Recent Advances in Nanoscience and Nanotechnology

Volume 1

NANOMEDICINE AND
DRUG DELIVERY

Edited By

Mathew Sebastian, MD, Neethu Ninan,
and A. K. Haghi, PhD

y 3

Apple Academic Press

TORONTO  NEW JERSEY




€ 2013 by

Apple Academuc Press Inc.
3333 Mistwell Crescent
Oakville, ON 1.61.0A2
Canada

Apple Academic Press Inc.

1613 Beaver Dam Road, Suite # 104
Point Pleasant. NJ 08742

USA

Exclusive worldwide distribution by CRC Press, a Taylor & Francis Group
International Standard Book Number: 978-1-926895-17-8 (Hardback)

Printed in the United States of America on acid-free paper
0987654321

Library of Congress Control Number: 2012935667
Library and Archives Canada Cataloguing in Publication

Nanomedicine and drug deliverysediled by Mathew Sebastian, Neethu Ninan and A K. Haghi
(Recent advances in nanoscience and nanotechnology, v.1)

Includes bibliographical references and index.

ISBN 978-1-926895-17-8

1. Nanomedicine. 2. Drug delivery systems. 3. Nanotechnology.

1. Sebastian, Mathew I1. Ninan, Neethu IT1. Haghi, A K I'V. Series:
Recent advances in nanoscience and nanotechnelogy; v 1

REBS7.N3I4NIA3 2012 610.28 C2011-908741-3

Trademark Notice: Registered trademark of products or corporate names are used only for explanation and
wentification without itent to mirmge.

This book contains information obtained from authentic and highly regarded sources. Reprinted matenal
1s quoted with permission and sources are indicated. A wide vanety of references are hsted. Reasonable
efforts have been made to publish reliable data and information, but the authors, editors, and the
publisher cannot assume responsibility for the validity of all materials or the consequences of their
use. The authors, editors. and the publisher have atiempied to trace the copynight holders of all matenal
reproduced in this publication and apologize to copyvright holders if permission to publish in this form
has not been obtained. If any copynight matenal has not been acknowledged, please wnite and let us
know so we may rectify in any future reprint.

All rights reserved No pant of this work covered by the copvright hereon may be reproduced or used in
any form or by any means—graphic, electronic, or mechanical. including photocopying, recording, taping, or
mformation storage and retneval systems —without the written permission of the publisher.

Apple Academic Press also publishes its books in a variety of clectromc formats. Some content that appears
in print may nol be available in electronic format. For mformation about Apple Academic Press products,
visit our website at www.appleacademicpress.com



Recent Advances in Nanoscience and Nanotechnology

Series Editors-in-Chief

Sabu Thomas, PhD

Dr. Sabu Thomas is the Director of the School of Chemical Sciences. Mahatma Gandhi Umi-
versity, Kottayam, India. He is also a full professor of polymer science and engineering and
Director of the Centre for nanoscience and nanotechnology of the same university, He 1s a fel-
low of many professional bodies. Professor Thomas has authored or co-authored many papers in
international peer-reviewed journals in the area of polymer processing. He has organized several
international conferences and has more than 420 publications, 11 books and two patents to his
credit. He has been involved 1n a number of books both as author and editor. He is a reviewer
to many international journals and has received many awards for his excellent work in polymer
processing. His h Index is 42. Professor Thomas is listed as the 5th position in the hist of Most
Productive Researchers in India, 1n 2008

Mathew Sebastian, MD

Dr. Mathew Sebastian has a degree in surgery (1976) with specialization in Ayurveda. He holds
several diplomas in acupuncture, neural therapy (pain therapy), manual therapy and vascular
diseases. He was a missionary doctor in Mugana Hospital, Bukoba in Tansania, Afnca (1976-
1978) and underwent surgical training in different hospitals in Austnia, Germany, and India
for more than 10 vears. Since 2000 he is the doctor in charge of the Ayurveda and Vein Clinie
in Klagenfurt, Austnia. At present he 1s a Consultant Surgeon at Privatelinic Maria Hilf,
Klagenfurt. He is a member of the scientific advisory committee of the European Academy for
Avurveda, Birstein, Germany. and the TAM advisory commitice (Traditional Asian Medicine.
Sector Avurveda) of the Austnan Ministry for Health, Vienna. He conducted an International
Avurveda Congress in Klagenfurt, Austria, in 2010. He has several publications to his name.

Anne George, MD

Anne George. MD), i1s the Director of the Institute for Holistic Medical Sciences, Kottavam,
Kerala. India. She did her MBBS (Bachelor of Medicine, Bachelor of Surgery) at Tnvandrum
Medical College, University of Kerala, India. She acquired a DGO (Diploma in Obstetrics and
Gynaccology) from the University of Vienna, Austria; Diploma Acupuncture from the Uni-
versity of Vienna; and an MD from Kottavam Medical College, Mahatma Gandh University.
Kerala, India. She has organized several international conferences, is a fellow of the American
Medical Society, and 1s a member of many international organizations. She has five publications
to her name and has presented 23 papers.

Dr. Yang Weimin

Dr. Yang Weimin is the Taishan Scholar Professor of Quingdao Umiversity of Science and Tech-
nology in China. He 1s a full professor at the Beijing Umversity of Chemical Technology and
a fellow of many professional orgamzations. Professor Weimin has authored many papers in
international peer-reviewed journals in the area of polymer processing. He has been contributed
to a number of books as author and editor and acts as a reviewer to many international journals.
In addinon, he is a consultant to many polvmer equipment manufacturers. He has also received
numerous award for lus work in polvmer processing.



Contents

e

10.

List Of CONIEDUBOTS .....vvvosiviiveasinssis ot sson et b aias bbb s in s 0SS s b s ix
List Of ABBreVAGHONS. ... .....oveocesosiseiniononiomsssosssmisssassiisssesmensns sarsiemsassseistasbissnenensssevesan s XV
Przfacex:x

Ethosomes as Non-invasive Loom for Transdermal Drug Delivery

SFstem ssssddbisdaddnnn FsaEREE H R SEFASIAAE RS EEBE S eSS ARAARFFEEREERBRREREE 1

Sudhakar C. K. Nitish Upadhvav, Sanjay Jain, and R Narayana Charyulu

Colloidal Delivery Systems for Phytochemicals.......cccoosieinscssssssssssascsssnsnse 17
Ashok R. Patel

Polymer-modified Gene Delivery Vectors Retargeted with
Rmﬂmhi-“mt Pmtﬂ.-ns e T N YT S YT T ST PRI R TR S P L b APAAE RS AR E PR GAS PR FEAS 33

R. Pola. M. Pechar. K. Ulbrich. R. C. Carlisle. R. A Willemsen, and L. W. Seymour

Study of Drug Transport Properties of Acrylic Based Iron (III)
Oxide Filled IPN .iciviciiisicissiomssmasises DRI R LU S ARSI ),

S Goswami, k. Kiran, A. B. Panda, P. P Sharma, §. K. Mahapatra, 5. V. Bhoraskar,
and 1. Banerjee

Poly(Amido-amine)s as Carriers for Intracelluiar Delivery of
Drugs Ana Profeins .o oo ccecconicssisssssnsssssrssssssassssmssssasasssssssnsosssssissssssssassansenss S0

Fabio Fenili, Elena Ferrari, Amadea Manfredi, Roberta Cavalli. Simon C. W. Richardson,
Flisabetia Ranucci, and Paolo Ferrut

Nanoparticles as Adjuvant(S) for Mucosal Vaccine Delivery....men... B3
PN Gupta, GD Singh. SC Sharma, S Singh. MK Tikoo. N Gupta. RK Johri

Biosynthesis of Silver Nanoparticles, Characterization and
Their AntimiCrobial ACHVILY......ccoimsiesesesensscssmssssesssssssssssssssssssns sasssssnsassases S

K. Mallikarjuna, G. Narasimha, B. V. Subba Reddy, B. Sreedhar, G. R. Dillip,

and B. Deva Prasad Raju

Gold-peptide Nanoparticles Activation of Macrophages..........cceuvcrisnncacss 91
Jagal R. Kanwar, Ganesh Mahidhara, and Rupinder K. Kanwar

Combating Infectious Diseases: Nanotechnology-based Drug Delivery..... 97
Zahoor Ahmad and Rajesh Panday

Dendrimers in Biology and MediCine ........ucimmoanoressomsassarecsssssnssscan 126

Dzmitry Shcharbin, Votha Dzmitruk, Inessa Halets, Elzbieta Pedziwiatr-Werbicka,
and Maria Bryszewska

-



-y

viii

Contenis

il

12.

13.

14.

Capsules Based on Lipid Vesicles: Potentiality for Drug Delivery ........... 139
Brigitte Pépin-Donat, Francois Quemeneur, Marguenite Rinaudo, and Clément Campillo

A Simulation Study on the Transport of fons Through Ion Channels...... 154
Keka Talukdar and Apurba Knshna Mitra

Effects of Intranasal A dministration of Interferon-alpha on
Rat &ha" i-ur AL AR RAR RN AR RS SRR AR AR AEAAR SRR BRI R SRR ARRERARRIS G R Rl AARAREARESERRES 1 6?

Iommova N A . Sarkisova K Yo . Kurskaya O V. and LosevaE V.

Neurotransplantation of Neural and Mesenchymal Stem Cells
for Correction of Posthypoxic Disorders. A e vavssinis 1 TR

Loseva E. V., Podgornyvi O. V., Poltaviseva R. A, Marey M. V., Loginova N, A,
Kurskaya O. V,, Sukhikh G. T., Chilachyvan R. K., and Alcksandrova M. A

Spray Drying in Pharmaceutical Manufacturing an Overview ................ 190

Prathima Snmvas

RNA nanotechnology in Nanomedicine......covvivmmcininninassssssssesans 208

Wade W. Grabow, Kirill A. Afonin, Paul Zakrevsky, Fayve M. Walker. Enn R. Calkins.
Cody Geary. Wojciech Kasprzak, Eckart Bindewald. Bruce A. Shapiro, and Luc Jacger

Rﬁfﬂm“tt&-]..'..-q...“-.l.j-‘il..ti saisdEdidldnidsdindrds s nanee e ddsddddsaneRd iR rR R e Rd dE PR A AR R RIS SRR AR RR AR R RER 22 I

l‘l‘iei ....... LR T Y Y I R TR T -a ANARE SR ey Ry e R L e e R e T s o L L St L] 279




f_))c:) oW chmi)—\{jl

Chapter 7

Biosynthesis of Silver Nanoparticles,
Characterization and Their Antimicrobial Activity

K. Mallikarjuna, G. Narasimha, B. V. Subba Reddy, B. Sreedhar,
G. R. Dillip, and B. Deva Prasad Raju

INTRODUCTION

There has been an increasing interest in the development of a clean synthetic
procedure often known as “green chemistry” for nanoproducts which are tar-
geted as potential applications in the fields of catalysis in chemical reactions, drug
delivery in medical field, biolabelling. microclectronic, information storage, and op-
toelectronic devices (Crooks et al . 2001; Bhumakar et al., 2007; Dai and Bruening,
2002: Gittins et al.. 2000; Havat. 1989; Murray et al., 2001). The broad spectrum of
silver nanopariicles was produced by different physical and chemical methods. For
environmental concems, there is a need to develop benign nanoparticles using non-
toxic chemicals in the synthesis protocols in order o avoid adverse effecis in medical
applications. At present, several groups of researchers concentrate on biomimetic ap-
proaches such as plant or plant leaf extracts, microorganisms and yeast to synthesize
the metal nanopanicles called as “green chemical or phytochemical™ approach (Sinha
et al., 2009). One of the synthesis procedure such as leaf extracts of geranium, lemon
erass, neem and several others has been reported (Dubey et al., 2010; Rajesh et al..
2009: Shankar et al.. 2003, 2004a, 2004b; Song et al, 2009;). The Piper betle is a
traditional medicinal plant of India. The beitel leaf is used in a number of traditional
remedics for the treatment of stomach aillments. infections. and as a general tonic. It
is often chewed in combination with the betel nut (dreca catechu), as a stimulatory.
Some evidence suggests that betel leaves have immune boosting properties as well as
anti-cancer properiies. It is also well known for its phenolic content, and also for its
antibacienai and aniioxidani aciiviiies as well, So far, there have been no reports on
the synihesis of nanoparticles by using piper betle leaf exiract. In this paper. we report
on the synthesis of silver nanoparticles using piper betle leaf, their characterization
and their antibacterial activity.

EXPERIMENTAL DETAILS

Preparation of Leaf Extract

The fresh leaves of piper betle were collected from a retail shop in Tirupati, Andhra
Pradesh, India. Silver nitrate (AgNO,, 99.99%) was purchased from Sigma-Aldrich
chemicals_10g of fresh leaves were washed thoroughly under the minning tap water,
while fincly cut leaves were added with 50 ml of distilled water in a 250 ml Edenmeyer
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flask. and then boiled for 10min, before decanting it. The extract was filtered and
stored at 4°C for further experiments.

Synthesis of Silver Nanoparticles

The leaf broth with various concentration levels, ranging from 50 to 150 pul was added
to 3 ml of 1mM aqueous AgNO, solution kept at room temperature. The bioreduced
silver nitrate solution was monitored by periodic sampling of aliquots (0.3 ml). It
wasdiluted to the ratio of 1:10 with distilled water. to avoid erors due to high optical
density of the solution for measuring UV-Vis spectra.

Antifungal Activity of Silver Nanoparticles

The antifungal activity of the silver nanoparticles was checked against Aspergillussps.
The pure cultures of the fungi were obtained by sub culturing. The culture slants were
subjected to a 3 ml sterile distilled water containing 0.01 ml of TritionX-100. 100 pl of
fungal spore suspension was loaded into the Czapek-Dox agar medium plates. Later
cavities of 0.5 cm diameter were made and filled with 100 pl of silver nanoparticle
solution.

Antibacterial Activity of Silver Nanoparticles

The antibacterial property of silver nanoparticles was checked on both gram positive
and gram negative bacteria by following the agar diffusion method. Gram positive
bacleria like Staphvlococcus sps, Bacillus sps and gram negative bactena like Esch-
erichia coli (E Coli) Psedomononasspswere used for the present study. The 24 hr ac-
tive cultures of the above bacterial strains were seeded in the Agar plates by pour plate
technique. Cavities of 0.5 cm diameter were made using a borer and the bottoms of the
cavities were scaled. Each cavity was filled with 100 ul of silver nanoparticles solution
and then incubated at 37°C in an incubator.

RESULTS AND DISCUSSION

UV-Visible Absorbance Spectroscopy

The concentration variation with bioreduced Ag' 10ns, in aqueous component were
measured with an UV-V is spectrometer, (Perkin-Elmer lambda 25)which operated at
a resolution of 1nm in the range of 370800 nm. The progress of the rcaction between
the betle leaf broth and the metal ions were observed by UV-V is spectra of silver
nanoparticles which are shown in Figure 1. A Bathochromatic shift in the surface plas-
mon resonance band of silver nanocolloid. with an increasing concentration of leaf
extract and consequent color change was observed. From the spectrum, we observed
that the peak blue shift was at 477440 nm while the amount of leal extract was con-
stantly increased. The reduction of sitver ions and the synthesis of stable nanoparticles
occurred with a concentration variation reaction, making it one of the smart phytofab-
ricationmethods; in order to produce Ag nanoparticles reported nowadays (Dwived:
and Gopal, 2010; Gils et al,, 2010; Konwarh ct al., 2011; Philip and Unni, 2011).
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Figure 1. UV-Vis specira of silver nitrate with piper betle leaf extract at different concentrations. a)
501, b) 100 pl and ¢} 150 pL.

X-Ray Diffraction Spectral Analysis

An X-rav diffraction (XRD) measurement of a thin film of the bioreduced silver ions
aqueous solution was drop coated onto a glass slide and carried out on an INEL X-
ray diffractometer. The diffraction pattern was recorded by Co-ka, radiation with L
of 1.78A" in the region of 20 from 20 to 90" at 0.02/mun. and the tune constant was 2
sec. The size of the nanoparticles was calculated through the Scherer’s equation (Mul-
vaney, 1996). The Crystalline nature of Ag nanoparticles was studied with the aid of
an X-ray diffraction (Figure 2).The diffracted peaks were obscrved at 37.6° and 44 .4°
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Figure 2. X Ray diifraction spectrum of synthesized silver nanopanticles.
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corresponding to the (111) and (200) facets of the face centered cubic crystal and the
data was matched with the Joint Commitice on Powder Diffraction Standards (JCPDS)
file No.030921. The domain size of the phytofabricatedsilver nanoparticles is found to
be 5.4 nm.by using the width of the (111) Bragg’s reflection which was in consonance
with the size of the particle, calculated from the TEM image.

Transmission Electron Microscopy Studies

The morphology and size of the silver nanoparticles were studied by the Trans-
mission ¢lectron microscopy (TEM) image, by usingthe PHILLIPS TECH-
NAI FE 12 instrument. The TEM gnds were preparcd by placing a drop of
the bio reduced diluted solution, on a carbon-coated copper grid and by later
drying it under a lamp. The TEM image (Figure 3) was employed, so that the
bio synthesized nanoparticles were in the size of 337 nm. They were spherical
in shape and few nanoparticles were also agglomerated. Under careful obser-
vation, it is evident that the silver nanoparticles are surrounded by a faint thin
laver of other materials. The histogram of fabricated silver nanoparticles 1s
shown in Figure 4. It is evident that there is a variation in particle sizes and
the estimated average size is 12 nm The small sized nanoparticles were able to
easily penctrate across the membrane: and similar results have been reported
in literature (Jaidev and Narasimha. 2010: Pal et al.. 2007: Morones ct al..
2005).

t_l,'- '...- =iy
. 100 nm

Figure 3. Transmission electron microscopy image ol silver nanoparticles.
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Figure 4. Histogram of synthesized silver nanoparticles

Fourier Transformed Infra-Red Spectroscopy

For Fourier transformed infrared (FTIR) measurements. the bioreduced Ag” ion
aqueous component was centrifuged at 10,000 rpm for 15 min. The dried sample
was grinded with KBr pellets and analyzed on Thermo Nicolet Nexus 670 IR spec-
trometer which was operatedat a resolution 4 cm' in the region of 4.000400 cm™.
The FTIR spectrum of svnthesized silver nanoparticles by using Piper betle leaf
extract is shown in Figure 5. It confirmedthe fact that to identify the bimolecu-
lar for reducing and efficient stabilization of the metal nanoparticles, the band at
3.419 cm' corresponds to O-H, as also the H-bonded alcohols and phenols. The
peak at 2.920 cm! indicates carboxylic acid. The band at 1.640 cm' states primary
amines. The band at 1,431 cm' corresponds to C-C stretching aromatics, while the
peak at 1,378 cm' states C-H rock alkenes and 1,163, 1,113 and 1.058 cm' indica-
tethe C-O stretching alcohols, carboxylic acids, esters and cthers. Therefore, the
synthesized nanoparticles were encapsulated by some proteins and metabolites such
as terpenoids having functional groups of alcohols, ketones. aldehydes and carbox-
ylic acids.
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Figure 5. I 1IR spectrum of green synthesized silver nanoparticles.
Table 1. Inhibitiory activity of silver nanoparticles (100pl) on bacterial strains.
S. Ne Orpganism Zone of inhibiton {(cm)
1. Aspergillussps 1.2
2 E. coli 1.8
3. Pseudomonas sps 112
4. Staphylococcus sps LK
A Bacillus sps (.89

*All values represented the in the table are average of conducted experiment.

The antifungal property of sitver nanoparticles checked against the fungi dspergil-
{ussps. was shown in Table 1. The Agar plate with fungal culture having the cavitics
filled with nanoparticles suspension showed a clear zone of diameter 1.2 cm. This
indicates that silver nanoparticles have the antifungal activity and arc very cffective
against the pathological fungi like Aspergiflus which causc the discase Aspergillosis.
Similar reports were made by Devendra. et al. 2009. According to his studies. pa-
paya fruit extract mediated silver nanoparticles exhibited antibactenal activity against
E.coli and Pseudomonasaeruginosa. The antifungal activitv of silver nanoparticles
could be disruption of transmembrane energy metabolism and membrane electron
transport chain by formation of insoluble compounds in the cell wall; the formation of
insoluble compound may be due to the inactivation of cell wall sulfhydryl group: sil-
ver ions can create mutation in fungal DNA by displacing the hydrogen bonds; silver
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ions can dissociate the enzyme complexes which are essential for respiratory chain
and membrane permeability, disraption of membrane bound enzymes and lipids could
cause the cell lysis(Velmurugan et al., 2009).

These bacterial strains in petriplate with the clearing zones around the cavities
reveal that the silver nanoparticles inhibit the growth of the bacterial strains. The for-
mation of inhibition zones around the wells containing silver nanoparticles against the
test strains Staphylococcus sp. was measured as 1.01 cm, Bacillus sp. was 0.89 cm
and E coli was 1.8 cm (Table 1). This shows that the silver nanoparticles were more
effective on E.coli (gram negative bacteria). Several studies have investigated and
interpreted the interaction of the silver nanoparticles with bacteria. Similarly Sondi,
et al. (2004) and Morones, et al. (2005), revealed that majority of the silver nanopar-
ticles were localized on the membranes of treated . coli cells. According to Lok et al.
(2006). the treatment of E. coli cells with nanomolar concentrations of silver nanopar-
ticles results in an immediate dissipation of the proton motive force, killing the cells.
The gram positive and gram negative bacteria in antibiotic enhanced the action of
silver nanoparticles and showed that the silver nanoparticles got bound to the DNA of
the bacteria which caused their inactivation.

With reference to the above studies, the possible mechanism of the action of silver
nanoparticles on both bacteria and fungi may be generalized as their accumulation in
the cell membrane caused lysis of the cell by some unknown mechamsm.

CONCLUSION

The bio synthesis of silver nanoparticles using leaf broth of piper betle provides an
environment friendly. simple, cost effective and efficient route for the synthesis of
benign nanoparticles. The size of the silver nanoparticles was estimated to be 337 nm.
The reduced silver nanoparticles effectively inhibited the growth of microorganisms
including bacterial and fungal strains which cause diseases in human beings. Further
works needs to be conducted to investigate the cellular mechanism and toxicity of
nanoparticles in microorganism.
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