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ABSTRACT

Atazanavir (ATV) is a HIV protease inhibitor. Due to its intense lipophilicity,
the oral delivery of ATV encounters several problems such as poor aqueous
solubility, pH-dependent dissolution, rapid first-pass metabolism in liver by
CYP3A5, which result in low bioavailability. To overcome aforementioned
limitations, ATV-loaded chitosin nanoparticles (ATV NPs) were prepared to
enhance oral bioavailability. ATV NPs were prepared by nano precipitation
method. In the present study Chitosan nanoparticles containing Atazanavir
was prepared. The effect of increase in Chitosan concentration on various
parameters like particle size, zeta potential and in vitro release profile were
studied. The Atazanavir nanoparticles were formulated and evaluated for
its in vitro drug release profile. Based on the drug content, entrapment
efficiency, particle size, zeta potential and in vitro drug release profile of
Atazanavir nanoparticles formulations formulation AZNP3 was selected as
the best formulation in which the particle size was 227.9nm. The in vitro
% drug release of AZNP3 formulation was 99.85% and it was found to
be suitable formulation to manage the condition of HIV. Hence it can be
concluded that the newly formulated controlled release nanoparticulate
drug delivery systems of Atazanavir may be ideal and effective in the
management of HIV by allowing the drug to release continuously for 24 hrs.
The studies, therefore, indicate the successful formulation development of
NPs with distinctly improved bioavailability potential and can be used as

drug carrier for sustained or prolonged drug release.
Keywords: Atazanavir, Nanoparticles, Chitosan, In-vitro.
INTRODUCTION

The majority of recently discovered chemical entities are poorly soluble
in water [1-3]. Enhancing the oral bioavailability of these poorly water-
soluble compounds is ofimmense attention to the scientific community and
a key area of pharmaceutical research. One of the most extensively studied
strategies in this regard is nanotechnology [4-6] because of the ability
of NPs to pass multiple biological barriers and to release a therapeutic

compound within the optimal dosage range. NPs appear to be promising
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tools for delivery of poorly soluble drugs, yet few have been
commercialized [7]. NPs provide the possibility of achieving
high drug-loading capacity, sustained release, enhanced
drug stability and absorption, as well as targeted deposition
[8]. NPs protect the entrapped drug from gastrointestinal
interferences, prolong the systemic circulation time and
control the release of drug in blood [9]. All these benefits
can contribute to reduction of dose and dosing frequency,
thereby reducing the side effects and ameliorating the patient
compliance. Antiviral therapy requires high, prolonged
plasma and tissue drug levels, where viral replication could
be controlled. NPs potentially provide more durable control of
viral replication in plasma, therefore maintaining long-term
efficacy of the regimen [10]. ATV is an azapeptide compound
and the seventh addition to the family of HIV protease
inhibitor (PIs) and is the most important drug among the
other PIs recommended by World Health Organization (WHO)
for the management of all forms of HIV [11]. ATV has been
successfully used in treatment-native and experienced HIV
patients [12]. ATV belongs to Biopharmaceutics Classification
System (BCS) class Il drug with poor water solubility and high
permeability (log P 0of4.11) [13]. In adults, ATV recommended
therapeutic dose is 400 mg once a day (QD). Besides these,
it undergoes rapid first-pass metabolism and P-gp efflux,
leading eventually to marked reduction in the drug oral
bioavailable fraction (i.e. 60%) in humans and animals like
rats, etc. [14]. To circumvent the aforementioned limitations
various formulation approaches of ATV have been reported
like, Nano crystals, [15] tablets and capsules [16] but all with
limited fruition. It has been well reported in the literature that
daily dose of ATV causes serious liver problems, specifically
hepatotoxicity [17]. As a shortfall for all the conventional
oral dosage forms, the duration of action is limited since the
absorption of the drug depends on the resident time of the
drug in the gastrointestinal tract. In order to fulfill the need
of a long-term treatment with anti HIV agents, where most of
them suffer from the shortcoming of frequent administration
and plasma concentration fluctuation, it is desirable to have

novel drug-delivery carriers such as NPs [18, 19].
MATERIALS AND EQUIPMENTS

Atazanavir was provided by Sigma Aldrich Pvt. Ltd. Tween
and Chitosan also (M.W. = 140 kDa, 85% deacetylated) was
provided by Sigma Aldrich Pvt. Ltd. Acetic acid was provided
by Himedia Laboratories Pvt. Ltd. UV Visible Spectroscopy

(Schimadzu 1710), Sonicator (LOBO life 2500ml Sonicator),
Electronic balance (Metler Toledo AG 135), DSC (Schimadzu
DSC-60), Particle size analyser (Malveran master sizer) and

Scanning electon microscopy (Delmic BV) was used.
Preformulation Studies [20, 21]
Organoleptic Properties

The organoleptic character of the drug like color, odour and
appearance play an important role in the identification of
the sample and hence they should be recorded in descriptive

terminology.
Solubility Studies

It is important to know about the solubility characteristics
of a drug in aqueous systems, since they must possess some
limited aqueous solubility to elicit a therapeutic response.
Solubility was carried out in phosphate buffer pH 6.8, dimethyl
formamide and DMSO. Excess of drug was successively added
to buffer pH 6.8, dimethyl formamide and DMSO.

Melting point - Melting point of drug is determined using

melting point apparatus.
UV Spectroscopy

Preparation a solution of Atazanavir for calibration curve
in pH 1.2, pH 7.4 and pH 6.8 buffer solutions:

An accurately weighed amount of Atazanavir 100mg was
dissolved in small volume of buffer solutions in each of
three 100ml volumetric flask and the volume was adjusted
to 100ml with 1.2 pH buffer in first volumetric flask, 7.4
pH buffer in second volumetric flask and the third one was
adjusted to 100ml with 6.8 pH buffer. A series of standard
solution containing in the concentration range from 10 to 50
ug/ml of Atazanavir were prepared for 1.2 pH buffer solution,
7.4 pH buffer solution and 6.8 pH buffer solution separately,
absorbance was measured at 278nm and calibration graph

was plotted using concentration versus absorbance.

Drug-excipient compatibility study by Differential

scanning calorimetry (DSC):

Samples of individual compounds as well as each drug-
excipient were weighed (Mettle Electronic Balance) directly
in pierced aluminum crucible pans (5-10mg) and scanned in
the 50-300°C temperature range under static air, with heating

rate of 10 ¢/min, using shimadzu DSC-60 equipment.
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Method

Preparation of atazanavir nanoparticles by emulsion -

droplet coalescence method:

Chitosan was dissolved in 1% acetic acid and 100 mg of
Atazanavir in phosphate buffered saline. This solution was
added to 10 ml of liquid paraffin containing 2% v/v tween 20.
This mixture was stirred using a homogenizer 3 minutes to

form water in oil (w/0) emulsion. The resultant Atazanavir

nanoparticles were centrifuged at 3000 rpm for 60 min and
washed using ethanol and water, consecutively to remove
the remaining surfactant and liquid paraffin. Later they were
dried in air for 3 hour followed by hot air oven at 50° for 4 hour
and stored in a dessicator. Several batches namely (AZNP1,
AZNP2, AZNP3, AZNP4 and AZNP5) were formulated by
changing the drug and polymeric ratio and the effect of
polymer concentration on the encapsulation efficiency and

the drug loading capacity was studied.

Table 1: Formula used for the preparation of Atazanavir nanoparticles.

DRUG CHITOSAN
S.NO | FORMULATION %W /Y) TWEEN (%V/V)

(mg) °

1. AZNP1 100mg 0.25 2

2. AZNP2 100mg 0.50 2

3. AZNP3 100mg 0.75 2

4, AZNP4 100mg 1.0 2

5. AZNP5 100mg 1.25 2

CHARACTERIZATION STUDIES [22,23] Entrapment Efficiency

Particle Size and Surface Charge

Surface charge is important in adhesion and interaction of
particle with cells. The Zeta potential is used to measure the
cell surface charge density. It can be measured using Malven-
Zetasizer. The prepared nanoparticles were evaluated for
their particle size and surface charge by photon correlation
spectroscopy (PCS) using Zeta sizer. The formulations were
diluted to 1:1000 with the aqueous phase of the formulation
to get a suitable kilo counts per seconds (Kcps). Analysis was
carried out at 25°C with an angle of detection of 90°. In this
experiment 6 replicates were taken for the measurement. The

results were given in results and discussion section.
Drug Content

1gm of Atazanavir SLNs were accurately weighed and
transferred into a 25ml volumetric standard flask. The sample
was dissolved with pH 6.8 phosphate buffer solution. 1ml of
this solution was diluted to 25ml with the same buffer solution.
The standard Atazanavir was dissolved and diluted with same
buffer solution. Then the standard and sample absorbance
was measured at 278nm using UV-Visible spectrophotometer.
The percentage of drug contact was calculated. The results

were given in results and discussion section.

The drug loaded nanoparticles in buffer solutions were
subjected to centrifugation at 15000 rpm for 30 minutes. The
supernatant liquid was separated and 1ml of this solution
was diluted with buffer solution and the absorbance was
measured at 278nm. The amount of Atazanavir unentrapped
in the supernatant was calculated. The amount of Atazanavir
entrapped was determined by subtracting amount of free
unentrapped Atazanavir from the total amount of Atazanavir

taken for preparation.
In vitro Release

In vitro release studies were performed for 24h using
dialysis membrane by using the Franz diffusion cell. The
prepared Atazanavir nanoparticles were placed inside
a dialysismembrane and immersed in pH 6.8 phosphate
buffer. At predetermined time intervals the sample was
withdrawn and the amount of Atazanavir released was
determined by measuring the absorbance at 278nm using a
UV visible spectrophotometer. From the absorbance values
the cumulative percentage drug release was calculated. The

results were given in results and discussion section.

]
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RESULTS

Physical parameters were analyzed of Atazanavir drug,
individual drug and excipients and drug-excipient mixture
table no. 2, table no. 3 and table no. 4 respectively. Standard
calibration curve of Atazanavir was carried out in 1.2 pH, 7.2
pH and 6.8 pH buffer at 278 nm. Absorbance of Atazanavir

in buffer solutions was given in table no. 5 and Calibration

curve of Atazanavir in pH 1.2, 7.2 and 6.8 buffers was shown
in figure 1. The r2 value in the entire medium shows nearly 1,
which signifies linearity. Particle size of optimized Atazanavir
nanoparticles (AZNP3) was shown in figure 2. Zeta potential
of optimized Atazanavir nanoparticles (AZNP3) was shown
in figure 3. Particle size and entrapment efficiency of the
Atazanavir nanoparticles (AZNP1-AZNP5) were increased

with increasing Chitosan concentration.

Table 2: Physical characteristics of Atazanavir.

S.No Physical parameters Results
1 Description White crystalline powder
2 Melting point 199°C
3 Loss on drying 0.18%
4 Assay 99.86%

Table 3: Physical characteristics of individual drug and excipients.

S.No| Sample ID Initial description Final description
1. | Atazanavir White crystalline powder No change
2. Chitosan Off white powder No change

Table 4: Physical characteristics of drug-excipient mixture.

S.No Sample ID Initial description Final description
1 Atazanavir White crystalline powder No change
2 Atazanavir + Chitosan Off white powder No change

Table 5: Absorbance of Atazanavir in buffer solutions.

Absorbance
S.no Concentration

pH 1.2 pH7.2 pH 6.8
1 10 0.025 0.036 0.040
2 20 0.052 0.073 0.081
3 30 0.076 0.108 0.122
4 40 0.101 0.146 0.163
5 50 0.125 0.182 0.204

https://doi.org/10.30654/MJPS.10016
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Standard graph of Atazanavir
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Figure 1: Calibration curve of Atazanavir in pH 1.2, 7.2 and 6.8 buffers.
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Figure 2: Particle size of optimized Atazanavir nanoparticles (AZNP3).

o ﬂ
0.0 i
i ‘
N |

0..’r- J |

0.4

Intensity (a.u.)

4 ‘ ‘
0.3- |
o.z; J.‘ ;
0.1- / \

] [N
0.0 AR / \

e A R R R e e e e e e

i | 1
-150 -100 -50 [ 50 100 150 200

Zeta Potential (mV)

Figure 3: Zeta potential of optimized Atazanavir nanoparticles (AZNP3).
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Table 6: Drug content and entrapment efficiency Particle size and zeta potential of Atazanavir nanoparticles.

Sample: SAMPLE-8

Size: 40000 mg

Method: Baseline calibration
Comment: Cell constant calibration

Heat Flow (mW)

Heat Flow (mW)

DsC

File: C:...\Lenovo\Documents'2019ISAMPLE-8.001

Run Date: 27-May-2019 19:33
Instrument: DSC Q2000 V24 11 Build 124
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Figure 4: DSC Thermogram of Atazanavir.
B
J\ sz
4 I
s [\
130.82°C 197.43°C [\
29.154ig 40.2701g '
o] . merc : if %
s ——+ .
|I \ 53.26Jlg \\ .-/f “\\{ _f_".l e
% i { \ f it 1 a2
| _\/_-\'-. | / v Vo 7150009 | //
2 \ W | \
\| | 137.86°C 7 o
|II | \/
0 | | 207.14°C
|
b
2 -
76.27°C
4
50 100 150 200 250 300
e Temperature (*C) Ui A SATA

Figure 5: DSC Thermogram of Atazanavir nanoparticles.
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Zeta potential Entrapment Efficiency | Drug Content

Trials Particle size(nm)

(mV) (%) (%)
AZNP1 -17.7 211.6 55.76 99.85
AZNP2 -18.6 220.3 62.19 99.79
AZNP3 -20.7 227.9 85.65 99.86
AZNP4 -21.4 250.8 85.71 99.82
AZNP5 -22.7 276.8 86.2 99.84
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Figure 6: SEM image of Atazanavir nanoparticles (AZNP3).

Table 7: In vitro release studies of Atazanavir nanoparticles.

%Cumulative Drug Release
S.NO | Time (Hrs)
AZNP1 | AZNP2 | AZNP 3 | AZNP 4 | AZNP 5
1 0 0 0 0 0 0
2 0.5 2557 | 2013 | 1582 | 10.16 | 853
3 32.68 | 2683 | 21.69 | 1587 | 12.72
4 6 67.84 | 6227 | 57.26 | 2589 | 20.77
5 12 85.81 | 79.45 | 7149 | 3848 | 33.85
6 16 99.81 | 9055 | 8528 | 5529 | 47.91
7 20 99.80 | 99.82 | 9433 | 6826 | 59.42
8 24 99.79 | 99.81 | 99.85 | 82.67 | 73.39
120
100 99.85
_ 80
g 60 ——AZNP1
g 40
§ 0 —a— AZNP3
20 5 10 15 20 25 30 .
TIME INHRS
—%—AZNP5

Figure 7: In vitro release studies of Atazanavir nanoparticles.
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DISCUSSION

Particle size and entrapment efficiency of the Atazanavir
(AZNP1-AZNP5)

increasing Chitosan concentration. This may be due to high

nanoparticles were increased with
amount of availability of Chitosan to encapsulate the drug,
upon increasing the Chitosan concentration, number of layers
coated the drug was increased; this resulted in increased
particle size and entrapment efficiency. Further increase in
the Chitosan concentration, there was no much increase in
the entrapment efficiency due to the availability of the drug
to be incorporated is low which is not enough for further
encapsulation of drug by chitosan. DSC Thermogram of
Atazanavir and Atazanavir nanoparticles Drug-Excipients
accelerated compatibility study-Physical observation and
assay were shown in fig. 4 and fig. 5 respectively. DSC of
Atazanavir showed a sharp endothermic peak at about 211°C
(melting point). The physical mixture of Atazanavir with other
excipients also showed the same thermal behavior (207°C)
as the individual component. DSC results also revealed that
the physical mixture of Atazanavir with excipients showed
superimposition of the thermogram. There was no significant
change observed in melting endotherm of physical mixture of
Atazanavir and excipients. Hence from the DSC study, it was
found that there was no interaction between Atazanavir and
other excipients used in the formulation. Upon analysis of
the drug excipient mixture for their physical characteristics,
no colour change was observed. Based on the chemical
evaluation it was found that there was no significant change
observed indicating that the drugis compatible with the added
ingredients. Drug content and entrapment efficiency Particle
size and zeta potential of Atazanavir nanoparticles was shown
intable no. 6. The results of SEM analysis confirm the prepared
nanoparticles were spherical in shape and nano in size and
shown in fig. 6. From the in vitro drug release study results
was shown in table no. 7 and fig 7, the maximum percentage
drug release 99.85% at the end of 24hwas observed with
trial AZNP3 which contains 100mg of drug and 0.75%w/v
of Chitosan and 2% w/v of tween 80. Below 0.75%w/v
concentration of Chitosan as in the case of trials AZNP1 and
AZNP2 the maximum percentage drugrelease 99.81 and 99.82
were obtained at the end of 16 and 20 respectively which was
not desirable. Above 0.75%w/v concentration of Chitosan,
reduction in drug release was observed as in the case of trial

AZNP3-AZNP5. The maximum percentage drug release for

AZNP3 was found to be 99.85 at the end of 24h was obtained.
From the in vitro drug release data for AZNP1- AZNP5, it
was observed that increase in Chitosan concentration delays
the drug release due to increased particle size and reduced
surface area of the prepared nanoparticles. From all the
formulations, AZNP3 was selected as best formulation due to
its ideal particle size (227.9 nm), Zeta potential (-20.7), high
entrapment efficiency (85.65%) and desirable drug release
99.85% at the end of 24 h.

SUMMARY AND CONCLUSIONS

The active pharmaceutical ingredient Atazanavir was
evaluated for its organoleptic properties and solubility. The
results obtained were satisfactory. Atazanavir nanoparticles
werepreparedand the polymer concentrations were optimized
by various trials. In the present study, Chitosan nanoparticles
containing Atazanavir were prepared. The effect of increase
in Chitosan concentration on various parameters like particle
size, zeta potential and in vitro release profile were studied.
The Atazanavir nanoparticles were formulated and evaluated
for its in vitro drug release profile. The results showed that
the in vitro drug release for AZNP1, AZNP2, AZNP3, AZNP4
and AZNP5 were found to be 99.81, 99.82, 99.85, 82.67 and
respectively at the end of 24hrs. Based on the drug content,
entrapment efficiency, particle size, zeta potential and in vitro
drug release profile of Atazanavir nanoparticles formulations
formulation AZNP3 was selected as the best formulation
in which the particle size was 227.9nm. The in vitro %
drug release of AZNP3 formulation was 99.85% and it was
found to be suitable formulation to manage the condition
of HIV. Hence it can be concluded that the newly formulated
controlled release nanoparticulate drug delivery systems of
Atazanavir may be ideal and effective in the management of

HIV by allowing the drug to release continuously for 24 hrs.
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