinsic viscosity gives recent years, considerable attention has been paid on starch derivatives 
the details of synthetic parameters for the synthesis of various grades of used as flocculants and chelating agents to remove heavy metals. Such 
Cationic Banana Starches (CBS) i.e. the series of CBS1, CBS2. The starches have physicochemical properties that differ significantly from 
increasing monomer concentration (from CBS1 to CBS2) the intrinsic the parent starch, thus widening their usefulness in many applications in 
viscosity increases but above an optimum monomer concentration; with food manufacturing and other industrial processes. Cationic starches are 
further increase in monomer concentration, intrinsic viscosity decreases. generally produced by reacting starch with compounds containing 
The elemental analysis of starch, cationic banana starch and N-(3-tertiary or quaternary ammonium, imino, amino, and sulfuric or 
chloro-2-hydroxypropyl) trim ethyl ammonium chloride shows that there phosphate groups. Flocculation is a process whereby finely divided or 
is a considerable percentage of nitrogen in the cationic starches, which dispersed particles are aggregated together to form large particles of 
can be accounted for the presence of CHPTAC chain in the backbone of such a size so as to cause their settling or it is the agglomeration of tiny 
starch. The FTIR spectra of Banana Starch, N-(3-chloro-2-particles to form flocs which settle and cause clarification of the system. 
hydroxypropyl) trimethyl ammonium chloride and Cationic Banana Flocculation makes the suspension non-homogenous on a macroscopic 
Starch values are summarized in (Table 1). Figures 2(a-d) show the scale. Natural and synthetic polymeric flocculants, which are able to 
scanning electron micrographs of BS and Figures 2(e-h) of CBS, destabilize colloidal suspensions, have found wide application as 
respectively. It can be explained that the cationised BS combined with flocculating agents in the past decade. Water-soluble synthetic polymers 

[2] monomers forms a kind of structure-mingling soft and rigid property. This have a disadvantage of non-biodegradability and cost-effectiveness.  
observation also supported the grafting of CHPTAC onto the back- bone Thus, the demand for effective, cheap and environmentally friendly 
of BS. X-ray analysis of starch, CHPTAC, and various grades of cationic natural flocculants for wastewater treatment is increasing. There are 
starches. From the figure, it is obvious that starch exhibits a very small many different applications of cationic starch; it is used for water 
crystallinity. However, the cationic products do not have any peak treatment as flocculants and as additive in textile and cosmetic products. 
showing crystallinity. Again the sharp peaks found in CHPTAC monomer Finally, these properties of cationic modified starches can be used in 
are also absent in the cationic product. The result elucidates that the application as a potential flocculating agent for the treatment of 

[3] crystalline structure was changed to some extent owing to introduction of wastewater and suspending agent in various formulations. 
[4] CHPTAC to starch. From the TGA curve, it is obvious that CBS is METHODOLOGY & PLAN OF WORK: 

thermally more stable as compared to BS. So, from the TG results, we 
conclude that the incorporation of CHPTAC chains onto the starch 
backbone enhances the thermal stability of the starch.  The flocculation 
characteristics of CBS with some of the commercially available 
flocculants in 0.25 % (w/v) kaolin suspensions made it appropriate for 
treating wastewater with a high efficiency in a wide pH range without pH 

Table 1. FTIR values of BS, CBS and CHPTAC adjustment. It can be concluded that CBS has the similar capacity to 
aluminum chloride. Its performance is better than that of other 
commercial flocculants because the kaolin particles have high negative 
charges and in this case, it appears that the cationic along with easy 
approachability of branched structure of CHPTAC dominates the 
performance. From the above experimental studies, it can be concluded 
that by incorporating a cationic moiety on the backbone of starch, a 
modified naturally occurring polysaccharide, an effective flocculating 
agent can be developed for the treatment of wastewater., industrial 
effluent etc.
BIBLIOGRAPHY:
1. Englyst H. N. & Cummings J. H. American Journal of Clinical Nutrition1986; 44:42–50.
2. Y. H. Pang. Agricultural Sciences 2013; 23-28.
3. Ashogbon A. O. and Akintayo E. T. A review, Starch/Stärke 2014; 66: 41–57. 
4. Alcázar-alay S. C. and Meireles M. A. Food Science and Technology Campinas 2015; 35(2): 

215-236.
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SYNTHESIS OF QUORUM SENSING INHIBITORS: A PROMISING STRATEGY TO COMBAT 
BACTERIAL INFECTIONS AND PATHOGENICITY

Deepali M. Nahar,  Department of Pharmaceutical Chemistry

INTRODUCTION: filtered, washed with water and recrystallized from aqs. ethanol. Yield: 
Increase in mortality rate due to bacterial infection is a common concern. 68%
In most of the cases, bacteria develop resistance either due to 
modification of the single amino acid at the target site or due to increased Synthesis of 2-chloro-N-(4-phenylthiazol-2-yl)acetamide (4): To a 
activity of enzymes that are capable of degrading antimicrobial solution of compound (3) (0.01 mol) in DMF (10 ml), chloroacetyl chloride 

1 (0.12 mol) was added in small portions at 0°C. After the complete compounds . Therefore, considerable recent research has been focused 
addition, the temperature of the reaction was slowly raised to room temp on potential approaches that can diminish bacterial pathogenicity. 
and stirred at this temp for 2hr. After the completion of reaction, the Quorum sensing is a system of stimuli which enables bacteria to control 
reaction mixture was quenched with crushed ice. The precipitate the gene expression in response to the cell density. It regulates a variety 
obtained was washed with water, dried & recrystallized with aqs ethanol. of bacterial physiological functions such as biofilm formation, 
Yield:  65.96%; mp: 224-226˚Cbioluminescence, virulence factors and swarming which shows 

3contribution to bacterial pathogenesis . Bacteria have developed 
Spectral data: 1H-NMR (CDCl3) δ =8.0 (s, 2H, -NH2), 6.65 (s, 1H, -C-H resistance to most of the antibiotics primarily due to “enormous” and 

2 thiazole), 7.22-7.513 (m, 4H, Ar-H), 4.27 (s, 2H, -CH2)“indiscriminate” usage . The frequent occurrence of the resistant 
pathogenic strains gradually decrease the effectiveness of the traditional 

Synthesis of 2-(Alkyl/ Aryl amino)-N-(4-phenylthiazol-2-antibiotic treatment hence there is need to develop new class of 
yl)acetamide (5a-d): A solution of compound (4) (0.01 mol) in DMF were molecules to target quorum sensing. Thiazoles possess an important 
taken in dry 250 ml RBF. To this different amines were added in 0.01 mol position in medicinal chemistry, presenting a wide range of bioactivities, 
concentrations and stirred for 3-4 hours (monitored by TLC). After that which prompted the design and synthesis of some novel thiazoles 
reaction mixture was added in crushed ice. The precipitate obtained was derivatives as potential quorum sensing inhibitors. The anti-QS agents 
washed with water, dried & recrystallized with distilled ethanol.may serve as the next generation “magic bullets”. Perhaps, a cocktail 

therapy involving both antibiotics and anti-QS agents may provide 
3 RESULTS AND DISCUSSION:synergistic effect .

Compound (3) was synthesized more effectively by trituration of reactant 
and Microwave irradiation gave better yield within short reaction time. Synthesis of 2-Amino-4-pheny l Thiazole (3)
The process for synthesis of Compound (4) was modified by changing Conventional Method: Thiourea (2) (0.4 mol) and Iodine (0.2 mol) were 
solvent form ethanol to DMF. 2-(Alkyl/ Aryl amino)-N-(4-phenylthiazol-2-triturated and mixed with acetophenone (1) (0.2 mol). Then add 20 mL of 
yl)acetamide (5a-5d) was made by refluxing amines with Compound (4). alcohol. The mixture was refluxed with occasional stirring for 6 hours. 
The amines used were primary amine, secondary amines and cyclic Then reaction mixture was quenched with crushed ice. The resulting 
amines like piperidine and morpholine. It was observed that primary solution basified with ammonium hydroxide solution. Precipitate was 
amines react slowly and require refluxing for more than 8 hours while filtered, washed with water & recrystallized from 70% ethanol. Yield: 
secondary amines react faster. Compounds will be tested for quorum 70%; mp: 138-140˚C.
sensing inhibition.

Spectral data: 1H-NMR (CDCl3) δ = 5.130 (s, 2H, -NH2), 6.752 (s, 1H, -
REFERENCES:C-H thiazole), 7.29-7.813 (m, 4H, Ar-H).
1. Hentzer M., et al. Bio Drugs, 2003, 17, 241–250. 
2. Chourasiya S. S., et al. RSC advances, 2015, 1.

Microwave Method: Flask containing aceophenone & triturated mixture 3. Koh C., et al. Sensors 2013, 13, 6217-6228.
4. Jain K.S. et al. Green and Sustainable Chemistry, 2011, 1, 36-40.of iodine & thiourea was irradiated under microwave (60W) for 15 min. 

The reaction mixture was poured on crushed ice; solid separated was 
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EXTRACTION OF PIGMENTS FROM BEETROOT AND PREPARATION OF PIGMENT LAKES
Dr. Galvina Pereira, Department of Pharmacognosy

INTRODUCTION: ml of water. For preparation of pigment concentrate 50 g of beetroot was 
Betalains are a class of red and yellow indole-derived pigments found in weighed and macerated in 100 ml of 70% solution of alcohol in water for 
plants. The deep red color of beets, bougainvillea, amaranth, and many 1h. This solution was then filtered and 25 ml of this solution was added to 
cactuses results from the presence of betalain pigments. Each betalain is the three conical containing metal salts. For precipitation of metal salts as 
a glycoside, and consists of a sugar and a chromophore aglycone metal hydroxides they were treated with saturated solution of sodium 
portion. It is used as a food coloring agent, and the color is sensitive to bicarbonate. The Infra-red spectrum of Aluminium hydroxide shows 
pH. They can be divided into two structural groups, the yellow peaks at 574.4, 967.0, 1633.2, 2050.4 and 3454.0 cm-1. The IR 
betaxanthins (from Latin beta, red beet and Greek xanthos, yellow) and spectrum of pigment loaded aluminium lake shows peak at 573.2, 995.9, 
red-purple betacyanins (kyanos, blue color), depending on R -N-R  1052.9,1384.3, 1633.2 and 3432.4 cm-1. The decrease in value of the IR 1 2

band at 3454 can be attributed to H- bonding between the pigment ( moieties.
betalain) and aluminium hydroxide. The stability studies were carried out 
and it was found that the degradation of betalains followed a mixed order MATERIALS AND METHODS:  
kinetics and the shelf life of betalains was enhanced by precipitating then The red beetroots were obtained from a local market in Vasai (Beta 
as pigment lakes.vulgaris) in month of February. The beetroots were washed and ground in 

domestic Mixer Grinder (Bajaj Gx4 at speed setting of 3 for 5 min) and 
stored in freezer compartment of refrigerator till use.

HISTOCHEMICAL LOCALIZATION OF PIGMENTS:
The histochemical localization of betalains in tubers of beetroot was 
carried out by taking transverse sections of the tubers using a razor blade 
and observing it under 100X and 450X magnification of an illumination 
microscope (Micron Optik Bino Cxl). The transverse section shows the 
presence of pink coloured betacyanins and yellow-orange coloured 
betaxanthins. It was observed that the yellow-orange betaxanthins were 
more abundant on the outer layers of the tubers of Beta vulgaris, while 
the inner parenchymatous parts of tubers are rich in pink –purple 
betacyanins. Cells containing betaxanthins are also observed in the 
inner parenchymatous layer.

EFFECT OF SOLVENT: 
Fig: SEM of betalains coated Aluminium hydroxide prepared by 2g of ground beetroot was separately weighed and transferred to 7 

precipitationvolumetric flasks of 25 ml capacity and the volume was made up to 25 ml 
using the following solvents: Water, Methanol, Ethanol, Acetone, 
Methanol: Water-12.5:12.5, Ethanol: Water-12.5:12.5, Acetone: water -
12.5:12.5 respectively and extracted for 5 h. Water and water acetone 
mixture gave the highest yield of Betalain pigments.

EFFECT OF pH ON STABILITY OF BETALAINS: 
3.5 g of ground beetroot was weighed and transferred to a 25 ml 
volumetric flask, the volume was made up to 25 ml using water as 
solvent. 1 ml of this stock solution was transferred to testubes containing 
buffers at pH  values 1, 3, 5, 7, 9, 11 and 14. The solutions were mixed 
and kept at 25°C for 1 hour. At the end of 1 hr the absorbance values were 
recorded for each of these solutions. pH 7 was found to be optimum for 
stability of pigments.

EFFECT OF TEMPERATURE: 
Solutions of betalains were prepared by extracting 1 g of beet in 100 ml of 
deionized water by stirring for 15 min followed by filtration. Samples were 
incubated at the desired temperature (100, 80 and 60 °C) in a constant 
temperature oven for up to 3 h. At selected times, aliquots were Fig:  T.S. of beetroot (450X)
withdrawn and analysed for betalains (Betacyanin and vulgaxanthin) 

REFERENCES:content.
1. Strack D, Vogt T, Schliemann W. "Recent advances in betalain research". 
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DEVELOPMENT OF MUCOADHESIVE ORAL MULTIPARTICULATE SYSTEM FOR ERADICATION OF H-PYLORI
Dr. Govind Asane, Department of Pharmaceutics

INTRODUCTION: tract (GIT). In addition, they provide intimate contact between a dosage 
H. pylori infection is common worldwide. Generally, the prevalence is form and the absorbing tissue which may result in high drug 
lower in developed countries than in developing countries. Helicobacter concentration in a local area and hence, high drug flux through the 
pylori (H. pylori) is a Gram-negative spiral bacterium that is present in absorbing tissue, producing the pharmacological effect for extended 
nearly half the world's population. It is the major cause of peptic ulcer period of time with maximum bioavailability and less side effects .The 
disease and a recognized cause of gastric carcinoma. In addition, it is main purpose of Mucoadhesive is to secure the dosage form to a certain 
linked to non-ulcer dyspepsia, vitamin B12 deficiency, iron-deficient site in the body and thereby increase the drug absorption
anemia and immune thrombocytopenic purpura. These conditions are 
indications for testing and treatment according to current guidelines. An METHODOLOGY & PLAN OF WORK:
additional indication for testing according to the guidelines is "anyone 1. To design and formulate microspheres based on Mucoadhesive 
with a fear of gastric cancer", which results in nearly every infected polymers for selected model drugs.
person being eligible for eradication treatment. There may be beneficial 2. To evaluate bio/mucoadhesive characteristic of formulations using 
effects of H. pylori in humans, including protection from reported in-vitro / ex-vivo methods that are formulation specific.
gastroesophageal reflux disease and esophageal adenocarcinoma. In 3. To evaluate in-vitro Formulations with model drugs (Metronidazole) 
addition, universal treatment will be extremely expensive (more than $32 having different aqueous solubilities at physiologic pH levels, and 
billion in the United States), may expose the patients to adverse effects potential of these systems containing different amounts of polymers 
such as anaphylaxis and Clostridium difficile infection, as well as for swelling, bioadhesion and drug release [18-20].
contributing to antibiotic resistance. 4. To perform characterization of pure drug, polymers and selected 

formulations by SEM, FTIR and DSC study.
NEED OF NOVEL DRUG DELIVERY SYSTEMS: 5. To carry out stability studies of selected formulations of all prepared 
It is necessary to design drug delivery systems that cannot only alleviate drugs.
the shortcomings of conventional delivery vehicles but also deliver the 
antimicrobials to the infected cell lines. The absorption of an antibiotic CONCLUSION:
into the mucus through the mucus layer (from the gastric lumen) is Changing the composition or coating we could make formulations with 
believed to be more effective for H. pylori eradication than absorption different drug release profiles and bioadhesive properties. Chitosan 
through the basolateral membrane (from blood). A preparation that dispersed or coated formulations gradually released the Metronidazole 
spreads out, adheres to the gastric mucosal surface, and continuously incorporated and showed good mucoadhesion to stomach and intestinal 
releases antibiotic should be highly effective against H. pylori. The novel tissues. These properties are applicable to the sustained release of 
formulations adhering to the gastric mucosa and releasing the drug at the drugs and if present in the human upper gastrointestinal tract, the drug 
site of infection would be significantly more effective than conventional released will penetrate into the gastrointestinal mucosa from both gastric 
systemically administered therapies. The purpose of designing cavity and blood vessels. Out of all the Metronidazole formulations 
microsphere  dosage form is to develop a reliable formulation that has all evaluated, in-vitro results showed that formulation MTZ-6 was with best 
the advantages of a single unit formulations and yet devoid of the danger characteristics. This formulation (MTZ-6) showed good initial and 
of alteration in drug release profile and formulation behaviour due to unit gradual release of Metronidazole, intactness in swelling studies in 
to unit variation, change in gastro-luminal pH and enzyme population. A different conditions during entire period and good bioadhesion to the 
generally accepted view is that microspheres perform better in-vivo than gastrointestinal tissues and stability which makes it a suitable candidate 
single unit systems, as they spread out throughout the length of the for in-vivo study.
intestine causing less irritation, enjoy a slower transit through the GIT and 

REFERENCES:give a more reproducible drug release. Microspheres, in general, have 
1. Ahuja, A., Khar, R. K., & Ali, J. (1997a). Mucoadhesive drug delivery systems. Drug. the potential to be used for targeted and controlled release drug delivery; 

Dev. Ind. Pharm., 23(5), 489–515.
but coupling of bioadhesive properties to microspheres, has additional 2 Ahuja, A., Khar, R. K., & Ali, J. (1997b). Mucoadhesive drug delivery systems. Drug 
advantages, e.g. efficient absorption and enhanced bioavailability of the Dev. Ind. Pharm., 19, 1–31.

3 Asane, G. S., Rao, Y. M., Bhosale, A. V., & Nirmal, S. A. (2007). Mucoadhesive gastro drugs due to a high surface to volume ratio, a much more intimate contact 
intestinal drug delivery system: An overview. Indian Drugs, 44(8), 577–584.with the mucus layer and specific targeting of drugs to the absorption site. 

4 Duchene, D., Touchard, F., & Peppas, N. A. (1988). Pharmaceutical and medical 
However, gastrointestinal transit of multiparticulate dosage form is slow aspects of bioadhesive systems for drug administration. Drug Dev. Ind. Pharm., 14, 
in presence of food and can be modified with Mucoadhesive properties of 283–318

5 Krishnaiah, Y. S. R., Kondala Rao, B., Rama Prasad, Y. V., & Satyanarayana, S. chitosan and other polymers.
(1998). Gamma scintigraphy: An imaging technique for non-invasive in-vivo 
evaluation of oral dosage forms. Indian Drugs, 35(7), 387–398.

ORIGIN OF THE RESEARCH PROBLEM: 6. Mortazavi, S. A., & Smart, J. D. (1993). Factors influencing gel-strengthening at the 
The primary objective of CDDS was to maintain effective blood mucoadhesive–mucus interface. J. Pharm. Pharmacol., 46, 86–90.

7. Park, H., & Robinson, J. R. (1985a). In-vitro assessment of bioadesive dosage forms. concentrations of therapeutic agents throughout the dosage interval, 
J. Control. Rel., 2, 47.thereby improving patient compliance (through a reduction in dosage 

8 Park, H., & Robinson, J. R. (1985b). Physico-chemical properties of water insoluble 
frequency) and reducing drug-induced side effects. During the 1950's polymers important to mucin epithelial adhesion. J. Control. Release., 2, 47–57.
and early 1960's, the approach adopted to maintain effective drug blood 
levels was through the use of dissolution/diffusion devices. A primary 
objective of using Mucoadhesive formulations orally would be to achieve 
a substantial increase in length of stay of the drug in the gastrointestinal 

CHALLENGES AND OPPORTUNITIES IN NOVEL DRUG DELIVERY SYSTEMSSJIPR 11

Symphoria 2018



DESIGN, DEVELOPMENT AND CHARACTERIZATION OF GASTRO RETENTIVE MUCOADHESIVE TABLETS OF RIBOFLAVIN
Meeta N. Jain, Department of Pharmaceutics

INTRODUCTION: RESULTS AND DISCUSSION:
Oral route has been the most predominant route of drug delivery. But Formulated tablets were found to be satisfactory when evaluated for 
drugs that are easily absorbed from gastrointestinal tract (GIT) and have physical parameters. Results of swelling index are shown in the plot of 
short half-lifes are eliminated quickly from the systemic circulation and swelling index against time (h) as depicted in Fig. I. The swelling index 
have to be frequently administered. Improved therapeutic advantages was highest for tablets of formulation F2 (152.0 %) and least for F6 (95.0 
can be achieved by oral controlled release drug delivery. But variable and %). This indicates that HPMC stores more water content in matrix than 
too rapid gastrointestinal transit has been the major limitation of oral ethyl cellulose as swelling increases with time because polymer 
controlled drug delivery of drugs with narrow absorption window in GIT. gradually absorbs water due to its hydrophobicity. Mucoadhesion studies 
Gastro Retentive Drug Delivery System (GRDDS) is one such novel reveal that formulations containing Chitosan showed higher 
site-specific, orally administered, controlled release drug delivery Mucoadhesion property, due to which the formulation was retained for a 
system in which the delivery system is retained in the stomach for a longer duration in stomach (Table No.3). HPMC retains the dosage form 
prolonged period and it releases the drug in a controlled manner. due to swelling, whereas Chitosan retains due to its Mucoadhesive 
Mucoadhesion is an approach to prolong gastric retention. In these property. Thus chitosan was used as Mucoadhesive polymer. The plot of 
systems, mucoadhesion is achieved by using mucoadhesive polymers cumulative drug release Vs time plotted for all formulations are depicted 
which adhere to the epithelial surface of gastrointestinal tract by forming in Fig. II. The release of drug from HPMC K4M (F3 - 99.5%) based 
hydrogen and electrostatic bonding at the mucus polymer interface.  Mucoadhesive tablets was more sustained than Carbopol and ethyl 

cellulose (F4, F5, F6 for 9 hrs.) based tablets. Thus HPMC K4M and Riboflavin is one such drug which has narrow absorption window in 
chitosan were used for Mucoadhesive matrix formation. Model fitting gastrointestinal tract (GIT). Hence we intend to develop a 
studies revealed drug release mechanism followed Higuchi matrix order Gastroretentive Mucoadhesive tablets of Riboflavin and prepare 
release.sustained release 'once daily' tablets. 
From above studies it is concluded that Mucoadhesive matrix drug 
delivery systems can be a suitable approach to improve oral MATERIALS AND METHODS:
bioavailability of drugs having narrow absorption window in stomach.MATERIALS

Riboflavin, Hydroxy propyl methyl cellulose K4M, Ethyl cellulose, methyl 
cellulose, Carbopol 934, Sodium alginate, lactose, starch and Chitosan 
75% were commercially obtained from Loba Chemicals Pvt. 
Limited, Mumbai, India. All other reagents and chemicals used were 
of analytical reagent grade.  
METHOD
Mucoadhesive tablets containing Riboflavin were prepared by wet 
granulation technique using variable concentrations of HPMC K4M, 
Ethyl cellulose, Carbopol 934, Sodium Alginate and Chitosan. Starch 
paste was used as granulating agent. 10 batches of tablets each 
contained 10mg of Riboflavin were prepared using different 
concentrations of polymers.

PHYSICAL CHARACTERIZATION AND EVALUATION:
The fabricated tablets were characterized for weight variation, hardness, 
tablet dimensions and % friability and evaluated for Swelling Index, Drug 
polymer interaction, In-vitro drug release study, Ex Vivo Mucoadhesion 
strength and Ex Vivo Mucoadhesion time.

Formulation
Code

Mucoadhesion 
time (h)

Mucoadhesion 
strength (g)

F1 10± 0.134

 

13±0.870

F2 09± 0.129

 

12±0.636

F3 13± 0.206
 

16±0.588

F4 09± 0.221  13±0.660

F5 09± 0.210

 

12±0.90

F6 12± 0.198

 

14±0.798

F7 13± 0.203 16±0.788

F8 11± 0.232 14±0.480

F9 10± 0.215 13±0.288

Table No. 2 Evaluation of Mucoadhesive Parameters of Matrix Tablets
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“ISOLATION, CHARACTERIZATION AND EVALUATION OF HIBISCUS ROSASINENSIS LEAVES MUCILAGE AS 
SUSPENDING AGENT USING PARACETAMOL AS A MODEL DRUG FOR SUSPENSION.”

Vrushali Gokhale, Department of Pharmaceutics

A Pharmaceutical suspension is a coarse dispersion in which internal w/v in paracetamol suspension. Comparisons were drawn with similar 
phase is dispersed uniformly throughout the external phase. Suspension concentrations of compound tragacanth powder and acacia powder as a 
is thermodynamically unstable, so it is necessary to add suspending conventional suspending agents. The results showed that sedimentation 
agent which reduces the rate of settling and permits easy redispersion of volume and viscosity were found to be directly proportional to the 
any settled particulate matter both by protective colloidal action and by concentration of the suspending agents. Viscosity of suspension 
increasing the consistency of the suspending medium. Suspending containing low concentration of the Hibiscus rosasinensis mucilage was 
agents are (i) inorganic materials, (ii) synthetic compounds, or (iii) low and so the rate of sedimentation was faster. The suspending ability of 
polysaccharides. In recent years plant mucilages have invoked the suspendants were in the order of Hibiscus rosasinensis mucilage > 
tremendous interest due to their diverse application in pharmacy as Compound Tragacanth powder > Gum Acacia. Sedimentation volume for 
pharmaceutical excipient in formulation of solid as well as liquid dosage the suspensions containing concentration of Hibiscus rosasinensis 
forms. Mucilages are polysaccharide complexes formed from sugar and mucilage 1% and 1.5 %w/v was 0.72 and 0.8 respectively at the end of 
uronic acid units. Mucilages form slimy masses in water and are typically 24Hr, indicated reasonably good suspendability and redispersibility. The 
heterogeneous in composition. Plant mucilage are pharmaceutically mucilage showed its superior suspending property over compound 
important polysaccharides with wide range of applications such as tragacanth powder and gum acacia. The flow rates were inversely 
thickening, binding, disintegrating, suspending, emulsifying, stabilizing proportional to the viscosity of the suspension and were in order of Gum 
and gelling agent. The present work was an attempt to extract and Acacia > Compound Tragacanth powder > Hibiscus rosasinensis 
investigate the pharmaceutical properties of mucilages and to assess mucilage. Since the suspension produces sediment on storage it must 
suitability as a suspending agent in the pharmaceutical formulation. be readily dispersible so as to ensure the uniformity of the dose. An 
Presently, the use of natural gums and mucilages is gaining importance inverse relationship was observed between redispersibility and 
in pharmaceutical formulations as an excipient in dosage forms. concentration of suspending agents and were in order Hibiscus 
Synthetic polymers have certain drawbacks viz., high cost, non- rosasinensis mucilage > Compound Tragacanth powder > Gum Acacia. 
renewable sources, side effects, toxicity, causing environmental Mean particle size were between 3.5 – 5.5 μ.
pollution during their synthesis, non-biodegradable (as biodegradable 
synthetic polymers are costlier) and less patient compliance. Hibiscus CONCLUSION: 
rosasinensis leaves mucilage has not been explored as a After evaluating the viscosity of different concentrations of isolated 
pharmaceutical suspending agent.  The plant is available in India in large Hibiscus rosasinensis mucilage, a direct relationship was observed 
quantities, and the leaves contain mucilage. between the concentration of Hibiscus rosasinensis mucilage and 

viscosity. From all evaluated parameters it was observed that, Hibiscus 
METHODOLOGY & PLAN OF WORK: rosasinensis mucilage has a promising potential for its use as a 
1. Authentication of plant material which will then be used for further suspending agent in a concentration range of 1-1.5%w/v as compared to 

studies. compound tragacanth powder and acacia powder. Hibiscus rosasinensis 
2. Isolation of Mucilage from the leaves using acetone and water. mucilage could be employed as stabilizer and thickener of choice in 
3. Physically and chemical characterization of  Mucilage. pharmaceutical suspension preparation, cosmetic, pharmaceutical and 
4. Formulation of dosage form (Suspension) food industries. 
Suspension was prepared using paracetamol as a model drug and 
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SOLID LIPID NANOPARTICLES AS NOVEL COLLOIDAL CARRIERS FOR DRUG DELIVERY
Akkshata Parab, Department of Pharmaceutics

Delivering the drug accurately and safely to its target site at the precise �Controlled and targeted release of the incorporated drug can be 
time period to have a controlled release and attain the maximum achieved.
therapeutic effect remains a benchmark in the design and development �Increased scope of drug targeting can be achieved by coating with or 
of newer drug delivery systems. The use of nanoparticles as drug-carrier attaching ligands to SLN.
system is a very attractive possibility to achieve controlled drug release. �Enhanced drug stability – SLN stable for three years have been 
The important goals for research of nanotechnology based products in developed. This is of more importance compared to the other 
drug delivery include: colloidal carrier systems. 
a) Decrease in toxicity while maintaining therapeutic effects, �Better control over release kinetics of encapsulated compound, SLN 
b) Specific drug targeting and delivery, can be enhancing the bioavailability of entrapped bioactive.
c) Biocompatible and greater safety, and �Excellent reproducibility with use of different methods as the 
d) Development of safe medicines. preparation procedure with feasibility of incorporating both 
Solid Lipid Nanoparticles (SLN) were developed at the beginning of the hydrophilic and hydrophobic drugs.
1990s as an alternative novel carrier system to liposomes, emulsions �The carrier lipids are biodegradable and hence safe.
and polymeric nanoparticles. A clear advantage of SLN over polymeric �Avoidance of organic solvents.
nanoparticles is the fact that the lipid matrix is made from physiological �Feasible large scale production and sterilization.
lipids, which decreases the danger of acute and chronic toxicity. SLN are �Chemical protection of labile incorporated compound.
sub-micron colloidal carriers composed of physiological lipids, dispersed 
in water or in an aqueous surfactant solution. Small size (50-1000nm) of LIMITATIONS OF SLN:
lipid particles ensures close contact with stratum corneum, and may �Poor drug loading capacity – Drug expulsion after polymeric 
enhance dermal penetration of drug. SLN are produced by replacing the transition during storage
liquid lipid (oil) of an o/w emulsion by a solid lipid or a blend of solid lipids, �Relatively high water content of the dispersions (70-99.9%) – The 
i.e. the lipid particle matrix being solid at both room and body temperature low capacity to load water soluble drugs due to partitioning effects 
(1). SLN offer unique properties such as smaller size, larger surface area, during the production process
interaction of phases at the interfaces, and these are attractive for their 
ability to improve performance of neutraceuticals, pharmaceuticals and METHODS OF PREPARATION OF SLN: 
other materials. Solid lipid nanoparticles possess a solid lipid core matrix � High shear homogenization � Hot homogenization � Cold 
that can solubilize lipophilic molecules. The lipid core is stabilized by homogenization � Ultrasonication or high speed homogenization 
surfactants (emulsifiers). For pharmaceutical applications, all � Solvent emulsification/ evaporation � Micro emulsion based SLN 
formulation excipients must have Generally Recognized as Safe (GRAS) preparations � Preparation using supercritical fluid � Spray drying 
status (2). To achieve and maintain a solid lipid particle upon methods
administration, the lipid nanoparticle's melting point must exceed body 
temperature (37 °C). High melting point lipids investigated include Figure No. 1: Structure of SLN
triacylglycerols (triglycerides), acylglycerols, fatty acids, steroids, waxes, 
and combinations thereof. Surfactants that are investigated include bile 
salts such as sodium taurocholate, biological membrane lipids such as 
lecithin, biocompatible nonionics such as ethylene oxide/propylene 
oxide copolymers, sorbitan esters, fatty acid ethoxylates, and mixtures 
thereof. SLN have distinct occlusive properties due to the formation of an 
intact film on the skin surface upon drying, which decreases 
transepidermal water loss and favors the drug penetrating through the 
stratum corneum. Besides the nonspecific occlusion effect, the APPLICATIONS OF SLN:
enhanced drug penetration might be related with SLN themselves, the Generally, adjuvants are used in vaccines to improve the immune 
highly specific surface area of nanometer sized SLN facilitates the response. One of the new developments in the adjuvant sector is SLN 
contact of encapsulated drug with stratum corneum. The nanometer that slowly degrade to ensure prolonged exposure to the immune 
sized particles can make close contact with superficial junctions of system. The extremely small size of SLN is beneficial for drug targeting. 
corneocyte clusters and furrows between corneocyte islands, which may SLNs have the capability to penetrate the blood-brain barrier for treating 
favor accumulation for several hours allowing for sustained drug diffusion central nervous system disorders. These nanoparticles are evaluated for 
through the skin. lymphatic uptake upon intraduodenal administration to rats. They have 

also been proved to be successful upon encapsulating anti tubercular 
ADVANTAGES OF SLN: drugs in tuberculosis chemotherapy. SLN have also found promising 
�SLN particularly those in the range of 120–200 nm are not taken up applications in topical, respiratory, nasal, ocular and rectal drug delivery.

readily by the cells present in the RES (Reticulo Endothelial System) 
REFERENCES: and thus bypass liver and spleen filtration.
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MICROCHIP DRUG DELIVERY SYSTEM: A REVIEW
Amol Gholap, Department of Pharmaceutics

MICROCHIP DEVICE DESIGN MICROFABRICATION
The microchip delivery system consists of a substrate containing multiple Microfabrication can be generally defined as the production of 
reservoirs capable of holding chemicals in the solid, liquid, or gel form. microscale features in or on a material by techniques such as diposition, 
Each reservoir is capped (i.e. with a conductive membrane) and wired etching, micromolding along with patterning techniques such as 
with the final circuitry controlled by a microprocessor. This central photolithography or microcontact printing. The newly fabricated silicon 
processor should be able to actively control electrically the exact time of nitride membranes completely cover the square openings of the 
release and the amount of drug dispersed by controlling the dissolution of reservoir. Gold electrodes (0.3-0.5 mm thick) are deposited and 
the gold membrane. The system should be reasonable to manufacture patterned over the silicon nitride membranes by electron beam 
by standard micro fabrication techniques and still be cost-effective. evaporation and lift off. 

THE DESIGN APPROACH-AN OVERVIEW APPLICATION
THE SUBSTRATE The microchip has no moving parts. A thin barrier membrane covers the 
According to system design, the reservoirs will be patterned into the each reservoir filled with one or more chemicals. The release of 
substrate. This can easily be done by standard etching techniques of chemicals from the microchip is initiated by disintegration of the 
microfabrication. Any material that can serve as a support, is suitable for membrane.
etching, and is impermeable to the molecules to be delivered and to the 
surrounding fluids, may be used as a substrate. For this in-vivo COMPLEX RELEASE PATTERNS
application, biocompatibility should be considered. Non-biocompatible Complex release patterns (such as simultaneous constant and pulsatile 
materials, however, can also be enclosed within biocompatible materials release) can be achieved from the microchip. Any complex chemical or 
like polyethleneglycol. drug release pattern can be broken down into a combination of two 

parameters: Release time and Release rate. 
RELEASE SYSTEM
The design of a release system depends on the treatment required by the IN CANCER THERAPY
patient, whether it is a continuous or pulsed release. Drug delivery can be Measuring proteins in the blood can help doctors determine patients 
achieved by a passive or active release system. In the passive system, cancer risk and monitor the health of the elderly and people with chronic 
the drugs diffuses through a membrane or enters the body by the diseases. But current methods for testing these proteins are too 
degradation of the substrate. Active systems are triggered by a expensive and require too much blood to be performed regularly. A micro 
microprocessor and are preferred due to a more predictable release fluidic chip in clinical trials does on a single chip in 10 minutes what 
profile. normally takes multiple technicians hours to do and with just a single drop 

of blood. 
RESERVOIR CAPS
In the active timed-release devices, the reservoir caps consist of thin MICROFLUIDIC CELL TREATMENT
films of conductive material patterned in the shape of anodes surrounded The testing of compounds on living cells is an important part of the drug 
by cathodes. The portion of the anode directly above the reservoir discovery process, but optimal drug testing requires conditions that are 
oxidizes and dissolves into solution upon the application of a potential as close to the physiological context as possible. In micro fluidics, the 
between the cathode and anode. This exposes the release system to the micro scale dimensions generated are approaching reaction volumes 
surrounding fluids and results in the release of the molecules or drugs. that are typically found in biological systems. 

CONTROL CIRCUITRY AND POWER SOURCE CONCLUSION:
The control circuitry consists of a timer, demultiplexer, microprocessor or The designed microchip for drug delivery allows for storage and 
an input source. The microprocessor will control the desired reservoir to dependable controlled release of multiple drugs. This device is less 
be activated so that a variety of drugs may be contained in each specific complex and much more dependable than the aforementioned devices 
reservoir. The input source can either be a memory source, remote that attempt to control drug release rate (i.e. electro-mechanical or 
control device or a biosensor. A thin film microbattery can be used as a polymer systems). The microchip can be created by general 
power source. All of these can be patterned directly onto the device. microfabrication techniques and can also be self-contained, which 

eliminates the need for patient or doctor intervention. The proposed 
RESERVOIR FILLING device described (assuming one dose per day) can last over a year; 
Three-dimensional printing is capable of fabricating complex structures however, the delivery abilities do depend on patient need.
by ink-jet printing liquid binder onto loose, fine powder. The printing 

REFERENCES:pattern can be obtained from a computer-aided-design model (CAD). 
Andersson, H. and Berg, A.V.D. “Microfabrication and Microfluidics for Tissue Engineering: Inkjet printing in combination with a computer-controlled alignment 
State of the Art and Future Opportunities,” Lab Chip. 2004, 4, 98-103.

apparatus is capable of depositing as little as 0.2 ml of liquid or gel John T. Santini, Jr., Amy C. Rechards, Rebecca Scheidt, Michael J. Cima, Robert Langer, 
solution of known concentration into each reservoir. The volume of the Microchips as controlled drug-delivery devices, Int. Ed., 39, 2396-2407 (2000).
reservoirs can be controlled by specifying the appropriate print head to 
deposit a predetermined amount of binder. 
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OCULAR MUCOADHESIVE DRUG DELIVERY
Della Verghese, Department of Pharmaceutics

Our eyes are truly the lamp of our bodies. The anatomy and physiology of Polyvinyl alcohol is often found in over-the-counter eye lubricant and 
the eye makes it a highly protected organ. Its unique structure restricts protectant (artificial "Tears" for treatment of dry eye ) eye drops. Inserts of 
the entry of drug molecules at the required site of action. Therefore, polyvinyl alcohol film have also been prepared. 
ocular drug delivery is one of the most challenging tasks for 
pharmaceutical scientists. Currently, ocular conditions are treated by the Human serum albumin is the most abundant protein in human blood 
conventional ophthalmic solutions (eye drops) and suspensions, 90 % of plasma. It is approved by FDA for intravenous use (2%) and it has been 
the ocular formulation being the eye drops.  Because of the dynamics of shown that albumin has a promising healing effect on corneal epithelium 
the lacrimal system, the retention time of an ophthalmic solution in the and helps treat very dry eyes. A number of blood derivatives have been 
eye is short and the amount of the drug absorbed is only a small portion of used for a wide range of ocular conditions. 
the quantity applied. This obliges recurrent application of the eye drops. 
The concept and intention of formulating a mucoadhesive ocular drug Poloxamers have thermal gelling properties and can be used in 
delivery system is to reduce the dosing frequency, increase ocular combination with other polymers like Chitosan, Carbopol, HPMC to get 
retention time and bioavailability, and improve patient compliance. an insitu forming gel with improved mechanical and mucoadhesive 
Hence many gel systems, liposomes, polymeric drug carriers properties as poloxamers alone do not have mechanical strength and 
(microparticles and nanoparticles), ocular inserts, collagen shields are when used alone they are needed in very high concentrations (25%) 
currently being fabricated and investigated. But the important which could cause irritation to the eye. 
consideration while designing such a formulation is its optical clarity. 
They should not cause discomfort to the patient while application and Chitosan is a cationic polysaccharide with mucoadhesive properties.  A 
throughout the regimen. They should be stable in-vitro and in-vivo. Many simple Chitosan solution too showed increased drug residence time and 
ocular mucoadhesive dosages are being studied under clinical trials. is antibacterial.

RECENT ADVANCES IN OCULAR DRUG DELIVERY:
Liposomes have been shown to be biocompatible nanocarriers for ocular 
use. It can allow the delivery of both lipophilic as well as hydrophilic 
actives, due to its physical structure of a polar core and lipophilic bilayer. 
The study of evaluation of a single subconjunctival injection of liposomal 
Egg-phosphatidylcholine (EggPC) formulation of latanoprost in treating 
glaucoma has been completed. Liposomal latanoprost is an extended 
release drug delivery for glaucoma and is a ground breaking 
development in nanomedicine. The investigators have already evaluated 
carrier stability, drug partitioning, in-vitro drug release and tolerance in 
both rabbit and monkey eyes. A single injection of latanoprost-loaded 
EggPC liposomes can lower the Intra Ocular Pressure (IOP) for up to 90 
days, with a greater IOP lowering effect than daily topical administration 
of latanoprost.
The new therapy has successfully gone through a pilot study with six 
patients conducted at the Singapore National Eye Centre and has 
yielded exceptional results, having shown to be both safe and effective in 
the treatment of glaucoma. Liposomal latanoprost is now in the midst of 
being commercialized.

THE XEN GEL STENT:
Gelatin has been approved for intravenous use (3.48%). It can be applied 

THE PRESENT STANDING OF MUCOADHESIVES IN OCULAR for ocular use by formulating it into a stable carrier form of the drug such 
DRUG DELIVERY: as nanoparticles and films.  A new technology developed by a US-based 
Hyaluronic Acid emerged as the most promising mucoadhesive agent company relieves the pressure in the eye with a minimally invasive 
for the eye. It's a natural component of the vitreous and aqueous humor method. The XEN Gel Stent is made of a permanent, soft, collagen-
of the eye and is involved in the regeneration of corneal and conjunctival derived, gelatin. Upon implantation, it creates a gentle, diffuse outflow of 
epithelial cells. The FDA has approved the use of hyaluronic acid during aqueous humor from the anterior chamber into the  the subconjunctival 
certain eye surgeries including cataract removal, corneal space. 
transplantation, and repair of a detached retina and other eye injuries. In the United States, the XEN Gel Stent is an investigational device, 
Biolon, is an injectable system containing 1% fermentation-derived which means that it has not yet been approved by the US Food and Drug 
sodium hyaluronate used as a viscoelastic aid in cataract and other Administration (FDA). The company is currently enrolling subjects for its 
ophthalmic surgery. Healon EndoCoat Ophthalmic viscosurgical device clinical studies in the United States. 
is a sterile non-pyrogenic solution of highly purified sodium hyaluronate, 

REFERENCES:indicated for use as a surgical aid in cataract extraction, corneal 
The Food and Drug Administration USFDA. Available at www.fda.gov, accessed transplant, glaucoma filtration and retinal attachment surgery. Hyaluronic 
December 4, 2017 

acid-chitosan nanoparticles have been designed for ocular gene therapy. 

�
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INTRODUCTION: release DNA before it was destroyed by cells defense system, boosting 
Carbon Nanotubes (CNTs) are allotropes of carbon with a nanostructure transfection significantly
that can have a length-to-diameter ratio greater than 1,000,000. These 
cylindrical carbon molecules have novel properties that make them BIOMEDICAL APPLICATIONS: 
potentially useful in many applications in nanotechnology. Formally Bianco et al. have prepared soluble CNTs and have covalently linked 
derived from the grapheme sheet they exhibit unusual mechanical biologically active peptides with them this was demonstrated for viral 
properties such as high toughness and high elastic moduli. Referring to protein VP1 of foot mouth disease virus (FMDV) showing 
their electronic structure, they exhibit semiconducting as well as metallic immunogenicity and eliciting antibody response. In chemotherapy, drug 
behavior and thus cover the full range of properties important for embedded nanotubes attack directly on viral ulcers and kill viruses.
technology. Nanotubes are categorized as single-walled nanotubes and 
multiple walled nanotubes. Techniques have been developed to produce ARTIFICIAL IMPLANTS: 
Nanotubes in sizeable quantities, including arc discharge, laser ablation, Normally body shows rejection reaction for implants with the post 
chemical vapor deposition, saline solution method and flame synthesis administration pain. But, miniature sized nanotubes and nanohorns get 
method. The properties and characteristics of CNTs are still being attached with other proteins and amino acids avoiding rejection. Also, 
researched heavily and scientists have barely begun to tap the potential they can be used as implants in the form of artificial joints without host 
of these structures. Without doubt, carbon nanotubes represent a rejection reaction. Moreover, due to their high tensile strength, carbon 
material that offers great potential, bringing with it the possibility of nanotubes filled with calcium and arranged/grouped in the structure of 
breakthroughs in a new generation of devices, electric equipment and bone can act as bone substitute.
bio fields. Overall, recent studies have shown a very promising glimpse 
of what lies ahead in the future for CNTs in nanotechnology, optics, PRESERVATIVE: 
electronics, and other fields of materials science. Carbon nanotubes and nanohorns are antioxidant in nature. Hence, they 

are used to preserve drugs and formulations prone to oxidation. Their 
APPLICATIONS: antioxidant property is used in antiaging cosmetics and with zinc oxide as 
1. Carrier for Drug delivery: Carbon nanohorns (CNHs) are the sunscreen in dermatologicals to prevent oxidation of important skin 

spherical aggregates of CNTs with irregular horn like shape. components.
Research studies have proved CNTs and CNHs as potential carriers 
for drug delivery system. DIAGNOSTIC TOOL:

2. Functionalized carbon nanotubes are reported for targeting of Protein-encapsulated or protein/enzyme filled nanotubes, due to their 
Amphotericin B to Cells. fluorescence ability in presence of specific biomolecules have been tried 

3. Cisplatin incorporated oxidized SWNHs have showed slow release as implantable biosensors. Even, nano-capsules filled with magnetic 
of Cisplatin in aqueous environment. The released Cisplatin had materials, radioisotope enzymes can be used as biosensors. Nano size 
been effective in terminating the growth of human lung cancer cells, robots and motors with nanotubes can be used in studying cells and 
while the SWNHs alone did not show anticancer activity. biological systems.

4. Anticancer drug Polyphosphazene platinum given with nanotubes 
had enhanced permeability, distribution and retention in the brain CONCLUSION: 
due to controlled lipophilicity of nanotubes. With the prospect of gene therapy, cancer treatments, and innovative 

5. Antibiotic, Doxorubicin, given with nanotubes is reported for new answers for life-threatening diseases on the horizon, the science of 
enhanced intracellular penetration. nano medicine has become an ever-growing field that has an incredible 

6. The gelatin CNT mixture (hydro-gel) has been used as potential ability to bypass barriers. The properties and characteristics of CNTs are 
carrier system for biomedicals. still being researched heavily and scientists have barely begun to tap the 

7. CNT-based carrier system can offer a successful oral alternative potential of these structures. Single and multiple walled carbon 
administration of Erythropoietin (EPO), which has not been possible nanotubes have already proven to serve as safer and more effective 
so far because of the denaturation of EPO by the gastric environment alternatives to previous drug delivery methods.
conditions and enzymes.

REFERENCES:8. They can be used as lubricants or glidants in tablet manufacturing 
1. Radushkevich LV., Soviet Journal of Physical Chemistry 1952; 26: 88–95.due to nanosize and sliding nature of graphite layers bound with van 
2. Rajashree Hirlekar.et.al, Asian Journal of Pharmaceutical and Clinical Research, 2 

der waals forces. (4), 2009, 17-27.
3. Iijima S. Helical microtubules of graphitic carbon. Nature 1991; 354(6348):56–8.
4. Treacy MMJ, Ebbesen TW, Gibson JM. Exceptionally high Young’s modulus observed GENETIC ENGINEERING: 

for individual carbon nanotubes. Nature 1996; 381(6584):678–80.The unwound DNA (single stranded) winds around SWNT by connecting 
5. Wong EW, Sheehan PE, Lieber CM. Nanobeam mechanics: elasticity, strength, and 

its specific nucleotides and causes change in its electrostatic property. toughness of nanorods and nanotubes. Science 1997;277(5334):1971–5.
This creates its potential application in diagnostics (polymerase chain 6. Salvetat JP, Kulik AJ, Bonard JM, Briggs GAD, Stockli T, Metenier K, et al. Elastic 

modulus of ordered and disordered multiwalled carbon nanotubes. Adv Mater reaction) and in therapeutics. Wrapping of carbon nanotubes by single-
1999;11(2):161–5.stranded DNA was found to be sequence-dependent, and hence can be 

7. Iijima S, Ichihashi T. Single-shell carbon nanotubes of 1-nm diameter. Nature 
used in DNA analysis. Nanotubes due to their unique cylindrical structure 1993;363(6430):603–5.
and properties are used as carrier for genes (gene therapy) to treat 8. Grobert N. Nanotubes – grow or go? Mater Today 2006;9(10):64.

9. Ebbesen TW, Ajayan PM. Large-scale synthesis of carbon nanotubes. Nature cancer and genetic disorders. Their tubular nature has proved them as a 
1992;358(6383):220–2.vector in gene therapy. Nanotubes complexed with DNA were found to 

APPLICATIONS OF CARBON NANOTUBES
Govind Asane, Department of Pharmaceutics

CHALLENGES AND OPPORTUNITIES IN NOVEL DRUG DELIVERY SYSTEMSSJIPR 17

Symphoria 2018



MICRO-EMULSION A NOVEL DRUG DELIVERY APPROACH
Melroy D'Sa, Department of Pharmaceutics

Microemulsions are a good candidate for oral delivery as well as for METHOD OF PREPARATION OF MICROEMULSION:
topical delivery of poorly water-soluble drugs because of its ability to 1. Phase titration method.  2. Phase inversion temperature method.
improve drug solubilization. Absorption rate of a drug increases as its 
thermodynamic activity in the vehicle increases [Kawakami K et al2002]. COMPONENTS OF MICROEMULSION:
Microemulsions offer advantages over traditional creams and lotions as 1. Oil phase: Toluene esters of fatty acid are used to form the oily phase of 
topical drug delivery. They are used to solubilize drugs and to improve Microemulsion. e.g. Lauric acid, Capryol - 90, Oleic acid.
topical drug availability [Osborne at al 1991]. They are able to increase 2. Aqueous phase: The aqueous phase of Microemulsion may either 
the rate and depth of moisturizing agents into skin. It has been suggested contain a preservative or hydrophilic active ingredient.
that Microemulsions may dissolve the ordered structure of the stratum 3. Surfactant: Surfactants are used to reduce the interfacial tension of the 
corneum lipids, leading to the loss of barrier properties of the skin Microemulsion, hence surfactants with a balanced HLB (Hydrophilic 
[Badawi et al 2009].Amongst the various types of drug delivery systems lipophilic Balance) are desirable.
developed, particularly the colloidal drug delivery has achieved greater Two types of surfactant are used in a Microemulsion. 
potential in drug targeting and site specificity. The prime concept of Primary surfactant: These could either be ionic, non-ionic or amphoteric. 
Microemulsion was introduced by Hoar and Schulman in 1943. They Example- lecithin, labrasol. 
prepared the first Microemulsion by dispersing oil droplets into an Secondary surfactants: They are also called as co-surfactants with the 
aqueous surfactant solution and addition of a co-surfactant like alcohol purpose to form an interfacial film fluid by wedging the co-surfactant 
leading to a clear transparent and a stable Microemulsion. between a surfactant molecules. Example- Span 20, Poly-sorbate 80, 
Microemulsions are defined as colloidal systems or isotropic Transcutol - P, Transcutol - HP. 
thermodynamically stable multicomponent system comprising of an oil, 
water, surfactant and co-surfactant. Microemulsions produce average Figure No. 1: Structure of Microemulsion (Hellweg T et al 2002)
droplet size of 10 to 140 nm. Microemulsions could be asymmetric in 
shape frequently in the shape of an ellipsoid. Microemulsions can be 
used or applied as carrier systems that aid in transporting a lipophilic 
drug substance through an aqueous medium or helps in transporting a 
hydrophilic drug moiety across a lipoid membrane. Microemulsions are 
clear, translucent and also require less energy for manufacturing. 
Microemulsions show diverse or varied structural organization due to the 
use of different category of ingredients incorporated in the 
Microemulsion like the surfactant concentration and the oil-water ratio.

ADVANTAGES:
1. They are used in various pharmaceutical and cosmetic industries.
2. Microemulsions are cost effective, since they are easy to prepare 

and no special instrument is required for manufacturing. Figure No. 2: Different Applications of Microemulsion
3. Microemulsions are used as a vehicle in topical systems and 

transdermal formulation.
4. Microemulsions are used to enhance the solubility of various poorly 

soluble drugs and they also act as penetration enhancers.
5. Microemulsions can carry both lipophilic and hydrophilic drugs and 

enhance the rate of absorption of drug.
6. Efficacy of the drug can be enhanced by reducing the total dose and 

minimizing the side effects.
7. Formation of Microemulsion is reversible i.e.: they may become 

unstable at low or high temperature but microemulsion reforms when 
it comes to the stability range.

DISADVANTAGES:
1. Require large amount of Surfactant/Co-surfactant for stabilizing 

droplets. 
2.  Limited solubilizing capacity for high-melting substances used in the REFERENCES: 

1. Anne SV., Veronika B, Nicholas M. The Potential of Liposomal Drug Delivery for the system. 
Treatment of Inflammatory Arthritis. The Journal of Rheumatology. 2002; 12(4): 182-3. For intravenous use, the demand of toxicity on the formulation is 
196.

rigorous and very few studies have been reported. 2. Schorn DS. An Oral Gold Formulation in Rheumatoid Arthritis. S Afr Med J. 2000; 
62(10): 313-6.

3. Silson J. Use of Sustain Release Formulation in Rheumatoid Arthritis and TYPES OF MICROEMULSION:
Osteoarthritis. Journal of Clinical Pharmacology. 2000, 7(2):97-107. 1. Oil in water (volume of oil fraction is low). 2. Water in oil (volume of 

4. Tak P., Parnham, MJ. New Therapeutic Targets in Rheumatoid Arthritis. Journal of 
water fraction is low). 3. Bicontinuous Microemulsion (the amounts of Rheumatology. 2003; 14(6): 608-609.
water and oil ratio is same).

CHALLENGES AND OPPORTUNITIES IN NOVEL DRUG DELIVERY SYSTEMS SJIPR18

Symphoria 2018

Applications of 
Microemulsion

Oral

Parenteral

Opthalmic

Topical

Nasal

Tumor
Targeting



NANOBIOSENSORS: DESIGN AND CLINICAL APPLICATIONS
Meeta Jain, Department of Pharmaceutics

INTRODUCTION: analyte conjugated in a manner that antibody molecules are immobilized 
There is no doubt that the increased interest for the development of new over the electrode surface. Magnetic biosensors utilize the specially 
materials applicable in electroanalytical techniques has been associated designed magnetic nanoparticles. These types of sensors are very 
with the necessity to control specific molecules present in the human useful with reference to the biomedical applications with the 
body and the environment. This includes the possibility to improve the incorporation of magnetic nanoparticles. Alloys of transition metals with 
quality of life by development of efficient electrochemical devices and iron and other materials having unpaired electrons in their d-orbitals have 
bio-devices. It is challenging to develop more sensitive and selective been highly versatile in their magnetic behaviour. Electrochemical 
electrochemical devices that provide the possibility of detecting small sensors basically work to facilitate or analyze the biochemical reactions 
quantities of molecules utilizing efficient transducing elements and with the help of improved electrical means. These devices are mostly 
specific recognition materials for biosensing. The study of biological based on metallic nanoparticles which significantly help in achieving 
recognition elements and their specific functions has enabled the immobilization of one of the reactants with very good electron transport 
development of a new class of electrochemical modified electrodes properties.
called biosensors. These are analytical tools for the analysis of bio-
material samples to gain an understanding of their bio-composition, Nanomaterials used for improving biosensor technology:
structure and function by converting a biological response into an 
electrical signal proportional to the concentration of chemical species. 
More technically, a biosensor is a probe which integrates a biological and 
electronic component to yield a measurable signal. The development of 
efficient biosensors which can analyze the minutest details of the 
biological interactions even at a very small scale and with extreme 
precision and maximum possible sensitivities deserves urgent attention. 

CONCLUSION:
Nanotechnology has really proved to be a very significant blessing in the 
development of biosensors. Modern biosensors based on micro- and 
nanoscale techniques have the potential to greatly enhance methods of 
detecting foreign and potentially dangerous toxins and may result in 
cheaper, faster, and easier-to-use analytical tools. Nanobiosensor Figure No. 1 (a) Bioreceptors that bind the specific form to the sample; (b) An 
research focuses on developing innovative technologies that have the electrochemical interface where specific biological processes occur giving rise to a signal 

(c) A transducer that converts the specific biochemical reaction in an electrical signal (d) a ability to make significant contributions in the areas of human and animal 
signal processor (e.g. computer software) for converting the electronic signal into a disease marker detection and promising therapeutic compound 
meaningful physical display.

identification. Through miniaturization, it is possible to fabricate 
biosensors that are portable, cheap, and highly sensitive that can be Nanotechnology Biosensors – An Emerging Combination:
used for resource-poor settings for diseases such as HIV/AIDS. Nanoparticles have emerged as powerful and widely applicable 
Nanoscale technologies have a great potential to lead to the materials in biosensing. These are the materials which deal with the 

-9 development of next generation biosensors with improved sensitivity and generation and alteration of materials to nanosize (10  m). Due to their 
reduced costs.small size they have most of their constituent atoms located at or near 

their surface and have all vital physicochemical properties vastly different 
References:from the same materials at the bulk scale. They have high surface area to 
1. Roberto A. S. Luz, Rodrigo M. Iost and Frank N. Crespilho; Nanomaterials for 

volume ratios which allows their surfaces to be used in a better and far Biosensors and Implantable Biodevices; Nanobioelectrochemistry; Ó Springer-Verlag 
more diversely functional manner. The research in biosensor technology Berlin Heidelberg 2013.

2. Parth Malik., et.al. ISRN Nanomaterials ;Volume 2013, Article ID 327435.shows that various nanomaterials can be implemented either into 
3. Zhao, W., Xu, J.J., Chen, H.Y.: Electrochemical Biosensors Based on Layer by Layer transducers or receptor operation parts, so as to enhance their 

Assemblies. Electroanalysis 18(18), 1737–1748 (2006) 
multidetection capability and sensitivity. 4. Wu, B.Y., Amperometric glucose biosensor based on multilayer films via layer-bylayer 

self-assembly of multi-wall carbon nanotubes, gold nanoparticles and glucose 
oxidase on the Pt electrode. Biosens. Bioelectron. 22(12), 2854–2860 (2007) Nanoparticle Based Sensors:

5. Vamvakaki, V., Chaniotakis, N.A.: Carbon nanostructures as transducers in Acoustic wave biosensors have been developed to amplify the sensing 
biosensors, Sens. Actuators B: Chem. 126(1), 193–197 (2007) 

responses so as to improve the overall preciseness of the limits of 6. Zhang, Carbon nanotubes and glucose oxidase bionanocomposite bridged by ionic 
biodetection. The mass based variant of these sensors involves the liquid-like unit: Preparation and electrochemical properties. Biosens. Bioelectron. 

23(3), 438–443 (2007)conjugation of antibody modified sol particles which bind themselves on 
the electrode surface that has been complexed with the particles of 

Nanomaterial Key benefits  

Carbon  
nanotubes  

Improve enzyme loading, higher aspect ratios, ability 
to be functionalized, and better electrical 
communication  

Nanoparticles 
Aid in immobilization, enable better loading of 
bioanalyte, and also possess good catalytic properties  

Nanowires  
Highly versatile, good electrical and sensing properties 
for bio - and chemical sensing; charge conduction is 
better  

Nanorods  
Good plasmonic materials which can couple sensing 
phenomenon well and induce specific field responses  
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Novel drug delivery system is a major advance to solve the problems As carriers: The floating multiparticulates can be used as carriers for 
related to the release of the drug at specific site. These systems have drugs with so-called absorption windows. These substances, for 
several advantages over conventional multi- dose therapy. There are example antiviral, antifungal and antibiotic agents (Sulphonamides, 
various approaches in delivering a therapeutic substance to the target Quinolones, Penicillins, Cephalosporins, Aminoglycosides and 
site in a sustained release fashion. One such approach is using Tetracyclines) are taken up only from very specific sites of the GI 
microspheres as carriers for drugs. Microencapsulation is used to modify mucosa. 
and delay drug release from pharmaceutical dosage forms. 
Microspheres efficiently utilized in controlled delivery of many drugs but Pharmacokinetic advantages and future potential: As sustained 
wastage of drug due to low drug entrapment efficiency is the major release systems, floating dosage forms offer various potential 

19, 21drawback of such micro-particulate system. This review provides brief advantages evident from several recent publications. 
information about floating microspheres, method of preparations, 
evaluation and application of microspheres for sustained drug delivery. List of recently marketed drug formulation utilizing FDDS

MECHANISM OF FLOATING MICROSPHERES:
The microspheres come into contact with gastric fluid and then gel 
formers, polysaccharides, and polymers hydrate to form a colloidal gel 
barrier that controls the rate of fluid penetration into the device and 
consequent drug release. As the exterior surface of the dosage form 
dissolves, the gel layer is maintained by the hydration of the adjacent 
hydrocolloid layer. The air trapped by the swollen polymer lowers the 
density and confers buoyancy to the microspheres. However a minimal 
gastric content is needed to allow proper achievement of buoyancy. 
Hollow microspheres of acrylic resins, eudragit, polyethylene oxide, ethyl 
cellulose. cellulose acetate; polystyrene floatable shells; polycarbonate 
floating balloons and gelucire floating granules are the recent 

2developments.

64-69Methods of preparation of floating microspheres 
41. Solvent evaporation method

7, 82. Ionotropic gelation method
53. Emulsion solvent diffusion method

Figure 1: SEM photographs of (a) outer surface of a microsphere, (b) 
inner surface of a broken half of a microsphere

APPLICATIONS OF FLOATING MICROSPHERES

Sustained Drug Delivery: These systems can remain in the stomach for 
long periods and hence can release the drug over a prolonged period of 
time. 

Site-Specific Drug Delivery: These systems are particularly REFERENCE:
1. Streubel A, J. et.al. Microencapsul. 2003; 20: 329-347.advantageous for drugs that are specifically absorbed from stomach or 
2. Lim F, Sun AM, Microencapsulated islets as bioartificial endocrine pancreas, science. the proximal part of the small intestine, e.g. riboflavin and furosemide. 

1980; 210: 908-910.Floating microspheres can greatly improve the pharmacotherapy of the 
3. Dey NS, Majumdar S.,  et.al. Trop J Pharm Res. 2008; 7(3):1067-1075.

stomach through local drug release, leading to high drug concentrations 4. Talukder R, Fissihi R, A Mini review. Drug Dev. and Ind. Pharm. 2004; 30(10): 1019-
1028.at the gastric mucosa, thus eradicating Helicobacter pylori from the sub-

5. Sato Y, Kawashima Y, Takeuchi H, Yamamoto H. Eur. J. Pharm. Biopharm. mucosal tissue of the stomach and making it possible to treat stomach 
2003;55:297-304.and duodenal ulcers, gastritis and oesophagitis.

RECENT ADVANCES IN FLOATING MICROSPHERES AS NOVEL APPROACHES: A REVIEW
Nisha Kalayil, Department of Pharmaceutics
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Dosage form Drug Polymer

Multiparticulate Zolpidem

FDDS tartarate

Floating

microspheres

Hollow

microspheres

Floating Metoprolol Polymethacrylate

microparticles succinate (Eudragit S100, RSPO,

RLPO)

Drug-loaded beads Pantoprazole Alginate, Sterculia gum

Floating matrix Hydroxypropyl methylcel

tablets lulose 4000

Floating Eudragit S 100 (ES)

microspheres :Eudragit RL 100

Effervescent Metformin Methocel K100M and

floating tablets HCl Methocel E50 (4:1)

Floating

microspheres

HPMC E5M and Eudragit

RS 100

Floating tablets Diltiazem HCl Xanthan gum as carrier

Floating tablets Metronidazole Methocel K100M CR

Self-emulsifying Tetrahydrocu

floating pellet rcumin

Floating matrix Antiretroviral Hydroxypropyl

tablets drug methylcellulose

Effervescent floating 

tablet
Diltiazem HCl HPMC and xanthan gum

Glyceryl behenate and 

sodium starch glycolate

Aceclofenac Eudragit RS 100

Floating tablets Aceclofenac

Acyclovir

Aceclofenac

(Eudragit® NE 30D)

Cephalexin EthylCellulose (EC)

Ranitidine HCl Eudragit RLPO



 SELF-ASSEMBLED PEPTIDE HYDROGEL: A NOVEL TARGETED DRUG DELIVERY SYSTEMS
Dr. Norma Rebello, Department of Pharmaceutics

INTRODUCTION: 3. Peptide hydrogels provide a platform making them ideal for 
The beginning of Peptide research since late 1980s opened new paths of nanomedical applications due to their salient features like easy to 
research in the field of bioengineering, biomedicine and nanotechnology. use, nontoxic, nonimmunogenic, nonthrombogenic, biodegradable 
Further the discovery of short self-assembling peptides (SAP) brought a and applicable to localized therapies through injection to a particular 
revolution in biomedical research. Self-assembly may be defined as the tissue. 
spontaneous and reversible process in which disordered components 
autonomously form hierarchically organized structures or patterns owing 4. SAP hydrogels consist of nano-fibres in the same scale as the 
to specific, local interactions with the components themselves. Self- extracellular matrix fibres that surrounds cells. However most 
assembly could be either intermolecular or intramolecular. The former polymer matrices used in past decades for tissue engineering 
association of peptides results in the formation of structurally well- applications consist of microfibers approximately 10 to 50 
defined and stable organizations through a number of covalent micrometer, the same size or larger than the mammalian cells. Cell 
interactions including hydrogen bonds, ionic bonds, Vander Waal's cultures in such materials lead to cell spreading on the microfiber 
bonds, hydrophobic interactions and water mediated hydrogen bonds. surface and the generation of tissue cultures that do not mimic the 
Although these are weak bonds, when combined together they govern in-vivo situation of the cells's 3D natural microenvironment.
the structural conformation and stability of the assembly and influence 
the interaction of the supramolecular architecture with other molecules, 5. Microscopic analyses of tissue cultures on peptide nanofiber 
cells and tissues. Depending on the amino acid sequence, the hydrogels provided staggering images of cell associations 
concentration of the peptide solution, pH, type of the electrolyte in the suggesting excellent biocompatibility.
medium, hydrophilicty, hydrophobicity, charge of the amino acid etc. 
peptide self-assembly leads to the formation of nanofiber, which are Figure No. 2: Hydrogelation Process
further organized to form a hydrogel. Rapidly following these research, 
several new SAP sequences and peptide modified with self-assembling 
effectors such as chemical moieties and lipids were discovered.  The 
conformation changes with change in amino acid sequence. i.e 
KLEALYVLGFFGFFTLGIMLSYIR, 24-peptide from the transmembrane 
segment of the IsK protein self assembles and forms a gel in methanol or 
2-chloroethanol, the peptide sequence Ac-
QATNRNTDGSTDYGILQIDSR-CONH from the hen egg lysozyme and 2 

the de novo designed glutamate rich Ac-QQRFQWQFEQQ-CONH2  

beta-sheet 11 peptide self-assemble in water to form nanofiber 
hydrogels, the alpha helical peptide (LETLAKA)  peptide forms tetramers 3

APPLICATIONS:and small fibrils which upon increasing the salt concentration forms 
SAP have varying applications in tissue regeneration having research larger fibres consisting of multiple filaments etc. (1).
based evidences. Some of the areas of application are regeneration of 
Bone, Cartilage regeneration and repair, Ligament regeneration, Neural Figure No. 1: Self-assembly of peptides into nanofiber and the 
tissue formation, Axonal regeneration of the optical nerve, Heart formation of the peptide hydrogel.
regeneration, liver regeneration, Angiogenesis, Cochlea cell cultures for 
hearing organ regeneration, Skin wound healing, Middle ear mucosal 
regeneration and Tooth regeneration.

FUTURE PROSPECTS:
SAP hydrogels mimic the real in-vivo microenvironment of cells in 
mammalian tissues suggesting that the peptide hydrogel system can be 
useful to explore further the understanding of cell biology as well as 
future of healthcare technology. The injectable peptide hydrogel may ADVANTAGES:
also be researched for personalized therapies through encapsulation of 
the patient's own cells and implantation into the injured tissue for 1. Peptide hydrogels do not use harmful chemicals (for example, toxic 
promoting tissue regeneration. As time progresses, more and more cross-linkers etc.) to initiate sol-gel transformation and the 
regenerative medicine studies and clinical trials using the peptide degradation products are natural amino acids which are metabolized 
hydrogels will likely become available thereby providing more evidence by the cells. 
for their potential use in biomedicines.

2. The fact that the sol-gel transition occurs at physiological conditions, 
REFERENCES:the high internal hydration, and the nanoscale peptide fibres of the 
1. Koutsopoulos S. J Biomed Mater Res A.2016;104(4):1002-16. hydrogel allows for the encapsulation of cells for tissue engineering 
2. Aggeli A, et. al., Nature 1997; 386:259–262.

and tissue regeneration applications or bioactive molecules, 3. Nagai Y et. al.,   J Controlled Release 2006; 115:18–25.
including drugs and proteins for drug delivery (2, 3, 4). 4. Koutsopoulos S et. al., J Controlled Release 2012;160:451–458.
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INTRODUCTION: make cancer drugs more effective and ease the burden of 
Nanodiamond is an allotrope of carbon. Nanodiamonds are carbon- chemotherapy. These diamonds are nothing like the gems used in 
based materials approximately 2 to 8 nanometers in diameter. Each jewellery. They're just a few nanometers across. A nanometer is one 
nanodiamond's surface possesses functional groups that allow a wide billionth of a meter. Nanodiamonds are small carbon particles that 
spectrum of compounds to be attached to it, including chemotherapy resemble an angular soccer ball. Cancer is usually treated with a number 
agents. The crystal structure of Nanodiamond consists of two close of chemotherapeutic agents but the results and outcomes are not 100%. 
packed interpenetrating face centered cubic lattices; one lattice is shifted Use of Nanodiamonds having a coat of the drug and proteins can target 
with respect to the other along the elemental cube space diagonal by the Cancer cells in the body and destroy the cancerous cells without 
one-quarter of its length. Nanodiamond has been considered for use in affecting any normal cell. Delivery of drug using this system reduces the 
several medical applications due to its unique mechanical, chemical, side- effects and improves the targets. The nanodiamond surfaces like to 
optical, and biological properties. It has also sensing, imaging, and drug attract water, as well as other molecules, like drugs. Made of carbon, they 
delivery properties. With the rapid development of nanoscience and are nontoxic, and the body's immune system does not attack them. They 
nanotechnology, a wide variety of nanomaterials have been synthesized can bind tightly to a variety of molecules and deliver them right into a 
and discovered. Due to excellent properties and great potential tumor. And because they are only 2 to 8 nanometers in diameter, they are 
application, a number of carbon nanoparticles have been receiving much easy for the kidneys to clear from the body before they block up blood 
attention. The study associated with the interface between vessels, a long-standing problem in nanoparticle therapy. These 
Nanodiamond and life sciences is important for development of effective nanomaterials can shuttle chemotherapy drugs to cells without 
drug delivery systems. producing the negative effects of today's delivery agents. Clusters of the 

nanodiamonds surround the drugs to ensure that they remain separated 
from healthy cells until they reach the cancer cells, where they are NANODIAMOND STRUCTURE:
released. More benificial part is that these nanodiamonds have been The nanodiamonds also referred to as ultradisperse diamonds are 
shown not to induce inflammation in cells once they have done their job. particles in the 2–8 nm size range. The energies of graphite, diamond, 

and fullerene on the basis of density functional theory to conclude that 
Figure No. 1:  Nanodiamond drug delivery approachdiamond could be the stable phase of carbon clusters. 

Nanodiamond is often described as a crystalline diamond core with a 
perfect diamond lattice surrounded by an amorphous shell with a 
combination of sp2/sp3 bonds or onion-like graphite shell. 
                                                     
SYNTHESIS OF NANODIAMONDS:
A mixture of trinitrotoluene (TNT) and hexogen are detonated, 
nanodiamonds with diameters of about five nanometers are formed. The 
quicker the cooling after the detonation, the greater the yield of 
nanodiamonds, which can reach up to 90%. To obtain the nanodiamonds 
from the soot, high pressure and high temperature boiling in acid is done, 
which also gets rid of metal from the detonation chamber that 
contaminates the nanodiamond yield. The nanodiamonds have a 
diamond cubic lattice, thus having the name “nanodiamond.” 

APPLICATIONS:PROPERTIES OF NANODIAMONDS:
�Nanodiamonds have the ability to deliver drugs into a single cell. �They have a larger surface area, so larger amounts of drugs can be 
�It also investigates the ultimate effectiveness of novel treatment placed on the particles. 

strategies via a spectrum of internalization mechanisms.�They are very soluble in water, thus allowing them to travel 
�Numerous hallmarks of an ideal drug delivery system and promising throughout the body easily.

platforms for advancing cancer therapy.�They are smaller, and can be used to target specific areas in the 
�Using nanodiamonds, to treat breast and liver cancer tumors that are body.

resistant to chemotherapy. �They can be easily produced in large amounts. 

CONCLUSION:HOW NANODIAMONDS WORK? 
Nanodiamonds can bind tightly to a variety of molecules and deliver them Nanodiamond drug delivery systems shows a new path to the medical 
right into a tumor. Thus with a coat of the drug and proteins science. This technology reveals many roads toward the effective and 
nanodiamonds target the Cancer cell in body and destroy the cancerous safe treatment of Cancer. Nanodiamonds have many other advantages 
cells without affecting any normal cell.that can be utilized in drug delivery. They can be functionalized with 

nearly any type of therapeutic agent. They can be suspended easily in 
BIBLIOGRAPHY:water, which is important for biomedical applications. The 
1. Cui DX, Tian FR, Ozkan CS, Wang M, Gao HJ. Effect of single wall Nanodiamonds in 

nanodiamonds, each being four to six nanometers in diameter, are gene    therapy. Toxicol Lett 2005;155(1):73-85
minimally invasive to cells, biocompatible and do not cause 2. Liu KK, Cheng CL, Chang CC, Chao JI. Biocompatible and detectable carboxylated 

nanodiamond on human cell. Nanotechnology2007;18(32):325-327inflammation. Combination of cancer medicine with nanodiamonds may 

DRUG DELIVERY BY NANODIAMONDS
Prashant Dalvi, Department of Pharmaceutics
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NANOROBOTS: A REVOLUTIONARY TOOL IN DENTISTRY
Vrushali Gokhale, Department of Pharmaceutics

Researchers have predicted that high-tech and effective management at NANOIMPRESSION: 
the microscopic level, termed nanotechnology, will become an important The introduction of Nanofillers into Polyvinylsiloxanes yields a siloxane 
part of future dental and periodontal health. Nanotechnology, which is impression material with properties superior to conventional impression 
accomplished by manipulating matter at the atomic level, is measured in materials.
nanometers, roughly the size of two or three atoms. “Nano” comes from a 
Greek word “dwarf”. The word nano is a measure of length equalling to NANOSOLUTIONS: 
one billionth of a meter. Nano materials are those materials, involving These are unique, dispersible nanoparticles with superior properties that 
parts that are less than 100 nm in at least one dimension. The growing can be produced from nanosolutions. This can be used in dentin bonding 
interest in the application of nanotechnology in dentistry is leading to the agents because of better dentin bond strength and better performance.
emergence of a new field called nanodentistry. An emerging branch of 
technological research, involving the use of nanotechnology for NANOENCAPSULATION: 
designing and constructing nanorobot, will indeed play an indispensible Trials on controlled drug release has been best experimented in 
role in medical science and dentistry. Nanorobot induces oral analgesia, Nanomaterials with hollow spheres, nanotubes, core-shell structure and 
desensitizes tooth, and manipulates the tissue to realign and straighten nanocomposite. Target delivery systems that involve nanocapsules 
irregular set of teeth and improve durability of teeth including antibiotics, vaccines and drugs have been developed 

successfully.
NANOROBOTS: 
Nanorobots are also known as nanites, or nanomachines, they are NONSURGICAL DEVICES: 
theoretical microscopic devices that are measured on the scale of A surgical knife with a diamond-layered tip has been designed from micro 
nanometres. Nanorobotics involves manipulation of nanoscale objects structured-silicon. Diamond is a material that is chemically rigid, and 
by using micro or macro devices, then constructing and programming the silicon is non-magnetic and biocompatible. Nano-sized stainless steel 
robots with overall dimensions that of the nanoscale level. It has been crystals incorporated in suture needles have been developed.
planned to give Nanorobot a smooth surface that will provide streamlined 
path during their functioning. It is also thought that Glucose, naturally Figure No. 1: Nanorobots cleaning the subocclusal dental surface.
occurring body sugars and oxygen might be a source for propelling the 
nanodevice in a specified direction. Size of a blood born medical 
nanorobot ranges from 0.5-3 micrometers. 

PARTS OF NANOROBOTS: 
Nanorobots are planned to have a diameter of 0.5-3 microns and parts of 
dimension 1-10 nanometers. There are four major parts in a Nanorobot. 
They are camera, payload, capacitor and swimming tail. The chief 
element comprising the build of a nanorobot are Carbon, Sulphur, 
Hydrogen, Oxygen, Fluoride which are used for the preparation of 
nanoscale gears and other nanocomponents. Building nanorobots will 
involve sensors, actuators, control, power, communicators and APPLICATIONS OF NANOROBOTS IN DENTISTRY:
interfacing across spatial scales and between organic/inorganic as well Inducing Anaesthesia, Tooth repair, Hypersensitivity Cure, Tooth 
as biotic/abiotic systems. durability and appearance, Orthodontic treatment, Diagnosis and 

Treatment of oral cancer and Personalized Treatment.
MECHANISM OF ACTION: 
The powering of Nanorobots is expected to be done by metabolism of CONCLUSION: 
local glucose, oxygen and externally supplied acoustic energy. They can Nanotechnology has brought dentistry a miniature technology which has 
be made to work under control by on-board computers capable of the ability to lessen the burden of dentist in the near future. It is 
performing around 1000 or more computations per second. envisioned that Nanorobots will help dentists in managing complicated 
Communication with the device can be obtained by acoustic signalling cases of microscopic level with easy and preciseness. It will be of prime 
navigational network installed in the body that would provide high help to dentists practising both conventional and four handed dentistry. It 
positional accuracy to all passing Nanorobots and help in keeping track has shown effectives in various routine clinical procedures like induction 
of various devices in the body. When the task of the nanorobots is of anaesthesia and plaque removal. More of clinical trials are required to 
completed, they can be retrieved by allowing them to effuse themselves prove its efficacy in solving other complicated problems. If research work 
via the usual human excretory channels. These can also be removed by on nanorobots brings success in healing dental ailments then, it will 
active scavenger systems. prove to be a boon to dentistry in future decades to come.

REFERENCES:DEVELOPMENTS OF NANOTECHNOLOGY IN THE FIELD OF 
1. Dr. Deepak Ranjan Dalai, International Journal of Advanced Health Sciences, 2014, DENTISTRY: 

1,(3)
NANOCOMPOSITES: 2. Gupta D., et.al.  J Contemp Dent 2014;4(2):106-112

3. Ana-Maria Dumitrescu, Romanian Journal of Oral Rehabilitation, 2011, 3 (4).Composite with nanofillers has two types of nanofillers –nanomeric and 
4. Ira Gupta, Shankar Gokhale, Journal of Dental Sciences and Research, 4, (2).nanocluster.
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