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INTRODUCTION

Isoniazid is a first line antitubercular agent, upon repeated dosing produces
hepatotoxicity by oral administration. Pulmonary drug delivery can avoid the
toxicity of drugs intended for tuberculosis. The study is an attempt to prepare
mucoadhesive inhaled nanospheres of lIsoniazid with polylactic glycolic acid
(PLGA). The optimized formulation was selected using Box Behnken design. The
lead formulation (F4) freeze dried INH-PLGA nanospheres (INH-NP’s) was
selected and prepared by high speed homogenization technique. INH-NP’s
characterization done by particle size, poly dispersity index, zetapotential, scanning
electron microscopy (SEM), Fourier transform infra red spectroscopy (FTIR),
Differential scanning colorimeter (DSC), stability studies, entrapment efficiency,
ex vivo sheep nasal mucoadhesion studies,In vitro diffusion and drug release,
cytotoxicity studies and In vivo pharmacokinetic studies using both serum and
tissue analysis. Finally the nanospheres tested for their effect on mycobacterium
using in vitro and in vivo microbial studies. The optimized INH-PLGA nanospheres
showed 56.8 + 2.22nm, 0.931+ 0.02, -1.6£1.22mV, 94.42+2.20% and 96.80+2.60%
of mean particle size, poly dispersity index, zeta potential, entrapment efficiency
and drug content respectively. Potential interactions of INH and PLGA were found
in FTIR and DSC studies without interfere in INH drug release. Bioadhesive
property of INH-PLGA nanospheres was also found be enhance to 82+0.98%and
permeation 89.54+1.20% compared to pure INH.The cytotoxicity studies resulted
against the A549 showed significant 1C50 ranges from 9.8 to 10.7. The bio
distribution studies by IV and inhalation resulted that the Inhalation of INH-PLGA
nanospheres with sustained drug release in the lungs. Mycobacterium studies
revealed that the INH-PLGA nanospheres showed significant Log10CFUs inin
vitro and in in vivo (18 days and 6 weeks) in mice compared to pure INH. The
overall study concluded that the INH-PLGA nanospheres are potential
pharmaceutical and therapeutic outcome for tuberculosis.

Pulmonary system in all the age groups (1).
According to the study conducted during 2016,
more than 10.4 million new cases are observed

_ Tuberculosis (TB) is one of the common and they remain stable with TB, in 2017 it was
life threatening diseases affecting the lung and increased upto 11.1 million cases among 5.8
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million men, 3.2 million women and 1.0
million children. Among deaths of 1.3 million
people HIV negative, 300 000 deaths are HIV
positive(2). The problem with TB therapy is
drug resistance. In 2017 it is estimated that 558
000 people were developed rifampicin
resistance and 82% had multi drug resistance.
Worldwide, India (24%), China (13%) and the
Russian Federation (10%) are top 3 countries
recommended 6 months regimen of first line
anti TB drugs are isoniazid, rifampicin,
ethambutol and pyrazinamide (3). Resistance to
drug and adverse events due to untoward
reactions are the common associated problem
with the use of anti-tubercular drugs. INH is
considered as the first line drug for treating
pulmonary tubercular infections caused by
tubercle bacilli (4). INH as a drug of choice for
the tuberculosis acts by interfering in the
enzyme connected metabolic pathway of
tubercular microorganisms. This nicotinic acid
derivative shows its anti-bacterial activity by
directly attacking and inhibiting the cell wall
lipid and nucleic acid synthesis of tubercular
species (5). INH is highly active
against Mycobacterium tuberculosis with 0.01
to 0.25 pg/ml of MIC value, acts only for
growing tubercle bacilli but not for nongrowing
bacilli (6). The INH resistance was found to be
more frequent to drug resistant clinical isolates
with 20-30% incidence range(7). Hence, need
to develop or control over the resistance of INH
and other first line anti TB drugs and its
combinations(8). INH is widely administered
oral medication from mid-19" century to till
date in the form of tablet with a daily dose
ranging from 50-300mg. Isoniazid is
metabolized in the liver through acetylation by
N-acetyltransferase, which produces
acetylisoniazid and isonicotinic acid. It is
excreted by kidney as inactive metabolite (70-
96%) and sometimes through urine as free
Isoniazid (7%) and conjugated form (37%)
depends on acetylation (9). The undesirable
side effects are relatively high with the use of
solid dosed INH tablet due to its elevated
distribution in urinary system and liver such as
peripheral neuropathy and hepatits (10).
Considering this as a major limitation
researchers are focusing on novel and alternate
approach to enhance the activity of such potent
and lifesaving medication in the form of nasal

dosage forms like metered dose and dry
powder inhalers (11). To overcome the all the
difficulties with oral lIsoniazid administration,
many researchers prepared proliposome
Powders for inhalation (12) and chitosan
microspheres (13). The existed formulations
are reported to produce better pharmaceutical
approaches among the existed formulations.
Nanospheres mediated dry powder Inhalation
was thought as a novel approach for inhibiting
the growth of active tubercle bacilli in the
infected respiratory site due to its thermal
stability, drug carrying capability, ease of drug
incorporation within the matrix system and rate
controlled delivery of drug (11). The delivery
system can show better performance by
increasing the drug concentration at the
respiratory site of lungs and thereby avoiding
the systemic toxic impact (14). In specific,
freeze  dried  biodegradable  polymeric
nanospheres of INH using PLGA was prepared
and targeted to the pulmonary system by
utilizing powder inhalation technique (15).
Evidence shows that PLGA as polymeric
carrier is found successful in nasal delivery of
Diazepam (16), olanzapine nanoparticulates
(17), Tetanus toxoid (18), Lorazepam (19), o-
cobrotoxin microparticulates (20),
mucoadhesive peptide (21) and encapsulated
vaccine microspheres (22). Henceforth, a
research attempt is made to envisage
formulation of INH nanospheric powder
inhaler for nasal delivery to treat tubercular
infections. The prepared Isoniazid-PLGA
nanospheres (INH-NP’s) were characterized for
various  physicochemical  properties  for
confirming its geometrical size, shape and drug
content. On further continuation in vitro studies
was executed for drug release from INH-NP’s
using dialysis membrane as a barrier in Franz
diffusion cell (FDC) (23). The pharmacokinetic
studies of nanospheres were performed in male
albino Wistar rats for drug distribution and
concentration in various organs like lungs,
kidneys and liver. An optimized INH-NP’s was
thought to increase the concentration of drug in
pulmonary site that in turn inhibit the
mycobacterial activity and its growth.
MATERIALS

A qgift sample of INH (Yarrow
Chemicals, Mumbai) was used as anti-
tubercualar agent for nanospheric formulation.
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PLGA was used as a lipid material for loading
INH. Poly vinyl alcohol commonly known as
PVA was selected as a surfactant. Methanol,
ethanol and acetone (Merck specialties Pvt.
Ltd.) were used as Organic solvents. All the
buffering agents and water for HPLC for the
study was supplied by RL fine chemicals,
India.

METHODS

Solubility profiling of INH in different
solvents: In order to find out the most suitable
solvents for further studies solubility profiling
plays an important role. An excess amount of
INH was added to 10ml of different solvent
system (Ethanol, water and simulated salivary
fluid) taken in a series of stopper conical flask.
The resultant solvent mixture was kept for
shaking on a rotary shaker for 24hr at room
temperature (24). The equilibrated samples
were strained using whatmann filter paper
having a pore size of 0.45um and the filtered
drug solution were diluted suitably in their
respective solvent and subjected to UV-
Spectroscopic analysis at 263nm (25). The
solubility trial was conducted in triplicate to
minimize the errors in the results obtained.

Preparation of PLGA nanospheres of INH
by high pressure homogenization technique:
Anti-tubercular nanospheres were prepared by
matrixing INH in a biodegradable PLGA
polymer by mechanism of high pressure
homogenization in presence of an emulsifying
agent (26). In brief, an organic phase
containing 1:3 ratios of INH in ethanol solvent
was prepared and mixed with different
concentration of PLGA (5, 10 and 15%w/w).
The ethanolic component of INH-PLGA is
emulsified using variable concentrations of
PVA under constant stirring. The process
involves slow drop wise addition of dispersed
phase (INH-PLGA) to continuous phase (PVA)
(27). Thus formed emulsified mixture is
introduced into high pressure homogenizer
(HPH) for further process to obtain particle of
desired submicron range. The principle
involves pressurized movement (~100-2000
bars) of INH-PLGA emulsion fluid through the
narrow miniature for a short distance at a high
velocity (~600miles/h) between the piston
valve and seat of HPH (28, 29). The suspended

nanospheres were cold processed (3°C) in an
ultracentrifuge at 30,000rpm for 15min,
continuously washed thrice with double
deionized water and freeze-dried for 38h.

Optimization by Box Behnken design: As a
part of optimization technique, Box Behnken
design (3% was incorporated for investigating
the factors involved in formulating the INH-
NP’s. The individual independent variables like
% w/w concentration of both polymer (X;) and
surfactant (X,) along with homogenization time
measured in minutes (X3) were fitted to
Design-Expert software (version 9 trial stat-
Ease Inc., Minneapolis, USA). Based on
individual ~ variables  the  experimental
optimization was subjected to coding at 3-
different levels as low (-1), medium (0), high
(+1). Subsequently the dependent variables
such as particle size in nanometer range (Y1)
and % Zeta potential (Y;) were measured (20).
A sum total of 17 runs were generated by this
design with 3 center points and 12 factorial
points as shown in Table 2. The polynomial
equation produced by Box-Behnken design was
followed as.

Y=
aptayXytapXotazXstagoXi X +a 3 X1 Xz +azsXoXstayy
X1 248Xy +agaXs?

Independent and dependent variables and their
separate levels shown in the Table 1

Freeze drying process: Freeze drying is a
technique of conserving the physical and
chemical stability of nanospheres by removing
the water molecules. During freeze drying the
nanospheres were vitrified by matrixing with a
cryoprotectant (CPA) namely mannitol. The
PLGA nanospheres were transferred to glass
vials having different concentration of mannitol
(5, 12.5 & 15%) aqueous solution in an equal
ratio of 1:1 and mixed thoroughly. The contents
of glass vials were supercooled in a liquid
nitrogen environment at a temperature of -20
‘Cto -80°C for 23 hours. Thus formed frozen
spheres were lyophilized (ScanVac lyophilizer)
at a vacuum pressure of ~4.35 psi for 23 hours.
The freeze dried samples were rehydrated by
reconstituting with simulated salivary fluid
(SSF) for particle characterization, in vitro and
in vivo studies (30,31)
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Measurement of particle size, poly dispersity
index (PI) and zeta potential of nanospheres:
The physicochemical characterization of
nanospheres is carried out in a Zetasizer
(Malvern- ZEN 3690) fitted with a laser beam
of Helium — Neon (He-Ne). The technique is
based on dynamic light scattering (DLS) that
has the ability to render information about
mean particle size and charge mobility under
the applied potential difference. About 100pL
of freeze dried INH nanospheres (INH-NP’s) is
incorporated in 1ml of de-ionized water filled
in a disposable zeta cell. The aqueous mixture
of particulate system was placed in a He-Ne
pathway at a definite angle of 90° for
investigating particles size. The means values
of the particle diameter and its width is traced
to obtain Pl as a measure of its particle size
distribution. On further continuation, laser
doppler electrophoresis (LDE) was performed
with the zetasizer to obtain zeta potential value.
In specific, zeta potential is calculated by
fitting data in Henry’s equation obtained by
interaction between the mobility of charge and
the applied voltage (32,33).

Scanning electron microscopy (SEM)

The dried microscopic aggregates of
PLGA  nanospheres were studied for
morphological characters using SEM. The
particles of interest were made conductive with
metallic gold (100 A°®) by coating under
the noble gaseous atmosphere of Argon. The
micrographs obtained were observed for
particle regularity and its dimensions (34,35).

Fourier transforms infrared spectroscopy
(FTIR): This study involves closely examining
the Infrared spectral peaks of pure drug (INH)
and its physical mixture containing PLGA. The
samples were prepared by milling with KBr
powder (particle size <5mm) and compressing
it into pellets using Quick handi-press. Thus
prepared sample-KBr pellets were placed
inside the sample holder of IR spectrometer
followed by testing the absorption intensity in
the mid wavelength range of 4000-400 cm™.
Thus obtained graphical data were interpreted
for identifying the functional groups and
compatibility of drug and its excipients (36).

Differential scanning colorimetry (DSC):
The drug, excipients, its physical mixtures and
optimized INH-NP formulation were subjected
to thermal analysis in a differential scanning
colorimetry (make and model) run at a
predetermined temperature range (50-500°C).
The samples of known mass to be analyzed was
dropped into aluminium crucible and placed
inside the differential scanning colorimeter.
The crucible was heated in presence of inert
atmosphere of Argon gas at a rate of 10°C.min
and observed for the elution of peak. Thus
obtained peaks were subjected to analysis of
enthalpy of melting (J/g), Peak temperature (°c)
and crystallinity index (37).

Ex vivo mucoadhesion studies:

In-vitro mucoadhesive studies were
performed as per the standardized procedure
mentioned earlier (38). The mucoadhesiveness
of nanospheres was carried out using the fresh
nasal mucosa membrane of sheep obtained
from the local slaughter house. We ideally
preferred to use the septum part of nasal
mucosa segregated from the superior conche
(39). The sustainability and bioadhesiveness of
INH loaded nanospheres in nasal mucosa was
tested in phosphate buffer (pH 6.8). Prior to
mucosal adhesion test, the weighed samples of
INH-NP’s (W,) were wetted by immersing in
phosphate buffer pH 6.8 for 5Smin maintained at
37+0.5°C. The local adhesion test of INH-
loaded nanospheres in the lungs was outlined
by just making the nasal mucosa contact with
surface of pre-weighed nanospheres contained
in a 50ml beaker. The unadhered INH-NP’s
were oven dried at a temperature of 60°C till a
constant weight is obtained (W;). The
mucoadhesion property of drug in nanospheres
was calculated by percent adhesion (% AN)
test Equation 1.

b —

W,
AN(%) = x 100 )

In vitro diffusion studies: In vitro drug release
studies of INH-NP’s were performed using
Franz diffusion cell having an effective
diffusional area of 1.5 cm?. The diffusion cell is
comprised of two portals namely donor and
acceptor compartment surrounded by a water
circulating jacket for maintaining temperature
of 37 £ 0.5°C (40). The acceptor port was filled
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with 30ml of SSF having pH 6.8 to mimic the
human salivary fluid. As a diffusion barrier,
dialysis membrane with a molecular weight of
12000-13000 Da (Himedia) and an average
pore size of 0.45um was used. The dialysis
membrane (2x2 cm?) was sandwiched between
the donor and receptor compartment after
activating the pores for 12 hours in SSF.
Finally the donor chamber was filled with unit
dose (10 mg/ 5mL) of INH-NP’s dispersion
and the permeation study was run for a time
period of 23h in triplicate. The permeation
study was carried out at an invariable rotation
speed of 50rpm and 5ml receptor fluid was
withdrawn from the sampling port at varied
time points (0, 2, 3, 6, 8, 10, 12, 13, 16, 18, 20,
22, 23 hrs). The sink condition was well
maintained throughout the diffusion studies by
replacing equal volume of SSF in receptacle
after collecting receptor phase at every time
point. The amount of INH permeated across the
dialysis membrane was estimated by UV-
Spectroscopy at 263nm after suitably diluting
the receptor fluid samples obtained at different
time period against blank (SSF).

Entrapment efficiency: The optimized
formulations of all INH-NP’s entrapped and
absorbed inside the PLGA core were
systematically  assessed for  entrapment
efficiency. About 5ml (equivalent to 10 mg of
drug) of nanospheres dispersion was
incorporated into Eppendorf tubes. The
microcentrifuge tubes were placed inside the
loop of ultracooling centrifuge and the same
were centrifuged at 1500rpm for 30mins at 3°C.
After centrifugation, the segregation of
nanospheres  from the dispersion were
facilitated by passing it across 0.35um
membrane filter. The supernatant liquid after
successive dilution was subjected to UV
spectrometric analysis against the blank at a
wavelength of 263nm to determine the amount
of encapsulated drug. The % encapsulation
efficiency (%EE) was calculated using the
equation 2.

%EE
_ Amountofdrugadded — Amountofdruginaqueousphase

Massofdrugadded

x100  (2)

Drug content (assay) determination: The
INH content encapsulated in the PLGA

nanospheres was determined by adding 1ml
(2mg INH) solid dispersion of optimized
formulations into a 10ml volumetric flask. The
dispersion was diluted and total volume was
made up to 10ml using methanol. Finally, the
alcoholic mixture was filled into centrifuge
tube and subjected to ultracentrifugation for a
stipulated time of 15min maintained at a
centrifugal speed of 10,000rpm. Thus obtained
supernatant liquid was carefully aspirated and
filtered using cellulose impregnated Whatman
filter paper having a pore size of 0.45um. The
clear liquid was diluted suitably with methanol
and the absorbance measured at a spectroscopic
wavelength of 263nm for real drug content.
The amount of drug content present inside the
PLGA shell is calculated by the Equation 3
(42).

Amountofdrug- Unentrappeddrug

% Drugcontent =
? g WeightofINHnanospheres

x 100 (3)
Stability studies

The role of stability study was to
explore the intactness of nanospheres under
long term stability conditions (25°C + 2 °C /
60% + 5% RH and 30°C + 2 C / 75% * 5%) for
6 months. The optimized formulations were
packed and reserved well within the glass
bottles with screw cap sealed. The samples
were withdrawn from the stability chambers at
initial, 03 and 06 months respectively as
detailed in Q1LA(R) of ICH guidelines for new
substance and products. The parameters such as
Z-average, PDI, Zeta potential, drug release
pattern, drug content and entrapment efficiency
were tested in triplicate (42).

In vitro drug release kinetics

Several different kinetic models can be
incorporated to interpret in vitro release
kinetics of the drug from the optimized
formulations. The most commonly reported
experimental models are included in this
particular research such as zero order, first
order, Higuchi square root, Korsmeyer-Peppas
and Hixson crowell cube root model. After
obtaining the highest regression and correlation
coefficient (R?) of the formulations, the best fit
model was decided. The INH-NP’s release rate
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and its mechanism of release were analyzed by
fitting the data in the following equations.

Q = Kot (€)]
LogQ = Kt Q)
Q = Kyt ®)
Mt/Mee = Ktn 7)

i Qo—i/’Q_t = Kgct (8)

The total amount of drug release (Q) in both
initial and at time t is expressed as Q. Likewise,
the release rate constant at zero and first order
kinetics is symbolized as K, and K;
respectively. While considering Higuchi model
the drug diffusion is expressed as K, at time
t12, In Korsmeyer-Peppas equational design a
fraction of drug release is expressed in terms of
Mt/Mo in time t, K is a constant associated
with the structural and geometric characteristic
of the difffusional device, “n” relates to
exponential indication of mechanism of drug
diffusion. The “n” value differs relating to
Fickian (< 0.5) and non-Fickian (0.5-1.0)
diffusion. Kyc is the rate constant obtained
according to the Hixon and Crowell equation
(%h) at time t(43,44).

In-Vivo evaluation of INH-NP’s
Pharmacokinetic studies

Healthy, naive, albino Wistar rats (
n=6, Male : Female 1:1) weighing 180 — 200 g
used for bioavailability studies and were fasted
for 12h prior to the experiment but had free
access to water. INH-NP’s were administered
by oral feeding tube at the dose of 2.3mg/m2 of
INH under mild anaethesia, blood samples
were collected via the caudal vein at 0, 0.25,
0.50, 0.75, 1, 1.25, 2, 3, 6, 8 and 12 hours (in
tubes with anti coagulant) and centrifuged
immediately and the plasma obtained was
stored at -200°C until further analysis.

Quantification of plasma concentration:
INH plasma concentration was determined by
HPLC of C18-column (Analytical technologies
2000, India) analysis using Analytical
technologies software at desired nm. A 200ul
plasma sample was placed into a centrifuge
tube and 200ul of methanol was added and
shaken vigorously for 30s at room temperature.
After centrifugation at 3000 rpm for 15 min,
the supernatant was separated and analyzed.
Calibration curves were prepared by linear

regression analysis of the plot of the peak area
against  concentration of INH.  The
concentration of INH in plasma samples was
determined from the area of chromatographic
peak using the calibration curve.

Data analysis: Total calculations were done by
software winnonlin noncompartmental analysis
program 6.3.0.39 core version 03 jun2007 Peak
concentration (Cmax) and time of peak
concentration (tmax) Were obtained directly from
the individual plasma-concentration time
profiles. Half life (t;2) was calculated from the
terminal slope of the plasma concentration-time
curves after logarithmic transformation of the
plasma concentration values and application of
linear regression. The basic calculations are
based on the area wunder the plasma
concentration versus times curve (zero
moment) and the first moment curve (AUMC).
The AUC can be calculated as before using the
trapezoidal rule. The first moment is calculated
as concentration times time (Cp x t). The
AUMC is the area under the (Cp x t) versus
time curve. Both the AUC,_; and AUMC,_
were calculated using the trapezoidal method.
The area under the curve (AUC) determines the
bioavailability of the drug for the given same
dose in the formulation.

Bio-distribution studies of Drug loaded INH-
NP’s: For in vivo pharmacokinetic studies,
healthy, naive, male albino wistar rats ( n=6)
weighing 160-180 gm were used. The
protocol was duly approved by the
Institutional ~ Animal  Ethics Committee
(IAEC)

Route of administration: Inhalation: Pre-
trained test animals were administered single
dose of 100 mg of nanospheres by inhalational
route, the required dose of drug loaded
nanospheres were nebulized for 30 sec using an
in house apparatus to obtain inhaled dose of
100mg/animal. Before dosing the rats were
trained for 30 days to accept restraint &
application of an infant inhalation mask
attached to our in-house apparatus.

Sample collection:

Collection of blood and tissue samples:
Blood samples were collected prior to
inhalation, ten minutes after inhalation and
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subsequently 1, 2, 3, 8, 12 and 23 after
inhalation in mildly anaesthetized animals by
tail incision. After blood collection, tissues of
interest namely lungs, liver and kidney were
excised under deep anaesthesia using ketamine-
Xylazine by opening thoracic cavity and
preserved in triple distilled water at -20-20°C.
The collected organs are sliced and
homogenized at 6000 rpm for 20 min. The
tissue fluids are collected and centrifuged at
3000 rpm for 10 min and finally the
supernatant is collected and analyzed by
HPLC.

Collection of broncho-alveolar lavage: Test
animals were sacrificed, theirthoracic cavity is
opened; lungs intact with trachea are excised.
The trachea was cannulated & lungs were
repeatedly lavaged with chilled PBS
(containing 0.5 M EDTA), broncho alveolar
fluids were pooled, centrifuged and
macrophages obtained were counted and kept
at -20°C for further analysis.

Sample preparation for analysis: To 150 ml
aliquots of plasma, 300 ml of de-protenizing
agent (methanol) was added and the dispersion
is vortexed for 2 min. The samples were
centrifuged at 15,000 rpm for 10 min at 3°C
and supernatant is collected. INH was extracted
using 3 ml portions of chloroform-butanol
(70:30 %v/v) and vortexed for 1min followed
by centrifuging at 3000 rpm for 10min.
supernatant was decanted , process was
repeated for 3 times & supernatants was
pooled. The collected supernatants were diluted
and analyzed by HPLC.

Tissue sample preparation

A 20%w/v aqueous tissue homogenates
were prepared in cold 50M KCI. The
homogenates were centrifuged at 15,000rpm
for 10min at 3°C and the clear supernatant thus
obtained was used further. To 150uL aliquot of
the clear tissue homogenates, 300uL of the
methanol was added and the dispersion was
vortexed for 2min. The samples were then
centrifuged at 15,000rpm for 10min at 3°C. The
supernatant was collected and an equal volume
of water was added. The samples were then
filtered (0.20pum nylon filters) and were
injected into the HPLC system.

Bio-analytical HPLC method: The collected
serum samples were analysed by HPLC
(Analytical technologies Ltd) comprising C-18
column & UV detector. The mobile phase
consist of Triethanolamine acetate : acetonitrile
(97: 3 %v/v) at 263nm by iso-cratic elution
method. The mobile phase was delivered at
a flow rate of 09 ml/min and The
injection volume was 20uL and the analysis
was performed at 30°C.A wash program
which increased the % methanol was
included at the end of drug elution to ensure
washout of all interfering excipients. Spectral
purity analysis of the drugs peak over a
range of 200-300 nm was performed. The
accuracy and precision of the developed
method for determination of drug was
comparable to the isocratic methods described
in USP.

Data  Analysis:  The  pharmacokinetic
parameters were calculated based on a non-
compartmental body model. The area under
the concentration—time curve from time zero to
time (AUCO-t) was calculated using the
trapezoidal method. Peak concentration (Cmax)
and time of peak concentration (Tmax) were
obtained directly from the individual plasma
concentration—time profiles. The area under the
total plasma concentration-time curve from
time zero to infinity was calculated using
Equation 9.

AUCO-o = AUCO-t + Ct/Ke 9)

where Ctis the concentration observed at
last time and Ke is the apparent elimination
rate constant obtained from the terminal
slope of the individual plasma
concentration. Time courses of serum drug
concentration following inhalational route were
analysed by winNonLin software program
version 5.1 (pharsight corp NC).

Statistical analysis: All experiments were
repeated at least three times. Results are
expressed as means + standard deviation. A
difference between means was considered
significant if the “p” value was less than or
equal to 0.05.
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RESULTS AND DISCUSSION

Solubility profiling in three different
solvents: The experimental results of INH
solubility in ethanol, water and simulated saliva
fluid (SSF) was found to be 25.29+0.3448,
0.25+0.0305 and 6.24+0.0153 respectively. It is
clear observation that each solvent has diverse
impact on solubility of the drug. INH was
showing progressive solubility in ethanol and
water, but the solubility was comparatively less
in SSF. The formulated INH nanospheres has
to pass through the salivary secretion of oral
mucosa henceforth SSF was considered as
diffusion and release media for further studies.
Because the SSF was reported to showed better
release pattern in mucoadhesive buccal film
bearing progesterone (45) and Gelatin
Nanofiber Scaffolds (46).

Preparation and characterization of INH-
NP’s: As approved by FDA, polylactic-co-
glycolic-acid (PLGA) is biodegradable and
biocompatible in nature that gives promising
results was used as a drug targeting polymer
(47). In order to achieve targeting of drug to
specific cells and to portray its biological
activity, selection of polymers and the method
of preparation are the most important
components. Initially the drug was solubilized
in ethanol and incorporated inside the PLGA in
presence of PVA under the influence of high
pressure homogenizer to obtain particles of
nano-size. The encapsulation of drug inside the
polymeric matrix of PLGA plays a vital role to
showcase the targeted mechanism of action in
pulmonary tuberculosis (48). In the present
investigation an attempt is made to extract the
anti-tubercular benefits of INH bound inside
the hydrophobic capsule shell of PLGA
polymer. In order to corroborate the size,
shape, structure and morphology of the
prepared nanospheres various physicochemical
tests were performed that are portrayed in
respective tables and figures.

Determination of nanospheres size: In order
to achieve the particle size of nanometer range,
concentration of PLGA (polymer) and PVA
(surfactant) along with the homogenization
time (mins) were considered as deciding
factors. As per the Box-Behnken design, a
total of 17 runs were experimented with

combination of different variables to achieve
particles of nanometer range and desired
spherical characteristics. In this aspect a
5%w/w PLGA level was experimented in
presence of varied PVA and homogenization
time, the particle size was found to range
between  56.8+2.22 to  148.1+3.42nm.
Furthermore at the PLGA concentration of 10
and 15%, the particle size was found to
increase in the range of 154.5+2.44 to
226.2+3.02nm and 269.5+3.60 to
369.5+2.62nm respectively. The overall values
obtained clearly specify that the particle size
was found to increase with the increase in
PLGA concentration. The results of the study
was supported by the previous studies i.e
PLGA produced smaller particle size with
uniform  distribution  of  benzydamine
mucoahhesive buccal zel conducted by Gina
SE., 2019 (49).Bhosale UV et al., 2011
reported PLGA is a better polymer for
mucoadhesive formulation of acyclovir-loaded
mucoadhesive  PLGA  nanoparticles by
sustained drug release (50).Further the higher
levels of surfactant concentration (3%) and
homogenization time (15mins) was also found
to lower the particle size.Pandey J et al., 2016
formulated successfully levocetirizine loaded
Mucoadhesive  Microspheres  for  Nasal
Delivery with PLGA as a polymer with
potentiality in maintaining the particle size
(51). Of all the formulations prepared, F4
formulation stabilized using 5% PLGA and 3%
PVA under homogenization for 10mins was
found to give nanospheres of smaller particle
range. When measured, the nanospheres of F4
was giving a mean diameter, Pl and zeta
potential of 56.8+2.22nm, 0.931+0.02 and -
1.6£1.22mV respectively indicating unique
physicochemical characters compared to other
INH-NP formulations. The encapsulation
efficiency and the drug content of all the INH-
NP formulation obtained after subjecting to
different centrifugal procedures were found fall
in the range of 42.68+2.52 to 94.42+2.20% and
42.54+2.62 to 96.80+2.60% respectively. As
explained earlier the Lead formulation (F4)
having less particle size was found give
optimal entrapment efficiency of 94.42+2.20%
and drug content of 96.80+2.60%.
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Table 1 Factors and its levels used as per Box Behnken Design

Variables Factors Levels used, Actual (Coded)
XY Low(-1) Medium (0) High (+1)
Independent variables
Polymer - PLGA (%w/w) X1 5 10 15
Surfactant (%w/w) X 1 2 3
Homogenization time (min) X3 5 10 15
Dependent variables Constraints
Particle size (nm) Y1 Minimize
Zetapotential (%) Y2 Maximize

Table 2 Optimized trial Run formulations for INH-PLGA nanospheres
Polymer PLGA  Surfactant PVA Homogenization time

Run (Yowlw) (Yowlw) (min)
1 5 1 10
2 5 2 15
3 5 2 15
4 5 3 10
5 10 1 15
6 10 1 5
7 10 2 10
8 10 2 10
9 10 2 10
10 10 2 10
11 10 2 10
12 10 3 5
13 10 3 15
14 15 1 10
15 15 2 15
16 15 2 5
17 15 3 10

35
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Fig.2 Particle size (a) and zeta potential (b) of F4 formulation observed under Zetasizer
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Fig.3. Scanning electron microscopic view of lead formulation (F4)
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Table.3 Stability study data collected at different time points

Stability S_ampllng Particle size Zeta_ Poly dispersity Entrapment  Drug content
condition interval (nm) Potential Index (PI)  efficiency (%) %
(days) (mV)
0 56.8+2.22 -31.6+1.22 0.931+0.02  94.42+2.20 96.80+2.600
25°+2°C/ 15 56.8+2.12 -31.6£1.20 0.930+0.02  94.20+2.02  96.13+0.045
60+5% RH 45 56.8+2.22 -31.6£1.20 0.930+0.02  94.12+2.12  96.04+0.084
90 56.8+2.12 -31.6+1.22 0.930+0.02  94.12+2.14  96.03+0.025
0 56.8+2.22 -31.6+1.22 0.931+0.02  94.42+2.12  96.80+2.60
400£2°C/ 15 56.8+2.12 -31.6£1.20 0.930+0.02  94.14+2.12  96.21+0.064
45+5% RH 45 56.8+2.22 -31.6£1.20 0.930+0.02  94.10+2.14  96.20+0.089
90 56.8+2.22 -31.6+1.22 0.924+0.02  94.10+2.22  96.04+0.092
The data represents mean+SD (n=3)
Iln vitro drug diffusion studies forI
optimized Isoniazid Nanoparticle
@ 1001
% 80 -/
(=2} ./-
£ 604 =
2 —— Experimental value
f’zj 407 = ——  Predicted value
c_;s 204 f/
£ s
(@] (o] T T T T 1
o 5 10 15 20 25
Time (hr)
Figure 4: In vitro drug diffusion studies for optimized formulation F4
Table.4 Cytotoxic activity of INH-NP’s
S No Concentration in Cell lines and 1Cso (uM)
' (uM) INH INH-NP’s
01 0.1 8.2+0.08 10.2+0.51
02 0.2 8.9+0.07 9.8+0.37
03 0.4 9.1+0.26 9.4+0.31
04 0.6 8.8+0.58 10.7+0.15
05 0.8 8.8+0.17 10.2+0.74
06 1 9.2+0.43 9.9+0.83
Results are expressed as 1Cso values in pM (n=3)
15
o
B - _
=10 o—= —s s
& 5
)
£ 0
= 0 0.2 0.4 0.6 0.8 1
O .
Concentration (uUM)
—@— Cell lines and IC50 (uM) Isoniazid
Cell lines and IC50 (uM) Isoniazid Nanosphere
Fig. 5Cytotoxic activity of INH-NP’s
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Bio-distribution pharmacokinetics studies
Table 5 Bio distribution studies ofINH-NP’s (F4) — IV Administration

Drug/route/origin ~ Tmax(hr)  Cmax(ug/ml) AUC ¢ Va(ml) Clearance
(ng/ml/hr) (ml/hr)

Lungs 2 19.16 + 3.40 924 +44.42 256.84 + 8.22 3.44 +£0.40

Liver 3 26.24 +4.24 848 + 42.38 202.2 +12.42 2.02 £0.22

Kidney 5 19.50 +2.22 540 +22.54 188.6 +10.4 2.44 +0.24

The data represents meanz SD (n=3)

Table 6 Bio distribution studies ofINH-NP’s (F4) — Inhalation Administration

Drug/route/origin - Tmax(hr)  Cmax(ug/ml) AUC o Va(ml) Clearance
(ug/ml/hr) (ml/hr)

Inhalation Lungs 22 38.42+4.0 1824 +119.6 156.30 £+ 4.64 1.0+£0.22

Liver 16 12.24 £0.90 326 £10.80 454.32 £12.54 2.04 £0.40

Kidney 12 5.80+£0.12 208 £12.38 404.60 £ 8.50 2,24 £0.24

The data represents mean+SD (n=3)

log plasma conc.-time Isoniazid PLGA Nanoparticle -
IV Administration
2519

Drug Conc (pg/ml)
& 3

"
o
1

a
1
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Fig6. XY plot for INH-NP’s —IVV administration

log plasma conc.-time Isoniazid PLGA Nanoparticle

-Inhalation
501

404

304

Drug Conc (ug/mi)

o 5 10 15 20
Time (hr)

Fig 7. XY plot for INH-NP’s —Inhalation administration
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PLGA NP - IV and Inhalation administration
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Route of Administration
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Fig. 8 Comparison of Cmax concentration between INH-NP’s
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1V and Inhalation administration
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Fig. 9 Comparison of Tmax between INH-NP’s IV and Inhalation administration in different
organs
a2 =)
Comparison of Clearance ratio between Isoniazid PLGA NP I

in IV and Inhalation administration in different organs
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Fig. 10 Comparison of Clearance ratio between INH-NP’s in IV and Inhalation administration
in different organs

Comparison of AUC parameter between Isoniazid PLGA NP \
in 1V and Inhalation administration in different organs
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N

s s o s
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Fig. 11 Comparison of AUC parameter between INH-NP’s in IV and Inhalation administration
in different organs

Table 7 Growth of M.tuberculosis in culture medium and their control in different condition

Log10CFU+SD % growth of microorganism

Compound Conc. pg/m| (per ml) compared with controls
Only culture - 11.92+0.24 100
Pure INH 25 mg/kg 8.44£0.24 46.24
INH-NP’s Equivalent to 25 mg/kg 4.64 +0.24 44.14

The data represents mean+SD (n=3)
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Table 8- M.tuberculosis numbers in lungs and spleen of albino mice - drug and formulation
treatment for 18 days

Log:0CFU+SD
Treatment batch Lungs Spleen
Control groups 5.02+£0.23 2.16 £0.12
Negative control 6.24+ 0.32 2.10£0.12
Positive control with INH 25 mg/kg 6.44 £0.22 2.10+£0.12
Test group with INH-NP’s 6.28 + 0.10 212 +0.10

Equivalent to 25 mg/kg
The data represents mean+SD (n=3)

Table 9- M.tuberculosis numbers in lungs and spleen of albino mice - drug and formulation
treatment for 6 weeks

Treatment batch L0g10CFU+SD
Lungs Spleen
Control groups 9.82 +0.42 4,22 +0.14
Negative control 12.2+0.54 5.64 £0.23
Positive control with INH 25 mg/kg 10.24 £0.30 3.55+£0.24
Test group with INH-NP’s 10.68 + 0.22 314 +0.24

Equivalent to 25mg/kg

The data represents mean+SD (n=3)

~

BAGCTERIAL NUMBERS IN LUNGS AFTER 18 DAYS
OF DRUG AND NANOPARTICLE TREATMENT

-* Test

-# Negative
control

-+~ Positive
control with
Isoniazid

LOG10CFU IN LUNGS
o Lol N w B (4] (2] ~
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-

Fig. 12 Determination of bacterial numbers in lungs after 18 days of treatment

\

BACTERIAL NUMBERS IN LUNGS AFTER 6 WEEKS
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Fig. 13 Determination of bacterial numbers in lungs after 6 weeks of treatment
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Determination of morphology by SEM: The
samples of F4 freeze dried powder were
visualized under SEM photomicrography at
5000X magnification for its structural and
morphological characters. The samples were
showing characteristic spherical shape and
multilamellar smooth arrangement on the
particle surface. Moreover, the mean particle
diameter was comparable to the data obtained
from Zetasizer thus confirming the particle size
Figure-3. The spherical shape of the particles
might PLGA as reported by Suvimol S., 2015
to enhance  mucoadhesion and  cell
internalizationof carbopol (52)and Dawei D.,
2018 for Mucoadhesive PLGA Microparticles
for Ocular Drug Delivery (53), Min-HP., 2014
for BSA-loaded eudragit nano particles (54).

FTIR studies: The presence of any possible
chemical interaction between INH and PLGA
was elucidated by the absorption peaks
obtained from FTIR studies. A distinct peaks of
INH was observed at 3111.88cm™ (N-H
Stretch), 1664.08cm1l (C=0O Stretching),
1556.83cm™ (C=N Stretching), 1414.85 cm
(C=C Stretching), 444.20 cm™ (Aromatic
Deformation). Similarly the IR spectra of INH-
PLGA mixture portrayed C=0O stretch at
1436.22.Bullo S et al, 2016 reported the
presence of carbonyl C=0; amino group NH;;
and N-N single bond, C=C double bonds, and a
C—H bond of the aromatic ring (55). The INH
encapsulated in the PLGA matrix system was
found to display characteristic peaks of the
drug. The overall infrared spectral results rules
out potential interaction between drug (INH)
and encapsulating agent (PLGA) and also
insists that there is no interference of PLGA for
the drug release from the INH-NP’s. PLGA
with first line anti-tubercular drugs also not
showed interference in functional groups
presence in first line anti-tubercular drugs as
reported by Ruchi C., 2014 (56).

DSC studies: The endothermic peaks of PLGA
and INH were found to elute at 62°C (Fig 3a)
and 244.2°C (Fig 3b) with their corresponding
enthalpies of 149.5J/g and 125.3J/g
respectively. In the similar manner the melting
temperatures of physical mixtures
(PLGA+INH) at 241.4°C (Fig 3c) resulting in
enthalpy of 145.2J/g. The endothermic events
of INH-NP formulation clearly indicated that

the PLGA not affecting significantly and the
thermal stability of INH.

Mucoadhesion study

Cytotoxicity Study: In the present study, the
cytotoxicity of INH-NP’s was tested against
A549 (Human lung adenocarcinoma epithelial
cells) tumor cells by MTT cytotoxicity method.
The INH-NP’s was found to be non cytotoxic
against A549 cell lines and the ICs value range
from 9.6 to 10. The results were present in
Table 4 and Figure 4. The mean biodistribution
pharmacokinetic parameters of F4 INH-NP
formulation administered through IV and
Inhalation are summarized in the table 5 and 6,
Figure 6 and 7. The Cax, Tmax and Clearance of
F4 formulation through Inhalation and IV
was38.42 + 4.0 pg/mL, 22 hr, 1.2 and 19.16 £
34 pg/mL, 2 hr, 3.24 respectively. By
comparing the Cmax results between IV and
Inhalation administration of INH-NP’s it shows
that greater concentration of drug gets
accumulated when administered by inhalational
route.  From the Tmax comparison data
between IV and Inhalation administration it
shows the sustainability time of INH-NP’s in
lungs-confirming the sustained action of F4
formulation in lungs. By comparing the AUC,.,
form above tables, it can be concluded that
maximum concentration of drug was present in
lungs through inhalation than any other organ
and the organ clearance ratio of drug from
lungs through inhalation was less than the 1V
administration confirming the sustained
release of INH from PLGA Nanospheres in the
lungs. Pharmacokinetic distribution data it
shows that INH-NP’s  shows  more
accumulation of drug in lungs through
inhalation administration than 1V, which
indicates PLGA Nanospheres is being
effectively targeted and subsequent sustained
release of drug in the lungs. These results
confirmed that inhalable PLGA Nanospheres
are suitable for targeting with negligible
toxicity, maintaining maximum concentration
of lung when inhaled, providing sustained
release of INH in lungs and improving quality
of chemotherapy of pulmonary TB.

In vivo and in vitro Mycobacterium
screening studies: When INH-NP’s was tested
against a broad panel of multidrug resistant
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clinical isolates like M. tuberculosis, it was
found to be highly active against all isolates
(MIC < 1 g/ml). The activity of INH-NP’s
against M. tuberculosis was also assessed when
cultured under conditions of oxygen depletion.
INH-NP’s demonstrated significant activity
when compared to pure drug. In a short-course
mouse infection model, the efficacy of INH-
NP’s at 25 mg/kg of body weight after nine
oral treatments was compared with those of
INH pure drug. INH-NP’s, dose equivalent to
25 mg/kg was more active than pure drug INH
at 25 mg/kg. Long-term treatment with INH-
NP’s at 25 mg/kg reduced the bacterial load
most effectively in the lungs and spleen. No
significant differences in activity between INH-
NP’s and the other single drug treatments
tested could be observed. The results show that
all drug treatments reduced the numbers of
CFU in the lungs and spleens significantly at
every time point compared with the numbers in
the untreated controls (P> 0.001) are depicted
in Table 7. After 18 days of treatment, INH-
NP’s reduced the bacterial loads in the lungs by
0.46 log10 CFU (6.54 versus 6.08 log1l0 CFU
for the untreated controls). The activity of |
INH-NP’s in the lungs and spleen was
statistically not that much different from those
of isoniazid pure drug (P < 0.05) after 18 days
of treatment. The results are shown in Table 8
and fig. 12. After 6 weeks of treatment, INH-
NP’s reduced the bacterial loads in the lungs by
3.54 logl0 CFU (10.68 versus 14.62 logl0
CFU for the untreated controls). The activity of
INH-NP’s in the lungs and spleen was
statistically significant from those of INH pure
drug (P > 0.05) after 6 weeks of treatment. The
results are depicted in Table 9 and fig. 13.
Further, It was shown that on long term
therapy INH-NP’s resulted in better control of
growth of microorganism i.e. colony forming
unit (CFU) when compared to short term
therapy i.e. for 18 days after inhibition. After 6
weeks of treatment, the bacterial counts in the
lungs were reduced to very low numbers in all
treatment groups (range, 14.62 to 10.08 log10
CFU of INH-NP’s Vs untreated controls), so
also in the spleen.  There is no complete
eradication of the bacterial count in any of the
mice after 12 weeks of treatment with single
compound as well as the formulation. No
statistically significant differences in activity

between INH-NP’s and the pure drug
treatments could be observed for the spleens or
the lungs (P > 0.05). In summary, results of
evaluation in vivo models, as well, against
multidrug-resistant M. tuberculosis and against
M. tuberculosis isolates in a potentially latent
state, makes INH-NP’s an attractive drug
dosage form for the therapy of tuberculosis.
These data indicate that there is significant
potential for effective delivery of INH-NP’s for
the treatment of tuberculosis. From the results
of in vivo screening of M.tuberculosis, its
effectiveness across in vivo models, as well as
its activity against multidrug-resistant M.
tuberculosis and against M. tuberculosis
isolates in a potentially latent state, makes
INH-NP’s an attractive drug dosage form for
the therapy of pulmonary tuberculosis. These
data indicate that there is significant potential
anospheres for the treatment of tuberculosis.

CONCLUSION

INH is considered to be the promising
and routinely administered antimicrobial agent
in treating TB. However, cytotoxic effects and
enzymatic degradation by liver are commonly
associated limitations with commercially
available INH preparations on long term usage.
In recent years nanospheres are considered as
novel tool for targeted drug delivery systems
that is capable of avoiding these toxicological
and hepatic first pass effects. A review suggests
that drugs having amine (NH;) group can
interact with the polymer dependent group
strongly that helps to fasten the rate of
polymeric degradation that inturn aids for drug
diffusion in the affected site (PLGA
Nanoparticles in Drug Delivery: The State of
the Art). High pressure homogenization is one
of the most efficient encapsulation technique
that generates particles of nanomeric range
with proven reproducibility. Furthermore, In
order to address the stability of prepared
nanospheres and to preserve its
physicochemical properties, freeze drying in
presence of 5% mannitol (cryoprotectant) was
found beneficial. Thus formed nanospheres
were thought of capable in binding to the
tubercular affected cells and show its
pharmacological action. The physicochemical
characterization such as SEM, DSC and
stability studies confirmed the intactness of the
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drug inside the PLGA core. The in vitro studies
and mucoadhesion studies were found to give
constructive results for further experimentation
in vivo using male Wistar rats. The formulated
mucoadhesive INH-NP’s were capable of
binding to the tubercular affected pulmonary
site after inhalation in dry form and show better
therapeutic efficacy with minimum side effects
and its Antitubercular activity of optimized
formulation confirmed by its anticancer activity
against the human lung adenocarcinoma
epithelial cell lines and antimicrobial activity
was by inhibiting the growth of Mycobacterium
in lung and spleen of mice even after 6 months
as it indicating that the lesser drug resistance of
Mucoadhesive nanospheres.
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