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ABSTRACT

The purpose of the present investigation was to formulate N-acetyl cysteine (NAC) loaded solid lipid nanoparticles (SLNs),
aiming to obtain an effective formulation to ensure a prolonged controlled release in liver & lung infections. In this research
work, SLNs were prepared by hot homogenization method using Glyceryl monostearate, Soya lecithin, polysorbate 80, tween
40 and 80. Prepared SLNs were characterized for their physicochemical parameters. The optimized formulation yielded
nanoparticles with an approximate diameter of 159.10 &+ 15.36, a polydispersity index of 0.168, a zeta potential of -50.33
mV and entrapment efficiency of 86.32 + 1.24%. An in-vitro dissolution analysis revealed the controlled release of contents
from SLNs over 8 hours with 95.25% of the drug released. Differential scanning calorimetry thermograms showed drugs
in drug-loaded nanoparticles and the absence of decomposition exotherms, suggesting improved physical drug stability in
developed formulations. Negligible changes in drug peaks in Fourier transform infrared spectra revealed no interaction between
nanoparticle components. A spherical morphology revealed spherical NAC-SLNs. X-ray diffraction (XRD) study indicated the
crystalline change from the drug to the amorphous crystal. The in-vivo pharmacokinetic study was conducted using rabbits,
and parameters of NAC-SLNs exhibited a significant rise in the C,,,, AUC and oral absorption of the drug compared to the
pure drug. Pharmacokinetic analysis revealed an 8.5-fold increase in bioavailability of the NAC-SLNs compared with NAC
powder. In conclusion, NAC-SLNs have the potential to be an advantageous drug delivery technology for enhancing the oral
performance of poorly soluble drugs.
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INTRODUCTION
N-acetyl cysteine (NAC) has been used as a thiol-containing

generates disulfide bridges.® When taken intravenously, over
30% of NAC is lost in the urine, and high dosages might cause

protective agent because its hepatoprotective characteristics
have been demonstrated in various investigations.!?
N-Acetylcysteine (NAC) is a mucolytic, anti-inflammatory,
and hepatoprotective chemical used as an antioxidant to
protect cells and treat illnesses such as cancer, neuropsychiatric
disorders, and cardiovascular disease.* Despite these benefits,
NAC has a limited bioavailability (between 6 and 8%), limiting
its therapeutic usefulness. It happens because it interacts
with plasmatic proteins when it reaches the bloodstream and

blood pressure to increase.’ As a result, although researchers
explore new ways to boost NAC bioavailability, developing
carriers to transport and stabilize it inside the body is a
significant challenge.’

Nanoparticles are dissolved and entrapped in active
principles (drugs or physiologically active compounds) in
colloidal particles having a diameter of 10 to 1000 nanometres.’
A few examples include nanospheres, nanocapsules,
dendrimers, solid-lipid nanoparticles, polymeric micelles,

*Author for Correspondence: prasanna.desu@gmail.com



Development, Characterization and Optimization of N-acetylcysteine-loaded Solid Lipid Particles

and liposomes. Advances in nanotechnology have made it
feasible to create drug nanoparticles that can be employed in
various ways.® Solid lipid nanoparticles (SLN) have sparked
much interest in recent years because they offer several
advantages over traditional colloidal drug delivery systems,
including increased drug stability, increased protection against
enzymatic metabolism, and the ability to deliver multiple
drugs at once. Other benefits include controlled drug release,
high drug loading capacity, biocompatibility, ease of large-
scale production and sterilization, less variability in release
mechanisms and kinetics, and the ability to deliver multiple
drugs, simultaneously.’

Various lipid-based nano preparations improve poorly
soluble compounds’ solubility, absorption, and dissolution.
Nano-sized SLNs with a unique shape and high drug loading
capacity increase lipophilic drug absorption and receptor
concentration. SLNs bypass apical transporter protein to
increase therapeutic permeability.!® They prevent medication
acidification and improve vascular absorption. Particle size,
%EE, and %CDR affect SLN physicochemical qualities.!!

The purpose of this work was to develop SLNs of
the mucolytic drug N-acetyl cysteine to improve their
oral bioavailability and overcome difficulties such as low
solubility."

MATERIALS AND METHODS

Materials

NAC was obtained as a kind gift from Aravis labs Pvt. Ltd,
Tamilnadu, India. The glyceryl monostearate, soya lecithin,
span, and tweens were procured from Vijaya chemicals in
Hyderabad. All other chemicals and reagents used in the
present study were analytical grade.

Preparation of NAC-SLNs

The hot homogenization technique developed NAC-SLN
formulations. From the initial investigation, glyceryl
monostearate (GM) and Soya lecithin (SL) were selected as
solid lipids, and polysorbate 80 (PS-80), tween 40 and tween
80 were surfactants.!* The detailed composition of prepared
NAC-SLNs has been shown in Table 1. At a temperature of

Table 1: Formulation development of NAC-SLNs

F o NAC GM SL PS-80 Tween Tween
(mg)  (gms) (mg) 40 (mg) 80 (mg)

F1 50 0.25 50 100 50 100
F2 50 0.5 100 50 100 50

F3 50 0.75 50 100 50 100
F4 50 1 100 50 100 50

F5 50 1.25 50 100 50 100
F6 50 1.5 100 50 100 50

F7 50 1.75 50 100 50 100
F8 50 2 100 50 100 50

F9 50 2.25 50 100 50 100
F10 50 2.5 100 50 100 50
F11 50 2.75 50 100 50 100
F12 50 3 100 50 100 50

10°C over the lipid’s melting point, sufficient amounts of lipid,
NAC, and lipophilic surfactants were weighed and combined
in a water bath. Water and the hydrophilic surfactant were
heated to the same temperature in a separate beaker and
swirled constantly."* Drop by drop, the described lipid phase
was added to the aqueous surfactant solution and agitated
for a few hours at 3000 RPM.!> After being sonicated for
60 minutes, the dispersion was retained. In the final step of
the process, the prepared samples were allowed to drop to
room temperature, after which the SLNs began to develop. In
preparation for further examination, the sample was kept at a
temperature of 4°C.'¢

Characterization of NAC-SLNS

Particle Size and PDI

The zeta sizer was used to investigate the PGL-SLNs in terms
of their particle size and PDI (Malvern zeta sizer- 1000 HS,
Malvern UK). The PGL-SLNs were diluted by a factor of 100 in
a suitable solvent before being subjected to laser light scattering
at a fixed angle of 90 degrees and a voltage of 50 millivolts.'”

Zeta Potential

The zeta potential of a particle indicates the overall charge
of the particle as well as the stability of the formulation. The
differential light scattering (DLS) technique was utilized to
measure the zeta potential using the Zeta sizer Nano-ZS90,
Malvern Instrument Ltd., UK. Nanoparticle samples were
scattered using Milli-Q water. All measurements were made
in triplicate at 25°C."”

Determination of Entrapment Efficiency

The ultracentrifugation method was utilized to estimate the
encapsulation effectiveness of the NCA-SLNs dispersion.
After placing the NCA-SLNs in centrifugation tubes, they
were placed in a cooling centrifuge (Sigma 3-1 KL IVD,
Germany) and spun at 25,000 rpm for thirty minutes. After
performing the necessary dilutions, the supernatant was
separated, and its content of NCA was determined usinga UV
spectrophotometer.'® This was done in triplicate. The %EE can
be derived using the equation:

(EE) (%) = (Concentration of NCA in supernatant/ Initial NCA
concentration)*100

Fourier Transform Infrared Spectroscopy (FT-IR) Study

The FT-IR spectrophotometer'® was utilized to conduct
the spectral study (PerkinElmer Spectrum One, Waltham,
Massachusetts, USA). Using a resolution of 4 cm™, the samples
were analyzed using a scanning range from 4000 to 400 cm’.

Differential Scanning Calorimetry (DSC) Study

The compatibility research was conducted using Differen-
tial scanning calorimetry (DSC Q10 V9.0 Build 275). DSC
analysis was performed on the natural drug and additional
excipients to evaluate whether they were compatible with the
medication.!® The specific heat and transition enthalpies are
determined using a differential scanning calorimeter. The area
directly measures the heat of transition beneath the acquiring
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curve. A differential scanning calorimeter with a heating rate
of 15°C/min and a temperature range of 0 to 1000°C was used
to make the thermograms. The design gets hermetically sealed
in an environment.

XRD Study

The X-ray Diffractometer was used to analyze the crystalline
characteristics of the samples (Bruker, Germany). To determine
XRD patterns for NAC and the improved formulation, a CuKa
radiation with a wavelength of 1.5406 was used in conjunction
with a voltage of 40 kV and a current of 40 mA. The scans
were performed at an angle range of 3—40° across a distance
of 2 with a count time of 0.3 seconds and a step angle of 0.02°,
respectively.'®

Scanning Electron Microscopy

The morphological appearance of the SLNs was directly
observed by scanning electron microscopy, which provided a
technique to keep the morphology of the SLNs directly. The
particles were initially covered in gold to reduce the amount
of heat generated by the high-power magnification, and they
were then put through a scanning electron microscope machine
(FEI Quanta2 hundred MK2 from the Netherlands) to capture
images of the SLNs."”

In-vitro Release Studies and Release Kinetics

An in-vitro drug release of NAC-SLNs formulation was
developed using USP-II dissolving equipment (paddle
apparatus) at 50 rpm. The test was conducted in 700 mL 0.1
N HCI for the first two hours, followed by 200 mL trisodium
hydrogen phosphate to maintain a pH of 7.4. In thermostatically
controlled water, the dissolving medium was kept at 37°C. To
maintain the sink condition, 5 mL of the sample was withdrawn
and replaced with an equivalent volume of a new medium at
present time intervals. The materials were evaluated using
the UV spectrophotometric method at a wavelength of 290
nm. The experiment was repeated three times to determine
the percentage of medication release. The mechanism of drug
release and its kinetics were assessed using mathematical
models. The models best suited the data were chosen based
on many models’ correlation coefficient (R) values. The
mathematical models employed were the Korsmeyer-Peppas
model, the Higuchi model, the First-order release model, and
the Zero-order release model.>

In-vivo Pharmacokinetic Study

In-vivo pharmacokinetic study of NAC dispersion and
NAC-SLN dispersion was performed on male wistar rats
(7-8 weeks old, 220-280 g). An institutional animal ethics
committee (IAEC), Nalanda College of Pharmacy, Nalgonda,
approved the protocol to investigate the further study using rats
(CPCSEA Reg No:318/Re/s/2001/CPCSEA, TAEC Approval
No: NCOP/TAEC/00075). The rats were obtained from the
animal house, where they were kept in normal environmen-
tal circumstances with a dark/light cycle that lasted for 12
hours. All rats were separated into two groups (each with six
animals), with Group I receiving NCA dispersion and Group I1
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Figure 1: Particle size of all formulations of NAC-SLNs

receiving NCA-SLN dispersion.?® The dispersion was given
to rats at a dose of 0.5 mg/kg body weight via an oral feeding
tube. Blood samples were taken from animals at 15, 30, 45,
60, 120, 180, 240, 480, 700, 1000, and 1400 minutes following
administration using a retro-orbital bleeding technique. The
blood samples were centrifuged for 10 minutes at 3000 rpm,
and the plasma samples were kept at 20°C until analysis.?*
Before HPLC, the samples were passed through 0.22 um
membrane filters. The liquid chromatography process of the
substance in rat plasma was used to purify the sample before
examination further. The plasma drug concentration versus
time plot was developed, and different pharmacokinetic drug
parameters were used to evaluate the drug absorption and
distribution rate in the body.?!

RESULTS AND DISCUSSION

Particle Size, Polydispersity Index and Zeta Potential

The particle size of NAC-SLNs was between 79 + 11.27 to
and 159.10 = 15.36 with PDI of 0.112 to 0.168. The results are
shown in Table 2. The results revealed that all SLNs were
found to be distributed within the nano size. The particle
size of nanoparticles was reduced due to an increase in the
concentration of both lipid and surfactant, which contributed to
the reduction. From Table 2, the zeta potential was discovered
in the range of -51.32 to -39.13 mV, and the NAC-SLNP’s
potential was realized. According to the studies of the effects
of Zeta potential, every formulation was found to be Table. The
size distribution of solid lipid nanoparticles for our inspection
is in Figure 1.

Table 2: Evaluation studies of particle size nanoparticles

F. no  Particle size (nm) PDI ZP(mV) %EE

F1 96.23 £9.98 0.118 -42.03 71.25+1.25
F2 100.36 £ 10.2 0.122 -39.13 63.59 = 1.89
F3 99.23 £ 11.21 0.121 -48.36 82.35+1.42
F4 12512+ 11.8 0.138 -49.47 75.25+1.63
F5 149.56 £ 10.8 0.146 -51.32 73.18 = 1.50
F6 132.16 + 14.89 0.14 -39.32 78.95£2.01
F7 98.69 £9.67 0.121 -40.12 68.93 +0.99
F8 135.40£8.93 0.144 -42.20 62.56 £ 1.25
F9 120+ 10.78 0.127 -43.32 80.69 + 1.32
F10 159.10 £ 15.36 0.168 -50.33 86.32 + 1.24
F11 149 + 13.85 0.148 -49.28 8436+ 1.24
F12 79 +11.27 0.112 -42.16 80.21 £1.86
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Entrapment Efficiency

All 12 formulations were tested for drug entrapment efficiency;
the results are shown in Table 2. The entrapment efficiency for
NAC-SLNPs ranged from 62.56 + 1.25% to 86.32 + 1.24 to
From the results, it was revealed that the concentration of lipid
increased, and the entrapment efficiency increased.

Fourier Transform Infrared Spectroscopy (FT-IR) Study

Figures 2 and 3 demonstrate the FT-IR spectra obtained for
the pure drug and its physical combination, respectively. Not
a single spectrum lacks any functional peaks, meaning that all
of these peaks were present in the drug itself and the physical
mixture. As a result, it was discovered that the formulation’s
medication and lipid do not engage in any meaningful
physicochemical interaction.

X-ray Diffraction Analysis (XRD) Study

Figures 4 and 5 present the pure drug’s XRD spectra and the
physical mixture, respectively. The crystalline nature of the
substance was revealed by the presence of distinctive peaks
in the diffraction spectrum of the pure drug. However, the
strength of each of the primary peaks of NAC was much
lower, even though they were all present in the same location
in the physical combination. Raloxifene did not have any
crystalline peaks when it was formulated as SLN, indicating
that the medication did not exist in crystalline form. In the
SLN formulation, there was also a reduction in the intensity
of the pure lipid peaks. This reduced intensity provides further
evidence that the lipid in SLN formulation has a reduced
crystallinity.
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Figure 3: FT-IR spectra of physical mixture of drug and excipients

DSC Study

A DSC study was carried out to determine any interactions
between the components. The DSC thermograms of the
medication in its purest form are displayed in Figure 6. Due to
the crystalline structure of NAC, an endothermic peak could
be seen at a relatively high temperature of 157.1°C. Figure 7
presents an image of the DSC for the physical mixture. NAC
has an exothermic abrupt peak at a temperature of 207°C due
to the drug’s breakdown. In addition, the endothermic peak
seen at a temperature of 290°C can be attributed to the melting
of the product of the study of NAC.

SEM Study

The NAC-SLNs were found to be spherical using scanning
electron microscopy. The nanoparticles’ surfaces were smooth.
Particles with a diameter of less than 200 nm were found in
most cases. The nanoparticles’ surfaces were smooth, as shown
in Figure 8.
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Figure 4: XRD spectra of NAC
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Figure 6: DSC spectra of NAC
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Figure 7: DSC Analysis of optimized formulation

Figure 8: SEM Analysis of nanoparticles

In-vitro Drug Release Studies

The drug release from the polysorbate 80 prepared SLNs
was faster and more sustained than from the Tween 40 and
80-prepared SLNs. This might be because smaller particles
have more surface area and shorter diffusion lengths, resulting
in faster disintegration and drug release. Dissolution equipment
was used to conduct drug release tests on all N-acetylcysteine

SLN formulations over 8 hours. The findings of the drug release
trials, as shown in Figure 9 and Table 3, revealed that the 10th
formulation had the highest drug release rate of 95.25% within
8 hours. To determine the release behaviour of ACN from the
prepared SLNs, the release kinetics for all of the prepared
ACN-SLNs were studied. The release data were evaluated
using the Higuchi kinetic model and zero-order, first-order,
and Korsmeyer—Peppas kinetic models. The Higuchi kinetic
model with the greatest (r) value of 0.995 fits the release data
from SLNs, but the zero-order kinetic model provides the
release data from free ACN nanoparticles.

In-vivo Pharmacokinetic Study

To generate plasma calibration points, 100 uL of biological
matrices were injected with 10 uL of a different NAC standard
solution. The plasma calibration curve had a range of 0.25 to
100 g/mL and included individual calibration points at 100, 50,
25,10, 5,2.5,1,0.5,and 0.25 g/mL. Sample preparation After
diluting the plasma to a total volume of one hundred litres with
distilled water, 50 L of a DTT solution containing 0.5% was
added. The mixture was vortexed for ten seconds. After each
tube had been heated for 30 minutes in a water bath at 37°C,
100 microliters of 0.5 M NaHCO; and 12.5 microliters of 5%
DNFB (in methanol) were added to it, and then the tubes were
vortexed for 30 seconds. After that, the tubes were covered
in aluminous foils and put back into the incubator for another
half an hour at 60°C. After bringing the samples to room
temperature, 700 microliters of diethyl ether were added to
each sample. Then the samples were vortexed for thirty seconds
before being centrifuged at 5000 revolutions per minute for
five minutes. Following the removal of the supernatants,
100 pL of 6 M HCl and 700 L of diethyl ether were added to
the mixture. Before centrifuging all of the samples at 5000 rpm
for five minutes, each sample was given a 60-seconds whirl in a
vortex. After being separated into clean tubes, the supernatants

Table 3: In-vitro drug release studies of NAC-SLNs formulations

Time F2 F3 F4 F5 F6 F7 F8 F9 F10 Fli FI2

(hours)

0 0 0 0 0 0 0 0 0 0 0 0 0

| 1023+ 1125+ 1422+ 1532+ 1235+ 1578+ 13.69+ 1418+ 1297+ 1612+ 1125+ 1534+
0.23 0.52 0.68 0.75 0.80 0.54 0.52 1.20 0.32 0.25 0.29 0.52

5 2331+ 2710+ 2118+ 2265+ 2019+ 2421+ 2132+ 2563+ 2232+ 2518+ 2038+ 2341+
0.52 0.48 0.32 0.82 0.32 0.63 0.46 0.96 0.25 0.46 0.37 0.64

; 3540+ 3221+ 3830+ 3721+ 3659+ 3228+ 3445+ 3351+ 3521+ 4017+ 3932+ 3893+
0.48 0.27 0.65 1.34 0.56 0.93 0.52 1.05 0.54 0.37 0.79 0.73

. 4158+ 4517+ 4435+ 4531+ 4235+ 4150+ 4032+ 4329+ 4267+ 5128+ 4653+ 4382+
0.29 0.45 0.75 0.93 0.70 0.13 0.49 0.63 0.63 0.42 0.24 0.25

s 5332+ 5324+ 5924+ 6152+ 6031+ 5225+ 5286+ 5452+ 5536+ 6374+ 6024+ 5834+
031 0.12 0.55 1.20 0.53 0.34 0.63 0.51 0.87 0.46 0.51 0.43

6 6517+ 6542+ 71.60+ 7432+ 6893+ 6654+ 6342+ 6828+ 7021+ 7825+ 7598+ 7315+
1.20 0.59 0.54 0.98 0.46 0.61 0.37 0.84 0.46 0.53 0.42 0.60

; 73.89+ 7310+ 8320+ 8621+ 7932+ 7328+ 7637+ 7825+ 8125+ 8732+ 8831+  83.54+
0.32 0.37 0.61 0.51 0.51 0.67 0.34 0.61 0.51 0.57 0.34 1.23

) 86.85+ 81.56+ 9256+ 9328+ 8627+ 9175+ 90.84+ 8898+ 9324+ 9525+ 90.86+ 9235+
0.54 0.38 0.53 0.55 0.53 0.50 0.28 0.53 0.32 0.46 0.25 0.36
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were evaporated at a low temperature (40°C) until they were
dry. After reconstituting in 100 L of 50 mM trisodium citrate
and 1-mM disodium EDTA, the residue was loaded onto the
HPLC column (pH 7.0) (Figure 10).

Pharmacokinetics of N-Acetyl cysteine (NAC)

It was found that. The mean peak plasma concentration
(Cpnay) for N-Acetyl cysteine after administration of the NAC-
dispersion and NAC-SLN-dispersion were found to be 6.01
+0.01 and 5.99 + 0.02 ng/mL, respectively. The time to peak
concentration (t,,,,) for N-Acetyl cysteine after administration
of NAC-dispersion and NAC-SLN-dispersion were 441 and

Table 4: Pharmacokinetic parameters of NAC-dispersion and NAC-
SLN-dispersion

Parameter NAC-dispersion ~ NAC-SLN-dispersion
ty, (min) 33+1.02 34 +2.06

C . (ng/mL) 6.01+0.01 5.99+0.02

T,y (min) 441 421

K . (min™) 0.021 0.020

K, (min™) 0.21 0.37

CL(mL/min/kg) 47.95 + 8.61 51.23+6.14
V(mL/kg) 602.4+21.3 711 £19.07

AUC,_, (ng/mL. min)
AUMC,_,(ng/mL. min?)
MRT

Mean + SD, n=6

3465.32 £ 11.31
14951 £ 51.24
431+0.14

3890.87 £ 10.21
18821 £41.33
4.83+0.11

-~

—&— NAC-dispersion

~— —&— NAC-SLN-dispersion

Plasma drug conce mtration{ng fmL)

Time(min)

Figure 11: Pharmacokinetic parameters of NAC-dispersion and NAC-
SLN-dispersion

421 minutes, respectively. After administration of the NAC-
dispersion and NAC-SLN-dispersion, the area under the plasma
concentration-time curve (AUCO-t) for N-Acetyl cysteine was
determined to be 3465.32 £ 11.31 and 3890.87 £ 10.21 ng/mL,
respectively. The higher AUC value of NAC-SLN-dispersion
refers to higher bioavailability than NAC-SLN-dispersion.
The higher values of absorption rate constant (Ka), steady-
state volume of distribution (Vss), drug clearance(CL), and
mean residence time (MRT) indicates the targeting nature
of NAC-SLN dispersion when compared to NAC-dispersion
(Figure 11 and Table 4).

CONCLUSION

The potential application of SLNs for the prolonged release
of n acetylcysteine, which is utilized to target liver& lung
infections, was proven in this work. According to the results
of the FT-IR investigation, there is no interaction between the
medicine and the excipients. The thermal homogenization
method yielded N-acetylcysteine-SLNs with a high EE, particle
size distribution, and zeta potential. The N acetylcysteine solid
lipid nanoparticles showed a sustained-release impact in an
in-vitro release experiment. When compared to NAC-SLN-
dispersion, NAC-SLN-dispersion had a greater AUC value,
indicating better bioavailability and targeting activity in the
present in-vivo pharmacokinetic study.
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