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Chitosan (CS)-polylacticacid (PLA)-polyethylene glycol (PEG)-gelatin (G) nanoparticles, a novel drug
vehicle for the controlled release of an antitubercluosis drug, rifampicin (RIF) was developed and its
chemical and biochemical activities were studied by various standard methods. The designed carriers CS,
PEG and G nanoparticles were prepared by emulsion solvent evaporation technique, and then used for
entrapping RIF. Linking was confirmed by FTIR spectroscopy. The surface morphology of the nanoparticles
was studied using scanning electron microscope and polarizing microscope. The influence of process

Iéﬁ{::g;is'. variables, on particle size, zeta potential and matrix entrapment of RIF was studied. The encapsulation
Drug delivery and loading capacity were evaluated, and an in vitro release of RIF was assessed using the dialysis method.
Encapsulation The effect of nanoencapsulation of RIF on the antibacterial activity of RIF against Mycobacterium strains
Gelatin was evaluated. The preliminary results clearly suggested that the cross linked CS-PLA-PEG-G matrix

Nanoparticles
Polyethylene glycol
Rifampicin

may be a potential polymeric carrier for controlled delivery of RIF.

© 2013 Published by Elsevier Ltd.

1. Introduction

Tuberculosis (TB), the second most deadly contagious and air-
borne infectious disease, is a chronic granulomatous bacterial
infection. Tuberculosis still remain an infectious disease espe-
cially in India. The global scourge of multi-drug resistant TB is
attaining epidemic proportions and is most prevalent in developing
countries, with elevated rates of human immunodeficiency virus
infection (HIV) (Du Toit, Pillay, & Danckwerts, 2006). Current treat-
ment for TB consists of frequent high dosing of combinations of oral
anti-tuberculosis drugs. It is usually treated by taking one medicine
for 9 months. The yearlong chemotherapy in pulmonary tuberculo-
sis results in dose related side effects and may not reach atelectatic
areas. This method of treatment, however, causes systemic toxic-
ity and undesired side effects while the intensive regimen leads
to patient non-compliance (Schreiber, Zissel, Greinert, Schlaak, &
Muller-Quernheim, 1999). Whereas, in active TB, the bacteria are
active in the body and immune system is unable to stop them from
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causing tissue damage. Since the bacilli are able to survive in the
host body for years, about 92% of the new cases of clinical tubercu-
losis arise in individuals who have been infected by tuberculosis
previously (Klaudt, 2000). According to World Health Organiza-
tion (WHO), approximately one-third of the global population is
infected with Mycobacterium tuberculosis and more than nine mil-
lion people develop active TB every year, and approximately two
million die annually (The Union, 2013). To avoid systemic toxicity
and maximize drug effectiveness, anti-tuberculosis drugs are also
being formulated for direct delivery to the affected site and prolong
effect in the deep regions of the lungs.

Characterization of a drug molecule becomes extremely impor-
tant when it is related with one of the detrimental diseases and
very few of such drugs are available for the management of such
diseases. Tuberculosis (TB) is an example of such disease for which
limited number of antibiotics, for example, rifampicin, isoniazid,
and ethambutol, are the essential choices for the clinical disease
management (Rajan & Raj, 2012). Among others, rifampicin (RIF) is
afirst-line drug for use in the therapy of tuberculosis and is included
in the list of recommended drug regimens for treatment of latent M.
tuberculosis infection in adults (Centers for Disease Control, 2000).
A number of drug delivery systems were developed for the release
of RIF, isoniazid for use in therapy of tuberculosis (Booysen et al.,
2013; Chanetal., 2013; He et al.,, 2013; Mehta & Neha, 2013; Singh,
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Bhandari, & Indu Pal, 2013; Wu et al., 2013). Despite being an effec-
tive drug molecule, treatment of TB with RIF still faces a number
of challenges. Firstly, the oral delivery of RIF can cause a number
of serious side effects including hepatotoxicity (Changsan, Chan,
Separovic, & Srichana, 2009). Secondly, RIF exhibits concentration-
dependent activity, meaning that its therapeutic activity is directly
proportional to its concentration at the target site (Gumbo et al.,
2007). Although, RIF is poorly soluble in aqueous media, it is a clin-
ically effective drug. The inescapable necessity and poor solubility
of RIF automatically necessitates an alternate drug delivery/carrier
system (Hillmyer, 2007; Huwyler, Wu, & Pardridge, 1996; Langer,
2001; Mehta, Bhasin, Mehta, & Dham, 2005; Sullivan & Huang,
1986). In this regard, the interaction of RIF with various poten-
tial drug carrier systems is essential. However, such studies on
the encapsulation of the drug in other macromolecules/molecular
assemblies in present literature are sparse.

Recently, much attention has been paid to utilizing chitosan
(CS) and its derivatives for drug delivery vehicles, wound heal-
ing accelerators, and nerve regeneration agents (Geng, Yonglong,
Qing, Mozhen, & Yuee, 2008). CS nanoparticles could elicit dose-
dependent inhibitory effects on the proliferation of various tumor
cell lines, while low toxicity against normal human liver cells. How-
ever, the application of CS suffers severe limitations because of its
poor solubility both in water and organic solvents due to its rigid
crystalline structure. To overcome this deficiency, a variety of graft
copolymers of chitosan were synthesized and used for drug deliv-
ery systems (Jayakumar, Reis, & Mano, 2006; Kweon & Kang, 1999).
The most widely used classes of biocompatible and biodegradable
polymers, approved by Food and Drug Administration (FDA), is that
of aliphatic polyester, including poly (lactic acid) (PLA), poly (gly-
colic acid) (PLGA) and their copolymers. Due to its good mechanical
properties, like biocompatibility, biodegradation, excellent ther-
mal/mechanical properties and superior transparency of these
materials (Tzong-Ming & Cheng-Yang, 2006; Yan et al., 2009)
they have been widely used in surgical sutures, drug deliv-
ery systems and tissue engineering (Rahul, Amol, & Douglas,
2010).

The present work is devoted to the preparation of novel
self-assembled nanoparticles by conjugating different bioactive
compounds. CS-PLA is blended with polyethylene glycol (PEG)
and gelatin (G) by emulsion solvent evaporation technique. The
emulsion solvent evaporation method is the widely used one
among various encapsulation techniques. Various drugs are suc-
cessfully retained within particles prepared by this method. Many
types of pharmaceuticals and biopharmaceuticals with different
physico-chemical properties have been formulated into particles
by emulsion method. The emulsion method has been consid-
ered better since the method is relatively simple, convenient
in controlling process parameters, and has the ability to pro-
duce with simple instrument. The advantages of the bioactivity
of CS-PLA-PEG-G matrix along with the attractive proper-
ties of matrix have been presented. The developed composite
nanoparticles have been characterized and evaluated for in vitro
studies, cell inhibition studies and instrumental characteristics.
The developed composite nanoparticle is a soft matrix material
and can be utilized for tuberculosis treatment and drug deliv-
ery. The results obtained have been discussed in detail in this

paper.
2. Materials and methods
2.1. Materials

CS derived from crab shell, was purchased from Otta
Chemika-Biochemika reagents, India. PLA, dichloromethane, PEG,

gelatin, poly (ethylene oxide) (PEO), phosphate buffer saline (PBS)
and acetic acid were obtained from Merck Chemical Company
Inc. (Mumbai, India). Rifampicin drug was purchased from Sigma
Chemicals, India. All other chemicals were of analytical grade and
used as such without further purification.

2.2. Preparation of CS-PLA nanoparticles

The CS-PLA nanoparticles were prepared by following the
reported method (Ashish Dev et al.,, 2010) with a slight mod-
ification. About 120mg of PLA was dissolved in 10ml of
dichloromethane to form a fine dispersion. This solution was
rapidly poured into 10ml of 1% acetic acid solution contain-
ing 60 mg of CS and 200 mg of PEO. The mixture was sonicated
for 60 min to form an emulsion and vigorously stirred until the
organic solvent is evaporated. By addition of water the nanopar-
ticles were precipitated and then cooled at 10°C. Finally, the
nanoparticles suspension was evaporated using rotary evapora-
tor.

2.3. Preparation of rifampicin loaded CS-PLA nanoparticles

To encapsulate hydrophobic drug, w/o/w emulsion technique
was applied. Aqueous drug solution was first poured into a poly-
mer solution (120 mg of PLA dissolved in 10 ml dichloromethane)
to form a w/o emulsion. The w/o emulsion was then rapidly
poured into 10ml of 1% acetic acid solution containing 60 mg
of CS and 200 mg of PEO. The mixture was sonicated for 60 min
to form an emulsion, and then vigorously stirred. Stirring was
continued until the organic solvent is evaporated. By the addi-
tion of water, the nanoparticles were precipitated and then
cooled at 10°C. Finally, the nanoparticles evaporated using
rotary evaporator. Then the above mentioned procedure was
followed and added PEG and gelatin to an appropriate portion
of 1% acetic acid solution containing 60 mg of CS and 200 mg of
PEO, followed by continuous stirring until the organic solvent
is evaporated. By the addition of water the nanoparticles were
precipitated and then cooled at 10°C. Finally, the nanoparticles
were evaporated using rotary evaporator. The prepared nanopar-
ticles were named as chitosan-polylacticacid encapsulated
rifampicin (CS-PLA-RIF), chitosan-polylacticacid-polyethylene
glycol encapsulated rifampicin  (CS-PLA-RIF-PEG) and
chitosan-polylacticacid-polyethylene glycol-gelatin encapsulated
rifampicin (CS-PLA-RIF-PEG-G).

2.4. Particle size

The particle size, size distribution and zeta potential of drug
loaded nanoparticles were measured in a Zetasizer (Malverninstru-
ments DTS Ver 4.10).

2.5. Morphological and FTIR analysis of nanoparticles

Scanning electron microscopy (SEM) and Polarizing microscope
(Euromax, Holland) were used for the morphological analysis
of the RIF, CS-PLA-RIF and PEG, G bind CS-PLA-RIF-PEG and
CS-PLA-RIF-PEG-G nanoparticles. The FTIR spectra of samples
were recorded using a Fourier transform infrared spectrometer
(Spectrum GX-1, PerkinElmer, USA). Briefly, a small quantity of
nanoparticles was mixed with 200 mg KBr and compressed to form
pallets. These pallets were scanned, in transmission mode, in the
spectral region of 4000-400 cm~!, using a resolution of 4cm~! and
32 co-added scans.
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2.6. Evaluation of drug loading capacity and encapsulation
efficiency

The nanoparticles suspensions were separated with a centrifuge
at 1250rpm for 30min, and the drug encapsulation efficiency
(EE) and loading capacity (LC) of nanoparticles were evaluated
by measuring the absorption of the supernatant using UV spec-
trophotometer (Systronics, India). The corresponding calibration
curves were made by testing the supernatant of blank nanoparti-
cles. Each sample was measured in triplicate. The absorption of RIF
was measured at the A2x value of 333 nm. The EE and LC of RIF of
the CS-PLA, CS-PLA-PEG and CS-PLA-PEG-G nanoparticles were
calculated according to the following equations (Papadimitriou,
Bikiaris, Avgoustakis, Karavas, & Georgarakis, 2008):

Wi - W

EE = . (1)
Wi - W

Lc__ggvﬂrgf (2)

W represents the total amount RIF; W; is the amount of free RIF
in the supernatant; and W, is the weight of nanoparticles after
freeze-drying. All measurements were performed in triplicate and
the mean value was reported.

2.7. Evaluation of in vitro drug release

The evaluation of drug release was performed at 37 °C using the
dissolution tester (Disso test, Lab India, Mumbai, India) equipped
with six paddles at a paddle speed of 100 rpm. About 900 ml of
phosphate buffer solution (pH 1.2 and 6.8) was used as the dissolu-
tion media to stimulate the gastrointestinal tract (GIT) conditions.
A 5ml aliquot was used each time for analyzing the rifampicin
content at a fixed time interval. The dissolution media were replen-
ished with a fresh stock solution. The amount of rifampicin released
was analyzed using a UV spectrophotometer (Systronics, India) at
the Amax value of 333 nm.

2.8. Cell inhibition study

A modified broth microdilution method was employed (Coban,
Birinci, Ekinci, & Durupinar, 2004) for preliminary screening, of
Mycobacterium strains. Mycobacterium smegmatis bacterium was
used in this study. The organism was subcultured into Middle-
brook 7H9 broth in screw capped tubes and incubated at 37 °C for
7 days. Growth was observed and the tubes were then left at room
temperature for the solid particles to sediment. The homogenous
suspension at the upper part of the tube was then transferred into
sterile screw capped tubes and measured at an optical density of
0.2-0.3 at 650 nm after which the cells were diluted 1000-fold in
7H9-medium. Susceptibility testing was performed in clear 96-well
plates containing 50 pl of 7H9 liquid medium in each well except
the first well. Drug or fractions, 10-100 p.g/ml concentration, were
used for the antimycobacterial assay. The drug was prepared at
varying concentrations in 100% DMSO. The drug was vortexed and
100 pl of it dispensed into the first column (of the first row). 90 wl of
extract solution with fresh medium was then transferred to give 2-
fold serial dilutions. The diluted inoculation (10 pl) was dispensed
into each of the wells, giving a final volume of 100 w1 per well. This
caused a further 2-fold dilution of the potential inhibitors in the
wells. The plates covered in Ziploc bags, were incubated for 5-7
days at 37 °C. RIF was used as positive control while the cells were
used as negative control. The assay was carried out in duplicate. MIC
values were determined as the lowest concentration that inhibited
the complete visible growth of the organism. The inhibition was
assessed by alamar blue staining method.

Table 1
The particle size of CS-PLA-RIF, CS-PLA-RIF-PEG and CS-PLA-RIF-PEG-G.

% of RIF concentration Particle size (nm) mean + SD?

CS-PLA-RIF  CS-PLA-RIF-PEG CS-PLA-RIF-PEG-G

10 187 £10.1 192 £+ 08.5 197 £ 104
20 195 £ 124 202 + 09.8 202 £ 11.6
30 201 £ 142 214+ 121 214 £ 135
40 210 £ 159 2224+ 135 222 +14.6
50 214+ 173 234+ 152 234 + 16.8

RIF, rifampcin; CS, chitosan; PEG, polyethylene glycol 600; PLA, poly lactic acid; TPP,
sodium tripolyphosphate; SD, standard deviation for three determinations.
2 n=3.The experiments were repeated twice.

3. Results and discussion
3.1. Characterization of the prepared nanoparticles

3.1.1. Particle size and zeta potential of the prepared
nanoparticles

Particle size is one of the important properties that influence in
vivo performance. The smaller particle sizes will ensure lowered
level of reticuloendothelial system (RES) uptake, improve utiliza-
tion ratio of drug and diminish drug side effects. Table 1 and Fig. 1
depict particle size and zeta potential of CS, PEG and G coated
with different RIF concentrations. In the case of CS-PLA-RIF, par-
ticle size of which was 187 nm, possessed the zeta potential of
21+ 2.2 mV. With the increasing amount of RIF coating from 10% to
50%, particle size and zeta potential values increased from 187 to
214 and 21 4+2.2 to 294+ 1.6 mV respectively, owing to the interac-
tion between the RIF and the CS-PLA surface. Meanwhile, particle
size rises slightly along with the augment of PEG and G additions,
representing 192 and 197 with the concentration of 10% RIF, respec-
tively. As the RIF amount was up to 50%, a significant difference
was implied in respect of particle size, however, the zeta potential
came to a relatively constant value. It can be concluded, that the
coating layer had reached a saturated status in the presence of 50%
RIF, and excessive amount of RIF in the solution would not change
the coating strength and zeta potential of CS-PLA, CS-PLA-PEG
and CS-PLA-PEG-G, instead, they lead to a sharp rise with regard
to particle size. And also the value of zeta potential less than
—30mV or higher than +30 mV can be used to assure the stability
of nanoparticles suspensions. The values obtained for the prepared
nanoparticles were above +30, so it was stable. The positive values
obtained for zeta potential indicates that the nanoparticles sur-
face was positively charged. This may be due to the availability
of chitosan free NH3* groups on the polymer surface (Rajan & Raj,
2012).

3.1.2. Surface morphology
SEM images confirmed the formation of particles with a log-
normal particle sized distribution. The SEM showed that all the

ECS-PLA-RIF HECS-PLA-RIF-PEG 4 CS-PLA-RIF-PEG-G

30- ’
T 25
§ 20
)
a 15
£ 10 . . b7
N 5 e
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Percentage of RIF
Fig. 1. The zeta pontential values of CS-PLA-RIF, CS-PLA-RIF-PEG,

CS-PLA-RIF-PEG-G with various concentrations.
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Fig. 2. SEM images of rifampicin (a), CS-PLA-RIF (b), CS-PLA-RIF-PEG (c) and CS-PLA-RIF-PEG-G (d).

CS-PLA-RIF, CS-PLA-RIF-PEG and CS-PLA-RIF-PEG-G nanoparti-
cles were spherical and compact (Fig. 2). The morphology of the
polyelectrolyte complex (Figs. 1c, d and 2b) appears homogenous,
indicating a uniform distribution and a good compatibility between
RIF and coated polymers. CS-PLA-RIF showed the smaller particle
and fine, flake-like particles compared to other two nanopar-
ticles. CS-PLA-RIF-PEG showed the highest tapped densities
due to their compact morphology, whereas CS-PLA-RIF-PEG-G
showed the good spherical due to its higher granulometry and
porosity (Fig. 2). This observation is consistent with the gen-
eral morphology of nanoparticles formed using combinations of
emulsion solvent evaporation methodologies, where, such par-
ticles often being described as spherical like structures. The
polarizing microscopy studies (Fig. 3) show that CS-PLA-RIF,
CS-PLA-RIF-PEG and CS-PLA-RIF-PEG-G nanoparticles are spher-
ical in shape. The freshly prepared particles clearly show the
spherical microstructure of the CS-PLA-RIF, CS-PLA-RIF-PEG and
CS-PLA-RIF-PEG-G nanoparticles. CS-PLA-RIF, CS-PLA-RIF-PEG
and CS-PLA-RIF-PEG-G nanoparticles are uniform in shape with

a vesicular structure and porous nature. The optical images show
the increseing of particle population and morphological features
from CS-PLA-RIF, CS-PLA-RIF-PEG and CS-PLA-RIF-PEG-G com-
posites. It depicts that the optical images of the RIF encapsulated
nanoparticles sizes are correlated with the SEM images. And also
the size of the drug encapsulated nanoparticles has also been con-
firmed using zeta analyzer. Different from nanoparticles showed
an irregular and amorphous shape, suggesting that the formation
of a molecular inclusion complex of RIF.

3.1.3. Fourier transmission infra red spectroscopy (FTIR)

In order to confirm the CS-PLA-PEG-G interaction to RIF, sam-
ples were analyzed by FT-IR spectroscopy shown in Fig. 4. Fig. 4a
shows the FTIR spectra of CS-PLA, CS-PLA-PEG and CS-PLA-PEG-G
complexes formed at 10% of RIF. CS is an amino glucose char-
acterized by a small proportion of amide groups via an amide
linkage with acetic acid. The FTIR of CS-PLA-RIF, CS-PLA-RIF-PEG
and CS-PLA-RIF-PEG-G showed peaks around 946cm~! and
1068 cm~! of assigned saccharine structure, and a strong amide

Fig. 3. Optical images of CS-PLA-RIF (a), CS-PLA-RIF-PEG (b) and CS-PLA-RIF-PEG-G (c).
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Fig. 4. FTIR spectra of CS-PLA-RIF, CS-PLA-RIF-PEG and CS-PLA-RIF-PEG-G (a),
and 10-50% of RIF encapsulated CS-PLA-RIF-PEG-G (b).

characteristic peak at 1635cm~! as well as a characteristic peak
assigned to protonated amine, at around 1539 cm~!. The shift in
amine band to 1539 cm~"! in the spectrum of complexes indicates
a change in environment of amine group through its interaction
with gelatin. Fig. 4b shows the FTIR spectra of CS-PLA-PEG-G
complexes formed at 10% and 50% of RIF. The spectra of the dif-
ferent concentration of RIF coated polymer matrix was varied only
the intensity of the peaks. In fact the complexes were stabilized
by electrostatic interaction between positively charged chitosan
(NH3*) and negatively charged pectin (COO~). Moreover there also
exists the possibility of intramolecular H-bonding between the
COOH groups of pectin or NH; groups of chitosan and OH, OCH3
or COOCH3 groups elsewhere within the complex. Moreover, an
increasing intensity of —NH3* group band can be observed in the
spectra of CS-PLA-PEG-G complex (Rashidova et al., 2004). How-
ever, the peak sizes were smaller that could be due to the smaller
amount of addition of polymer entrapped in the polymer matrix.

3.2. Encapsulation efficiency and loading capacity of
nanoparticles

The initial concentration of RIF plays an important role in the
EE and LC of CS-PLA, CS-PLA-PEG and CS-PLA-PEG-G nanopar-
ticles (Table 2). When the concentration of RIF is increased, the
EE of CS-PLA, CS-PLA-PEG and CS-PLA-PEG-G polymer combina-
tion is increased. The EE of CS-PLA-PEG-G nanoparticle is slightly

greater than that of the CS-PLA and CS-PLA-PEG nanoparticles.
The high %EE for 50% of RIF has been found to be 67.2%, 82.6%,
and 96.8% of the CS-PLA, CS-PLA-PEG and CS-PLA-PEG-G com-
posites, respectively than the reported composites (Desai & Park,
2005; Jelvehgari, Nokhodchi, Rezapour, & Valizadeh, 2010). How-
ever, the increase in RIF concentration leads to an increase of both
EE and LC of polymer nanoparticles. It was found that the EE and
LC of CS-PLA-PEG-G nanoparticles are higher than that of CS-PLA
and CS-PLA-PEG combination nanoparticle when the initial con-
centration of RIF is same, which could be attributed to the fact that
CS-PLA-PEG-G nanoparticles has a more electrostatic attraction
than CS-PLA and CS-PLA-PEG combination nanoparticles with RIF.

3.3. Invitro release studies

Various techniques have been described for the study of drug
release from nanocarrier systems. The dialysis method has been
frequently reported for this purpose as it facilitates the separation
of the released drug from the bound drug. However, the release
rate of the drug is usually affected by the diffusional resistance
of the membrane. Fig. 5 shows the results of continuous disso-
lution of RIF from the CS-PLA, CS-PLA-PEG and CS-PLA-PEG-G
coated controlled delivery system in artificial gastric fluid (pH 1.2)
and artificial small intestinal fluid (pH 6.8). The percentage release
of RIF from CS-PLA was somewhat greater when compared to
that of CS-PLA-PEG and CS-PLA-PEG-G combined nanoparticles.
The CS-PLA-RIF, CS-PLA-RIF-PEG and CS-PLA-RIF-PEG-G coated
nanoparticles, the percentage of RIF released from the nanoparti-
cles initially rapid and then very slow after some hours, which was
consistent with the phenomena reported by other authors (Chen
etal.,, 2009, 2011; Yang et al., 2008; Zhang et al., 2009). The release
profiles at the both pH, one can easily see that, for the same drug
loading, the release rate of RIF increases when the pH of the release
medium increases (Fig. 5). It would appear, that the rate of RIF
release from the CS-PLA, CS-PLA-PEG and CS-PLA-PEG-G coated
nanoparticles depends on the dissolution capacity of the particles
at the particular release medium used. These results indicated that
the prepared nanoparticles are useful controlled delivery system
for TB treatment. The electrostatic attraction between drug and
CS-PLA-PEG-G polymer composite is higher than the drug and
CS-PLA and CS-PLA-PEG polymer composite. This suggests that
the drugs in the composites can be easily released into the basic
than acidic environment. Because, the electrostatic interaction of
composites is more easily broken at pH 6.8 than at pH 1.2, leading
to rifampicin being released more rapidly at pH 6.8 than pH 1.2. The
prepared nanocarrier composites are good releasing rate in both pH
medium than other reported systems (Singh et al., 2013).

3.4. Cell inhibition studies

The interaction of free RIF and RIF loaded CS-PLA, CS-PLA-PEG
and CS-PLA-PEG-GLE nanoparticles with M. smegmatis was inves-
tigated to understand the applicability of such particles. The growth
of the relative cells vability in the presence of free drug added
at time zero is also shown in Table 3 and Fig. 6. Growth stud-
ies were done in the presence of free drug ie, RIF and RIF loaded
CS-PLA, CS-PLA-PEG and CS-PLA-PEG-GLE nanoparticles. Signif-
icant change in growth behavior was observed. The total yield of
cells was high in the stationary phase when compared to the con-
trol. The growth of M. smegmatis cells in the presence of CS-PLA,
CS-PLA-PEG and CS-PLA-PEG-G with 50% of RIF drug confirmed
that the composites or the polyelectrolytes used to make these
composites are not toxic to the microbial cells and does not affect
either the growth rate or the yield in a significant way indicat-
ing that the composites are cytocompatible. As compared to the
other two nanocomposites CS-PLA-RIF-PEG-G was not toxic and
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Table 2

Encapsulation efficiency (EE) and loading capacity (LC) of CS nanoparticles.

S. no. % of RIF CS-PLA-RIF nanoparticle CS-PLA-RIF-PEG nanoparticle CS-PLA-RIF-PEG-G nanoparticle
% of EE % of LC % of EE % of LC % of EE % of LC

1 10 474 12.5 61.6 16.3 724 20.8

2 20 52.1 20.2 68.1 254 78.8 31.2

3 30 57.9 30.9 74.9 39.1 89.2 38.7

4 40 64.5 41.1 78.4 52.4 92.4 48.4

5 50 67.2 50.2 82.6 74.8 96.8 69.7

good inhibition effects. An important point to note is that the
encapsulated capsules released 50% RIF from CS-PLA, CS-PLA-PEG
and CS-PLA-PEG-G composites acts with the same efficacy as
the free drug. Thus, indirectly it can be concluded that, the drug
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Fig. 5. In vitro analysis of rifampicin prepared nanoparticles.
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Table 3

The relative cell viability of RIF, CS-PLA-RIF, CS-PLA-RIF-PEG and CS-PLA-RIF-PEG-G nanoparticles.
Nanoparticles CTL 10 ng 20 pg 50 pg 100 pg
RIF 101.0 94.0 40.0 44.0 30.1 27.3 16.48 14.0 10.0 4.0
CS-PLA-RIF, and 100.0 102.0 79.0 83.0 69.6 72.0 59.48 62.0 54.0 38.0
CS-PLA-RIF-PEG 105.0 103.0 81.0 83.0 71.5 70.0 61.48 59.0 52.0 59.0
CS-PLA-RIF-PEG-G 104.0 100.0 99.0 103.0 89.4 86.0 59.48 65.0 40.0 42.0
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Fig. 6. The relative cell viability of free RIF and CS-PLA-RIF, CS-PLA-RIF-PEG,
CS-PLA-RIF-PEG-G with various concentrations.

on viability of various macrophages cell lines over at least 4h
(Hirotaetal.,2007,2010). This is an important result from the point
of application of such drug delivery systems.

4. Conclusion

The use of CS in combination with PEG and G shows the poten-
tial as new compression coats for controlled drug delivery. These
coatings are able to suppress the release of RIF until it reaches the
target place. The different pendant groups present in the com-
posites have been ascertained by FTIR studies. From the SEM
analysis, the homogeneity of the blends has been predicted. The
drug release is based on time and pH controlled system due to the
water insolubility of RIF and the matrix formation of CS-PLA/PEG/G,
the solubility of which depends on the pH of the media. Drug
permeation and in vitro test suggested for further study in the
development of in vivo drug delivery system. Consequently, these
systems show great promise with regard to the circumvention of
the present limitations in the management of tuberculosis diseases.
These results indicated that RIF coated CS-PLA/PEG/G nanoparti-
cles could be a potential carrier for the controlled drug delivery.
Furthermore the in vivo evaluation is in progress.
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