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Abstract: Controlled release of drugs at the locus of the targeted disease is one of the most challenging research areas
in the pharmaceutical field. Nowadays novel drug delivery systems on the basis of polymers are attracting great attention
since they can improve therapeutic efficiency of potent drug preparations decreasing the risk of side effects. By
developing colloidal drug delivery systems such as liposomes/vesicles and polymeric nanoparticles and nanocapsules
the pharmacokinetics of the drug can be changed and thus the therapeutic efficiency of the drug can be increased.
Nanoparticles with their special characteristics such as small particle size, large surface area and high capacity of
carrying biologically active substances offer a number of advantages compared to other colloidal drug delivery systems
[1, 2].

Controlled drug release systems are constructed on the basis of natural and biocompatible synthetic polymers. Among
the most promising biocompatible polymers human serum albumin (HSA), polyalkyl cyanoacrylates (PACA) and poly-
D,L-lactic acid (PLA) are of great importance. Nanoparticles on their basis have been proven to be efficient in treatment
of serious and long-termed diseases such as tumors, tuberculosis and bacterial infections [3-126]. Therefore this article
is aimed to give a brief review on the research works devoted to the synthesis and investigation of polymeric

nanoparticles and nanocapsules based on PACA, HSA and PLA for the past three decades.

Keywords: Drug delivery systems, nanoparticles, nanocapsules, polyalkyl cyanoacrylates, human serum albumin,
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1. INTRODUCTION

Nowadays the attention of the scientists of all over
the world is concentrated on obtaining the materials
with given properties which can be achieved by
designing the objects in nano-level. Construction of the
materials in nano-level allows to improve their
properties significantly and/or to change them
dramatically. It gives opportunity to take control over
the object’s or system’s behavior changing its property
by alteration of one of the parameters of the system.

Nanotechnologies or so called nanostructured
materials with desired properties are involved in all
branches of science and technology. They are of great
significance in medicine and pharmacy. At present one
of the top-priority tasks of modern pharmaceutical
industry is the creation of drug with nearly “ideal”
properties, i.e. the drug which can selectively affect on
assigned place causing no damage on healthy organs
and tissues and avoiding toxic effects of drug on
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organism in general. At present time about one forth of
world sales volume of drugs occupy preparations with
improved delivery properties. Among the widely used
controlled drug release systems colloidal drug delivery
systems such as polymeric nanoparticles and
nanocapsules have gained special attention [1]. The
number of investigations devoted to the preparation
and use of colloidal drug delivery systems on the basis
of polymers has grown tremendously within the past
three decades [1-126]. When using polymeric
nanoparticles and/or nanocapsules the efficiency of
active substances was proved to increase considerably
in comparison with free drugs [1-14].

The main idea of using colloidal drug delivery
systems is based on three tasks: a) efficient
encapsulation of the drug, b) targeted delivery of the
drug to the organ or tissue of the body, and c)
controlled release of the drug there. While circulating of
polymeric nanocarriers in the organism biologically
active substance contained in it is protected from
inactivation, and the effect of drug is prolonged.
Besides drug delivery systems on polymer basis offer
following benefits: the possibility of incorporation of
poorly-water  soluble  compounds, control  of
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accumulation of the drug in different organs and tissues
depending on particle size, considerable decrease of
the amount of drug needed for treatment. Therefore the
work out of drug formulations with sustained or
controlled drug release on polymer basis is of current
interest.

The task of creation of polymeric nanoparticles and
nanocapsules is especially important in a treatment of
diseases which require intensive and long-term therapy
with high dosage of drugs. The problems of
chemotherapy of tumor diseases and tuberculosis
nowadays have taken global scale. The use of potent
drugs for a long period of time often leads to expressed
side reactions (toxic and allergic effects) thus
considerably decreasing the ftreatment efficacy.
Polymeric nanoparticles and nanocapsules are used in
targeted drug delivery into the site of inflammation such
as tumors and tuberculosis [1-28], therefore developing
the novel forms of drugs for the delivery of
antituberculosis (antiTB) and antitumor preparations on
the basis of well-known biocompatible polymers would
help to increase essentially the efficacy of
chemotherapy of such diseases.

1.1. Nanoparticles and Nanocapsules as Colloidal
Drug Delivery Systems

Nanoparticles for drug delivery were developed
about 35 years ago. They were initially worked out as
carriers for vaccines and drug preparations used in
tumor chemotherapy. Nanoparticles by a definition
given by Kreuter J. (which was later adopted by the
Encyclopedia of Pharmaceutical Technology and the
Encyclopedia of Nanotechnology) “are solid colloidal
particles ranging in size from 10 to 1000 nm (1 pm).
They consist of macromolecular material in which the
active principle (drug or biologically active material) is
dissolved, entrapped, encapsulated and/or to which the
active principle is adsorbed or “attached” [1].

Generally, nanostructures can be divided into 2
groups. These are solid particles (matrix-type particles

or monolithic devices) and hollow capsules — reservoirs
as it's shown in Figure 1. Monolithic (matrix) devices
are possibly the most common of the devices for
controlling the release of drugs. This is possibly
because they are relatively easy to fabricate, compared
to reservoir devices.

The historical perspective of nanoparticles, i.e. the
development of the concept of nanoparticulate systems
can be found in the paper of Kreuter J. [8].

The development of controlled drug delivery
systems based on polymeric nanoparticles and
nanocapsules will be briefly reviewed in this article. The
main focus will be on polymeric nanosystems of PACA,
HSA and PLA.

A number of pharmaceutical investigations in the
direction of the creation of systems for the controlled
delivery of drug preparations using nanoparticles have
been done in oncology [2]. Nowadays colloidal drug
delivery systems such as micro- and nanoparticles,
nanocapsules, liposomes and/or vesicles are created
for controlled drug delivery [1]. Sub-micron size of the
nanoparticles offers some specific advantages over
microparticles and liposomes such as high colloidal
stability in the organism and during storage [1, 13].
Nanocarriers were found to be accumulated in tumor
tissues and in the inflamed tissues [11]; the particles of
certain size are able to find the infected cells or tissues
and act selectively without causing damage to the
healthy tissues. Also small size of nanoparticles and
nanocapsules allows them to penetrate through narrow
blood capillaries [1]. It is shown that targeting specific
organs is very sensitive for the submicron particle size
and therefore narrow particle size distributions are
advised [126].

High carrier capacity and ability to incorporate both
hydrophilic and hydrophobic compounds make them
attractive systems to be used in controlled drug
delivery. Moreover, as it was reported by Desai ef al.,
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Figure 1: Nanosystems: solid micro- and nanoparticles and hollow capsules (w/o — water in oil and o/w — oil in water (inverse)

systems).
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nanoparticles have relatively higher intracellular uptake
compared to microparticles [16]. They have
demonstrated that 100 nm size nanoparticles showed
25 fold greater uptake compared to 1 pum
microparticles and 6 fold higher uptake compared to 10
pUm microparticles in the Caco-2 cell line [16]. Similar
results were obtained when these formulations of nano-
and microparticles were tested in a rat in a in situ
intestinal loop model [17]. The efficiency of uptake of
100 nm size particles was 15-250 folds greater than
larger size (1 and 10 pym) microparticles. Besides, a
variety of routes of administration (intravenous,
intramuscular, oral, inhalation, others) can be
performed with sub-micron sized particles [13].

Apart from the size, the surface properties of the
particles also play an important role when
administering them into the body, as the size, particle
size distribution and surface charge are responsible for
the biodistribution of polymeric nanoparticles [11, 13,
54]. Therefore together with particle size and size
distribution such parameter as the surface charge of
the particles needs to be evaluated. In addition, better

targeting can be accomplished by obtaining
monodisperse systems (since the particles of
determined sizes are accumulated in specific

inflamated tissues) and/or by attaching antibodies or
ligands on the surface of nanoparticles [41, 42]. In
some cases the obtained polymeric nanoparticles are
covered with surface modifiers such as polyethylene
glycol (PEG) or polyethylene oxide (PEO) and other
surfactants or high molecular weight polysaccharides
(chitosan, dextran) to achieve specific surface
properties [31]. The mechanism of biodistribution of the
drug incorporated into the nanoparticles in the actual
organism is a complex process. Its peculiarity consists
in prolonged presence of the drug in blood plasma and
further accumulation in different parts of tissues, as a
rule, in liver and spleen [39-42].

1.1.1. Synthesis of Polymeric Nanoparticles and
Nanocapsules

The method of preparation of polymeric
nanoparticles and nanocapsules can be chosen
depending on the goals, technological advantages, the
properties of the substances entrapped and the
polymeric materials to be used [1, 6, 13, 23, 27]. There
are a number of methods for synthesizing
nanoparticles: emulsion polymerization, emulsification-
diffusion, interfacial deposition, desolvation,
nanoprecipitation, solvent evaporation/extraction and
solvent displacement methods [1, 6, 13, 23, 27].

One challenge is the production of these
nanoparticles in the presence of the drugs, which in
some cases requiring harsh synthesis conditions that
are not suitable for sensitive compounds such as the
drugs. Therefore for this kind of substances
encapsulation with preformed polymer can be
employed [127-129]. Nowadays there are various
methods for the preparation of hollow structures for
different purposes [81-97], such as layer-by-layer
deposition using vesicles templating [82-86], the
sacrificial core process in which the core is removed
after formation of a thick and stable shell [82],
interfacial polymerization or polycondensation in
miniemulsions [82, 88-95].

In general there are some common rules in the
different technological approaches for the preparation
of nanoparticles and nanocapsules, however
technological parameters have to be chosen for each
system taking into consideration the nature of the
biologically active substances in combination with the
polymeric matrix [1, 6, 13, 23, 27, 82].

There are mainly two ways of performing the drug
loading: 1) incorporation of the drug to the polymeric
particles by dissolving it in the system (encapsulation);
2) adsorption of the drug on the nanoparticles.
However when loading the drug by encapsulation
method there is also possibility that some part of the
drug can be adsorbed on the walls of the capsules as
well. Nowadays both ways are used for obtaining drug-
loaded polymeric nanoparticles.

Nanoparticles and nanocapsules that are
synthesized with this purpose, based on natural and
synthetic polymers, will be considered below.

Polymeric materials have wide application in
medicine and pharmacy as implants, hydrogels,
osmotic pumps, contact lenses, films filled with drugs,
coatings of tablets, etc. If used in biomedical
applications for the creation of nanosomal formulations,
polymers need to meet several requirements:

- Biocompatibility;

- Rather high molecular weight to be able to
circulate in blood stream for certain time;

- To be able to degrade in a biological medium to
non-toxic products;

- Contain functional groups (-OH, -NH;, -CHO, -
COOH) needed for the creation of polymer-drug
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conjugates (pendant-chain systems) and for
surface modifications;

- Commercially available or the method of
manufacture of the polymer is rather simple and
cheap;

- Could be easily administered;
- Could be easily sterilized.

Nanosystems are constructed based on polymers
which have a wide application in medicine. Specific
requirements for the polymeric micro- and
nanoparticles and nanocapsules restricted the number
of polymers which can be used in drug delivery. In the
early stages of drug delivery research only polymers on
the basis of natural organic acids such as glycolic,
lactic and malic acids were used. These polymers
degrade in the organism to non-hazardous compounds.
Also the biopolymers collagen, gelatin, bovine serum
albumin and HSA, PLA, poly-glycolic acid and their
copolymers (PLGA) have found application in medicine
as drug carriers [1, 54, 58]. More recently nanoparticles
and nanocapsules for biomedical purposes are
synthesized based on polyvinylpyrrolidone, polylactic-
and polyglycolic acids, poly-e-caprolactone and PACA

(1.

The binding of polymer with drug can be performed
by attaching the drug to the polymer chain by covalent
linkage or by weak bonds (Van der Waals, hydrogen
bonds, dipole-dipole bonds, etc.). For the first time the
model of a polymer bound drug system was suggested
by H. Ringsdorf in 1975 (Figure 2) [9, 100, 101].

According to the Ringsdorf model the polymeric
carrier combines the elements of the system i.e. the
solubilizing part (1) responsible for solubility of the drug
bound to the polymer in the organism, the polymer-
drug part (2) where drug is bound to the polymer chain
by covalent linkage and the transporting part (3) which
consists of the targeting molecules attached to the
polymer chain [9, 100, 101]. In general,

1 2

physicochemical properties of the polymer-drug
complex contain the sum of the characteristics of these
three parts. The main function of the polymer is to
deliver the system into the targeted organ or tissue and
release the drug there. The release mechanisms of
biologically  active substance from  polymeric
nanoparticles and nanocapsules will be considered
further in 2.

1.1.2. Polymeric Nanoparticles for the Delivery of
Antitumor and Antituberculosis Drugs

The results of numerous investigations have shown
obvious potentials of the use of polymeric nanosystems
for the treatment of such chronic diseases as
tuberculosis, tumors, arterial hypertension and other
diseases which demand long-term therapy with multiple
doses of potent drugs [3-126].

Nowadays there are several research groups
working  basically on  synthesizing  polymeric
nanoparticulate systems for controlled drug release.
One of the founders in the field of creation of
nanoparticles for controlled release purposes was prof.
Peter Speiser (Eidgendssische Technische Hochschule
Zirich) [8]. The most important ideas of prof. Speiser
were the development of nanoparticles for targeted
drug delivery and the idea of using nanoparticles for
the delivery of drugs which have to pass through the
blood—-brain barrier and to be delivered directly to the
brain [8]. Despite the doubts about the possibility of
obtaining such systems for drug delivery, due to the
efforts of the research group of prof. Speiser the idea
was realized within less than 15 years [8]!

This direction was continued by the successor of
prof. Speiser P. — prof. Kreuter J. (Institute of
Pharmaceutical Technology, Goethe University,
Frankfurt am Main, Germany). The research group
under the supervision of prof. Kreuter for a long time
has been working on developing polymeric systems for
controlled release of antitumor drug doxorubicin,
apoliprotein, DNA, RNA, etc. on the basis of different
natural and synthetic polymers including HSA and
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Figure 2: Ringsdorf model of synthetic polymer-drug conjugate.
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PACA [1, 3, 4, 8, 35-37, 39-44, 50, 51, 59, 121, 122,
126].

Numerous investigations in the field of creation of
nanoparticulate systems for antitumor drugs have been
done by the research group of prof. Alyautdin R. (I.M.
Sechenov Moscow Medical Academy, Center of
Bionanotechnologies and Nanotoxicology, Russia) [45,
59]. In cooperation with prof. Kreuter J., prof. Gelperina
S. (Moscow State University of Fine Chemical
Technologies named after M.V. Lomonosov, Russia) is
conducting research work in the direction of obtaining
PACA nanoparticles for targeted delivery of antitumor
and antiTB drugs [3, 4, 13, 14, 24-26, 43].

The group of prof. Couvreur P. (Université de Paris-
Sud, France) over 30 years have been carrying out
investigations on the synthesis of PACA nanoparticles
loaded with drugs and have been studying their release
profile [46-48, 52, 53, 56, 57, 62, 66, 74, 78, 79, 81, 99,
105, 106]. There is a start-up company in France
(Bioalliance, Pharma) which produces PACA
nanoparticles for clinical uses in phase lll trials [47, 62,
79].

A number of antitumor drugs have been
successfully encapsulated/incorporated into PLGA
nanoparticles [111]. These are some specific

examples: 9-Nitrocamptothecin was encapsulated in
PLGA through the nanoprecipitation method, as a
result the encapsulation efficiency was more than 30 %
[111]. Paclitaxel-loaded nanoparticles were prepared
by the solvent evaporation/extraction method; in this
case the loading efficiency reached 100 % with full
antitumor activity [112]. Cisplastin was encapsulated in
PLGA-methoxy-PEG [113], the poorly water-soluble
Xanthones was incorporated into PLGA nanoparticles
[114]. Triptorelin-loaded PLGA nanoparticles have
been synthesized by the double-emulsion solvent
evaporation method; loading efficiency was found to
vary between 4 % to 83 % [115]. Dexamethazone was
incorporated into PLGA nanoparticles by the solvent
evaporation method. The drug released completely
after 4 h of incubation at 37°C in vitro.

The antitumor drug Tamoxifen was incorporated
into poly-e-caprolactone nanoparticles surface modified
with PEO by the solvent displacement method [116].
The authors claim that nearly up to 26% of the total
activity of the drug could be applied in the tumor [116].

AntiTB drugs, being potent drugs, have various side
effects which cause considerable toxic reactions of the

organism when applied for prolonged time. Besides,
most of the antiTB drugs have protein or peptide
structures which are tend to degrade rapidly in
biological fluids. Therefore the development of
controlled release systems for these drugs is one of the
important tasks of modern medicine. Numerous
investigations have been done in this field with the aim
of improving the therapeutic efficacy of antiTB drugs.
The possibility of the creation of nanosomal
formulations for rifampicin, isoniasid and pirazynamide
in the form of an aerosol was studied by Gelperina S.E.
[13, 14, 24]. In all three cases the content of drug
loaded in the nanoparticles was more than 40 % of the
applied amount during loading. The chemotherapeutic
potential of these preparations when using them in
aerosol formulations was investigated and rather high
effectiveness of using such formulations in the
treatment of tuberculosis mycobacterium was observed
[24]. These authors also investigated the character of
delivery of rifampicin, isoniasid, pirazynamide and
ethambutol into the brain by nanoparticles obtained on
the basis of copolymers of lactic and glycolic acid [24].
Considerable potential of using polymeric nanoparticles
in comparison with standard preparations was claimed
[24]. Johnson C.M. et al. studied the effectiveness of
using antiTB drug preparations encapsulated in PLA
nanoparticles in tuberculosis therapy [30].

Tsapis N. et al. [102] have synthesized large porous
particles containing 95 % of what of antiTB drug p-
aminosalicylic acid for direct delivery of the drug into
the lungs via inhalation. It was observed that higher
lung exposure to p-aminosalicylic acid can be reached
at much lower drug levels in comparison with those
necessary in oral dosage formulations when treating
rats [102].

Characterization _and Analysis of Nanoparticles and
Nanocapsules

When synthesizing polymeric nanoparticles particle
size and particle size distribution are the most
important characteristics of nanoparticles as they
determine the in vivo “fate” (biodistribution) of
nanoparticles loaded with drug [1, 62, 79]. For that
purpose commonly used methods such as dynamic
light scattering (DLS) can be applied. This method can
also give information about surface charge of the
particles which is quantitatively characterized as zeta
potential (using the Zetasizer): in acidic pH it has a
positive charge, in basic pH — a negative charge. The
zeta potential is an indicator of the stability of the
colloidal system and the absence of excess counter
ions is important because it may lead to aggregation;
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the latter is not acceptable when using polymeric
nanoparticles in drug delivery purposes. Transmission
and scanning electron microscopes can be applied to
evaluate the shape and surface of nanoparticles [47,
79].

Molecular weight is another important characteristic
of the polymer as it influences the circulation time of
nanoparticles in the body. Molecular weight and
molecular mass distribution of the formed polymer can
be analyzed by size exclusion chromatography (SEC)
and matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI TOF MS) [47, 79, 99].

Such techniques as FTIR- and 'H NMR-
spectroscopy, and thermal gravimetric analysis are
usually used to confirm the incorporation of drugs into
the polymeric matrix [15, 47, 79, 99].

For the determination of the binding degree of drug
it's important to separate the nanoparticles from the
serum. For this purpose ultracentrifugation or in some
cases gel filtration can be successfully used. The
concentration of unbound drug in supernatant can be
measured using UV-Vis-spectroscopy or HPLC.

Estimation of the loading efficiency of the drug or
loading capacity of the polymer can be performed using
UV-Vis-spectroscopy as well as HPLC. These methods
are also suitable to measure drug release rates from
polymeric nanoparticles and nanocapsules. Drug
release kinetics can be studied using ultracentrifugation
or dialysis.

2. DRUG RELEASE AND DEGRADATION OF
POLYMERS

Drug release has to be considered in conjuction
with the degradation of polymers as the release of drug
from polymeric nanoparticles is mainly governed by the
degradation rate and degradation mechanism of the
polymer. In this regard, biodegradability of polymeric
carriers after performing the targeting function is a
primary requirement for the chosen polymers [1, 100,
101]. The rate of polymer degradation should be
optimal for the biomedical application. In general the
drug-loaded polymer is first supposed to enter the cells
and there it should undergo degradation [1, 100, 101].

In many cases the drug is not chemically bound to
the polymer carrier and drug release occurs as a
physical process: desorption of surface-bound drug
and/or diffusion of the drug through the polymer. This
diffusion process can be accelerated by the

degradation of the polymer which in itself is enhanced
by the presence of enzymes. Chemical degradation of
polymer takes place if polymer has hydrolysable bonds
and degrades to lower molecular weight compounds,
finally forming CO, and H,O. In many cases hydrolytic
degradation goes together with enzymatic degradation
in the organism. Therefore biodegradability of polymers
is determined by the chemical structure of the polymers
and their sensitivity to different enzymes [100, 101].
Polymers administered in the body can behave
differently depending on their structure. Some polymers
degrades to shorter chains within a day and eliminate
through the kidney without any change, whereas others
may circulate in the body longer and excrete from the
organism gradually within weeks, months, sometimes
years. In general, for safety reasons any xenobiotic has
to leave the body within a certain period and it's not
desirable that polymer remains in the organism several
month or years as in many cases it may lead to
pathologic processes [100, 101]. Some polymers
undergo rather fast biodegradation and the formed
fractions of lower molecular weight are easily
eliminated from the body via kidney filtration.

Controlled biodegradation of polymers in some
cases, allows to control the place and duration of the
presence of biologically active substances [101]. For
instance, synthesizing the polymer with known
molecular weight and knowing the type of binding
between “polymer-drug” one can judge about the
duration within the drug is released [101]. The authors
have shown that changing the structure of
oligopeptides’ sequences in the copolymers of N-(2-
oxypropyl) methacrylamide it was possible to control
the rate of cleavage of model drug from polymeric
chain taking catepsin as an example [101]. Also
studying the relation between molecular weight of
polymer and the rate of permeation of poly-N-(2-
oxypropyl) methacrylamide through the tissues of yolk
bag it was found that the rate of accumulation of
polymer in these tissues decreases considerably with
the increase of molecular weight of the polymer [101].

Depending on the method of performing the loading,
the drug release profile will be different: release of the
drug adsorbed on the surface of nanoparticles will
occur mainly as a result of desorption; the drug
incorporated inside the polymeric matrix will most
probably be released through diffusion, accelerated as
a result of chemical degradation of the polymer.

Release kinetics of drugs from polymeric
nanoparticles is determined by the type of the system.
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Below examples of typical drug release profiles from
polymeric nanoparticles and nanocapsules are
described.

A) Drug Release from Polymeric Nanoparticles

- diffusion-Controlled Systems: matrix (monolithic)
systems (solid micro- and nanoparticles) where
the drug release occurs as a result of desorption
of the surface-bound drug and/or diffusion of the
drug from inner part of the particles;

- chemically Controlled Systems: a) biodegradable
(bioerodable) systems. In this system drug
releases as the polymer degrades; b) pendant
chain systems (drug-polymer conjugates) are
also considered as chemically-controlled
systems since in this system the drug is
covalently attached to polymeric chain and its
release starts when the polymer-drug bond
breaks down.

- solvent Activated Systems: Swelling controlled
systems (nanoparticles) swell in a biological
medium releasing the drug.

B) Drug Release from Micro- and Nanocapsules

Drug release profile from nanocapsules differs from
the nanoparticles and depends on the properties of
polymeric shell [11, 81-95]. Different types of polymeric
shells can be used to perform controlled release:

- diffusion-controlled devices (with permeable
shell) in which the release rate of drug from the
system depends on the wall thickness and
swellability, porosity, the pore size of polymeric
shell, the concentration gradient of the drug, etc.;

- responsive drug delivery systems. These
systems are sometimes called membrane-
controlled reservoir devices. Drug release occurs
by diffusion of the drug through a responsive
shell (pH-, thermo-, ionic strength, magnetically-
or ultrasonically-controlled). In these systems
drug releases when an external trigger is applied
and the diffusion rate through the shell is
enhanced. They can be used in a treatment of
diseases like diabetes where the dosage of drug
is regulated and the drug is given when it's
needed;

- chemically-controlled devices - the capsules with
biodegradable shells, where the active

substance’ release is a consequence of polymer
degradation in a biological medium;

- osmotically-controlled delivery devices which
mainly have a semi-permeable shell that allows
to move water into the capsule and the drug will
only come out when there is an osmotic
pressure. The two-compartment osmotic pump is
one of the varieties of this type of capsules.

3. POLYALKYL CYANOACRYLATE
CONTROLLED DRUG DELIVERY SYSTEMS

BASED

Among synthetic polymers which have found wide
application in the biomedical field PACA are of special
interest. Due to the high reactivity and ability to create
strong bonds alkyl cyanoacrylates have been
successfully used for about 60 years in medicine as
surgical sutures, stitches and adhesives for wound
closure [1, 4, 15, 18-21, 26, 46-57, 59, 60, 62-72, 74-
76, 78-81, 99, 105, 106]. The ability of alkyl
cyanoacrylates to firmly stick two pieces together is
based on their high sensibility to OH-ions starting the
polymerization rapidly. Nowadays mainly 2 types of
surgical sutures n-butyl cyanoacrylate (Indermil,
liquiband) and octylcyanoacrylate (Dermabond) are
used clinically in European countries, in Canada and in
the USA [79, 99].

Polymers on the basis of alkyl cyanoacrylates are
known to be biocompatible and biodegradable. Owing
to these properties PACA are unique materials for the
creation of polymeric carriers of drug preparations in
the formulations of nanoparticles and nanocapsules
[46-48, 52, 53, 56, 57, 62, 66, 74, 78, 79, 81, 99].
PACA were first introduced as drug delivery systems in
the formulations of colloidal nanoparticles in early 80s
of 20™ century [78, 79, 81]. Later PACA nanoparticles
were used for the transport of rapidly-degrading
substances such as proteins and nucleic acids [79].
Since that time PACA continue to attract attention of
researchers in the pharmaceutical field as drug delivery
systems. The potential of PACA as carriers for different
drugs has been shown by numerous investigations [1,
8, 11, 47,48, 62].

Mainly two kinds of techniques are used for the
manufacture of PACA nanoparticles and nanocapsules;
these are conventional emulsion polymerization
(leading to nanoparticles) and interfacial polymerization
(leading to nanocapsules) respectively. The main
difference between the nanostructures obtained by
these methods is the release profile of drug, which is
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first-order when using nanoparticles and zero-order for
nanocapsules [11, 47, 48, 54].

More detailed reviews on the synthesis,
characterization, methods of investigations and in vitro
and in vivo toxicity of PACA nanoparticles and
nanocapsules can be foundin [1, 8, 11, 47, 48, 62].

3.1. Polyalkyl Cyanoacrylate Nanoparticles for the
Transport of Drugs

Synthesis of PACA Nanoparticles by Emulsion
Polymerization

The emulsion polymerization method for alkyl
cyanoacrylates was first introduced by Couvreur P. in
1979 with the aim of obtaining polymeric nanoparticles
for targeted drug delivery [81]. The first studies of
Couvreur P. et al. were devoted to the investigation of
the toxicity of PACA nanoparticles and developing
nanosomal formulations for antitumor drugs [78, 79,
81].

One of the main advantages of PACA in
comparison to other synthetic carriers is the simplicity
of carrying out the polymerization process. There are
three routes of polymerization for alkyl cyanoacrylates -
radicalic, anionic and zwitterionic mechanisms [46-48,
52, 53, 56, 57, 62, 66, 74, 78, 79, 81, 99].
Polymerization of alkyl cyanoacrylate by a free radical
mechanism requires higher temperature and conditions
which suppress polymerization of monomer by the two
other routes, for instance, absence of the traces of
weak bases including water which may catalyze ionic
polymerizations. By carrying out the process by the
free radical mechanism one can obtain product with
higher molecular weight (higher than 3000 Da) and a
higher glass transition temperature (Tg) [79, 99].
However, due to less harsh polymerization conditions
and simplicity of carrying out the process,
polymerization of alkyl cyanoacrylates by anionic
routes is in many cases more preferable [47, 79, 99]. In
contrast to other polymerization systems the
polymerization of alkyl cyanoacrylates in water by this
route doesn’t require special conditions to start the
reaction [47, 79, 99]. Polymerization of alkyl
cyanoacrylates by anionic route is rapidly initiated in
the presence of weak bases (Lewis bases), including
water at room temperature. The reaction is terminated
by protons. The rate of polymerization of alkyl
cyanoacrylates by the anionic route strongly depends
on the pH of the medium: the higher the pH the faster
the reaction, so in a basic medium polymerization
finishes within a few seconds, the reaction is not

controllable and leads to coagulation, whereas
sustaining acidic pH gives opportunity to synthesize
stable particles of nanometer size. As a consequence
of the high termination rate the molecular weights of
the formed polymers in many cases are in the range of
600-3000 Da [1, 78, 79, 81].

Factors Affecting Physicochemical Characteristics
of the Nanoparticles

System parameters such as type and concentration
of surfactant, temperature, monomer content, pH of the
medium and stirring rate have a considerable influence
on the characteristics of the produced PACA
nanoparticles [1, 47, 79, 99]. The most important
factors are the pH of the medium and the concentration
of monomer and surfactant [1]. It was shown that stable
PACA nanoparticles of different sizes can be obtained
at a monomer concentration varying from 0.05 to 7 %
and the pH of the medium not exceeding 3.5 [1].

Loading Efficiency

There are mainly two ways of performing drug
loading: 1) incorporation of the drug into the system
before the reaction has started; 2) introduction of the
drug after termination of the reaction or after some time
when initiation took place (partly adsorption) [1, 47, 79,
99]. Obviously the loading efficiency of the drug into the
polymeric matrix is determined by the time of
introduction of the drug into the reaction medium. A
high binding degree can be achieved by dissolving the
drug in the aqueous medium before adding the
monomer into the system [15, 18-24, 72].

Reddy Harivardhan L. et al. synthesized
nanoparticles of polybutyl cyanoacrylate (PBCA)
loaded with methotrexate by emulsion polymerization
and dispersion polymerization techniques by anionic
polymerization [69]. The drug was dissolved in the
polymerization medium prior to addition of butyl
cyanoacrylate [69]. Properties of the obtained
polymeric particles and release kinetics of the drug
were compared [69]. The influence of monomer
concentration on entrapment efficacy and particle size
of PBCA nanoparticles loaded with drug obtained by
the two methods was considered [69]. The entrapment
efficiency is found to increase with increasing the
monomer concentration in the system. No appreciable
change in particle size of the nanoparticles synthesized
by emulsion polymerization has been noticed when
using monomer concentrations in the range of 1-3 %
[69].
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Daunorubicin was successfully incorporated into
PBCA nanoparticles by carrying out polymerization in
the presence of the drug with entrapment efficiency up
to 100 % [15]. However, the use of daunorubicin-
loaded PBCA nanoparticles didn’t improve to a great
extends the effectiveness of the drug toward the
resistant cells compared to free daunorubicin [15].

Polyethylbutyl cyanoacrylate nanoparticles loaded
with ciprofloxacin were synthesized by Page-Clisson
M.-E. et al. by adding the drug prior to polymerization
[22]. However the authors reported that prevention of
aggregation of the drug-loaded nanoparticles was only
possible when acetone was present in the initial
reaction mixture for emulsion polymerization [22]. Drug
release from synthesized nanoparticles was
investigated in the presence of esterase and found to
be very slow: about 50 % of ciprofloxacin released
within two days [22].

Drugs of basic nature can initiate the polymerization
reaction of alkyl cyanoacrylate, leading to covalent
binding of the drug with the polymer, which of course
can influence the biological activity of the drug. It has
been reported that after addition of insulin (which has
numerous amino-groups in its structure) in acidified
aqueous solution prior to the start of the
polymerization, PBCA particles of nanometer size were
not formed, but when introducing the drug into
dispersion right after the initiation stage, monodisperse
polymeric nanoparticles have been obtained [18].

Phenyl butazone, which has nucleophilic nature,
could act as an initiator and reacted with the monomer
— isobutyl cyanoacrylate [67]. In case of the
introduction of vidarabine and somatorelin (GRF) in a
PACA matrix the initiation of the reaction by these
drugs was observed as well [67].

There are some examples of addition of drugs at
different times during the reaction [4, 5, 17, 19]. So this
way the drugs can successfully be incorporated into
polymeric matrix and/or adsorbed on its surface.

Generally, emulsion polymerization of alkyl
cyanoacrylates by the anionic mechanism is known to
be more suitable for the loading of water-soluble drugs,
although it was reported that the incorporation of
hydrophobic drugs into a PACA matrix was also
possible by addition of cyclodextrin into the
polymerization medium as it helps to increase the
drug’s solubility in the reaction medium [47, 79, 99].

When creating polymeric carriers for targeted drug
delivery such alkyl cyanoacrylates as ethyl-, butyl-,

isobutyl-, hexyl-, isohexyl- and octyl cyanoacrylates are
the most effective ones as the resulting polymers have
satisfactory characteristcs and show a good
biodistribution [15, 18-24, 72, 79, 99]. Also copolymers
of ethyl- and butyl cyanoacrylates and butyl- and octyl
cyanoacrylates are used (including core-shell
structures) for the transport of drugs [61, 63].

It is shown that the surface modification of PACA
nanoparticles using surfactants like PEG, polysorbates,
poloxamers and others improves physicochemical
parameters and biodistribution of nanoparticles [1, 4,
59]. Alyautdin R. ef al. have investigated the possibility
of using PBCA nanoparticles for targeted delivery of
tubocurarine into the brain [59]. They have reported
that PBCA covered with polysorbate-80 allows the
quaternary amine of tubocurarine to penetrate through
the blood brain barrier, which is not possible when
using the standard form of the preparation [59].

Successful  association of the antisense
oligonucleotides with polyisobutyl- and polyisohexyl
nanoparticles by adsorption using different surfactants
was reported [46]. The protection of the
oligonucleotides from hydrolysis by enzymes was
possible when they were complexed with cetyltrimethyl
ammonium bromide [46].

In some cases short co- and terpolymers of alkyl
cyanoacrylates are obtained using the polymers which
serve as surfactants (e.g. PEG, PEO, etc.) [31, 33].

PACA Nanoparticles in Treatment of Tumors

Nanoparticles of determined sizes are known to be
able to reach tumor cells and to act selectively without
causing damage to healthy tissue, as they only attach
to the inflamed tissues. Also PACA was found to
enhance in vivo activity of some antitumor drugs and
antibiotics [46].

Over the last three decades investigations on the
synthesis of nanocarriers based on natural and
synthetic polymers are carried out in the laboratory of
prof. J. Kreuter (Institute of pharmaceutical Technology
of Goethe University, Germany). Most attention of the
scientists at the Goethe University is given to
medicines effective against brain tumors [1, 3, 4].
Under the supervision of prof. Kreuter, jointly with the
research group of Gelperina S.E. (Moscow State
University of Fine Chemical Technologies named after
M.V. Lomonosov, Russia) it was found for the first time
that PBCA nanoparticles covered with Polysorbate 80
can cross the blood-brain barrier [3, 4], whereas the
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active substance itself was not able to penetrate to the
brain.

There are a number of examples of incorporation of
different cytostatic drugs (doxorubicin hydrochloride,
actinomycin D, daunorubicin and others) and antibiotics
(amikacin, ampicillin, ciprofloxacin, etc.) into a PACA
nanoparticles’ matrix with the aim of increasing the
therapeutic effect of the drug [5, 12, 14, 15, 18-26].
Loading of hydrophilic formulations of drugs (ampicillin,
doxorubicin hydrochloride, actinomycin D) to the
polymeric matrices gives opportunity to achieve rather
high binding degree [3-5, 72]. The antitumor drug
ftorarur was successfully loaded into polyethyl
cyanoacrylate (PECA) and PBCA nanoparticles by
adsorption of the drug onto pre-prepared particles or
incorporation of ftorarur during the polymerization
process [63]. The route via adsorption afterwards led to
rapid in vitro release of the drug from the nanoparticles
[63], however loading of the drug by incorporating it
during the process of the particle formation achieved
higher loadings and a slower release [63]. Drug
formulations of the combinations of PACA
nanoparticles with ampicillin, amikacin and gentamicin
were described [21, 72, 130].

The attempts to bind novel antitumor drug Arglabin
created by Kazakhstani scientists into PBCA
nanoparticles have been done by prof. Burkeev M.Zh.
et al. [131]. PBCA nanoparticles loaded with antitumor
drug Argalbin with satisfactory physicochemical
characteristics and high binding degree (up to 70 %)
have been successfully synthesized [131].

PACA Nanoparticles in Treatment of Tuberculosis

The treatment of such a disease as tuberculosis
requires extensive chemotherapy using huge amounts
of drugs for a long period which is first of all very toxic
for human, inconvenient and extremely expensive. In
this regard, Gelperina S.E. with coworkers investigated
the possibility of incorporation of first-line antiTB drugs
— isoniasid, rifampicin and streptomycin into polybutyl-
and polyisobutylcyanoacrylate (PIBCA) nanoparticles
[24]. They developed nanosomal formulations for the
antiTB drug rifampicin on the basis of PBCA and have
studied the influence of its composition on the
biodistribution of the drug [24]. These authors also
have synthesized PBCA nanoparticles loaded with the
antiTB drugs streptomycin and moksifloxacin and they
have investigated the release kinetics of the drugs [24,
26]. It was shown that after 2 days about 26 % of the
moksifloxacin still remained in the particles [26].
Increase of therapeutic efficiency was observed when
using nanosomal formulations of these drugs in
treatment of acute bacterial infections in comparison
with standard drug formulations [7, 24-26].

PECA nanoparticles loaded with antiTB drug
capreomycin sulfate have been obtained by the
research group of prof. Burkeev M.Zh. together with
prof. Van Herk A.M. [132]. It was possible to achieve
narrow particle size distributions for PECA
nanoparticles loaded with the drug. It has been
established that PECA both with and without drug will
not accumulate in the human body being rapidly
degradable (number molecular weights of PECA were
around 2000). The results of the drug release study

Figure 3: PECA nanoparticles loaded with antiTB drug capreomycin sulfate obtained by incorporation of the drug before (a) and

30 min after (b) the start of the polymerization reaction.
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have shown the possibility of controlling the release
rate of capreomycin sulfate by incorporation of this
drug into PECA nanoparticles [132]. On the basis of the
results obtained it was concluded that PECA
nanoparticles would be a potential system to use them
in tuberculosis treatment as carriers for the delivery of
the antiTB drug capreomycin sulfate. The images of
drug-loaded PECA nanoparticles are shown in Figure 3
[132].

3.2. Nanocapsules Prepared from Polyalkyl
Cyanoacrylates for Targeted Drug Delivery

The importance and potential of the use of PACA in
drug delivery research as polymeric nanocapsules
have already been proven by the results of numerous
investigations [81-97, 133, 134]. Drugs or other
substances (dyes, inks, cosmetics, and so on) can
easily be encapsulated in PACA nanocapsules as they
can form reservoirs with a good morphology (stable
and hard wall). Water-containing nanocapsules were
found to be very suitable systems for the encapsulation
of proteins, peptides and short fragments of nucleic
acids [83, 88, 91, 95]. PACA nanocapsules can be
obtained by polymerization of alkyl cyanoacrylate in
water in ol (w/o) interfacial miniemulsion
polymerization. The method of interfacial
polymerization in microemulsion was for the first time
introduced by Gasco and Trotta and used for
preparation of PACA nanocapsules more than 20 years
ago [89]. Hollow polyisohexyl cyanoacrylate
nanocapsules containing an oil core have been
synthesized by Chouinard F. et al. using this method
[133]. The effect of the components of the system and
process parameters on the nanocapsules’ size has
been explored [133]. The monomer concentration was
found to play a major role in controlling the particle
size, whereas pH of the medium led to slight change of
the size of nanocapsules [81-88]. Further these authors
have synthesized similar system using PIBCA [134].

The influence of the time of addition of the model
compound to the polymerization medium on efficacy of
incorporation of the substance into the capsules was
studied by Grangier et al. [104]. These authors have
found that for a hormone-releasing factor its addition
into the reaction medium 15-30 minutes after the start
of the polymerization is the optimal time, however when
using isobutyl cyanoacrylate as a monomer this time
has to be increased up to 5 hours [104]. Also it was
shown that by addition of the substance shortly after
the start of the polymerization a high degree of
encapsulation can be achieved (90 %) [104], although

in this case part of the drug can be lost at the beginning
of the reaction acting as initiator.

Interesting results were obtained by M. Fresta ef al.
[92] when encapsulating antiepileptic drugs in oil-core
suspensions using the method of Khoury Fallouh et al.
with some modifications [97]. The mixture of Miglyol
812 with different organic solvents (ethanol, acetone,
acetonitrile) was used as an organic phase [92]. Three
antiepileptic  drugs  (Ethosuximide, 5.5-diphenyl
hydantoin and carbamazepine) were encapsulated with
loading efficiency 1-11 % [92]. The authors have
revealed that the presence of ethanol leads to the
formation of solid nanoparticles with diameters in the
range of 100-400 nm as well as nanocapsules [92]. It
was shown that encapsulation of these drugs in PECA
nanocapsules enabled decrease of the in vitro release
rate of carbamazepine [92]. It's worth noting that in all
drug-nanocapsule systems an initial burst release to
the medium was observed [92]. This behavior is
explained by authors by the release of small amount of
the drugs which were attached to the outer surface of
the capsules [92].

Later antisense oligonucleotides have been
encapsulated in PIBCA nanocapsules with the aim of
protection them from enzymatic degradation [106]. The
protection from degradation by nucleases of
oligonucleotides was achieved by incorporation into
nanospheres or by encapsulation inside nanocapsules.
It was concluded that efficient protection was obtained
when oligonucleotides are encapsulated rather than
adsorbed on nanospheres [106]. Miyzaki Sh. et al.
succeeded in obtaining PBCA nanocapsules loaded
with indometacin and incorporating them into a gel
composition thus improving transdermal delivery of the
drug [91]. Similar to Lambert G. et al. these authors
claimed that nanoencapsulation was more effective to
protect oligonucleotides from degradation in biological
fluids rather than entrapping or adsorbing them on solid
nanoparticles [91]. A few years later Hillaireau H. et al.
have found that encapsulation of mono- and oligo-
nucleotides is only possible in the presence of water-
soluble polymers [106]. The authors reported that the
presence of cationic polymers (poly(ethyleneimine),
chitozan) in nanocapsules made of PIBCA enabled
successful encapsulation. Using PACA without water-
soluble polymers caused leakage of mono- and
oligonucleotides from the nanocapsules [106]. The
results of an in vitro study of drug release from these
systems have shown that only a limited initial burst-
effect was noticed and zero-order release for 12 h was
observed [106].
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Another method of encapsulation by polymerization
in a w/o interfface has been proposed by
Watnasirinchaikul et al. This method consists of
dissolving the monomer in an organic phase followed
by dispersing it in a water phase containing the drug
[90]. Nanocapsules of PECA filled with insulin with
loading efficiency of up to 80 % were obtained in this
way [90]. Liang M. et al. have investigated the
possibility of increasing the entrapment of peptides by
functionalizing them and copolymerizing with alkyl
cyacnoacrylates in w/o microemulsions using the
method proposed by Hillery et al. and Watnasirichaikul
et al. [107]. Encapsulation efficiency of functionalized
peptides was found to increase with increasing the
amount of monomer used for the polymerization [107].
Release profile of peptides from PACA nanoparticles
and PACA nanocapsules has been compared [107]. It
was observed that 50 % of the peptide releases within
10 min when using nanoparticles, confirming the burst
release and 90 % of total drug was detected in solution
after 6 h (measured at pH 8). From the nanocapsules
only 10 % of total amount of the peptide was observed
in the medium after 10 min, but the concentration of
peptide didn’'t change in the medium within the whole
period of observation [107]. This is the confirmation
that copolymerization reaction between functionalized
peptide and alkyl cyanoacrylate monomer took place;
therefore the rest of the peptide was covalently bound
to the polymer chain and was not released [107].

The efficacy of encapsulation of different water-
soluble substances into PACA nanocapsules depends
on molecular weight of the substance which is captured

inside of the shell [95]. It was revealed by
Pitaksuteepong T. et al. that with the increasing the
molecular weight of the substance which is being
encapsulated the efficacy of incorporation increases:
when obtaining nanocapsules loaded with model
compound fluorescein isothiocyanate conjugated
dextran 10 the efficacy of encapsulation was 55 %,
whereas using fluorescein isothiocyanate conjugated
dextran 70 resulted in an increase of extent of
encapsulation up to 90 % [95].

The functionalization of the surface of PBCA with
amines and amino acids was done by Clemens K. et al.
with the aim of obtaining stable nanocapsules with
desired surface properties which could further be used
to attach antibodies for targeting purposes [108]. The
authors considered the influence of surfactant
concentration, sonication time, pH, concentration and
amount of initiator on particle size and size distribution
of polymeric nanocapsules [108].

Recently Musyanovich A. and Landfester K. [88]
have shown that by wusing polymerization of
alkylcyanoacrylates in the w/o interface it is possible to
obtain stable and compact nanocapsules. So using a
modified technique, the authors [88] have synthesized
PBCA nanocapsules containing DNA molecules and
they have investigated the effect of pH, monomer
concentration, the nature of surfactant and medium on
physicochemical characteristics (thickness of shell, size
of capsules, morphology, molecular weight and
efficiency of encapsulation) of nanocapsules. The
examples of successful formation of nanocapsules by

Figure 4: Images of nanocapsules prepared by miniemulsion polymerization: a) SEM; b) TEM [88].
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interfacial  polymerization in  miniemulsion are

presented in Figure 4 [88].

Characterization @ and  Analysis of PACA
Nanoparticles and Nanocapsules
Unlike  other commonly used monomer’s

polymerization kinetics the observation of the
polymerization kinetics of alkyl cyanoacrylates is
difficult due to extremely fast polymerization rate [99].
For polymerization of alkyl cyanoacrylates in solvents
micro-RAMAN-spectroscopy and dilatometry for in situ
determination of reaction rate were suggested by
Vauthier et al. [47, 79, 99].

The amount of alcohol eliminated to the medium as
a result of chemical degradation of PACA can be
detected by UV-Vis-spectroscopy, HPLC or gas
chromatography [99].

3.3. Drug Release and Degradation of Polyalkyl
Cyanoacrylate Nanosystems

The main difference between the nanostructures
obtained by conventional emulsion polymerization and
interfacial polymerization of alkyl cyanoacrylates is the
drug release profile, which is first-order when using
nanoparticles and zero™-order for the nanocapsules
[80, 135]. However, as it was shown above, in some
cases burst release of the drug from PACA
nanocapsules can be observed as well, which is the
result of the release of drug bound to the walls of the
nanocapsules [107].

Drug release from PACA nanoparticles and
nanocapsules has been shown to be a consequence of
polymer degradation and it is strongly dependent on
the monomer and drug to be used and the preparation
method applied to synthesize drug-loaded polymeric
nanoparticles and nanocapsules [1, 79, 99]. Drug
release usually will take place in parallel with chemical
degradation of the polymer. The release of the human

CN CN CN

OH"

growth hormone from PIBCA nanospheres was found
to occur in parallel with the degradation of the
nanospheres [104].

In general, the degradation rate of PACA is in linear
dependence on the side chain length: the longer the
chain the longer the degradation time [46-48, 78, 79,
99]. PACA has two routes of chemical degradation in
biological media: 1) degradation of polymer with the
formation of formaldehyde; 2) hydrolysis of ester group
with the formation of alcohol and polyalkyl cyanoacrylic
acid (Figure 5) [1, 78, 79]. Degradation of PACA is
believed to go mainly by the second pathway [1, 78,
79, 99]. It was shown by several authors [99] that in
strong basic medium (at pH 12) 85% of the total
expected amount of iso-butanol was found in a solution
after degradation of PIBCA nanoparticles, whereas the
concentration of formaldehyde was only 7% [80, 99,
135]. Besides, this degradation pathway is catalyzed by
various esterases which are present in organism [135]
and is considered to occur as the major degradation
pathway in vivo [79, 99].

There is one more mechanism suggested by Ryan
and McCann [135], according to which the degradation
starts by base and consists of an unzipping
depolymerization of the parent polymer with immediate
repolymerization to produce a new polymer with a
lower molecular weight. However due to very fast
degradation rate (within few seconds) it was not
possible to detect it so far [99, 135].

4. HUMAN SERUM ALBUMIN AS A POLYMER
CARRIER FOR CONTROLLED DRUG DELIVERY

HSA is one of the most frequently used biopolymers
in medicine. HSA is known to be used for treating
shock, burns, hypoalbuminemia, after surgery trauma,
cardiopulmonary bypass, acute respiratory distress and
hemodialysis [110]. Albumin-conjugates are also used
in treatment of arthritic diseases, for liver targeting, and
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Figure 5: Degradation of polyalkyl cyanoacrylates by hydrolysis of ester group.
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others [110]. Albumin is known to be accumulated in
malignant and inflamed tissues [110]. Nanoparticles
made of HSA were found to be non-toxic and well-
tolerated by human organism [39-41, 111-113]. Owing
to its capability to transport low molecular weight
compounds it is a unique carrier for drugs. Binding
drugs with albumin provided prolonged effect of such
proteins and peptides as Albuferon and Levemir [110].
Functional groups (carboxylic and amine groups) which
are present in the structure of albumin allow to modify
the surface of the particles by attaching the molecules
for targeting purposes [117-124]. For these reasons
HSA is a potential drug carrier.

Nanoparticulate systems on the basis of albumin
obtained by the desolvation method were first
developed by R. Oppenheim and J. Marty in the 1970s
[119, 120]. Since that time various active agents
(methotrexate [110, 112], doxorubicin [1, 110],
paclitaxel [110], antisense oligonucleotides [40],
apolipoprotein Al and apolipoprotein B-100 [43],
obidoxime [121, 122], noscapine [123]) have been
successfully coupled to HSA nanoparticles. Some of
these albumin-drug conjugates (methotrexate-albumin
conjugate, albumin-based prodrug of doxorubicin,
paclitaxel loaded HSA nanoparticles (Abraxane)) have
passed clinical trials [110]. Abraxane was approved for
treating metastatic breast cancer [110].

A detailed review on albumin-based prodrugs and
the state-of-the-art of drug-loaded HSA nanoparticles
can be found in [1, 110].

Some examples of drugs bound to HSA
nanoparticles and their characteristics will be briefly
reviewed below.

Over the last 20 years the research group under the
supervision of prof. Kreuter J. is working on the
synthesis of HSA nanoparticles loaded with drugs and
the investigation of their efficiency applied to animals.
Numerous studies have been performed to obtain HSA
nanoparticles bound with a variety of cytostatics and to
explore their in vitro and in vivo toxicity as well as their
biodistribution and therapeutic efficacy in treating
diseases [1, 35-37, 39-44].

Synthesis of HSA Nanoparticles

Generally nanoparticles of HSA can be synthesized
by protein denaturation in w/o emulsion and applying
desolvation (coacervation) methods as shown in [1, 35-
37, 39-44, 110]. When obtaining albumin nanoparticles
by desolvation, HSA is dissolved in water and then

desolvated with ethanol and stabilized by addition of a
cross-linker [1, 35-37, 39-44]. Particle size of the
obtained nanoparticles usually varies between 80-300
nm.

Sebak S. et al. have synthesized HSA nanoparticles
for the transport of noscapine with a size range of 150-
300 nm and a loading efficiency of at least 85 % [123].
In vitro release studies have shown slow release
profiles for different concentrations of the drug: at
minimum concentration (5 mg/ml) of noscapine only 15
% of the whole amount of drug released after 24 hours
and when using the highest concentration (15 mg/ml)
around 20 % of loaded drug released within the same
period of time [123].

HSA nanoparticles conjugated with cytostatic
methotrexate have been obtained by Taheri A. et al.
[124]. When testing the effectiveness of these
nanoparticles, increased cytotoxicity of drug-
conjugated nanoparticles on T47D cells compared to
the free drug has been observed [124].

Factors Affecting Physicochemical Characteristics
of HSA Nanoparticles

The most crucial factors influencing the stability of
the system are the pH of the medium and the rate of
addition of the desolvating agent [36, 122, 123]. The
pH value influences the surface charge of the particles,
in an acidic medium the zeta potential is positive and
changes to negative in a basic solution. The HSA
desolvation system becomes unstable at the isoelectric
point [pl] of the HSA nanoparticles, i. e. 5.05. Therefore
an alkaline pH combined with ethanol addition rates
between 0.5 and 2.0 ml/min were recommended for
desolvation [122]. The stability of HSA nanoparticles is
also affected by the amount of the crosslinking agent
added to the system [35, 36].

Loading Efficiency

Similar to other polymeric systems, the loading of
the drug can be performed by adsorption of the drug
onto preliminary prepared empty HSA nanoparticles or
incorporation of the drug by dissolving it in the system
during the crosslinking process [1]. Doxorubicin-loaded
HSA nanoparticles have been successfully synthesized
by the same research group [37] using the desolvation
method. Loading of the drug has been carried out by
adsorption of doxorubicin onto nanoparticles and
incorporation of the drug by dissolving it in the solution
followed by crosslinking of the particles with
glutaraldehyde [37]. Both processes resulted in a high
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Figure 6: HSA nanoparticles loaded with antitumor drug arglabin by adsorption (a) and incorporation (b) methods.

binding degree of the drug with HSA as well as high
stability of nanoparticles over more than 6 months [37].
It is important to note that an increase of the antitumor
effect of the drug was noticed in comparison with the
pure drug solution [37].

Kufleitner J. et al. performed [121, 122] the binding
of obidoxime to HSA nanoparticles, both by adsorption
of the drug on the surface of the synthesized particles
and by incorporation in the interior of the particles. It is
shown that when adsorbing the drug on HSA
nanoparticles, the particles with a mean size of 268 nm
have been obtained and around 60 % of drug was
loaded by this method [121, 122].

Jointly with research group of the Institute of
Pharmaceutical Technology of Goethe University by
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the scientists of Kazakhstan under the leadership of
prof. Burkeev M.Zh. HSA nanoparticles loaded with
antitumor drug Arglabin and antiTB drug p-amino
salicylic acid (PASA) have been synthesized by the
desolvation method [136, 137]. Both forms of antitumor
drug Arglabin — hydrophobic native (substance)
arglabin and dimethylaminoarglabin hydrochloride have
been used for immobilization into the matrix of HSA.
The loading of the drugs has been performed by two
ways: 1) adsorption of the drugs onto the surface of
preliminary prepared empty nanoparticles; 2)
incorporation of the drugs to the polymeric particles by
adding them into the system during crosslinking of
albumin macromolecules (Figure 6).

The nanoparticles based on HSA loaded with the
antitumor drug Arglabin and antiTB drug PASA allowed
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Figure 7: Adsorptive binding and incorporation of antiTB drug PASA into HSA nanoparticles.
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to attain high loading efficiency for both drugs, which
shows the perspective of using nanoparticulate forms
of these drugs [136, 137]. Dependence of binding
degree on the concentration of added PASA is shown
on the graph (Figure 7).

Drug Release from HSA Nanoparticles

Biodegradability of HSA nanoparticles and the
accompanied drug release are mainly governed by the
degree of crosslinking [35-37]. Drug release profiles
from HSA nanoparticles are dependent on the amount
of drug attached to the surface as well as incorporated
in the inner part of the nanoparticles [1, 35-37]. For
instance, the study of the drug release profile of
obidoxime from HSA nanoparticles has shown that only
the portion of the drug which was bound at or near the
surface of nanoparticles has been released [121, 122].
Less than 25 % of obidoxime incorporated into the HSA
nanoparticles released from polymeric nanoparticles
within the time observed (2 hours), whereas the same
amount of drug adsorbed on the particle surface
released within the first 10 min [121, 122] (Figure 8).
However both systems are shown to be suitable
nanoparticulate carriers for obidoxime [121, 122].

El-Samalagy M. and Rohdewald P. have
synthesized HSA  nanoparticles loaded  with
triamcinolone, dactinomycin and doxorubicin [125]. The
drug uptake was found to be similar for the particles
obtained by both adsorption and incorporation
methods. The drug release occurred mainly as a result
of desorption, although 20 % slower release profile has
been observed in case of incorporation than when
using particles obtained by adsorption [125].

100

Drug release [%]

—e— Loaded nanoparticles
—0— Control (free drug)

90 120 150 180

Time [min]

30 60 210

Drug release [%]

The most suitable method for the study of drug
release from HSA nanoparticles obtained by adsorption
of drug on preliminary prepared empty particles seems
to be dialysis, as the separation of nanoparticles from
solution may lead to the loss of some part of the drug
by desorption [1].

5. NANOSOMAL SYSTEMS BASED ON POLY-D,L-
LACTIC ACID

One of the other perspective drug carriers used in
developing controlled release systems is PLA and its
copolymer with glycolic acid [111-113, 116, 138, 139].
First synthetic polymer and bioabsorbing material was
polyglycolic acid which opened this class of polymers in
1954. Since that time the derivatives of this polymer
polylactic (polylactide) and glycolic acids and e-
caprolactone have been used for the drug delivery
purposes [113, 116, 138]. Polylactide is biocompatible
and biodegradable polymer which has been used in
medicine for a long time not only as auxiliary material,
but as carrier for the targeted delivery of the drugs.

The best properties however possess the
copolymer of PLGA [139]. Micro- and nanoparticles
based on polylactic, polyglycolic acids and their
copolymers and ethers are used for the delivery of
various nature [139, 140, 141]. Depending on the ratio
of lactic and glycolic acids it is possible to change such
properties of the product as plasticity, durability, the
biodegradation time and release rate of the drug. It has
been found that varying the ratio of the lactic and
glycolic chains the release rate of the drug can be
controlled [142]. With increasing the content of glycolic
chains the release rate of hydrophilic drugs increases
and the lipophilic drugs decreases provided that the
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Figure 8: Release profile (mean+SD) of obidoxime dichloride from HSA nanoparticles obtained by adsorption method (a) in
comparison to the free drug solution and by incorporation method (pH =10) (n=3) [121, 122].
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drug excretion takes place as a result of polymer
degradation. This way the copolymers of polylactic-co-
glycolic acid with PEG and poly-caprolactone with
controlled degradability have been successfully
synthesized [142]. They degrade by the ester bonds to
the derivatives of lactic and glycolic acids. It has been
established that polylactides with hydrophobic end
groups degrades 2.7 times faster in vifro and 4 times
faster in vivo than the polymers with hydrophilic groups
[143].

Antitumor drug preparations based on nanoparticles
of the copolymers of lactic and glycolic acids which are
allowed to the use in medicine practice in Russian
Federation by the trade names dekapeptyl, zoladex,
sandostatin and somatulin [144]. The copolymer of
lactic and glycolic [50/50 Poly(DL-lactide-co-glycolide)
(nominal)] acids is non-toxic and their catabolism ends
up with the formation of CO, and H,O [27, 144, 145].

Among the effective and reproducible methods of
obtaining nanoparticles and nanocapsules of PLA,
PLGA or their copolymers is found to be
nanoprecipitation [146-154]. This method was first
developed by Fessi et al. for the preparation of
polymeric nanoparticles [148]. The system of
nanoprecipitation mainly consists of three components,
these are the polymer, the solvent of the polymer and
non-solvent of the polymer [146, 148]. PLA
nanoparticles with the range of particle size from 100 to
300 nm have been synthesized depending on the
solvent and surfactant used [148, 150].

PLGA nanoparticles coated with transferrin with the
size in the range 63-90 nm for the purpose of passing
through blood-brain-barrier have been successfully
synthesized in the presence of Tween 20 by
nanoprecipitation method [151]. Nehilla B.J. et al. have
synthesized coenzyme Q10-loaded PLGA
nanoparticles without using surfactant with the average
size 165 nm [152]. Nanoprecipitation method has also
been used for the encapsulation of curcumin into PLGA
nanoparticles by Yallapu M.M. et al. [153] as a result of
which the particles with the size ranging in 95-560 nm
have been obtained.

The mechanism of intracellular uptake of PLGA
nanoparticles and their effect on therapeutic efficiency
of the active compounds in cellular level when
encapsulating DNA, proteins and different low
molecular weight compounds are throhoughly
considered by Panyam J. and Labhasetwar V. in [139].

The examples of wusing PLA and PLGA
nanoparticles in treatment of tumor and tuberculosis
diseases was shown above.

Helle A. et al. investigated the possibility of using
capillary  electrophoresis for the quantitative
determination of model drugs (salbutamol sulphate,
sodium chromoglycate and beclomethasone
dipropionate) which were encapsulated in PLA
nanoparticles by nanoprecipitation method [147]. A
quantitative capillary electrophoresis method has been
developed for salbutamol sulphate and sodium
chromoglycate by the authors. It was found out that the
encapsulation of beclomethasone dipropionate in the
PLA nanoparticles was more efficient than in case of
more hydrophilic model drugs (salbutamol sulphate and
sodium chromoglycate) [147].

Burkeev M.Zh. et al. used the same method
(nanoprecipitation) for encapsulation of widely used
antiTB drug isoniasid in PLA nanoparticles [154].
Optimal conditions (solvent, the ratio polymer:drug,
etc.) of synthesizing PLA nanocapsules loaded with the
drug have been found. Nanoparticles of PLA loaded
with the drug with the average diameter 200-300 nm
and high binding degree (50 %) have been successfully
synthesized. The system was found to be stable within
the time which was confirmed by measurement of the
surface charge of nanoparticles (-30-35 mV).

CONCLUSION

One of the major goals of pharmaceutical research
is the development of drug formulations which are able
to perform targeted delivery of drugs into specific
organs or tissues [1, 2]. The drug taken systematically
provides high efficacy, but at same time side reactions
related to high dosage of the drugs appear as well. The
concept of the “Magic Bullet” suggested by Paul Ehrlich
at the end of 19" century [2, 8] was the start of
breakthrough research in medicine aiming at the
development of systems with improved properties for
transporting the drugs at the right parts of the human
body. However the attempts on synthesizing the
systems which are able to carry out targeted drug
delivery started in the end of 60s of 20" century by the
group of prof. Peter Speiser and within about 40 years
there were numerous works on the creation of “ideal
drug delivery system” by combining varieties of
biocompatible polymers with the drugs used in
treatment of diabetes, tumors, tuberculosis and so on
[3-79, 90, 102, 103, 112, 124, 125, 132, 133, 136-138,
154].
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Numerous publications of the last three decades
show the potential of using drug formulations of
prolonged action which are created on the basis of
polymeric nanoparticles and nanocapsules [1-154].
Prolongation of drug efficacy is accomplished by
sustaining constant concentration of the drug in the
targeted organs by increasing the stability and
improving bioavailability of the drug. This gives the
opportunity to decrease considerably the dose of the
drug for the treatment of the disease [3-100].
Development of such systems for potent drugs offers a
number of benefits over conventional drug formulations
such as decrease of toxic reactions caused by a high
dose of drugs, maintenance of therapeutic
concentrations of the drug within a certain period of
time (prolonged drug release).

Nanoparticles seem to be very promising drug
delivery systems for a variety of drugs, especially for
those to which oral and/or inhalable administration
cannot be applied. In addition, nanopatrticles can help
in targeted delivery; the submicron size of the
nanoparticles gives them the ability to cross narrow
junctions and blood capillaries which can not be done
when using microparticles.

The review given in this article is far from being
comprehensive, however the authors tried to cover all
aspects of synthesizing and characterization of
nanoparticulate systems on the basis of such
commonly used polymers as polyalkyl cyanoacrylates,
polylactic acid and human serum albumin. The results
of the investigations of the past 30 years devoted to the
synthesis and study of polymeric nanoparticles and
nanocapsules in treatment of tumors and tuberculosis
using PACA, PLA and HSA evidence the importance
and potential of application of such systems in drug
targeting. There are some examples of nanosomal
systems based on these polymers which have already
passed clinical trials and are used for the targeted
delivery of the drugs.

REFERENCES

[1] Kreuter J. Colloidal Drug Delivery Systems. New York:
Marcel Dekker; 1994.

[2] Kingsley JD, Dou H, Morehead J, Rabinow B, Gendelman
HE, Destache ChJ. Nanotechnology: A Focus on
Nanoparticles as a Drug Delivery System. J. Neuroimmune
Pharmacol 2006; 1: 340-50.
http://dx.doi.org/10.1007/s11481-006-9032-4

[3] Gulyaev AE, Gelperina SE, Skidan IN, Antropov AS, Kivman
GYa, Kreuter J. Significant transport of doxorubicin into the
brain with polysorbate 80-coated nanoparticles. Pharm. Res
1999; 16(10): 1564-69.
http://dx.doi.org/10.1023/A:1018983904537

4

(5]

(6l

[

(8]

19

[10]

(1]

(2]

[13]

[14]

(18]

[16]

(7]

(18]

[19]

Petri B, Bootz A, Khalansky A, et al. Chemotherapy of brain
tumour using doxorubicin bound to surfactant-coated
poly(butyl cyanoacrylate) nanoparticles: revisiting the role of
surfactants. J Control Rel 2007; 117(1): 51-8.
http://dx.doi.org/10.1016/j.jconrel.2006.10.015

Brasseur F, Couvreur P, Kante B, Speiser P. Actinomycin D
adsorbed on  polymethylcyanoacrylate  nanoparticles:
Increased efficiency against an experimental tumor. Eur J
Cancer 1980; 16: 1441-5.
http://dx.doi.org/10.1016/0014-2964(80)90053-5

Sosnik A, Carcaboso AM, Glisoni RJ, Moretton MA,
Chiappetta DA. New old challenges in tuberculosis:
Potentially effective nanotechnologies in drug delivery. Adv
Drug Delivery Reviews 2010; 62: 547-59.
http://dx.doi.org/10.1016/j.addr.2009.11.023

Azarmi Sh, Roa WH, Lébenberg R. Targeted delivery of
nanoparticles for the treatment of lung diseases. Adv Drug
Delivery Reviews 2008; 60: 863-75.
http://dx.doi.org/10.1016/j.addr.2007.11.006

Kreuter J. Nanoparticles-a historical Perspectives. Int J
Pharm 2007; 331: 1-10.
http://dx.doi.org/10.1016/j.ijpharm.2006.10.021

Elvira C, Gallardo A, San Roman J, Cifuentes A. Covalent
Polymer-Drug Conjugates. Molecules 2005; 1: 114-25.
http://dx.doi.org/10.3390/10010114

Venkatesan N, Yoshimitsu J, lto Y, et al. Liquid filled
nanoparticles as a drug delivery tool for protein therapeutics.
Biomaterials 2005; 26(34): 7154-63.
http://dx.doi.org/10.1016/j.biomaterials.2005.05.012

Mohanraj VJ, Chen Y. Nanoparticles-A Review. Tropical J
Pharm Res 2006; 5(1): 561-73.

Santhi K, Dhanaraj SA, Koshy M, Ponnusankar S, Suresh B.
Study of biodistribution of methotrexate-loaded bovine serum
albumin nanospheres in mice. Drug Dev Ind Pharm 2000;
26(12): 1293-6.

http://dx.doi.org/10.1081/DDC-100102311

Gelperina SE, Kisich K, Iseman MD, Heifets L. The Potential
Advantages of Nanoparticle Drug Delivery Systems in
Chemotherapy of Tuberculosis. Amer J Respiratory and
Critical Care Medicine 2005; 172: 1487-90.
http://dx.doi.org/10.1164/rccm.200504-613PP

Skidan |, Gelperina S, Severin S, Gulyaev A. Increase of
antibacterial activity of rifampicin towards intracellular
infections with the help of biodegradable nanoparticles.
Antibiotics and Chemotherapy 2003; 48, Ne1: 23-6.(in
Russian)

Simeonova M, lvanova G, Enchev V, et al. Physicochemical
characterization and in vitro behavior of daunorubicin-loaded
poly(butyl cyanoacrylate) nanoparticles. Acta Biomateria
2009; 5: 2109-21.
http://dx.doi.org/10.1016/j.actbio.2009.01.026

Desai MP, Labhasetwar V, Walter E, Levy RJ, Amidon GL.
The mechanism of uptake of biodegradable microparticles in
Caco-2 cells is size dependent. Pharm Res 1997; 14: 1568-
73.

http://dx.doi.org/10.1023/A:1012126301290

Desai MP, Labhasetwar V, Amidon GL, Levy RJ.
Gastrointestinal uptake of biodegradable microparticles:
effect of particle size. Pharm Res 1996; 13: 1838-45.
http://dx.doi.org/10.1023/A:1016085108889

Behan N, Birkinshaw C. Preparation of poly(butyl
cyanoacrylate) nanoparticles by aqueous dispersion
polymerization in the presence of insulin. Macromol Rapid
Commun 2001; 22: 3-41.
http://dx.doi.org/10.1002/1521-3927(20010101)22:1<41::AID-
MARC41>3.0.CO;2-B

Simeonova M, Velichkova R, Ivanova G, Enchev V,
Abrahams |. Poly(butyl cyanoacrylate) nanoparticles for




Nanoencapsulation of Antitumor and Antituberculosis Drug

Journal of Research Updates in Polymer Science, 2014, Vol. 3, No. 2 81

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

topical delivery of 5-fluorouracil. Int J Pharm 2003; 263: 133-
40.
http://dx.doi.org/10.1016/S0378-5173(03)00373-9

Cariline OS, Birkinshaw C. In vitro degradation of insulin-
loaded poly(n-butyl cyanoacrylate) nanoparticles.
Biomaterials 2004; 25: 4375-82.
http://dx.doi.org/10.1016/j.biomaterials.2003.11.001

Alonso MJ, Losa C, Calvo P, Vila-Jato JL. Approaches to
improve the association of amikacin sulphate to
poly(alkylcyanoacrylate) nanoparticles. Int J Pharm 1991; 68:
69-76.

http://dx.doi.org/10.1016/0378-5173(91)90128-B

Page-Clisson ME, Pinto-Alphandary H, Ourevitch M,
Andremont A, Couvreur P. Development of ciprofloxacin-
loaded nanoparticles: physicochemical study of the drug
carrier. J Control Rel 1998; 56: 23-32.
http://dx.doi.org/10.1016/S0168-3659(98)00065-0

Alleman E, Gurny R, Doelker E. Drug-loaded nanoparticles-
preparation methods and drug targeting issues. Review. Eur
J Pharm Biopharm 1993; 39(5): 173-91.

Anisimova YV, Gelperina SI, Peloquin CA, Heifets LB.
Nanoparticles as antituberculosis drugs carriers: effect on
activity against Mycobacterium tuberculosis in  human
monocyte-derived macrophages. J Nanoparticle Res 2000;
2: 165-71.

http://dx.doi.org/10.1023/A:1010061013365

Oganesyan EA, Budko AP, Maximenko OO, et al.
Development and study of nanosomal drug formulation of
rifampicin. Antibiotics and Chemotherapy 2005; 50: 15-9.(in
Russian)

Shipulo YV, Lyubimov I, Maximenko OO, et al. Preparation
and investigation of nanosomal forms of moksifloxacin on the
basis of polybutyl cyanoacrylate. Pharm Chem J 2008; 42:
43-7.(in Russian)

Moghimi SM, Hunter AC, Murray JC. Nanomedicine: current
status and future prospects. FASEB J 2005; 19: 311-22.
http://dx.doi.org/10.1096/fj.04-2747rev

Pandey R, Sharma S, Khuller GK. Oral solid lipid
nanoparticle-based antitubercular chemotherapy.
Tuberculosis 2005; 85: 415-20.
http://dx.doi.org/10.1016/j.tube.2005.08.009

Pandey R, Khuller GK. Oral nanoparticle-based
antituberculosis drug delivery to the brain in an experimental
model. J Antimicrobial Chemotherapy 2006; 4: 1-7.

Johnson CM, Pandey R, Sharma S, et al. Oral Therapy
Using Nanoparticle-Encapsulated Antituberculosis Drugs in
Guinea Pigs Infected with Mycobacterium tuberculosis.
Antimicrobial agents and Chemotherapy 2005; 49. Ne 10:
4335-8.

Peracchia MT, Desmaele D, Couvreur P. Synthesis of a
Novel poly(MePEG cyanoacrylate-co-alkylcyanoacrylate)
amphiphilic copolymer for nanoparticle technology. Macromol
1997; 30: 846-51.

http://dx.doi.org/10.1021/ma96 1453k

Cook RO, Pannu RK, Kellaway IW. Novel sustained release
microspheres for pulmonary drug delivery. J Control Rel
2005; 104: 79-89.
http://dx.doi.org/10.1016/j.jconrel.2005.01.003

Lin X, Zhou R, Qiao Y, et al. Poly(ethylene glycol)/poly(ethyl
cyanoacrylate) amphiphilic triblock copolymer nanoparticles
as delivery vehicles for dexamethasone. J Polymer Sci: Part
A: Polymer Chem 2008; 46: 7809-15.
http://dx.doi.org/10.1002/pola.23083

Grangier JL, Pyugrenier M, Gautier JC, et al. Nanoparticles
as carriers for growth hormone releasing factor. J Control Rel
1991; 15: 3-13.
http://dx.doi.org/10.1016/0168-3659(91)90098-X

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

(49]

[50]

Weber C, Kreuter J, Langer K. Desolvation process and
surface characteristics of HSA-nanoparticles. Int J Pharm
2000; 196: 197-200.
http://dx.doi.org/10.1016/S0378-5173(99)00420-2

Langer K, Balthasar S, Vogel V, Dinauer N, Schubert von
B.D. Optimization of the preparation process for human
serum albumin(HSA) nanoparticles. Int J Pharm 2003; 257:
169-80.

http://dx.doi.org/10.1016/S0378-5173(03)00134-0

Dreis S, Rothweiler F, Michaelis M, Cinatl Jr, Kreuter J,
Langer K. Preparation, characterization and maintenance of
drug efficacy of doxorubicin-loaded human serum
albumin(HSA) nanoparticles. Int J Pharm 2007; 341: 207-14.
http://dx.doi.org/10.1016/j.ijpharm.2007.03.036

Giovagnoli S, Blasi P, Vescovi C, et al. Unilamellar vesicles
as potential capreomycin sulfate carriers: Preparation and
Physicochemical Characterization. AAPS Pharm Sci Tech
2003; 4. Ne 4: 1-12.

Kreuter J. Nanoparticles as drug delivery systems. In Nalwa
HS, editor. Encyclopedia of  Nanoscience and
Nanotechnology. American Scientific Publishers, Stevenson
Ranch, USA 2004; Vol. 7: p. 161.

Wartlick H, Spankuch-Schmitt B, Strebhardt K, Kreuter J,
Langer K. Tumour cell delivery of antisense oligonulceotides
by human serum albumin nanoparticles. J Control Rel 2004;
96: 483-95.

http://dx.doi.org/10.1016/j.jconrel.2004.01.029

Wartlick H, Michaelis K, Balthasar S, Strebhardt K, Kreuter J,
Langer K. Highly specific HER2-mediated cellular uptake of
antibody-modified nanoparticles in tumour cells. J Drug
Target 2004; 12: 461-71.
http://dx.doi.org/10.1080/10611860400010697

Ulbrich K, Hekmatara T, Herbert E, Kreuter J. Transferrin-
and transferrin-receptor-antibody-modified  nanoparticles
enable drug delivery across the blood-brain barrier (BBB).
Eur J Pharm Biopharm 2009; 71: 251-6.
http://dx.doi.org/10.1016/j.ejpb.2008.08.021

Kreuter J, Hekmatara T, Dreis S, Vogel T, Gelperina S,
Langer K. Covalent attachment of apolipoprotein Al and
apolipoprotein B-100 to albumin nanoparticles enables drug
transport into the brain. J Control Rel 2007; 118: 54-8.
http://dx.doi.org/10.1016/j.jconrel.2006.12.012

Langer K, Anhorn MG, Steinhauser |, et al. Human serum
albumin(HSA) nanoparticles: Reproducibility of preparation
process and kinetics of enzymatic degradation. Pharm
Nanotechnology 2007; 347: 109-117.

Bui KT, Alyautdin RN. Polylactide nanoparticles with
antituberculosis drugs adsorbed on them. Exp Clin
Pharmacology 2008; 3: 7-11. (in Russian)

Chavany C, Le Doan T, Couvreur P, et al
Polyalkylcyanoacrylate nanoparticles as polymeric carriers
for antisense oligonucleotides. Pharm Res 1992; 9(4): 441-9.

Vauthier C, Dubernet C, Chauvierre C, Brigger |, Couvreur P.
Drug delivery to resistant tumors: the potential of poly(alkyl
cyanoacrylate) nanoparticles. J Control Rel 2003; 93: 151-
60.

http://dx.doi.org/10.1016/j.jconrel.2003.08.005

Couvreur P, Dubernet C, Paisieux F. Controlled drug delivery
with nanoparticles: current possibilities and future trends. Eur
J Pharm and Biopharm 1995; 41. Ne 1: 2-13.

Parveen S, Sahoo SK. Polymeric nanoparticles for cancer
therapy. J Drug Target 2008; 16(2): 108-23.
http://dx.doi.org/10.1080/10611860701794353

Bootz A, Russ T, Gores F, Karas M, Kreuter J. Molecular
weights  of  poly(butyl cyanoacrylate) nanoparticles
determined by mass spectrometry and size exclusion
chromatography. Eur J Pharm and Biopharm 2005; 60: 391-
9.




82 Journal of Research Updates in Polymer Science, 2014, Vol. 3, No. 2

Burkeev et al.

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

(60]

[61]

(62]

(63]

[64]

[65]

(66]

Kreuter J, Wilson CG, Fry JR, Paterson P, Ratcliffe JH.
Toxicity and association of polycyanoacrylate nanoparticles
with hepatocytes. J Microencapsul 1984; 1: 253-7.

Kante B, Couvreur P, Dubois-Krack G, et al. Toxicity of
polyalkyl cyanoacrylate nanoparticles I: free nanoparticles. J
Pharm Sci 1982; 71: 786-90.
http://dx.doi.org/10.1002/jps.2600710716

Vansnick L, Couvreur P, Christiaens-Leyh D, Roland M.
Molecular weights of free and drug-loaded nanoparticles.
Pharm Res 1985; 6: 36-41.
http://dx.doi.org/10.1023/A:10163660227 12

Kumaresh SS, Tejrai AM, Anadrao KR, et al. Biodegradable
polymeric nanoparticles as drug delivery devices. Review. J
Control Rel 2001; 70: 1-20.
http://dx.doi.org/10.1016/S0168-3659(00)00339-4

Nah JW, Jeong YI, Koh JJ. Drug release from nanoparticles
of poly(D,L-lactide-co-glycolide). Korean J Chem Eng 2000;
17(2): 230-6.

Couvreur P, Grislain L, Lenaerts V, Brasseur F, Guiot P,
Biernacki A. Biodegradable polymeric nanoparticles as drug
carriers for antitumor agents. In: Guiot P, Couvreur P,
editors. Polymer Nanoparticles and Microspheres. Boca
Raton, FL: CRC Press 1986; p. 24- 94.

Couvreur P, Couarraze G, Devissaguet J, Puisieux F,
Nanoparticles: preparation and characterization. In: Benita S,
editor.  Microencapsulation:  Methods and Industrial
Applications. New York: Marcel Dekker 1996; p. 183- 211.

Allemann E, Gurny R, Doelker E. Drug-loaded nanoparticles-
preparation methods and drug targeting issues. Eur J Pharm
and Biopharm 1993; 39: 173-91.

Alyautdin RN, Petrov VE, Langer K, Berthold A, Kharkevich
DA, Kreuter J. Delivery of loperamide across the blood-brain
barrier with polysorbate 80-coated polybutylcyanoacrylate
nanoparticles. Pharm Res 1997; 14: 325-8.
http://dx.doi.org/10.1023/A:1012098005098

Krauel K, Pitaksuteepong T, Davies ND, Rades T.
Entrapment of bioactive molecules in
poly(alkylcyanoacrylate) nanoparticles. Amer J Drug Delivery
2004; 2: 251-8.
http://dx.doi.org/10.2165/00137696-200402040-00005

Huang C-Y, Lee Y-D. Core-shell type of nanoparticles
composed of poly[(n-butyl cyanoacrylate)-co-(2-octyl
cyanoacrylate)] copolymers for drug delivery application:
Synthesis, characterization and in vitro degradation. Int J
Pharm 2006; 325: 132-9.
http://dx.doi.org/10.1016/j.ijpharm.2006.06.008

Vauthier C, Dubernet C, Fattal E, Pinto-Alphandary P,
Couvreur P. Poly(alkylcyanoacrylates) as biodegradable
materials for biomedical applications. Adv Drug Delivery
Reviews 2003; 55: 519-48.
http://dx.doi.org/10.1016/S0169-409X(03)00041-3

Arias JL, Gallardo V, Ruiz MA, Delgado AV. Ftorafur loading
and controlled release from poly(ethyl-2-cyanoacrylate) and
poly(butylcyanoacrylate) nanospheres. Int J Pharm 2007;
337: 282-90.

http://dx.doi.org/10.1016/j.ijpharm.2006.12.023

Charles AP, Shaun EB, Gwen AH, et al. Once-daily and
twice-daily dosing of p-aminosalicylic acid granules. Amer J
Resp and Crit Care Medicine 1999; 159: 932-4.
http://dx.doi.org/10.1164/ajrccm.159.3.9807131

Graf A, McDowell A, Rades Th. Poly(alkycyanoacrylate)
nanoparticles for enhanced delivery of therapeutics-is there
real potential? Expert Opin. Drug Deliv 2009; 6(4): 371-87.
http://dx.doi.org/10.1517/17425240902870413

Chavany C, Le Doan T, Couvreur P, Puisieux F, Helene C.
Polyalkylcyanoacrylate nanoparticles as polymeric carriers
for antisense oligonucleotides. Pharm Res 1992; 9: 441-9.
http://dx.doi.org/10.1023/A:101587 1809313

[67]

[68]

(69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

(81]

(82]

Guise V, Drouin JY, Benoit J, Mahuteau J, Dumont P,
Couvreur  P. Vidarabine-loaded nanoparticles: A
physicochemical study. Pharm Res 1990; 7(7): 736-41.
http://dx.doi.org/10.1023/A:1015819706491

Montaseri H, Sayyafan MS, Tajerzadeh H. Preparation and
Characterization of Poly-(methyl ethyl cyanoacrylate)
Particles Containing 5-Aminosalicylic acid. Iranian J Pharm
Res 2005; 1: 21-27.

Reddy HL, Murthy RR. Influence of polymerization technique
and experimental variables on the particle properties and
release kinetics of methotrexate from
poly(butylcyanoacrylate) nanoparticles. Acta Pharm 2004;
54: 103-8.

Liu H, Chen J. Indomethacin-loaded Poly(butylcyanoacrylate)
Nanoparticles: Preparation and Characterization. PDA J
Pharm Sci and Technology. 2009; 63: 207-16.

Douglas SG, lllum L, Davis SS, Kreuter J. Particle size and
size distribution poly(2-butyl)cyanoacrylate nanoparticles. 1.
Influence of physicochemical factors. J Colloid and Interface
Sci 1984; 101(1): 149-58.
http://dx.doi.org/10.1016/0021-9797(84)90015-8

Paramonov DV, Antonova YA, Zharova IG, et al. About
radiation induced stability of drug forms of ampicillin based
on polyalkyl cyanoacrylate nanoparticles. Pharm Chem J
1996; 10: 42-5.(in Russian)

Zara GP, Cavalli R, Fundard A, Bargoni A, Caputo O, Gasco
MR. Pharmacokinetics of doxorubicin incorporated in solid
lipid nanospheres(SLN). Pharmacol Res 1999; 40(3): 281-6.
http://dx.doi.org/10.1006/phrs.1999.0509

Couvreur P, Vauthier Ch. Nanotechnology: Intelligent Design
to treat Complex Disease. Pharm Res 2006; 23(7): 1417-50.
http://dx.doi.org/10.1007/s11095-006-0284-8

Lébenberg R, Araujo L, Von Briesen H, Rodgers E, Kreuter
J. Body distribution of azidothymidine bound to hexyl-
cyanoacrylate nanoparticles after i.v. injection to rats. J
Control Rel 1998; 50(1-3): 21-30.
http://dx.doi.org/10.1016/S0168-3659(97)00105-3

Leu D, Manthey B, Kreuter J. Distribution and elimination of
coated polymethyl [2-14C]methacrylate nanoparticles after
intravenous injection in rats. J Pharm Sci 1984; 73(10): 1433-
7.

http://dx.doi.org/10.1002/jps.2600731028

Legaroz C, Gamazo C, Renedo MJ, Blanco-Prieto MG.
Biodegradable micro- and nanoparticles as long-term
delivery vechicles for gentamicin. J Microencapsul 2006;
23(7): 782-92.

http://dx.doi.org/10.1080/02652040600946886

Couvreur P, Kante M, Grislain L, et al. Toxicity of
polyalkylcyanoacrylate nanoparticles. Il. Doxorubicin-loaded
nanoparticles. J Pharm Sci 1982; 71: 790-2.
http://dx.doi.org/10.1002/jps.2600710717

Vauthier Ch, Labarre D, Ponchel G. Design aspects of
poly(alkyl cyanoacrylate) nanoparticles for drug delivery. J
Drug Target 2007; 15(10): 641-63.
http://dx.doi.org/10.1080/10611860701603372

Muller RH, Lherm C, Herbort J, Couvreur P. In vitro model for
the degradation of alkylcyanoacrylate nanoparticles.
Biomaterials 1990; 11: 590-5.
http://dx.doi.org/10.1016/0142-9612(90)90084-4

Couvreur P, Kante M, Roland P, et al. Polycyanoacrylate
nanocapsules as potential lysosomotropic  carriers:
preparation, morphological and sorptive properties. J Pharm
Pharmocol 1979; 31: 331-2.
http://dx.doi.org/10.1111/j.2042-7158.1979.tb13510.x

Caruso F. Hollow Capsule Processing through Colloidal
Templating and Self-Assembly. Chem Eur J 2000; 6(3): 413-
9.

http://dx.doi.org/10.1002/(SIC1)1521-
3765(20000204)6:3<413::AID-CHEM413>3.0.C0;2-9




Nanoencapsulation of Antitumor and Antituberculosis Drug

Journal of Research Updates in Polymer Science, 2014, Vol. 3, No. 2 83

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

(93]

[94]

(93]

[96]

[97]

(98]

[99]

Fujimoto K, Toyoda T, Fukui Y. Preparation of
bionanocapsules by the layer-by-layer deposition of
polypeptides onto a liposome. Macromol 2007; 40: 5122-8.
http://dx.doi.org/10.1021/ma070477w

Kepczynski M, Lewandowska J, Romek M, Zapotoczny S,
Ganachaud F, Nowakowska M. Silicone nanocapsules
templated inside the membranes of catanionic vesicles.
Langmuir 2007; 23: 7314-20.
http://dx.doi.org/10.1021/1a063442i

Kepczynski M, Ganachaud F, Hemery P. Silicone
nanocapsules from catanionic vesicle templates; Adv Mater
2004; 16(20): 1861-3.
http://dx.doi.org/10.1002/adma.200400537

Fukui Y, Fujimoto K. The preparation of sugar polymer-
coated by the layer-by-layer deposition on the liposome.
Langmuir, XXXX Amer Chem Society 2009; XXX(XX): 234.

Arias JL, Gallardo V, Gomez-Lopera SA, Plaza RC, Delgado
AV. Synthesis and characterization of poly(ethyl-2-
cyanoacrylate) nanoparticles with a magnetic core. J Control
Rel 2001; 77: 309-21.
http://dx.doi.org/10.1016/S0168-3659(01)00519-3

Musyanovich A, Landfester K. Synthesis of
polybutylcyanoacrylate nanocapsules by interfacial
polymerization in miniemulsions for the delivery of DNA
molecules. Prog Colloid Polym Sci 2008; 134: 120-7.

Gasco MR, Trotta M. Nanoparticles from microemulsions. Int
J Pharm 1986; 2: 251-8.

Watnasirichaikul S, Davies NM, Rades T, Tucker IG.
Preparation of biodegradable insulin nanocapsules from
biocompatible microemulsions. Pharm Res 2000; 17(6): 684-
9.

Miyzaki  Sh, Takahashi A, Kubo W. Poly-n-
butylcyanoacrylate(PNBCA) nanocapsules as a carrier for
NSAIDs: in vitro release and in vivo skin penetration. J
Pharm Pharmacol 2003; 4: 34-9.

Fresta M, Cavallaro G, Giammona G, Wehrlis E, Puglisi G.
Preparation and characterization of  polyethyl-2-
cyanoacrylate nanocapsules containing antiepileptic drugs.
Biomaterials 1996; 17: 751-8.
http://dx.doi.org/10.1016/0142-9612(96)81411-6

Li G, Guo J, Wang X, Wei J. Microencapsulation of a
functional dye and its UV-crosslinking controlled releasing
behavior. J Polym Sci Part A Polym. Chem 2009; 47: 3630-9.

Crespy D, Stark M, Hoffmann-Richter C, Ziener U,
Landfester K. Polymeric nanoreactors for hydrophilic
reagents synthesized by interfacial polycondensation on
miniemulsion droplets. Macromol 2007; 40: 3122-35.
http://dx.doi.org/10.1021/ma0621932

Pitaksuteepong T, Davies NM, Tucker IG, et al. Factors
influencing the entrapment of hydrophilic compounds in
nanocapsules prepared by interfacial polymerization of
water-in-oil microemulsions. Eur J Pharm Biopharm 2002;
53: 335-42.
http://dx.doi.org/10.1016/S0939-6411(01)00245-4

Van Zul A JP, Bosch RFP, McLeary JB, Sanderson RD,
Klumperman B. Synthesis of styrene based liquid-filled
polymeric nanocapsules by the use of RAFT-mediated
polymerization in miniemulsion. Polymer 2005; 46: 3607-15.
http://dx.doi.org/10.1016/j.polymer.2005.03.025

Al Khouri FN, Roblot-Treupel L, Fessi H, Devissaguet GP,
Puisieux F. Development of a new process for the
manufacture of polyisobutylcyanoacrylate nanocapsules. Int
J Pharm 1986; 28: 125-32.
http://dx.doi.org/10.1016/0378-5173(86)90236-X

El-Nokali MA, Piatt DM, Charpentier BA. Polymeric Delivery
Systems. Properties and Application. ASC. Washington;
1999.

Vauthier  Ch,, Couvreur P. Biodegradation of
poly(alkylcyanoacrylates). BPOL 2000; 1: 1-35.

[100]

[101]

[102]

[103]

[104]

[105]

[1086]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

Plate NA, Vasiliev AE. Physiologically active polymers.
Macromol Compounds 1982; 24(4): 675-95.(in Russian)

Kopecek |. Polymers with controlled biodegradability as
carriers of biologically active substances. J All-Soviet Union
Chem Society named after D.I. Mendeleyev 1985; 30(4):
372-7. (in Russian)

Tsapis N, Bennett D, O’Driscoll K, et al. Direct lung delivery
of para-aminosalicylic acid by aerosol particles. Tuberculosis
2003; 83: 379-85.
http://dx.doi.org/10.1016/j.tube.2003.08.016

Pandey R, Khuller GK. Solid lipid particle-based inhalable
sustained drug delivery system against experimental
tuberculosis. Tuberculosis 2005; 85(4): 227-34.
http://dx.doi.org/10.1016/j.tube.2004.11.003

Grangier JL, Pyugrenier M, Gautier JC, et al. Nanoparticles
as carriers for growth hormone releasing factor. J Control Rel
1991; 15: 3-13.
http://dx.doi.org/10.1016/0168-3659(91)90098-X

Lambert G, Fattal E, Pinto-Alphandary H, Gulik A, Couvreur
P. Polyisobutyl cyanoacrylate nanocapsules containing an
aqueous core as a novel colloidal carrier for the delivery of
oligonucleotides. Pharm Res 2000; 17(6): 707-14.
http://dx.doi.org/10.1023/A:1007582332491

Hillaireau H, Doan TLe, Chacun H, Janin J, Couvreur P.
Encapsulation of mono- and oligo-nucleotides into aqueous-
core nanocapsules in the presence of various water-soluble
polymers. Int J Pharm 2007; 331: 148-52.
http://dx.doi.org/10.1016/j.ijpharm.2006.10.031

Liang M, Davies NM, Toth I. Increasing entrapment of
peptides within poly(alkyl cyanoacrylate) nanoparticles
prepared from water-in-oil microemulsions by
copolymerization. Int J Pharm 2006; 362: 141-6.
http://dx.doi.org/10.1016/j.ijpharm.2008.06.005

Clemens KW, Ulrich Z, Landfester K. A Route to
Nonfunctionalized and Functionalized Poly(n-
butylcyanoacrylate) Nanoparticles: Preparation in

Miniemulsion. Macromol 2007; 40: 928-38.
http://dx.doi.org/10.1021/ma061865I

Mendez CM, McClain CJ, Marsano LS, Albumin therapy in
clinical practice. Nutr Clin Prac 2005; 20: 314-20.
http://dx.doi.org/10.1177/0115426505020003314

Kratz F. Albumin as a drug carrier: Design of prodrugs, drug
conjugates and nanoparticles. J Control Rel 2008; 132: 171-
83.

http://dx.doi.org/10.1016/j.jconrel.2008.05.010

Derakhshandeh K, Erfan M, Dadashzadeh S. Encapsulation
of 9-nitrocamptothecin, a novel anticancer drug, in
biodegradable nanoparticles: factorial design,
characterization and release kinetics. Eur J Pharm Biopharm
2007; 66(1): 34-41.
http://dx.doi.org/10.1016/j.ejpb.2006.09.004

Fonseca C, Simoes S, Gaspar R, Paclitaxel-loaded PLGA
nanoparticles: preparation, physicochemical characterization
and in vitro anti-tumoral activity. J Control Rel 2002; 83(2):
273-86.

http://dx.doi.org/10.1016/S0168-3659(02)00212-2

Avgoustakis K, Beletsi A, Panagi Z, Klepetsanis P, Karydas
AG, Ithakissios DS. PLGA-mPEG nanoparticles of cisplatin:
in vitro nanoparticle degradation, in vitro drug release and in
vivo drug residence in blood properties. J Control Rel 2002;
79(1-3): 123-35.
http://dx.doi.org/10.1016/S0168-3659(01)00530-2

Pinto MM, Sousa EP, Natural and synthetic
xanthonolignoids: chemistry and biological activities. Curr
Med Chem 2003; 10(1): 1-12.
http://dx.doi.org/10.2174/0929867033368574

Nicoli S, Santi P, Couvreur P, Couarraze G, Colombo P,
Fattal E. Design of triptorelin loaded nanospheres for




84 Journal of Research Updates in Polymer Science, 2014, Vol. 3, No. 2

Burkeev et al.

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

transdermal iontophoretic administration. Int J Pharm 2001;
214(1-2): 31-5.
http://dx.doi.org/10.1016/S0378-5173(00)00632-3

Gao H, Wang YN, Fan YG, et al. Synthesis of a biode-
gradable tadpole-shaped polymer via the coupling reaction of
polylactide onto mono(6-(2-aminoethyl)amino-6-deoxy)-beta-
cyclodextrin and its properties as the new carrier of protein
delivery system. J Control Rel 2005; 107(1): 158-73.
http://dx.doi.org/10.1016/j.jconrel.2005.06.010

Burgess DJ, Davis SS, Tomlinson E. Potential use of albumin
microspheres as a drug delivery system. |. Preparation and
in vitro release of steroids. Int J Pharm 1987; 39: 129-36.
http://dx.doi.org/10.1016/0378-5173(87)90207-9

Wunder A, Muller-Ladner U, Stelzer EH, et al. Albumin-based
drug delivery as novel therapeutic approach for rheumatoid
arthritis. J Immunol 2003; 170: 4793-801.
http://dx.doi.org/10.4049/jimmunol.170.9.4793

Marty JJ, Oppenheim RC. Colloidal systems for drug
delivery. Aust J Pharm Sci 1977; 6: 65-76.

Marty JJ, Oppenheim RC, Speiser P. Nanoparticles-a new
colloidal drug delivery system. Pharm Acta Helv 1978; 53:
17-23.

Kufleitner J, Wagner S, Worek F, von Briesen H, Kreuter J.
Adsorption of obidoxime onto human serum albumin
nanoparticles: Drug loading, particle size and drug release. J
Microencapsul 2010; 27(6): 506-13.
http://dx.doi.org/10.3109/0265204 1003681406

Kufleitner J, Worek F, Kreuter J. Incorporation of obidoxime
into human serum albumin nanoparticles: optimization of
preparation parameters for the development of a stable
formulation. J Microencapsul 2010; 27(7): 594-601.
http://dx.doi.org/10.3109/02652048.2010.501395

Sebak S, Mirzael M, Malhotra M, Kulamarva A, Prakash S.
Human serum albumin nanoparticles as an efficient
noscapine drug delivery system for potential use in breast
cancer: preparation and in vitro analysis. Int J Nanomedicine
2010; 5: 525-532.

Taheri A, Fatemeh A, Faranak S, et al. Nanoparticles of
conjugated Methotrexate-Human Serum albumin:
Preparation and cytotoxicity evaluations. J Nanomaterials
2011; 10: 1-7.

http://dx.doi.org/10.1155/2011/768201

El-Samaligy M, Rohdewald P. Triamcinolone diacetate
nanoparticles, a sustained release drug delivery system
suitable for parenteral administration. Pharm Acta Helv 1982;
57: P. 201.

Kreuter J, Ramge P, Petrov V, et al. Direct evidence that
polysorbate-80-coated poly(butylcyanoacrylate) nanopar-
ticles deliver drugs to the CNS via specific mechanisms
requiring prior binding of drug to the nanoparticles. Pharm
Res 2003; 20: 409-16.
http://dx.doi.org/10.1023/A:1022604 120952

Ali SI, Heuts JPA, Hawkett BS, van Herk AM. Polymer
Encapsulated Gibbsite Nanoparticles: Efficient Preparation of
Anisotropic Composite Latex Particles by RAFT-based
Starved Feed Emulsion Polymerization. Langmuir 2009;
25(18): 10523-33.

http://dx.doi.org/10.1021/1a9012697

Ali SI, Heuts JPA, van Herk AM. Controlled Synthesis of
Polymeric  Nanocapsules by RAFT-based Vesicle
Templating. Langmuir 2010; 26(11): 7848-58.
http://dx.doi.org/10.1021/1a904709¢c

Ali Sl, Heuts JPA, van Herk AM. Vesicle-templated pH-
responsive polymeric Nanocapsules. Soft Matter 2011; 7:
5382-90.

http://dx.doi.org/10.1039/c1sm052669g

Shirinskiy VG. Poly-n-butyl cyanoacrylate nanoparticles as
carriers of gentamycin to intracellular medium. Medicine and
Ecology 1997; Ne 2: 107-10. (in Russian)

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

Zhaparova LZh, Tazhbayev YM, Burkeev MZh, Kreuter J,
Zhymagalieva TS. Synthesis of polymeric nanoparticles on
the basis of butyl cyanoacrylate for transport of antitumor
drug preparation “Arglabin”. Herald of Karaganda University,
Serial Chem 2011; 1(61): 37-41. (in Russian)

Zhaparova LZh, Tazhbayev YM, Burkeev MZh, et al.
Synthesis and Characterization of Polyethylcyanoacrylate
nanoparticles loaded with capreomycin sulfate. Pharm Chem
J 2012; 46(1): 6-9.
http://dx.doi.org/10.1007/s11094-012-0724-1

Chouinard Fl, Kan FWK, Leroux JChl, Foucher Ch, Lenaerts
V. Preparation and purification of polyisohexylcyanoacrylate
nanocapsules. Int J Pharm 1991; 72: 211-7.
http://dx.doi.org/10.1016/0378-5173(91)90110-A

Chouinard FI, Buczkowski S, Lenaerts V. Poly(alkylcy-
anoacrylate) nanocapsules: physicochemical characteri-
zation and mechanism of formation. Pharm Res 1994; 11(6):
869-74.

http://dx.doi.org/10.1023/A:1018938026615

Ryan B, McCann G. Novel sub-ceiling temperature rapid
depolymerization-repolymerization reactions of cyanoacrylate
polymers. Macromol Rapid Commun 1996; 17: 217-227.
http://dx.doi.org/10.1002/marc.1996.030170404

Zhaparova L, Tazhbayev Y, Burkeev M, Adekenov S, Ulbrich
K, Kreuter J. Preparation and investigation of antitumor drug
Arglabin loaded human serum albumin nanoparticles. Trends
in Cancer Res 2008; 4: 43-7.

Burkeev M, Tazhbayev Y, Zhaparova L, Kreuter J. Polymeric
nanosystems for the delivery of antitumor and
antituberculosis drugs. Herald of Kazakh National University
2013; 2(70): 58-64. (in Kazakh)

Fonseca C, Simoes S, Gaspar R, Paclitaxel-loaded PLGA
nanoparticles: preparation, physicochemical characterization
and in vitro anti-tumoral activity. J Control Rel 2002; 83(2):
273-86.

Panyam J, Labhasetwar V. Biodegradable nanoparticles for
drug and gene delivery to cells and tissue. Adv Drug Del
Reviews 2003; 55: 329-47.
http://dx.doi.org/10.1016/S0169-409X(02)00228-4

Panarin YF. Polymers in Medicine and Pharmacy: handbook.
Saint-Petersburg: Edition of polytechnic University, 2008. (in
Russian)

Zhubanov BA, Batyrbekov EO, Iskakov RM. Polymeric
materials with healing properties. Almaty: Complex, 2000. (in
Russian)

Fenske DB, Chonn A, Cullis PR. Liposomal nanomedicines:
an emerging field. Toxicol. Pathol 2008; 36(1): 21-9.

Shaitan K, Tourleigh Y, Golik D, Kirpichnikov M. Computer-
aided molecular design of nanocontainers for inclusion and
targeted delivery of bioactive compounds. J Drug Del Sci
Tech 2006; 16: 253-8.

Charles EL, Buffalo NY, inventors; Preparation Method of
Poly-(D,L-lactide-co-glycolide) Nanoparticles with drugs.
United States patent US 3297033. 1954 April.

Li H, Tran W, Hu Y, et al. A PEDF N-terminal peptide
protects the retina from ischemic injury when delivered in
PLGA nanospheres. Exp Eye Res 2006; 83(4): 824-33.

Prasad Rao J, Geckeler Kurt E. Polymer Nanoparticles:
Preparation techniques and size control parameters. Progr
Polymer Sci 2011; 36: 887-913.
http://dx.doi.org/10.1016/j.progpolymsci.2011.01.001

Helle A, Hirsjarvi S, Peltonen L, et al. Quantitative
determination of drug encapsulation in poly(lactic acid)
nanoparticles by capillary electrophoresis. J
Chromatography. A 2008; 1178: 248-55.
http://dx.doi.org/10.1016/j.chroma.2007.11.041




Nanoencapsulation of Antitumor and Antituberculosis Drug

Journal of Research Updates in Polymer Science, 2014, Vol. 3, No. 2 85

[148]

[149]

[150]

[151]

Fessi H, Puisieux F, Devissaguet JP, et al. Nanocapsule
formation by interfacial polymer deposition following solvent
displacement. Int J Pharm 1989; 55: 1-4.
http://dx.doi.org/10.1016/0378-5173(89)90281-0

Seyler |, Appel M, Devissaguet JP, Legrand P, Barratt G.
Macrophage activation by a lipophilic derivative of
muramyldipeptide within nanocapsules: investigation of the
mechanism of drug delivery. J Nanopart Res 1999; 1: 91-7.
http://dx.doi.org/10.1023/A:1010016128378

Legrand P, Lesieur S, Bochot A, et al. Influence of polymer
behaviour in organic solution on the production of polylactide
nanoparticles by nanoprecipitation. Int J Pharm 2007; 344:
33-43.

http://dx.doi.org/10.1016/j.ijpharm.2007.05.054

Chang J, Jallouli Y, Kroubi M, et al. Characterization of
endocytosis of transferrin-coated PLGA nanoparticles by the
blood-brain barrier. Int J Pharm 2009; 379: 285-92.
http://dx.doi.org/10.1016/j.ijpharm.2009.04.035

[152]

[153]

[154]

Nehilla BJ, Bergkvist M, Popat KC, Desai TA. Purified and
surfactant-free  coenzyme Q10-loaded biodegradable
nanoparticles. Int J Pharm 2008; 348: 107-14.
http://dx.doi.org/10.1016/j.ijpharm.2007.07.001

Yallapu MM, Gupta BK, Jaggi M, Chauhan SC. Fabrication of
curcumin encapsulated PLGA nanoparticles for improved
therapeutic effects in metastatic cancer cells. J Colloid
Interface Sci 2010; 351: 19-29.
http://dx.doi.org/10.1016/j.jcis.2010.05.022

Burkeev MZh, Tazhbayev YM, Zhaparova LZh, Zhappar NK.
Poly-D,L-lactic acid as a polymeric carrier of antituberculosis
drug preparation “Isoniazid”. In: Materidly IX Mezinarodni
védecko-praktika conference “Moderni Vymozenosti védy-
2013". Praha, Publishing house “Education and Science;
2013: p.61-6. (in Russian)

Received on 07-03-2014

DOI: http://dx.doi.org/10.6000/1929-5995.2014.03.02.2

Accepted on 05-05-2014

Published on 25-06-2014



