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ABSTRACT: Tuberculosis (TB) is an alluring affliction caused
predominantly by Mycobacterium tuberculosis bacteria. A stumbling block
in the conventional treatment of TB is the occurrence of multiple drug
resistance (MDR) followed by high dose requirement, subsequent intolerance
& severe toxicity. Nanoparticulate-based drug therapy has significant
potency in the treatment of TB. In this present study, Linezolid loaded
Eudragit RS 100 polymeric nanoparticles (LZD-PNPs) were developed and
characterised for the treatment of TB. Double emulsion solvent evaporation
method was selected to incorporate LZD into Eudragit RS 100. Differential
scanning calorimetry (DSC), Fourier Transfer Infrared spectroscopy (FT-IR)
studies were done to assess drug-polymer compatibility and to indicate
absence of incompatibility. Particle size analysis was carried out to measure
the mean particle size of the LZD-PNPs and was found to be at 47nm-119nm
(±26 to 41 SD) which indicated the polydispersity of the formulation. Zeta
potential analysis of the sample was found to be -32 to -41mv, indicating its
physicochemical stability. The Entrapment efficiency of LZD-PNPs ranged
between 75.56% to 80.42%. Optimization of the LZD-PNPs was done by
response surface analysis (Design Expert 11.0.5.0 software State Ease, Inc.,
Minneapolis, MN). The above data suggest that linezolid loaded Eudragit RS
100 polymeric nanoparticle were successfully formulated by double
emulsion solvent evaporation method and characterized for effective delivery
of MDR-TB.

INTRODUCTION: Tuberculosis (TB) is an
infectious
disease
caused
mainly
by
Mycobacterium tuberculosis. India accounts for
one-fourth of the global TB burden. Annually 2.2
million new cases are added to the existing cases. It
is estimated that there are 2.5 million prevalent
cases of all forms of TB disease. It is also estimated
that annually about 2.2 lakh people die due to TB 1.
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Presence of immunosuppressive conditions like
diabetes, alcoholism, malnutrition, chronic lung
disease and HIV/AIDS may increase the chances of
TB infection. The disease typically attacks the
lungs but can also develop as extra pulmonary TB
in the central nervous system or circulatory system
or elsewhere in the body. Untreated active TB has
about 50% mortality rate 2. Even though we live in
an era of advanced technology & innovation,
infectious disease like Tuberculosis (TB), continue
to be one of the greatest challenges worldwide. The
main drawbacks of conventional treatment are the
development of multiple drug resistance, resulting
in high dose requirements & subsequent intolerance
& toxicity 3.
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Therefore, there is need of a new system with the
aim of minimizing the side effects of drug therapy
2
. The era of nanotechnology have considerable
potential in the field of drug delivery 4. Polymeric
nanoparticle-based drug delivery systems form the
crux of nano medicine. They are suitable for
targeting chronic diseases such as tuberculosis as
they cross the biological barriers and target cellular
reservoirs of Mycobacterium tuberculosis. For first
line as well as second line antitubercular drugs,
employing synthetic or natural carriers, a mainly
polymer is the key for intermittent chemotherapy.
Other potential advantages of this system include
the possibility of selecting various routes of
chemotherapy, increasing bioavailability, reducing
drug dosage and dosing frequency resulting in
reduced adverse effects, and better targeting of both
drug-resistant and latent bacteria 2. Polymeric
nanoparticles employing PLGA shown promise as
far as intermittent chemotherapy in experimental
tuberculosis is concerned 5.
The main goal in formulating nanoparticles as a
delivery system is to reduced particle size, do
modification in surface properties and hence
improve release of the pharmacologically active
agents to reach site of action at therapeutically
optimal rate 2. Desired particle size required for
drug localization upon administration by inhalation
is between 50 to 200 nm 6. Prior to adequate
clinical data to support the use of novel drugs in the
treatment of MDR-TB linezolid has been gently
used as a repurposed agent in the treatment of
fluoroquinolone-resistant
MDR-TB
with
accomplishment. Trial of linezolid is in the final
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planning stage 7. In present work LZD was used as
a model drug, this then was encapsulated into
copolymer of ethyl acrylate and polyvinyl alcohol
to form polymeric nanoparticles and formulated
batches were characterised.
MATERIAL AND METHOD:
Material: Commercial grade Linezolid from
Symed Labs Limited; (Hyderabad) and Eudragit
RS 100 from Evonik (Roehm pharma Polymers),
were gift samples. PVA was obtained from S.D.
fine chemicals. Solvents used were dichloromethane (Merck, India), Tween 80, Millipore water
and all other chemicals were locally procured. All
the excipients used were pharmaceutically
approved complying with I.P/ B.P/USP or in house
specification.
Method of Preparation:
Preparation of Polymeric Nanoparticles: LZDloaded polymeric nanoparticles were prepared
using double-emulsion solvent evaporation
technique 8. To know the effect of polymer and
stabilizer concentration, various formulations (F1F9) were prepared as shown in Table 1. Primarily,
polymeric solution were prepared by dissolving
Eudragit RS 100 in 20 ml dichloromethane.
Followed by emulsification with 0.1% w/v aqueous
drug solution consisting of 2% (v/v) tween 80. The
above solution was kept under magnetic stirring
(Remi Magnetic Stirrer) at 1200 rpm for 30 min to
get primary W/O stable emulsion. Further this was
added to 0.5% (w/v) polyvinyl alcohol (PVA)
solution under stirring at 900 rpm for 25 min, to
achieve a w/o/w double emulsion.

FIG. 1: METHOD OF PREPARATION OF POLYMERIC NANOPARTICLE BY DOUBLE EMULSION SOLVENT
EVAPORATION METHOD
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The obtained polymeric nanoparticles were
separated by centrifugation (Remi cold centrifuge)
at 11,000 rpm for 45 min and collected. Finally, the
products were freeze dried by using lyophilizer
(Labocon), 1.5% (w/v) trehalose was added as a
cryoprotectant and product was stored at RT 9.
Schematic representation of polymeric nanoparticle preparation is as shown in Fig. 1.
TABLE 1: COMPOSITION OF BATCHES [F1-F9]
Formulation
Drug:
PVA
Tween
Code
polymer
concentration
80 (%)
ratio (mg)
(% w/v)
F1
1:1
0.5
2
F2
1:1
1.5
2
F3
1:1.5
1.5
2
F4
1:1.5
0.5
2
F5
1:2
0.5
2
F6
1:2
1.5
2
F7
1:1.5
0.75
2
F8
1:2
0.75
2
F9
1:1
0.75
2

Optimization by Experimental Design: Design
Expert software version 11.0.5.0 (State Ease, Inc.,
Minneapolis, MN) was used to optimize the
batches F1-F9 as shown in Table 1. Data of all
batches was uploaded in the software and then
analysed subjecting to ANOVA. The advantage of
this software is the reduction in the number of
experiments required for formulating the batches
thus saving time, energy and aids in checking only
the minimum number of batches by which the
relationship between various factors on their
responses can be determined.
The experiments were performed using Response
surface analysis also known as central composite
design (CCD) by using Design Expert 11.0.5.0
software 10. A Response surface with statistical
model incorporating interactive and polynomial
terms were utilized to optimize and assess the
responses. Experimental design was adopted to
optimize the batches. In this work two independent
variables were studied in three levels: low, medium
and high, which were represented by the
transformed values of –1, 0 and +1, respectively.
Values of these selected variables are shown in
Table 2. Independent and dependent variables are
described in Table 3. The best optimized
formulation found was selected. Equation (1)
depicts that there is a factorial point, an axial point
and 5 replicates at the centre points, indicated by a
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total of 9 experiments for each precursor, as
calculated from equation (1)
N = 2n+2n+n=2×1+2×1+5=9

....(1)

Where N is the total number of experiments
required and n is the number of variables. The
centre points were used to verify the reproducibility
of the data and the experimental error. The
variables were coded to the interval where low,
medium and high level were coded as -1, 0 and +1,
respectively 10. The non-linear quadratic model
generated by the response surface is of the
following Equation (2):
Particle size = +91.22-16.22A[1]-1.89A[2]-5.89B[1]+0.1111B[2]

---(2)

The multiple linear regressions using ANOVA was
carried out for deciding the significance and
influence of each individual factor as well as their
interactions on response variables. A checkpoint
analysis was performed to confirm the role of the
derived polynomial equation and contour plots in
predicting the responses. Optimization was
performed by using desirability approach 11.
TABLE 2: VARIABLES USED IN DESIGN EXPERT
SOFTWARE
Formulation
Factor 1
Factor 2
Code
Eudragit (mg)
PVA (mg)
1
10
200
2
10
100
3
15
300
4
15
200
5
20
100
6
20
300
7
15
100
8
10
300
9
20
200
TABLE 3: VARIABLES USED IN DESIGN EXPERT
SOFTWARE
Independent
Dependent
Variables
variables
Eudragit RS 100 and
Particle size and Entrapment
Polyvinyl alcohol
Efficiency

Drug Excipient Compatibility Studies:
Fourier - Transform Infrared (FTIR)
Spectroscopy: Drug excipient compatibility
studies were carried out using Bruker Fourier
Transform Infra-red Spectroscopy of drug and
along with excipients 12. FTIR transmission spectra
was recorded by scanning KBr pellets at 4 mm/s at
a resolution of 2 cm over a wavenumber range of
400-4000 cm -1.
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The Fourier - Transform Infrared (FTIR)
spectroscopy study was performed to confirm the
cross-linking reaction, to evaluate interaction, if
any, between drug and excipients and to ensure the
LZD encapsulation into the PNPs. The peaks in the
FT-IR graphs were compared and change in
transmittance in the graphs was observed 11.
Differential Scanning Calorimetry: The DSC
analysis of LZD, and the Physical mixture was
carried out using the Mettler DSC 60 computerized
with Mettler Toledo Star software system (Mettler,
Switzerland). Primarily calibration of instrument
was done with indium standard. Accurately
weighed samples were placed in aluminium sample
pans. Thermograms were obtained by heating the
sample at a constant rate of 10 ºC/min. A dry purge
of nitrogen gas at 20 ml/min was used for all runs.
Samples were heated from 30 - 300 ºC. Scans were
obtained from the samples. The melting point and
peak maxima were observed in the DSC graphs 13.
Characterization of Nanoparticles:
Determination of the Particle Size: The LZDPNPs were analysed for their size distribution and
their potential using Nanoparticle Tracking
Analysis (NTA) Nano sight NS500 version 3.1
(Malvern Instruments Ltd., Worcestershire, UK) 14.
Particle size results were calculated from the
determined translational diffusion coefficients
using a modified version of the Stokes-Einstein
formula, Eq. (3).
(x,y)2/4t=Dx,y = kBT/3πηd

-----(3)

Where (x, y)2 is the mean-square displacement in
two dimensions, Dx,y is the translational diffusion
coefficient in two dimensions, kB is Boltzmann’s
constant, T is the sample temperature, t is the
time, η is the viscosity of the dispersion medium
and d is the sphere-equivalent hydrodynamic
diameter 15.
Particle tracking analysis (PTA), often referred to
as nanoparticle tracking analysis. (NTA), generally
consists of sample preparation, video recording and
video analysis, equipped with a sample chamber
with a 640-nm laser and a Viton Fluor elastomer Oring. Sample preparation often requires diluting the
supplied sample in an aqueous medium such as
purified water until the particle concentration is
within the recommended range of 107 to
109 particles/mL 16. The samples were injected in
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the sample chamber with normal syringe until the
liquid reached the tip of the nozzle 15. This study
was done with the specification of nano sight
NS500 with the computer-controlled motorized
stage with CCD camera and red (640 nm) laser and
automated sample introduction 13.
Surface Charge Determination: Polymeric
Nanoparticles were characterized with Nanoparticle
Tracking Analysis (NTA) using Nanosight NS500
version
3.1
(Malvern
Instruments
Ltd.,
Worcestershire, UK). The zeta potential
measurements were performed by using an
automatic mode. The prepared nanoparticulate
samples were diluted with Millipore water and kept
in the measurement cell for potential energy
analysis, and then analysed after the suitable
position adjusted 17. Applied voltage was set at 24v,
and dielectric constant at 80. Sample loading was
done automatically after prime fluidics. Video
frame obtained was of zeta analysis.
Entrapment Efficiency: Determination of % drugentrapment efficiency, & % drug loading of LZDPNPs was determined by indirect method & direct
method
respectively.
The
nanoparticulate
dispersion was centrifuged at 15000 rpm for 45 min
at 4 °C using refrigerated cold centrifuge(Eltek RC
4100 D, India). The free drug content in
supernatant was measured by Ultraviolet-Visible
spectroscopy (Thermo Scientific, Evolution 300,
India) at 251 nm against blank sample to avoid any
possible excipient interference. The % EE was
determined in triplicate. The % EE of PNPs was
calculated by the following equation 11.
% Drug entrapment efficiency = [(Drug added - Free
"unentrapped drug") / Drug added] × 100.

Drug Loading: The % drug loading was measured
by direct method. 5 mg of freeze-dried formulation
was taken in 5 ml of PBS and sonicated for 30 min.
The nanoparticulate dispersion was stored for 48
hr. The resultant mixture was centrifuged at 15000
rpm for 45 min at 4 °C. The free drug content in
supernatant was measured by Ultraviolet-Visible
spectroscopy at 251 nm against PBS to avoid any
possible excipient interference. The % drug loading
and % yield was calculated by following formula in
triplicate 11.
% Drug loading = Amount of drug found in the lyophilized
NPs/Amount of lyophilized NPs × 100
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SEM Analysis: Particle size distribution and
Surface morphology of the prepared PNPs were
checked by Field Emission GUN Scanning electron
microscopy (SEM), it determines the particle size
distribution
and
surface
morphology 18.
Approximately 5 μL of the PNPs formulation was
taken on to a cover slip, which in turn was mounted
on a specimen tab. The samples were dried at room
temperature. Then the particle size of the
formulation was viewed and photographed using
Scanning Electron Microscope (Sigma, Carl Zeiss)
19
. Photomicrographs were observed at 1 to 100KX
magnification operated with an acceleration voltage
of 5 kV and working distance of 9.8 mm was
maintained 9. The particles were coated with
platinum by using vacuum evaporator and thus, the
coated samples were viewed and photographed in
JEOL JSM-6701F Field Emission SEM 20.
In-vitro Drug Release Studies: Dialysis bag
diffusion technique was used to determine the invitro drug release of LZD loaded polymeric
nanoparticles. The prepared freeze-dried powder
nanoparticles were put in the dialysis bag and deep
into 50 ml of Phosphate Buffer saline (pH7.4). The
entire system was maintained at 37 ± 0.5 ºC. With
the continuous magnetic stirring at 200 rpm,
aliquots were withdrawn from the medium at
predetermined intervals and replaced by fresh
medium. The amount of drug dissolved was determined with UV-Vis Spectrophotometry (Thermo
Scientific, Evolution 300, India) at 251 nm & %
cumulative release was calculated against time 17.
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RESULTS AND DISCUSSION:
Preparation of Linezolid Loaded Eudragit RS
100 Polymeric Nanoparticle: Linezolid loaded
Eudragit RS 100 Nanoparticles were successfully
prepared by Double emulsion solvent evaporation
method. PVA a copolymer was also act as
stabilizer. The prepared particles were stored in
lyophilized form for their stability 17. The selection
of a specific method of encapsulation is usually
determined by the solubility characteristics of the
drug. In this approach, the double emulsionevaporation process was adopted since it is known
to be superior to other incorporation methods in
terms of encapsulation of both hydrophilic and
hydrophobic molecule i.e. encapsulation by this
method involves two major steps, the formation of
stable droplets of the first emulsion and the
subsequent removal of solvent from the droplets of
the second emulsion. The LZD encapsulation
efficiency and the particle size have been optimized
by varying the amount of polymer and stabilizer 21.
Differential Scanning Calorimetry: DSC
thermograms of Linezolid, and physical admixtures
of Linezolid with other excipients were recorded as
shown in Fig. 2a and b respectively. The thermal
behaviour of pure drug Linezolid shows peak
endotherm at 181.2 °C corresponding to loss of
water of crystallization and melting of pure drug 22.
The peak showed that there were no significant
compatibility problems between the drug and the
polymer 17.

FIG. 2A: DSC GRAPH OF PURE DRUG

FTIR Studies: From the FTIR spectroscopy, it was
concluded that the Linezolid is crystalline in nature
22
. FT-IR results are shown in Fig. 3a and 3b. The
IR spectrum of LZD indicates the appearance of
three main bands at 3360, 1741 and 1672 cm-1
corresponding to NH amide, C=O lactone and C=O

FIG. 2B: DSC GRAPH OF PHYSICAL MIXTURE

amide, respectively 23. Other IR absorption peaks of
Linezolid were at 2977 cm-1 (=N-H stretch), 1356.1
cm-1 (C-N stretch), 1047.73 cm-1 (C-F stretch), and
2851.11 cm-1 (-OCH3) 24. Fig. 3b represent IR
spectrum of physical mixture, and it shows bands at
3331.13 cm -1, 2915.82 cm-1 and 2848.81 cm-1 23.
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FIG. 3A: IR GRAPH OF PURE DRUG

FIG. 3B: IR GRAPH OF PHYSICAL MIXTURE

Particle Size and Zeta Potential Analysis: The
average particle size of all batches lie within the
range of 47 nm-119 (±26 to 41 SD). Both polymer
and stabilizer play a vital role in particle size
distribution in Polymeric nano formulations. From
Table 4, it is seen that batch F5 was found to have
the optimum particle size with least standard
deviation. Particle size goes on increasing with an
increase in concentration of polymer and stabilizer.
1:2 drug/polymer ratio showed best results. Zeta
potential indicates the stability of the batches.
Greater the zeta potential greater is the stability.
From the table given below it is observed that

highest zeta potential is of batch F5, due to
optimum concentration levels of polymer and
stabilizer. An increase in the concentration of
polymer in the organic phase leading to an increase
of both the size and the polydispersity of the PNPs.
In addition, with increasing amount of polymer in
the organic phase, an increase in particle size
distribution of PNPs were observed. Both the
polymer and stabilising agent exhibited significant
effect on the particle size. Single peak obtained in
particle size analysis graph indicates the Polydispersity index (PDI) of LZD-PNPs. Generally,
the value of PDI ranges from zero to one 2, 25, 26.

TABLE 4: EFFECT OF POLYMER AND STABILIZER ON PARTICLE SIZE
Formulation
code
F1
F2
F3
F4
F5
F6
F7
F8
F9

Mean particle size (nm) ±
Standard deviation
101 ± 41
47.7 ± 26
109 ± 38.9
111.8 ± 40.9
53.4 ± 29
107 ± 40.6
105.2 ± 39.9
95.2 ± 55
115 ± 36.2

Zeta potential
(mv)
-32
-34
-36
-39
-41
-38
-37
-35
-34

Response Surface Analysis: The entrapment (Y1)
and mean particles size (Y2) of LZD loaded PNPs
showed R2 values at 0.7813 and 0.9865,
respectively as shown in Table 5a, indicating good
fit and it was concluded that the second order

Entrapment efficiency
(%)
78.71
75.56
80.5
79.6
80.42
80.06
76.8
79.9
80.41

Drug
content
7.80
7.27
7.73
7.25
7.98
7.82
7.50
7.35
7.64

model adequately gives the values for true surface.
From Table 5b it concluded that P-values less than
0.0500 indicate model terms are significant and the
model F-value of 4.55 implies the model is
significant.

TABLE 5A: REGRESSION ANALYSIS DATA FOR MEASURED RESPONSES
Source
Linear
2FI
Quadratic

Std. Dev.
42.25
29.40
28.04

R²
0.3547
0.7813
0.8863

Adjusted R²
0.1611
0.5938
0.6306

Predicted R²
-0.5360
-0.1066
-0.2373

PRESS
42489.69
30611.62
34226.29

Suggested

TABLE 5B: MODEL USED IN RESPONSE SURFACE ANALYSIS
Source
Mean vs. Total
Linear vs. Mean
2FI vs. Linear
Quadratic vs. 2FI
Cubic vs. Quadratic
Residual
Total

Sum of Squares
1.740E+05
9812.59
11799.03
2906.90
886.38
2257.92
2.017E+05

Df
1
3
3
3
3
1
14

Mean Square
1.740E+05
3270.86
3933.01
968.97
295.46
2257.92
14405.62
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p-value

1.83
4.55
1.23
0.1309

0.2050
0.0453
0.4075
0.9301

Suggested
Aliased
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Design expert software was used to produce threedimensional (3D) response surfaces and twodimensional (2D) contour plots. The 3D surfaces
and 2D contour plots are graphical representations
of the regression equation for the optimization of
LZD loaded Eudragit RS 100 coated PNPS and are
the most useful approach in revealing the effects of
the factors on the responses. The results of the
interactions between two independent variables and
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two dependent variables are shown in Fig. 4a, b,
and c, d. As it can be seen in Fig. 4b and d, there is
an increase in the polymer concentration with an
increase of particle size distribution and %
entrapment efficiency. With the optimum polymer
concentration particle size distribution increases as
it goes beyond the optimum range for particle size
and the % entrapment efficiency decreases 27.

FIG. 4A: TWO-DIMENSIONAL (2D) CONTOUR
PLOTS

FIG. 4B: 3D RESPONSE SURFACES PLOT OF
PARTICLE SIZE

FIG. 4C: TWO-DIMENSIONAL (2D) CONTOUR
PLOTS

FIG. 4D: 3D RESPONSE SURFACES PLOT OF
ENTRAPMENT EFFICIENCY

Entrapment Efficiency (EE %): Entrapment
efficiency gives the amount of drug entrapped in
the nanoparticles. Entrapment efficiency (EE %) of
the prepared LZD PNPs formulations is influenced
by polymer concentration and stabilizer agent.
According to the obtained result, the entrapment
efficiency of F5 formulation is high i.e. 80.42 % as
compare to other batches as shown in Table 4 26.
This may be due to an increase in polymer
concentration leading to an increase of the viscosity
of the first emulsion and consequently to a
reduction in the partitioning of the Drug into the
external aqueous phase, resulting in an increase in
drug entrapment efficiency 21.

and smooth texture 25. Fig. 5 shows that FEG-SEM
Linezolid loaded PNPs was effectively coated with
Eudragit RS 100 polymer.

Morphological Studies: The surface morphology
of the optimized batch was done using FEG-SEM
and was found to be uniform with spherical shape

In-vitro Drug Release Studies: The optimized
LZD-Eudragit RS 100 PNPs were subjected to invitro drug release profile. PBS pH7.4 was used as

FIG. 5: SEM IMAGE OF LZD LOADED PNPs
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medium for evaluating the pattern of release of
linezolid from Eudragit RS100 nanoparticles as in
Fig. 6. LZD-PNPs showed less initial burst release
which may be due to its structural integrity and
packed coat. The slow drug release from LZD
loaded Eudragit RS100 showed that the matrix
formed by polymer helped in sustained release of
drug at 90.45% up to 24 h. The release profiles of
the pure drug showed an immediate release of the
entire drug. Therefore, the study suggested that the
prepared LZD loaded PNPs can be used in
sustained release drug delivery 21, 28.
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