
!"#"$%&'()'$#"*&+$&
$,)"-&(!./&#'!!+"!&

*0*%"1*&
&

&'23&(4536&*4746&
!

! &



 
 
 
 
Recent Advances in Novel Drug Carrier Systems 
http://dx.doi.org/10.5772/2889 
Edited by Ali Demir Sezer 
 
Contributors 
Mohammed Maniruzzaman, Dennis Douroumis, Joshua S. Boateng, Martin J. Snowden,  
Paola Russo, Antonietta Santoro, Lucia Prota, Mariateresa Stigliani, Rita P. Aquino, Hamed 
Hamishehkar, Yahya Rahimpour, Yousef Javadzadeh, Martins Ochubiojo Emeje, Ifeoma 
Chinwude Obidike, Ekaete Ibanga Akpabio, Sabinus Ifianyi Ofoefule, Anthony A. Attama,  
Mumuni A. Momoh, Philip F. Builders, Seyda Bucak, Banu Yavuztürk, Ali Demir Sezer, José 
Juan Escobar-Chávez, Isabel Marlen Rodríguez-Cruz, Clara Luisa Domínguez-Delgado,  
Roberto Díaz- Torres, Alma Luisa Revilla-Vázquez, Norma Casas Aléncaster, M.D. Blanco,  
C. Teijón, R.M. Olmo, J.M. Teijón, Amani M. Elsayed, Utkarshini Anand, Tiam Feridooni, 
Remigius U. Agu, Atena Jabbari, Hamid Sadeghian, Viness Pillay, Pradeep Kumar, Yahya E. 
Choonara, Girish Modi, Dinesh Naidoo, Lisa C. du Toit, Sanaz Hamedeyazdan, Keitaro Sou, 
Erdal Cevher, Ali Demir Sezer, Emre Şefik Çağlar, A. A. Onifade, B.H. Olaseinde, T. Mokowgu, 
Ahmet Aydın, Hande Sipahi, Mohammad Charehsaz 
 
Published by InTech 
Janeza Trdine 9, 51000 Rijeka, Croatia 
 
Copyright © 2012 InTech 
All chapters are Open Access distributed under the Creative Commons Attribution 3.0 license, 
which allows users to download, copy and build upon published articles even for commercial 
purposes, as long as the author and publisher are properly credited, which ensures maximum 
dissemination and a wider impact of our publications. After this work has been published by 
InTech, authors have the right to republish it, in whole or part, in any publication of which they 
are the author, and to make other personal use of the work. Any republication, referencing or 
personal use of the work must explicitly identify the original source. 
 
Notice 
Statements and opinions expressed in the chapters are these of the individual contributors and 
not necessarily those of the editors or publisher. No responsibility is accepted for the accuracy 
of information contained in the published chapters. The publisher assumes no responsibility for 
any damage or injury to persons or property arising out of the use of any materials, 
instructions, methods or ideas contained in the book. 
  
Publishing Process Manager Marina Jozipovic 
Typesetting InTech Prepress, Novi Sad 
Cover InTech Design Team 
 
First published October, 2012 
Printed in Croatia 
 
A free online edition of this book is available at www.intechopen.com 
Additional hard copies can be obtained from orders@intechopen.com 
 
 
Recent Advances in Novel Drug Carrier Systems, Edited by Ali Demir Sezer  
    p. cm.  
ISBN 978-953-51-0810-8  



  



!



!
!

 
 

 
 
Contents 
!

Preface IX 

Section 1! Powder Technology in Drug Delivery 1 

Chapter 1! Hot-Melt Extrusion (HME):  
From Process to Pharmaceutical Applications 3 
Mohammed Maniruzzaman, Dennis Douroumis,  
Joshua S. Boateng and Martin J. Snowden 

Chapter 2! Development and Investigation of Dry  
Powder Inhalers for Cystic Fibrosis 17 
Paola Russo, Antonietta Santoro, Lucia Prota,  
Mariateresa Stigliani and Rita P. Aquino 

Chapter 3! The Role of Carrier in Dry Powder Inhaler 39 
Hamed Hamishehkar, Yahya Rahimpour  
and Yousef Javadzadeh 

Section 2! Nanocarriers in Drug Delivery 67 

Chapter 4! Nanotechnology in Drug Delivery 69 
Martins Ochubiojo Emeje, Ifeoma Chinwude Obidike,  
Ekaete Ibanga Akpabio and Sabinus Ifianyi Ofoefule 

Chapter 5! Lipid Nanoparticulate Drug Delivery Systems:  
A Revolution in Dosage Form  
Design and Development 107 
Anthony A. Attama, Mumuni A. Momoh and Philip F. Builders 

Chapter 6! Niosomes as Carrier in Dermal Drug Delivery 141 
Yahya Rahimpour and Hamed Hamishehkar 

Chapter 7! Magnetic Nanoparticles: Synthesis, Surface Modifications 
and Application in Drug Delivery 165 
Seyda Bucak, Banu Yavuztürk and Ali Demir Sezer 



VI Contents!
!

Chapter 8! Nanocarrier Systems for Transdermal Drug Delivery 201 
José Juan Escobar-Chávez, Isabel Marlen Rodríguez-Cruz,  
Clara Luisa Domínguez-Delgado, Roberto Díaz- Torres,  
Alma Luisa Revilla-Vázquez, Norma Casas Aléncaster 

Chapter 9! Targeted Nanoparticles for Cancer Therapy 241 
M.D. Blanco, C. Teijón, R.M. Olmo and J.M. Teijón 

Section 3! Miscellaneous 279 

Chapter 10! Oral Delivery of Insulin: Novel Approaches 281 
Amani M. Elsayed 

Chapter 11! Novel Mucoadhesive Polymers for Nasal Drug Delivery 315 
Utkarshini Anand, Tiam Feridooni and Remigius U. Agu 

Chapter 12! Amphiphilic Cyclodextrins, Synthesis, Utilities and 
Application of Molecular Modeling in Their Design 331 
Atena Jabbari and Hamid Sadeghian 

Chapter 13! Processing and Templating of Bioactive-Loaded  
Polymeric Neural Architectures: Challenges  
and Innovative Strategies 355 
Viness Pillay, Pradeep Kumar, Yahya E. Choonara,  
Girish Modi, Dinesh Naidoo and Lisa C. du Toit 

Chapter 14! Novel Drug Delivery Systems for Modulation of 
Gastrointestinal Transit Time 393 
Yousef Javadzadeh and Sanaz Hamedeyazdan 

Chapter 15! Advanced Drug Carriers Targeting Bone Marrow 419 
Keitaro Sou 

Chapter 16! Gene Delivery Systems: Recent Progress  
in Viral and Non-Viral Therapy 437 
Erdal Cevher, Ali Demir Sezer and Emre Şefik Çağlar 

Chapter 17! Is Chronic Combination Therapy of HAART and -ZAM,  
Herbal Preparation for HIV Infection Safe? 471 
A. A. Onifade, B.H. Olaseinde and T. Mokowgu 

Chapter 18! Nanoparticles Toxicity and Their Routes of Exposures 483 
Ahmet Aydın, Hande Sipahi and Mohammad Charehsaz 

 



!





!

 
!

 
 
 
Preface 
!

"#$%!&'()*'#+!),!-!.'/01&!1#!2#13',,!14!-&.)5),/'#)5%!-!20-#.-3'$/)3-(!31.21$5&!/1!
-30)'*'!-!/0'#-2'$/)3!'44'3/!)5!0$.-5,!1#!-5).-(,6!"#$%!&'()*'#+!/'3051(1%)',!.1&)4+!
&#$%! #'('-,'! 2#14)('7! -8,1#2/)157! &),/#)8$/)15! -5&! '().)5-/)15! 41#! /0'! 8'5'4)/! 14!
).2#1*)5%!2#1&$3/!'44)3-3+!-5&!,-4'/+7!-,!9'((!-,!2-/)'5/!315*'5)'53'!-5&!31.2()-53'6!
"#$%! #'('-,'! 31.',! 4#1.! &)44$,)157! &'%#-&-/)157! ,9'(()5%7! -5&! -44)5)/+:8-,'&!
.'30-5),.,6! ;1,/! 31..15! #1$/',! 14! -&.)5),/#-/)15! )53($&'! /0'! 2#'4'##'&! 515:
)5*-,)*'!2'#1#-(7!/12)3-(7!/#-5,.$31,-(!-5&!)50-(-/)15!#1$/',6!;-5+!.'&)3-/)15,!,$30!
-,!2'2/)&'!-5&!2#1/')57!-5/)81&+7!*-33)5'!-5&!%'5'!8-,'&!&#$%,7!)5!%'5'#-(!.-+!51/!8'!
&'()*'#'&!$,)5%!/0','!#1$/',6!

<19'*'#7! 41#! -((! /0','! '=3)/)5%! 5'9! &#$%! -5&! *-33)5'! 3-5&)&-/',7! )/! ),! 5'3',,-#+! /1!
&'*'(12!,$)/-8('!&1,-%'!41#.,!1#!&#$%!&'()*'#+!,+,/'.,!/1!-((19!/0'!'44'3/)*'7!,-4'!-5&!
#'()-8('!-22()3-/)15!14! /0','!8)1-3/)*'!31.21$5&,!/1! /0'!2-/)'5/6! >5! /0'!*)'9!14!.1,/!
'=2'#/,!20-#.-31(1%+! ),!15!&#$%,7! /-#%'/,7!-5&!-3/)15,6! >5! /0'!315/'=/7! /0'!&#$%!-,!-!
#$('! ),! ,''5!-,!-5!-3/)*'!20-#.-3'$/)3-(! )5%#'&)'5/!-5&!51/!-,!-! 31.2('=!.)=/$#'!14!
30'.)3-(!'5/)/)',!14!-!9'((!&'4)5'&!,/#$3/$#'6!?1&-+7!9'!-#'!8'31.)5%!.1#'!-5&!.1#'!
-9-#'!14!/0'!4-3/!/0-/!&'()*'#+!14!/0'!-3/)*'!31.21$5&!/1!/0'!/-#%'/!,)/'!),!-!@'+6!?0'!
2#','5/! *1($.'! %)*',! -! /12)3-(! 1*'#*)'9! 15! *-#)1$,! .1&'#5! -22#1-30',! /1! &#$%!
&'()*'#+! -5&! /-#%'/)5%! 15! 31*'#)5%! /1&-+A,! 12/)15,! 41#! ,2'3)4)3! 3-##)'#! ,+,/'.,!
-((19)5%! ,$33',,4$(! &#$%! /#'-/.'5/! -/! *-#)1$,! ,)/',! 14! /0'! 81&+! /0-/! -#'! &)44)3$(/! /1!
-&&#',,!-5&!-((19)5%!/1!)53#'-,'!/0'!8'5'4)/:#),@:#-/)1!/1!/0'!12/).$.6!

B5! /0'! 1/0'#! 0-5&7! /0'! #'-&'#! 9)((! 8'! )5/#1&$3'&! /1! *-#)1$,! -,2'3/,! 14! /0'!
4$5&-.'5/-(,!14!5-51/'3051(1%+!8-,'&!&#$%!&'()*'#+!,+,/'.,!-5&!/0'!-22()3-/)15!14!
/0','!,+,/'.,!41#!/0'!&'()*'#+!14!,.-((!.1('3$(',7!2#1/')5,7!2'2/)&',7!1()%15$3('1/)&',!
-5&!%'5',6!<19! /0','! ,+,/'.,!1*'#31.'!30-(('5%',!144'#'&!8+!8)1(1%)3-(!8-##)'#,! /1!
&#$%!-8,1#2/)15!-5&!&#$%!/-#%'/)5%!9)((!-(,1!8'!&',3#)8'&6!

?0'!-).!14!/0),!811@!9-,!/1!%-/0'#!-((!#',$(/,!31.)5%!4#1.!*'#+!4$5&-.'5/-(!,/$&)',6!
C%-)57!/0),!-((19,!/1!%-)5!-!.1#'!%'5'#-(!*)'9!14!/0'!*-#)1$,!&#$%!3-##)'#!,+,/'.,!-5&!
3-5! 2#'2-#'! -5&! -22(+7! -(15%!9)/0! /0'!.'/01&1(1%)',! 5'3',,-#+! /1! &',)%57! &'*'(12!
-5&!30-#-3/'#)D'!/0'.6!



X Preface!
!
!"#$%#&'$"$&()#*+'#",-#*$-).#+*#.'/0#.-)$1-'2#*'+3#(#4'++*#+*#&+5&-4"#"+#(#4,('3(&-/"$&()#
4'+./&"#("#",-#6-0$55$50#+*#",-#5-7#3$))-55$/38#9#%/&&-%%*/)#+/"&+3-#7$))#'-%/)"#$5#(#
5-7# &)$5$&()# 3+.()$"2# ",("# '-4'-%-5"%# (# '-1+)/"$+5('2# (44'+(&,# "+# 3-.$&$5-8# :5-#
$33-.$("-# 6-5-*$"# 7$))# 6-# "+# 4'+./&-# (# &+5"$5/+/%# )-1-)# +*# ",-'(4-/"$&# 4'+"-$5;#
(1+$.$50# ",-# &,('(&"-'$%"$&#4-(<#(5.# "'+/0,#6-,(1$+'#+*# $5"-'3$""-5"#(.3$5$%"'("$+5%#
7$",#.'/0#&(''$-'#%2%"-3%8#=+1-)#.'/0#.-)$1-'2#&(''$-'%#7$))#,(1-#",-#&(4(6$)$"2#"+#"/'5#
0-5-%#+5#+'#+**#+5#.-3(5.;#4'+./&$50#(#",-'(42#",("#&(5#"'-("#",-#.$%-(%-#'(",-'#",(5#
",-#%234"+3%#(5.#7$",#3$5$3()#%$.-#-**-&"%8#

#
!"#$%&'#($)&*&(#

>(&/)"2#+*#?,('3(&2#
@-4"8#+*#?,('3(&-/"$&()#A$+"-&,5+)+02#

B('3('(#C5$1-'%$"2#
D/'<-2#



!


