
POLY (LACTIDE-CO-GLYCOLIDE) NANOPARTICLES: 

TRANSMUCOSAL PERMEATION, STABILISATION AND 

SUSTAINED RELEASE OF DRUGS 

RAJU SHANKARAYAN 

OFTE 

DEPARTMENT OF BIOCHEMICAL ENGINEERING & BIOTECHNOLOGY 

INDIAN INSTITUTE OF TECHNOLOGY, DELHI 

JULY 2010 



POLY (LACTIDE-CO-GLYCOLIDE) NANOPARTICLES: 

TRANSMUCOSAL PERMEATION, STABILISATION AND 

SUSTAINED RELEASE OF DRUGS 

RAJU SHANKARAYAN 

Department of Biochemical Engineering & Biotechnology 

Submitted 

in fulfillment of the requirements of the degree of 

Doctor of Philosophy 

to the 

OFTE 

Indian Institute of Technology, Delhi 

July 2010 



Dedicated 

to 

9Yy 6eloved Parents 

family 



CERTIFICATE 

This is to certify that the thesis entitled "Poly (lactide-co-glycolide) nanoparticles: 

transmucosal permeation, stabilization and sustained release of drugs", being 

submitted by Mr. Raju shankarayan to the Indian Institute of Technology, Delhi, for 

the award of degree of Doctor of Philosophy, is a record of bonafide research work 

carried out by him, which has been prepared under my supervision and guidance in 

conformity with the rules and regulations of "Indian Institute of Technology, Delhi". The 

research reports and the results presented in this thesis have not been submitted in part or 

full to any other University or Institute for the award of any degree or diploma. 

Dr. Prashant Mishra 
Professor, 
DBEB, IIT Delhi, 
Hauz Khas, 
New Delhi-110016. 

1 



Acknowledgements 
FFinaCTy the most awaited day came that I am writing the acknowledgement  for my ALD. thesis. It is 

a great pleasure for me and for anyone as it is most rewarded degree in anyone's life; the person comes 

very near to the stage being ca(Ced as "Doctor" as a prefer in his name as an honor. I am very much 

tlziank fu(to theACmighty Goiwho gave me strength to come to this stage. 

First anti forth most I wou&i like to thank my supervisor, ODr. Traskant JKiskra. I remember the day 

when I came to the department and being afirst person in the merit list I had the privilege to choose 

my project and supervisor to any of the faculty in the department. Caving floated a project of my 

academic 6ac(ground of pharmacy, I approached him directly and just after a single talk with him I 

decided to join under him even without seeing the other projects and knowing about them. And today 

at the verge of my submission of Phi. D. thesis I thanks God that I chose the right project under right 

person and off course thankful to Dr. Prasfiant Mishra who agreed to take me under his supervision. 

In my lift  most of the persons, with whom I have spent months or years, are apart from having 

exce(Cence in their academics or in their respective fields have remain nice human beings. For me that is 

of utmost importance, as a person shou&( 6e judged not 6y his position or the possessions he has 

acquired in his lift  but what he is 6ui(t of? Cow he is for the rest of the wor&ddapart from his family 

concerns, what nature he is of and how can he enjoy the so superb journey of Cfe gifted 6y almighty 

God, tackling a(CCfe's adverse conditions in a best complacent way, being thziank fu(for his Cf.  Among 

all persons who ever I can remember and I have met through till this age of my lift  Dr. Prasfiant 

Mishra is at the top. Simply he is a superb man in a(Caspects. I express my profound sense of gratitude 

and veneration to Dr. Prasfiant Mishra for guiding me all the way during my Ph.D. tenure. I have 

found all relations in him as per the demand of the situation. I have Learnt a Cot from him and always 

keep on learning whenever I meet him. Mis caring nature, way of talking, treating with others 

irrespective of the person's position, all are amazing. God has given in him a Cot of qualities and I 

always o6seree very minutely his a(CquaCties and try to imbibe in myself. It is he, who has made me to 

come to this stage not only 6y his academic guidance as a supervisor but in all aspects of my personal 

life too. I am lacking the words to describe the feelings which I have for him. I wid 6e indebted to him 

throughout my lift  and will fee( very glad if God ever give me any opportunity to 6e of any help for 

him. 

I am highly indebted to my SPC members, cProf. Su6kash Ckand cProf. )4th( Roy (external expert, 

Centre for Biomedical Engineering, lIT'Delhi, Late DDr. ,. X (Deb (internal expert) and 	)4tu( 

ii 



Narang (internal expert) for monitoring my work progress from time to time and giving va(ua6Ce 

suggestions. 

It is not only these faculty persons, my cDB'EB afffaculty members are so good that to whomever I 

think of, very much regard and soft feeCngs come for them. They a(CCterally nurture their students as 

their parents, taking care not only on professional ground but also on their persona( ground. They 

make all arrangements for their students' trainings, for their jobs (if someone is getting decayed in 

getting it) or any help they neetifrom them. I am very thankful to my all department faculty, staffs 

and students for keeping a very healthy environment in the department conductive to the research 

work,which makes research easy; because in research we need sometimes urgent sharing of chemicals or 

knowledge,  tfle decay of which might hamper the research. 

I am grateful to rof A(okRgy for allowing the use of particle size analyzer and DSC faciCty in his 

Ca6oratory at Centre for Biomedical Engineering, IIT cDe(iii and thankful to his students DDr. 

~Puurnendu andWr. A6hisekghosh for their assistance. 

I am highly o6Ciged to a r. Ckatar Singh and especially to Sharma Sir, Department of Te.,,tite 

Technology, IIT cDethz, for doing my scanning electron microscopy analysis of nanopartic(es samples. 

In spite of his breathing pro6Cems Sharma sir invested a Cot of time for my sample analysis. I fee( 

highly indebted to him. 

Thanks are due to the'EM faciCty provided at Department of Anatomy and the staff members who 

assisted in BEM analysis of the nanopartictes and mucosa atAIIM S, New DeDiii. 

I am very thankful to JKr. ' .7(gfiosh who was very helping in nature and was very proficient in his 

1a6 management from acquiring chemicals to getting equipment repaired to hanging a(( 1a6 students 

nicely keeping them disciplined. 

I am very much thankful to Wr. Sumit 2(tfipoor who came in place of Mr. VKG. Ile is of my same age 

group and has become my goodfriend. We share tea, coffee, snacks together in canteen. 

I am very thankful to %jsan 6haiya in my Cab, who is a very helping kind of person and have always 

provided me all sort of help throughout my AL D. tenure. Ife always made arrangement anyhow on his 

persona(ground for whatever I needed, 6e it a chemical or fining the pig slaughter house to a(C other 

sorts of personal and financial help. Ife has never given anytime negative answer whenever I 

approached him he resolved my pro6Cem anyhow. I would like to thanks Bkagwan Singh Ji for 

allowing me to use the 1a6 chemicals and instruments avai(a6Ce in his (a6. I am very much thankful to 

4Rimgopa(jee, 4Rijl mar fee, staff members of the Cab, who always remain avai(a6Ce for any help 

needed. 

iii 



I am very much thankful to JKrs Neera 'Verna (our department (i6rarian) who always remains ready 

to assist anyone 6y providing book for any number of days till he needs or the next person doesn't come 

to ask for. She is very soft 6y nature. 

I am very much tlzian(fu(to .Mr. JKukphAnand our instrumentation Cab in-charge who always remain 

ready to provide any help or issuing key of the Cabfor working in off days. I would also like to thank 

JKrs cPcnu Sethi for her cordiaCnature. 

I am very much thzian(fu( to Sapan Tatra, earlier Cab in-charge of 6ioinformatics Cab for remaining as 

friend with us and helping us 6y providing key to work there in off hours. 

I am very tlziank fu(to my friends cRj,ohi and 4Rjcka with whom I sliiared my measure time of ALD. We 

always used to have snaks-tea and outings together. They became my family friends and I enjoyed a Cot 

of their company. I am very thzian(ful to my guru6ahiian Bhawna JKadan who always inspired me for 

doing my best performance in cP D 6y investing maximum time in Cab. 

I am very thankful to my all 6atchmates Gate4~ijt6 Nayak Asif 6hai, Su6hank zr, Atop, Ashisk 

Anan AnjaCz, cParu(for their cooperation and help provided. 

Thanks are due to my juniors Saura66; 4ejsa66; Jyoti, Swath Efeenu, Pra6ha, gayatr4 laved sanjay 

and Mohit for their cooperation and help whenever I asked. I am especially indebted to saura6h for 

helping me in many ways. 

I am very much tlzian(fu(to ~Younish andSwati Jaiswalfor assisting me in writing thesis. Only in few 

days Tounish became my goodfriend. Me is very soft and helping in nature. 

I am specially thzian(fu(to the MS student Brijendra and M.Tech student Sumit. We all were under 

the same supervisor and shiiared a Cots of knowledge  andscientfIc discussion together. 

I would also like to thank my B. cPfiann. college friends NikkiC Tanl~ij, 4Rijeev, Sanjay, cDharm 

cPrakisb; Vmesh Bhaiya for their emotionasupport and care during my stay at DeDiii. 

I take this opportunity to express my deepest gratitude to my family members, my parents, my wife 

4Rikhi and Ter family members, son Art6; younger brother 2(ttju and his wife cP'utuC The Cove of all 

these persons has always given me the strength and confidence  to overcome the di ficu(ties and 

accomplish the objectives in my Cfe. My family always stood 6y my side with their emotiona(support, 

Cove and blessings. 

FinalTy and above allI would like to thanks the almighty godfor seeing me add through and 6y whose 

grace I have reached the stage to submit my AL D. thesis. 

iju Shziankarayan 

iv 



ABSTRACT 

PLGA based micro/nanoparticles have emerged as new drug delivery vehicles due to 

their controlled and sustained release properties, subcellular size and biocompatibility 

with tissues and cells. The advantage with these drug delivery vehicle is that the 

polymeric matrix encapsulating the drugs prevent the degradation of the drug and the 

toxic effect of drug to the tissues is avoided by overcoming the direct interaction of the 

drug with the mucosal surface. However for the successful development of these delivery 

vehicles it is necessary to study the various aspects of drug delivery which includes from 

loading the drug with maxium encapsulation efficiency with minimum size of the 

particle, stabilization of the drug with its sustained release, to its successful delivery 

through the mucosa. All these aspects should be considered for the various types of the 

drug differing in their nature of solubility and the molecular weight. In view of these 

issues the present work was undertaken taking piroxicam among low molecular weight 

hydrophobic drug and the lysozyme as a model protein. Lysozyme is hydrophilic in 

nature and being an enzyme it gave an ease of determination of the stability of the drug 

after its release from these vehicles. Piroxicam, a non-steroidal anti-inflammatory drug 

(NSAID), is widely used for the treatment of inflammatory arthritis and has been in 

clinical practice as an analgesic. However, long term treatment of piroxicam is known to 

cause ulcers, bleeding, or holes in the stomach or intestine. The present work has 

demonstrated for the first time formulation of piroxicam-loaded PLGA nanoparticles. 

The permeation study have suggested clear advantage of nanoparticles based formulation 

and their ability to cross mucosal membrane. Preliminary studies indicates the cellular 

mode of delivery of PLGA nanoparticles. In addition, various formulation conditions for 
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lysozyme-loaded nanoparticles suggests role of lactulose as a potential excipient for 

stabilization of lysozyme. Thus the present study clearly indicates role of nanoparticles in 

sustained drug delivery and excipient based formulations for long term sustained delivery 

of native protein. 
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