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ABSTRACT

Objective(s): Tuberculosis (TB) is one of the most common infectious diseases in the world and requires
novel medications or existing ones should be improved. Nanotechnology is a modern science that helps to
avoid adverse reactions and resistance to drugs. The current regimen for standard ther. »y calls for routine
administration of medications over six months. Since the noncompliance of patients an ' the emergence
of drug-resistant strains, therapies become more challenging. The objective of the <. ren: study was to
develop Isoniazid-Rifampicin-loaded (INH-RIF-NPs) nanoparticles to improve rel: ase properties and drug
encapsulation efficiency.

Materials and Methods: Box-Behnken Design (BBD) was used for optim?zi. o the nanoparticles. Eudragit
was used in the preparations in varying concentrations (1-2% w=?\. ." e compatibility of the drug and
excipients was shown. The existence of the nanoparticles was ~onfi med v the analytical results of the
transmission electron microscopy (TEM) and Fourier transform i1. ared spectroscopy (FTIR).

Results: The optimized nanoparticles showed no drug-po’ “mer intera “ion. The mean size of the INH-RIF-
NPs was around 112+8.73 nm, and they were sphere-like, sr oth, fairly uniform in size, and well-dispersed,
and entrapment efficiencies were high at 98.7+0.68%. Dru r rele. > was slow and sustained with 66.91% INH
cumulative release and 80.06 of RFP after 24 hr.

Conclusion: Significant drug uptake with higher. e1 capsu'ation efficiency, uniform size, good dispersion,
and prolonged release characteristics are all pi sent - [NH-RIF-NPs. This suggests the existence of a
delivery system capable of effectively encapsiila.ing « . delivery of combined drug formulation in polymeric

nanoparticles.
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INTRODUCTION

Tuberculosis (Tb, ‘“Myceoacterium tuberculosis)
is a type of infection triggered by mycobacterium
pathogenic  bacteria. Such  microorganisms
normally target a human being’s respiratory
system and lungs. Multidrug resistant tuberculosis
(MDR-TB) categorized by the resistance for
rifampicin (RIF) and isoniazid (INH), is a major
concern and challenge faced by humans. Drug
resistance is linked to a variety of reasons, such as
poor adherence to anti-TB medication. Significant
drawbacks are correlated with MDR-TB such as
medication delays, increased time in transmission,
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and augmented death rate. India is high on all
accountsasperranking, outof22 countrieswith the
most severe disease burden [1]. The prevalence of
MDR-TB is an important epidemiological predictor
for the assessment of bacterial transmission, as
patients who believe that they are immune to the
pathogenic bacteria and are intolerable, might
contaminate other people [2]. MDR-TB requires
complex multidrug-resistant chemotherapy with
at least 6 months to 2 years. It’s also extremely
harmful to the well-being of the patient due to the
high levels of antagonistic effects and drug toxicity
[3]. extensively drug-resistant (XDR)-TB and MDR-
TB have given rise to a crucial hunt for newer anti-
TB drugs. In the 2 months of initial treatment, a
major proportion of microorganisms are cleared
whereas the remaining are cleared with additional
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treatment for about 4-6 months [4].

RIF is a bactericidal lipophilic medication
that is often recommended for the conduct
of active mycobacterial infection. This works
through blocking microbial DNA-dependent
RNA polymerase, due to the blockage of RNA
synthesis chain formation> Nevertheless, it is
associated with disadvantages, such as less
and ineffective bioavailability, low half-life, and
elevated hepatotoxicity, due to the therapeutic
concentrations of plasma drug rates and enhanced
chance of developing MDR-TB [5, 6]. Isoniazid is
mainly suggested by the WHO (World Health
Organization) and associated with a group of
nucleoside transcriptase inhibitors and has been
the significant drug among all the major anti-
tuberculosis drugs (ATDs) for the treatment
of tuberculosis. Isoniazid has the highest fluid
dissolvability of all drugs of ATD (230 mg / mL
at 25°C) [7]. Although INH and RIF are clinically
very effective TB medications, there are several
challenges in providing patients with an optimal
therapeutic dose. RIF’s lesser solubility and poor
bioavailability prevent therapeutic levels at the
intended site from being achieved. Although the
antibacterial effect of RIF is directly dependent
on the concentration, long-term, prolonged
treatment causes liver toxicity [8-11]. The | 'd
brings on peripheral neuropathy, and seizres
are introduced by an overdose [12]. As ling as
the appropriate medication delivery appreach
is used when treating TB, the exis..ng ATFs are
beneficial. Older medications cc:la hYe modified,
and newer delivery systems cu.'d be created to
improve stability and decrease oxi. ity.

The foundation ot nano bartic.es is the delivery
of drugs based ¢n polymeric nanoparticles. As
these easily pene. ate natural membranes and
target M.tb cell memorane reservoirs, they are
effective against tuberculosis. Experimental
evidence indicates that using natural or synthetic
carriers, primarily polymers, intermittent
chemotherapy with important first and second-
line anti-TB medications is feasible. Eudragit RL-
100 polymer, consisting of quaternary ammonium
molecules amid 8.8% and 12% is a copolymer based
on poly (ethyl acrylate, chloro trimethyl-aminoethyl
methacrylate, and methyl-methacrylate) and also
known as Eudragit RL-100. It is immiscible and
proficient at functional pH values with no swelling,
and is also a suitable material for dispersal of
drugs [13].

An important characteristic of contemplating
the nanoparticles concept to MDR-TB is the
microbes that are primarily intracellular residents
of macrophages. They act most effectively
to extract certain forms of particles from the
circulation of blood by phagocytosis, provided the
sizeisaround 0.2 pmindiameter [14]. Itimplies that
when the nanomaterials or micro-particles (MPs)
(> 1000 nm) enveloping antibodies were allowed
to enter the vascular system of M. tb-infected
organisms; the substances could be effectively
absorbed into the M.tb in-infected macrophages
[15]. Thus, the retention of antimicrobial drugs
in biodegradable polymer matrix nano-systems
intends to strengthen the regulated penetration,
slow-release, and long-tern cetention of drugs in
cells that would not onlv_ incr.ase the minimum
inhibitory concentration buu also affects the dose
rate. It would alse-2nhncz patient compliance
and decrease_ ‘he linical adverse effects
associated. v*h u.C° conventional treatment
availa! e fo TB. *mong the effective approaches
is the de “very of ATDs using nanoparticles (NPs)
(-5]. The s engths of NP delivery systems for
bacucrial infections have already been covered
il many studies [17-19]. Although some delivery
systems for drugs have now been approved for
e in the clinical therapy of different infections,
others are still undergoing various stages of pre-
clinical and clinical testing [20, 21]. To accomplish
a sustained and slow release that has the potential
to address medical problems like TB, the polymer-
based nanoparticles offer special advantages
[22]. Our research aims to improve the existing
TB treatment plan, which is not only complicated
but also necessitates a lengthy course of therapy
involving numerous medications.

The 2 most efficient first-line medications,
INH and RIF that are used during both stages
of six months of TB treatment were primed as
nanoparticles for this research. In comparison
to pure substances, substances loaded into
nanoparticles aid in M.tb growth inhibition at a
significantly less concentration. In addition, they
are more stable, according to this study’s findings.
The findings open up the possibility of conducting
additional research to enhance TB treatment.

Methodology
Materials

INH was obtained from Amsal Chem Pvt Ltd,
India, and RIF from Cadila Pharmaceuticals Ltd,
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Fig. 1. Nanoparticle preparation using nanoprecipitation technique

India. Eudragit RL-100 was obtained by Evonik
India Pvt.,, and polyvinyl alcohol (PVA) was
procured from Central Drug House (CDH) India.

Fabrication of isoniazid-
nanoparticles

Nano-precipitation technique was used to
develop the polymeric nanoparticles [23-24] (Fig
1). Briefly, at room temprature, 20 ml of a water-
soluble PVA solution (0.5-1.5% w/v) and 0.1%
isoniazid were combined with an organic phase
of Eudragit RL-100 (1-2% w/v) in methanol (10 ml)
with rifampicin while being continuously stirred.
The result of the evaporation of the solvert
was the dispersion of the nanoparticle. Af-er
centrifuging the dispersion for 15,000rpm c* 4°C
for 1 hr (HettichMikro 220 R centrifuge, UK), 2
particles were separated. Afterwards sar.ples
were centrifuged, water was use.to wash the
nanoparticle pellet three times

rifampicin loaded

Optimization by experim=nta. design

In this analysis, BBL was *mployed to improve
the INH-RIF / nanopai.='¢s. For discovering
responses cre: ‘ed with Design Expert software, a
3-level layout we. '<2d (ver.9). To study the effect
of independent variables, i.e. the concentration
of Eudragit RL-100 (X,), the concentration of PVA
(X2) and stirring speed (X,) on particle size (Y)),
PDI (Y2), % encapsulation efficiency (Y,) of the
prepared NPs (Table 1).

Based on published research, the variations
of the independent variables were chosen to be
1-2% w/v and 0.5-1.5% w/v, respectively [25, 26].
In this study, each formulation integration was
created in triplicate. 17 batches of INH-RIF (5 of
which were center point batches) were developed
by the experimental setup as shown in (Table 2).
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Table 1. Box Behnken factorial design

Factors Constraints

Independent variables -1 0 +1
X1 = Eudragit conc. (% w/v) 1 1.5 2
X2=PVA conc. (% w, 1 0.5 1.5
X3 = Stirring Speed \ »m) 500 850 1200

. enu “tvariables Constraints

Y1 = Particle size Minimum
Y. PDI Minimum
Y3= Entrapment efficiency Maximum

Zlwaracterization of INH-RIF loaded NPs
Particle size and PDI

The Particle size and PDIwere calculated using the
Malvern-Zetasizer Ver. 7.01. All the measurements
were done in triplicate at room temperature. Particle
size and PDI has been determined at 25 °C by filling 1
ml of preparations into the polystyrene cuvettes [27].

Surface morphology study

Transmission electron microscope (TEM) was
used to analyze the morphology of the optimized
nanoparticles. It was performed using a TECNAI
200 Kv TEM apparatus (AlIMS, New Delhi) and a
negative-staining technique. Deionized water was
used to dilute the nanoparticle preparations ten
times before putting a drop of solution on a copper
grid. Following that, the sample was smeared with
1% aqueous phase of phosphotungstic acid and
enabled to adsorb. After drying, the sample was
centered upon a surface of the grid of photographic
film, and the images were taken.

Entrapment efficiency (%EE)
Entrapment efficiency was determined by
analyzing the clear supernatant obtained by
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Table 2. Experimental runs and responses by BBD design

Formulation code Factor: Factor: Factor: Response Y1: Response Ya: Response Ya: Response Yi: %EE
X1 Eudragit conc. (%w/v) Xz PVA conc. (%w/v)  XsStirring speed (rpm)  Particle size (nm) % PDI %EE (INH) (RIF)
M1 1.5 0.5 500 230+4.16 0.1+0.05 98+1.05 97.543.6
M2 1 0.5 850 149+3.60 0.2+0.04 97.642.19 96.6+2.02
M3 15 1 850 11248.73 0.01£0.05 98.7+0.68 97.60.13
M4 1.5 15 500 122.6+4.00 0.1+0.01 98.341.28 98.742.10
M5 1 1 1200 18546.65 0.1+0.01 95.8+1.30 96.7+1.56
M6 1.5 1 850 183+3.60 0.2+0.05 97.540.78 97.5+0.89
M7 1 1.5 850 462+12.0 0.11+0.01 100+2.74 97.8+1.87
M8 2 1 500 15147.93 0.12+0.01 98.8+1.05 98.8+2.19
M9 15 1.5 1200 174+11.3 0.1+0.05 97.940.92 97.9+1.77
M10 15 1 850 271+8.14 2.2340.05 97.541.59 97.5+1.03
M11 15 1 850 336+3.78 2.1£0.05 98.7+1.74 97.742.00
M12 15 1 850 254+18.2 0.1+0.1 100+1.56 97.740.88
M13 1 1 500 23146.65 0.22+0.05 96.6+2.00 97.3+1.45
M14 2 0.5 850 27846.42 0.23+0.06 97.7£1.99 97.6%+1.76
M15 2 1 1200 225+4.50 0.1+0.05 98.3. 1738 97.941.23
M16 1.5 0.5 1200 18445.56 0.22+0.01 99.542.4. 96.5+1.83
M17 2 1.5 850 16346.11 0.4+0.10 1ou. 36 98.6+2.00

centrifuging the respective formulation. The
centrifugation was performed at 4 °C. (Hettich Mikro
220R Centrifuge, UK). Using the UV technique, the
quantity of unentrapped drugs was predicted after
the supernatant was removed. The subsequent
equation has been utilized to determine the %EE.

The release rate of simpic 'rugsand commercial
formulations (Akurit. ‘ablet Lupin Ltd.) were
contrasted to-*-e/ . :leasc profiles of optimized
NPs. The cc ame cial  szparation included 75 mg
of INH and 1-~™ mg of RIF. The concentration of

% Entrapment Efficiency= Amount of drug taken — amo t o. dmg in supernatant % 100

Amount ol . ag

FTIR

The interaction between INH, RIF, and drug-
loaded preparation was investigated usinz
FTIR using a BRUKER instrument [27]. Usiiy a
potassium bromide pellet technique varizhlc the
FTIR spectra of INH-RIF-NPs were screeric 1.

Differential scanning calorimeter.{Z°C,

DSC (Perkin-Elmer, US,.) was ured for the
procedure. A pan mace of alun...am held the
sample. Heating was dc e at a rate of 10 degrees
per minute.

In vitro release

A diffusion cell apparatus was used to test
in vitro release from a commercial preparation
and INH-RIF nanoparticles (Orchid Scientific,
Nashik, India). The study was performed using
a dialysis membrane-150 (Himedia, Mumbai).
Upon the dialysis membrane, two milliliters
of composition were applied. A compartment
was filled with pH 7.4 phosphate buffer for the
receptor. A sample of one milliliter was taken at
regular intervals. The UV spectrophotometer
was employed to determine the amount of drug
present at 261 nm for INH and 333 nm for RIF.

th> dr g at each time point was calculated using

UV spectrophotometer, and the amount and
percentage of drugs released were calculated. In
vitro, drug release curves were created with time
(hours) as the x-axis and the percentage of drugs
released (%) as the y-axis [28].

Stability studies

As per ICH-Q1A recommendations, a stability
study of the optimized batch was conducted at
high temperatures (40°C/75% RH) and refrigerator
temperature (4°C/75% RH). The formulations were
packed into 100 g glass ointment jars and sealed
tightly. In the initial, third, and sixth months, the
formulation’s particle size, PDI, and % entrapment
efficiency were assessed [45].

RESULT AND DISCUSSION
Preparation of nanoparticles

The process results in the production of
nanoparticles with a PDI that ranges from 0.01
to 2.2 and size assessing between 112-462 nm.
PVA serves as a stabilizer that prevents polymer
agglomeration and helps the drugs co-dissolve
inside the organic layer, increasing the amount of
drug encapsulation within the nanoparticle. The

Nanomed J. 10(3): 1-14, Summer 2024
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independent variables in this study, along with the
concentration of Eudragit (le PVA concentration
(X,), with varying stirring speed (X,), significantly
affected the observed particle size (Y,), PDI (Y,)
and %EE responses presented in Table 2 and
formulations are shown in Fig. 4.

Effect of formulation variables on response Y,
(Particle size)

The model has an F-value of 112.79, suggests it is
significant. The model is quadratic. About 0.01% of
the time may noise account for a significant F-value.
Model terms are significant if Prob > F is less than
0.050, according to the formula. Under this instance,
significant model variables include X1, X, X, XX,
X X, X,X,, X 2, X,>and X 2. If the numbers are greater
than 0.1000, the parameters are non-significant.
Model reduction is essential for improving the
design if it contains a lot of unimportant model
terms. Mean particle size was obtained for all 17
formulations, (Fig. 2) representing the size of the
optimized composition. In this instance, it’s not
necessary because the majority of these are lesser
than 0.100, implying that components X, and X,
have the largest impact on the size of particles and
factor X, has the least influence.

The value 23.92 suggests that lack of fit is net
substantial in comparison to standard error ar. '
there is a 0.51% possibility that such a high score
is attributable to noise. The model mu=* i ave 3
negligible lack of fit to be considered azceptable.
An equitable agreement exists/ betw. .1 the
Predicted R? value of 0.8956 anu the Adjusted R?
value of 0.9843.

Fesults
Z-Aveage (d.nm): 1226 Peak 1:
Pdl: 0.662 Peak 2:
Intercept: 0.834 Peak 3:

Result quality : Good

The model is utilized to navigate the system
design because it looks to have an appropriate
signal-to-noise ratio of 30.596 (any number more
than 4 is appropriate). With this paradigm, a
polynomial equation is generated:
=131.60- 10.75X - 22.13X,+ 33.62X,- 12.75X X,+
84.25X X.- 29.50X,X,+31.95 X *+43.20 X *+ 108.70
X 2

’ The key impacts on Y, are represented by X,,
X,, and X, throughout the regression equation.
Interactive variables that represent the non-linear
relationship between answers include X X, X X

X.X,, X%, X.?, and X.*. The eauation’s posilti\zle sligsn
suggests additive effects, wwhereas the equation’s
negative sign denotes adve). = impacts on particle
size.

Based on the equction, *he concentration of
Eudragit (X1) and /A" ancentration (X2) has a
negative impact »n p.rticle size, although the
stirring speed‘X3) 1. ~positive effects (Fig. 2). This
is clea” fro 1 th - formula as well as the graphic
which t. »-size of the particles decreased in step
yviith the r. = in Eudragit and PVA concentration
fre. a2 1to +1. The incidence of molecular collisions
in en sification rises as the polymer content
in *b< mixture rises. A collective rise in the size
o' particles is generated as a consequence of
«ne fusion of semi-formed particles. It has been
demonstrated that decreased particle size occurs
from continuous diffusion of the organic layer into
the exterior aqueous solution. Increased polymer
concentrations make the organic layer more
viscous, which slows down the diffusion rate
inside the aqueous solution. At the contact, huge

Size (d.nm): % Intensity: St Dev {d.n...
1226 B84.9 41.78

2834 286 1181

14.83 5.8 4093

Size Distribution by Infensity

=

Intensity {Percent)
@

01 1 10

Size (d.nm)

L 1A
/1\1V \‘

Fig. 2. Mean Particle size of the nanoparticle formulation
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nanoparticles start to form because of the lowered
rate of diffusion [29, 30]. To regulate the dispersion
by creating a barrier film layer around the droplets
and for the aqueous and organic phases to disperse
uniformly [31], surfactants are employed during
the creation of NPs. PVA was used in the current
study as a stabilizer in the aqueous phase, and
its amount affected particle size. The size of the
particles were decreased when the amount of PVA
was raised from -1 to O levels, and it grew when
it was increased by +1 level. Lower levels of PVA
could not cover all around the particles, leading to
aggregation and larger particle sizes. [32].

Effect of formulation variables on response Y, (PDI)

The F-value of the model is 28.83, indicating
that the outcome is significant. The high amount
of F-value could occur due to noise only 0.01%
of the time. Zeta potential was obtained for all
17 formulations, (Fig. 3) representing the surface
charge of the particles.

P-values for significant term models are
below 0.0500. Model terms with values
greater than 0.1000 are considered tc be
insignificant. If a model contains a large p:mb.r
of insignificant terms, model reductioa could
improve the accuracy and reliability.

The Predicted R? of 0.6204 is ~c' qui‘e near
the Adjusted R? of 0.9400 as one/.. ight anticipate;
in fact, the distinction exce'Is 0.. This might
be caused by a significazi blc '« impact or an
issue with the mordci. Ccnfirmation runs must be
performed on al' empirica, .=odels. The signal-to-
noise ratio is me sured by Adequate Precision. A
ratio larger than 4. ~refzrred. Your signal-to-noise

ratio of 20.887 shows the efficiency. The model is
beneficial for navigating the system design.

With this paradigm, a polynomial equation is
generated:

+0.1114+0.0575 X + 0.0200 X,+0.0025 X+ 0.1325
X X,+0.0275 X,X,-0.0175 XX, +0.1006 X *+0.0756
X,?—0.0595 X ?

The key impacts on Y, are represented by X,,
X,, and X, throughout the regression equation.
Interactive variables that ropresent the non-linear
relationship between an.wers include X X, XX,
XX, X X2 and X The Cauation’s positive sign
suggests additive effeci, whe zas the equation’s
negative sign denotes . dvers 2 impacts on PDI.

The above moud’ si.cws clearly that all three
components kav> an increasing impact on PDI.
Stirring~2=e. >nhances the program’s kinetic energy,
whic! cau: 2s pa. Sicle aggregation and coagulation.

PVA “xhibits biphasic behavior on PDI, meaning
*hat its ¢ ncentration decreases or increases.
inveased PVA concentrations lead to a higher
PDI r.ue to the development of smaller particle
Sices. Particle discretion is caused by a decrease
n the interfacial tension among hydrophilic and
lipophilic layers when PVA concentration increases
up to the point of saturation.

Effect of formulation variables on response Y3 (%EE)
The model’s F-value of 128.34 indicates that
it is significant. F-value of the above large might
arise because of noise just 0.01% of the time.
Significant terms of the model have P-values
lower than 0.0500. Under this specific example,
the terms X, X,, and X, are crucial. Values above
0.1000 indicate that terms are insignificant. If

Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): 2.23 Peak 1: 223 100.0 3.60
Zeta Deviation (mV): 3.60 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.154 Peak 3: 000 0.0 0.00
Result quality : Good
Zeta Potential Distribution
0000
70000
60000 1
]
E 50000 1
U 40000
3 1
2 30000 ]|
20000
10000 J \
-100 ] 100 200
Apparent Zeta Potential {m\)

Fig. 3. Zeta Potential of the nanoparticle formulation
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there are several unnecessary model terms, model
reduction might improve the design (excluding
those needed to support a hierarchical system).

The Lack of Fit F-value of 2.10 indicates that the
Lack of Fit is insignificant in contrast to the pure
error. A huge Lack of Fit F-value due to noise has
a 24.77% likelihood of occurring. The predicted R?
of 0.9383 is within 0.2 of the adjusted R? of 0.9598,
indicating that the distinction is less than 0.2.

The signal-to-noise ratio is determined by
Adequate Precision. A ratio larger than 4 is
preferred. The signal-to-noise ratio of 36.139
shows the efficiency. The above model is useful for
navigating the system design.

With this paradigm, a linear equation is generated:
Y3=+95.75546+1.12500 X, +1.20000 X, —0.001179 X,

The percentage of drug entrapment is affected
positively by the factor when the value before
is positive, and negatively when it is negative.
Using a linear function, this was discovered that
the percentage of drug entrapment increases as
the values of variables X, and X, factor showed a

Design-Expert® Softwane

PARTICLE $IZE .

positive effect whereas X, shows a negative impact
of drug entrapment.

The increase in viscosity of the organic layer
caused by the increased variable X, may increase
the resistance to the release of the drug into the
water phase, resultingintheinclusionof moredrugs
into nanoparticles. An increase in drug amount
was found to be embedded in nanoparticles with
a larger particle size. This could be due to a rise
in the length of the diffusional pathway inside the
aqueous solution that also decreases drug loss
and results in optimum encapsulation [33].

The direct quant, “cations by uv
spectrophotometer of both ti = drug content in
nanoparticles and the superr. tant. This can provide
adirect measurement of { ~uge.ncapsulation without
relying on solubility in the medium. Additionally,
a reduction in stiv ‘ne speed contributed to an
improvzme tin »ntrapment efficiency. The surface
respons - plots are shown in (Fig. 4) which have
Feen obta, ed using the regressed equations for
pa: icle size, PDI, and % EE.
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Continued Fig. 4.

Design-Expert® Software
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Fig. 4. Response surface plots (3D) for (X,) particle size (Y,); (X,) PDI (Y,); (X,) Entrapment efficiency (Y,)

The design expert suggested batch based on
factorial design responses, M3 was selected as
the ideal composition because it produced smaller
particles. (112+8.73nm), enhanced entrapment
efficiency (98.740.68) and optimum PDI in the
range of (0.01+0.05). Fig. 4 shows the nanoparticle
formulation of optimized formulation with the
minimum particle size i.e. 112+8.73 nm. Thus, five
formulations of M3, which showed high efficiency

of entrapment, lowest particle size, and optimum
diameter of particles were selected for further in
vitro and FTIR study.

Experimental design

The advantage of utilizing BBD as it cannot
encompass combinations where all variables
run concurrently at their lowest or highest levels;
thus, BBD avoids experimental studies conducted

Nanomed J. 10(3): 1-14, Summer 2024
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under extreme environments that might lead
to inconclusive evidence. The interaction effect,
main effect, and quadratic effect of 3 independent
variables on 3 responses were investigated
using BBD. The observed outcomes were greatly
affected by polynomial equations that described
the specific primary impact, and quadratic effect,
the interaction effect of the chosen independent
process parameters. ANOVA was used to test
the results of the study for each observed value.
As selection criteria, the probability range from
ANOVA should be greater than that of the F-Value,
or the projected coefficient of determination
(Pred R?) must fairly correlate with the adjusted
coefficient of determination (Adj R?). 3-D plots of
response surfaces and contour plots were merged
to assess the influence of an independent factor
upon dependent factors.

The data in (Table 3) show that the distinction
r2 values (correlation coefficient) are below one.
It suggests that the model matches the data well.
The smaller the distinction in between adjusted
and predicted R?, the better the contract between
attributes. If the P-value is less than 0.0500, m: el
terms are considered significant.

In 17 formulations, the average size ranged
from 112-462 nm. This might be causcu oy . se
in the concentration of Eudragit w"ic causes an
increase in organic phase viscositv', ading to larger
nanoparticles as stated in the |i" ~ratur. {34-36].

Eudragit and PVA Conc.{./v) . mpacted the PDI
value, which varied-.;am 9.01 .0 2.2. The inverse
association betwr en the co...cntration of PVA and

average size may be credited to lowered interfacial
stability due to the absence of PVA, which leads to
NP coalescence and accumulation [37]-

The %EE of advanced NPs was discovered to be
withinthe95-100range.Theformulademonstrated
a direct relationship between eudragit conc.
and PVA conc. and encapsulation efficiency.
Increased concentration of eudragit improved
%EE. The feasible process for an augmented drug
entrapment is due to the ri=2 in the concentration
of the eudragit organic phc se’s viscosity to increase
leading to higher resistance » drug diffusion with
an aqueous medium e, sibuy g to higher drug
entrapment in the NP¢ [38].

Surface morpkol ay

The ey ration of the best INH-RIF-NPs
nang, “rtic es we 5 studied microscopically (Fig. 5)
and disp 2ys a TEM image of the nanoparticles.

p

Fig. 5. Microscopic image of optimized formulation

Table 3. Summary of results of regression analysis for responses

Source Particle size PDI Entrapment efficiency (%)
(nm)

Sum of Squares p>F Sum of Squares p>F Sum of Squares p>F
Model 1.132E+05 <0.0001 0.1848 0.0001 6.77 <0.0001
X1, 924.50 0.0237 0.0264 0.0005 2.53 <0.0001
X2 3916.13 0.0006 0.0032 0.0717 2.88 <0.0001
X3 9045.13 <0.0001 0.0000 0.7987 1.36 <0.0001
X1X2 650.25 0.0464 0.0702 <0.0001
XiX3 28392.25 <0.0001 0.0030 0.0783
X2X3 3481.00 0.0008 0.0012 0.2311
X2 4298.12 0.0004 0.0426 0.0001
X2? 7857.85 <0.0001 0.0240 0.0007
Xs? 49750.27 <0.0001 0.0149 0.0026
Residual 780.45 0.0050 - 0.2287
Lack of fit 739.25 0.0051 0.0045 0.0208 0.1887 0.2477
Pure error 41.20 0.0005 - 0.0400

R-Square analysis

R? 0.9932
Adjusted R? 0.9843
Predicted R? 0.8956

R-Square analysis

R-Square analysis

0.9737 0.9673
0.9400 0.9598
0.6204 0.9383
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Fig. 6. FTIR spectra of INH-RIF-NPs

The morphology was uniform and spherical
in the nanoparticles. Additionally, emulsifying
the nearby surface could aid in enhancing the
stability of the particles. Nanoparticles were
distinct, demonstrating their stability. In addition,
only spherical nanoparticles exhibited no other
particulate species, such as lipid nanoparticles [39].

FTIR

The sharp peaks for C-C stretch (1638.53 cm-
1), N-H stretch (2843.03 cm), and C-O-C stretch
(1015.86 cm™) are apparent with only a slight shift
in the IR spectra of composition (M3) of INH-RIF-
NPs (Fig6). The FTIR peak position shows that drugs
have been encapsulated within the nanoparticles
[40].

DSC

The DSC thermograms of INH (Fig. 7a, .. XIF {Fig.
7b), and optimized INH-RIF nanopart -les (i .o. 7¢).
At 133.02 °C, INH showed a melti~3 trai.:ition and
peak visible on the RIF’s ther=og, ~m at 180.33
°C. The sharp peak prewad tl at ali the drugs were
present in their crystalline ic.in. A downward
alter could be an in ‘cation of a rise in crystalline
lattice errors. It was no =2 that the formation of
nanoparticles from eudragit polymer resulted in
a decrease in melting point. It was asserted that
lower melting temperatures were associated with
smaller particle sizes [41].

In vitro drug release

A key component in the creation of
nanoparticle-based delivery systems for drugs
utilized in the Nanomedicine area is prolonged
release rate. The structure for the release of
drugs from polymeric nanoparticles is governed
by polymer chain diffusion and biodegradation.
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Fig. 7. DSC thermograms of drugs (a) INH, (b) RIF and (c) INH-
RIF NPs

The release of drugs is influenced by interfacial
attributes and physical characteristics of the
polymer utilized during the matrix stage. The data
reveal that drug release from the nanoparticles is
biphasic with an initial burst release followed by
slower and more sustained release properties.
The optimized formulation (M3) and marketed
formulation (Akurit tablet, Lupin Ltd) were
evaluated in PBS (pH 7.4) by using a Franz diffusion
cell. The cumulative release of INH and RIF alone
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Fig. 8. In vitro drug release of formulations

as drugs in PBS (pH 7.4) was 5.88% and 3.55%,
respectively, in the first hour, according to the
release study of the optimized M3 preparation.
Within 24 hr, the drugs were released out of
NPs. According to the findings reported the first
burst release that occurred after two hours might
have been caused by the retained INH desorbing
from the surface of the particle. After 24 hr, the
optimized (M3) batch, RIF, and INH alone in PBS pH
6.8 demonstrated cumulative release of the drug
of 85.43%, 66.91%, and 80.06% respectively (Fig
8). Relative in vitro release of drug for pure drug--
RIF and INH with optimized formulation (M3) and
marketed product, which showed that pH 7.2 nau o
statically higher impact on drug release, op. 5im’ _ed
formulations (M3), and marketed fc’m. 'ations.
Encapsulation of drugs wi in polymeric
nanoparticles is designed to orec. <ly control and
sometimes slow dowr: the rele ~se of the drug. The
encapsulation proce s often allows for sustained
and prolonged release €the rirug over an extended
period. This is due to the controlled diffusion of the

Marketed preparation

drug through the nanoparticle matrix or its gradual
release as the polymer degrades. While some
immediate-release formulations might seem faster
initially, polymeric nanoparticles often provide
a more sustained and controlled release of the
drug, offering advantages in terms of maintaining
therapeutic levels over a longer duration and
reducing the frequency of dosing.

Asshownin Table 4 the release of each drug (RIF
and INH alone) from the nanoparticles was greater
than that from commercially available tablets that
might assist in preserving the medication’s impact
and boost therapeutic pote tial while reducing
the side effects associated win the traditional
dosage forms of tablets [4Z, < 1.

Stability studies

After six montlis, v ere'nad been no discernible
change, iraicc ing hat the preparation was stable.
Due to pa ‘icie accumulation over time, the size
of *he partic =s increased. At 4 °C, there was
the 1 ast observed particle size. The analysis of
size reve 'ed that storage at 40 °C increased the
astnosaon and size of the particles [44]. The
apti nized nanoparticles (NPs) at 40 °C/75% RH
and 4 °C/75% RH had sizes ranging from 165 to
200 nm and 140 to 145 nm, respectively. The size
raised during preservation at 40 °C/75% RH overall
because, at greater temperatures, the system’s
kinetic energy grows, which raises the likelihood
of collisions between particles, which causes
accumulation and a rise in the size of the particles.
When the particles were kept at 4 °C /75% RH, the
rate of growth of particles was slowed down [45].
According to the findings of the stability study,
4 °Cis suggested as a storage temperature for the

Table 4. In vitro drug release profile of selected formulations

In vitro release profile

Cumulative amount of drug release in (%)

Time (Hours) INH Drug (%) M3 (Optimized formulation) RIF drug (%) Marketed formulation
1 5.88+0.76 6.05+0.5 3.55+0.5 5.38+1.04
2 14.63 £1.07 16.82 £1.07 9.23+0.73 11.37+1.78
3 24.04 £0.67 26.2+1.24 15.46 £ 0.26 21.12+1.70
4 32.74 £1.07 34.33+1.45 19.21+0.47 27.74+1.10
5 39.27+1.34 41.97 +£1.58 23.53+0.33 34.33+1.68
6 4599 +1.93 50.24 +1.57 31.29+£0.52 40.08 £ 1.64
7 53.23+1.81 56.49 +1.57 36.96 £ 0.67 46.46 £ 1.95
8 59.41+2.15 63.54 +3.25 4493 +0.78 52.76 £2.77
24 80.06 +2.15 85.43+1.73 66.91+1.12 76.13  2.27

Nanomed J. 10(3): 1-14, Summer 2024
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prepared nanoparticles. (Table 5).

for granting permission to use TEM, Delhi
Pharmaceutical Sciences and Research University

Table 5. Stability study of opfypRRUNHAWNe|hi Institute of Pharmaceutical

O e e A P INIRCAN £ e

——
Condition Period Particle size PDI %Entrapment efficiency e
(nm, mean +S.D.) (PDI, mean % S.D)
40 °C/75% RH 1 month 165 +0.88 0.24+0.01 93.8+0.93 TE
3 month 185 +0.76 0.28 +0.02 89.5+0.94
6 month 200+0.93 0.29+0.01 88.9+0.83
4 °C/75% RH 1 month 140 £ 0.69 0.24+0.03 98.9+0.68
3 month 143 +£0.52 0.25+0.01 96.5+0.88
6 month 145 +0.79 0.24 +0.01 92.3+0.78
CONCLUSION HUMAN AND ANIMAL RIGHTS

Cells uptake nanoparticles more effectively
than large particles which allows them a viable
method for transportation and distribution.
Such carriers are intended to allow regulated,
continuous, and gradual release of medication
from the framework. BBD has been successfully
used in the current study to optimize and create
nanoparticles using the nanoprecipitation method.
BBD was implemented to develop design
parameters, and 3 distinct independent variables
were used to acquire an optimized formula to
achieve reduced PDI, size, and maximum %EE.
The outcome obtained shows that passive
encapsulation of rifampicin and isoniazid witkin
nanoparticles by nanoprecipitation tech:. juc
can be achieved by using lipophilic polvw.=r lik2
Eudragit RL-100. Adequate entrapmen. ~fficiency
with reduced particle diameter ar." narr. w PDI
are required. The physicochemicc' pr. zerties of
INH-RIF loaded NPs showed minirnum particle
size (1124+8.73 nm), ‘and PDI, (u.U1£0.05) with
high entrapment effici ncy (9%.7+0.68 %) which
shows prominent potentia. or oral delivery. Such
attributes could be vital for anti-tuberculosis
drugs to enhance their bioavailability at the site of
action, and significantly minimize their side effects
and dosing frequency (through targeted sustained
and controlled release). The latest results indicate
the presence of successfully encapsulating drugs
in a polymeric nanoparticle form. Further analysis
of pharmacokinetic data and targeted treatment
in laboratory animals is required.
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