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Abstract:

Objective: Preparation of Dapsone nanoparticles to get optimized solubility, rate of
dissolution and then more bioavailability.

Methods: Dapsone nanoparticles were prepared using solvent-antisolvent precipitation
method. A Certain amount of drug was dissolved in water-miscible solvent (ethanol or
methanol), then this solution was injected at certain speed (ml/min.) into water
containing stabilizer. Upon injection, precipitation of Dapsone nanoparticles will occur
immediately accompanied with stirring for 30 min. at 50°C, and then the selective
formula is lyophilized. Different formulas of Dapsone nanoparticles were prepared at
different polymer types, drug: polymer ratios and different organic solvent types.
Characterization of these formulas involve measurement of particle size, particle
morphology, saturation solubility, release profile, crytallinity, physical and chemical
compatibilities between the drug and involved stabilizers.

Results: Results show that the best formula of nanoparticle (F3) prepared by dissolving
16.6 mg/ml of Dapsone in ethanol, then 3ml was injected into to a 25 ml of water with
PVP (polyvinyl pyrrolidone) as a stabilizer at ratio 1:4 (drug: stabilizer) then
Iyophilized to obtain nanoparticles. The best formula characterized by particle size
around 28.5 nm, poly-dispersity (= 0.009), specific surface area (= 78.18), without
physical or chemical incompatibility, and the dissolution rate was significantly higher
than that of the raw Dapsone powder.
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1.INTRODUCTION

Dapsone (4,4'-diamino-diphenylsulfone, DAP) is a synthetic sulfone drug with
bacteriostatic activity, mainly active against Mycobacterium leprae. The bacteriostatic
activity acts by competitive inhibition of the enzyme dihydrofolate synthetase and
dihydrofolate reductase, key enzymes in the folate biosynthesis pathway in
Mycobacterium (1-3). DAP APis DAPDAP a

The present study aimed to prepare DAP amorphous nanoparticles involving
freeze-drying after solvent evaporation method. The NPs were subsequently
characterized regarding their crystallinity, morphology, molecular interactions and In
Vitro drug dissolution study.

2. MATERIAL AND METHODS
2.1 Materials and Instruments

Dapsone (DAP), PVP k30, poloxamer, and HPMC E50 were purchased from
Shanghai send pharmaceutical technology co. Ltd. China. Methanol was purchased
from GCC analytical reagent UK, Ethanol was obtained from Hayman.Ltd.UK, HCI got
from BDH Laboratory supplies England, Potassium dihydrogen orthophosphate was
purchased from SD fine-Chem Limited. MUMBAI.and Disodium hydrogen phosphate
obtained from BDH Laboratory Supplies. England.

2.2 Methods
2.2.1 Spectrophotometric scanning of Dapsone

Several stock solutions of 10 mg of drug per 100 ml of 0.1 N HCI (pH 1.2) and
UV DAP

2.2.2 Preparation of calibration curves

The calibration curves for DAP in 0.1 N HCI (pH 1.2) and 0.2 M phosphate buffer
solution (pH 6.8) were measured separately, the absorbances of different concentrations
of DAP solution were measured and plotted against their respective concentrations(13).

2.2.3 Preparation of Dapsone nanoparticles

Dapsone nanoparticles were prepared by the precipitation technique which is
also called solvent/ antisolvent precipitation method(14). DAP, was dissolved in 3 ml of
organic solvent (ethanol or methanol) at room temperature, then the resultant organic
solution of drug was added to 25 ml of water containing certain type of stabilizer with
subsequent agitation at an stirring speed (500 round per minute) (rpm) by a magnetic
stirrer for about 30 minutes for evaporating the organic solvent. Addition of organic
solvents at a certain rate(ml/min.) by means of a syringe positioned with the needle
directly into aqueous stabilizer solution. Variable drug to stabilizer ratios were used (
1:1,1:2 and 1:4), to prepare eighteenth formulas (F1-F18) which are demonstrated in
table (1) with their compositions.
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Table (1) Compositions of dapsone formulas that prepared from different types of
stabilizers ( PVP, Poloxamer or HPMC ES50) with Different organic solvents
(Ethanol or Methanol).

Formula | Dapsone Pvp | Poloxamer HPMC | Ethanol | Methanol = Water

no. wt. (mg) wit. wt. (mg) . | volume | volume  volume
(mg) (ml) (ml) (ml)
1 50 50 3 25
2 50 100 3 25
3 50 200 3 25
4 50 50 3 25
5 50 100 3 25
6 50 200 3 25
7 50 50 3 25
8 50 100 3 25
9 50 200 3 25
10 50 50 3 25
11 50 100 3 25
12 50 200 3 25
13 50 50 3 25
14 50 100 3 25
15 50 200 3 25
16 50 50 3 25
17 50 100 3 25
18 50 200 3 25

2.2.4 Evaluation of Dapsone nanoparticles
- Analysis of particle size

Analysis of Particle size for the prepared DAP formulas (F1-F18) was done using
(Analyzer of nano laser particle size ABT- 9000) at 25°C without dilution of the
samples at an angle of scattering about 90°. The average particle size (D) (3, 4) was
measured for all the prepared formulas. In addition, for each formula the poly-dispersity
index (PDI) was determined as a measurement for the size distribution width. PDI is an
index of variation within the size distribution of particles. The analyzer can also detect
the specific surface area for each formula.

- Freeze drying of the prepared Dapsone nanoparticles

The selected formula with the best average particle size and PDI was lyophilized
using a freeze dryer system at a controlled temperature of (- 40 “C) with pump operating
at a pressure of 0.5 mbar over a period of (48-72) hours. The lyophilized powder was
further investigations (15).

-Determination of Dapsone solubility
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Solubilities of pure DAP, physical mixture (DAP+PVP) and the best formula from
study were determined using shake-flask method for different media (water, 0.1N HCI
pH 1.2 and phosphate buffer solution pH 6.8) in which an excess amount of drug was
placed in contact with 10 ml of medium with stirring 99 rpm at 37°C. The mixture was
shaken for 48hr. and the sample was withdrawn, filtered then diluted with solubility
medium to measure the absorbance by spectrophotometer at a specific wavelength for
each media to get the amount of drug that dissolved(15).

equivalent to 50 mg of DAPDAP. All these samples were grounded and combined
with potassium bromide. The run was between the wave number of 4000 - 400 cm-1,-In
Vitro dissolution study

In Vitro dissolution study was performed using USP dissolution apparatus-11
(Paddle assembly) in 0.1N HCI (pH 1.2) and phosphate buffer solution (pH 6.8) as
dissolution media at 37 £ 0.5°C and 50 rpm. It was performed for powder of the pure
drug, physical mixture (drug and stabilizer) and the selected formula (F3) in a flask (
900 ml in volume). Samples (5ml) were withdrawn at (2, 4, 6, 8, 10, 15, 20, 30, 60, 90,
120 and 150) minutes and replaced with fresh dissolution medium. Samples were
filtered through syringe filter 0.22 um and assayed spectrophotometrically at the
determined wave length (15,16) .

-Fourier Transform Infrared Spectroscopy (FTIR)

Spectra were obtained using FTIR spectroscopy for pure Dapsone powder, PVP
k30 and lyophilized powder of selected formula (F3) (17).

- Differential scanning calorimetry (DSC)

DSC can be utilized to detect the compatibility between DAP and polymer. It
can also give idea about the crystallinity of DAP especially if prepared as nanoparticles.
Thermal properties of the same samples that are previously evaluated by FTIR, were
determined using an automatic thermal analyzer system (Shimadzu. DSC-60.Japan).
Precisely weighed samples (5mg) were put in non- closed

hermetically aluminum pans and exposed for heating rate (20 "C/minute) against an
empty aluminum pan as a reference one covering a range of temperature range about
(50 - 300 °C) (18,19).

It is6 to the lyophilized selected formula -Powder X-ray diffraction (XRD)

It is used to detect the atomic and molecular structure of crystalline compounds
such as drugs and additives . The crystalline nature of tested samples can

be confirmed by patterns of X-rays diffraction (diffractograms). Therefore, these
information can be used to verify whether the tested samples are crystalline or
amorphous. The analysis was achieved by using powder X-ray diffraction (XRD-6000,
Shimadzu, Japan 220V/50Hz) at continuous scan range of 260 = 5 - 50° , the operating
voltage and current were 40 (kV) and 30 (mA) respectively (20,21).

-Surface morphology study:

Scanning electron microscopy (SEM)
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Scanning electron microscope of pure DAP and lyophilized formula selected were
confirmed by direct deposition of powder on double-sided carbon tape and coated with
gold, The samples were visualized using a scanning electron microscope operated with
a secondary detector at different acceleration voltage and at different
magnification(22,23).

Atomic force microscopy (AFM)

The surfaces of substances can be scanned using AFM in controlled environmental
conditions which is complementary to SEM imaging. It can also measure the size and
surface morphology of the nanoparticles accurately. Wetted sample (droplets) from the
selected formula was deposited on freshly cleaved mica and dried 15 minutes in the
oven by the technique of droplet evaporation. Particle size, 3D-dimension graph, and a
histogram of particle size distribution were obtained by this test (24,25).

3. Results and discussion
3.1 Determination of AMax.

Scanning of solutions that contains 10 pg /Iml of DAP in 0.1N HCI and
phosphate buffer solution using UV spectrophotometer at 200-400 nm gave the
spectrum shown in figures (1) with a peak for A max. at 288.4 and 291nm respectively.
The results were in agreement with the reported ones (11,12).
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Figure (1): Dapsone spectrum in HCI 0.1N(pH 1.2) (A) and phosphate buffer
solution (pH 6.8) (B).

3.2 Calibration Curve of Dapsone

Figure (2) A and B shows the calibration curves of DAP in  0.1N HCI and
phosphate buffer solution respectively. A straight line was obtained by plotting the
absorbance versus concentration. This indicates that calibration curve obeys Beer’s-
Lambert law within the range of used concentrations (26,27).
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Figure (2): Calibration curves of Dapsone in 0.1 N HCI (A) and in phosphate
buffer solution (B) .

3.3 Measurement of particle size of the prepared formulas
-Effect of change of organic solvent type

In this study two types of organic solvent were used, ethanol (F1-F9) and methanol
(F10-F18) containing three different types of stabilizer in three different drug:stabilizer
ratio (1:1,1:2 and 1:4).The results showed that the particle size was larger when
methanol used as organic solvent in compare with ethanol. This may be because of
variation in evaporation rate (methanol faster than ethanol) and higher solubility of
DAP in methanol rather than than ethanol, so higher drug concentration generates
higher super saturation which results in more aggregation possibility and thereby larger
particles. Also, on an increase of drug concentration, the viscosity is also increased,
which will hinder the diffusion within solvent and anti-solvent, leading to non-uniform
super saturation, slower nucleation rates, and increased particle agglomeration, and
hence, larger particle (28).

-Effect of using different ratios of different types of stabilizer

Some of the prepared DAP nanoparticles formulas showed a particle size result
within nano range as shown in table (2). It has been shown that formula (F3) that used
ethanol as organic solvent has the lowest particle size, this may be because of the high
PVP concentration (at 1:4 drug: stabilizer ratio) which can cause decrease aggregation
of drug particles and more finely dispersed within the solvent used, the PVP has high
affinity for both surfaces (hydrophilic and hydrophobic ones) (20). And this means that
PVP has a higher affinity to adsorb DAP rather than other stabilizers (Poloxamer 188
and HPMC) .The particle size is inversely proportion to

the surface area so the smallest particle size result in high specific surface area that can
calculated by equation (1) :

SSA—

Diamstar ~— (1)

When the surface area increased, the dissolution rate also increased according to
(2), so this formula was subjected for further evaluation (31,32)

dC DS w (2)
—_— = —(C, — C)
dt Vh

Table (2): Average particle size, poly-dispersity index and specific surface area of
Dapsone nanoparticles formulas using constant volume of organic solvent.

Formulano.  Particle size D[4.3] PDI
1 516 0.007 4.31
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2 737 0.022 3.03
3 28.5 0.009 78.18
4 648 0.454 4.64
5 505 0.186 5.05
6 1883 0.009 1.18
7 229 0.069 10.26
8 4720 0 0.47
9 1605 0.028 1.39
10 764 0.006 2.91
11 613 0.007 3.63
12 12.3 0.023 182.51
13 1507 0.002 1.47
14 1185 0 1.87
15 940 0.003 2.36
16 312 0.36 9.07
17 4256 0.003 0.52
18 4720 0 0.47

-Saturation solubility of Dapsone

Different saturation solubility values of DAP powder were obtained in 0.1 N
HCI pH (1.2), phosphate buffer pH(6.8) and water at 37+0.5°C.As seen in figure (3), the
resulted solubilities were 2.326 + 0.004 and 0.326 + 0.002 and 0.141+0.001 mg / ml in
pH 1.2, pH6.8 and water respectively. These solubility values can be interpreted on the
basis that DAP is a basic drug and it has pKa value of 1.3, 2.5. So it's more soluble in
acidic media than basic media because at lower pH, the amino group will be protonated
so the solubility increased while in pH 6.8 and water the solubility is low because of the
maintenance of the molecular structure and these result agrees with that obtained by
previous studies (29,30). The result of saturation solubility of the selected formula (F3)
was increased 7.26 times in water (pH about 5.8) and 3.8 times in phosphate buffer
(pH 6.8) while in 0.1 N HCI (pH1.2) was 10 times as shown in figure (3)

M pure in water
25 7 B physical mixing in water
20 - F3 in water
_ Hpurein 6.8
E 15 1 B physical mixing in 6.8
£ 10 - F3in 6.8
purein 1.2
> ﬂ. physical mixing in 1.2
0 f BF3in1l.2
dapsone solubility in diffirent three media

Figure (3): Solubility values of pure Dapsone powder, physical mixture and F3 in
three different media.

-In Vitro dissolution study

From the release study and its parameters,F3 is the best formulas according to
DP10,%DE, MDT, f1 and f2 factors presented in table (3).The release of DAP in F3
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was compared with the pure drug powder in both media (0.1N HCI and phosphate
buffer) as in figure (4).The maximum cumulative percentages of drug release from
formula F3 were 99.24 % and 85.3 % within 10 minutes in 0.1N HCI and phosphate
buffer solution respectively, wherease the pure drug has % release of 40% and 11 %
within 10 minutes in 0.1N HCI and phosphate buffer solution respectively. This may be
because of reduction of in particle size can result in larger surface area and
consequently enhancing the contact of nanosized particles with the dissolution medium.
The obtained results were in good accordance with Noyes—Whitney equation which
states that when saturation solubility increases and particle size decreases, this can lead
to an increased dissolution rate (31).

Table (3) The dissolution data for pure Dapsone powder, physical mixture and F3
in the dissolution media

Dissolution | DP10 MDT

Sample type

= = F2

media
Pure drug Phosphate
buffer 11.05 28.228 17.783
F3 = 85.3 5.271 89.05 80.845 9.123
physical mixture = 11.7 24.684 16.46 11.985 79.269
0.IN HCI | 40.216 | 23.065 60.9
= 99.24 0.77 97.208 44,719 16.343
hS|caI mlxture = 35.865 | 27.011 53.54 11.168 61.219
the AR ( | 100
50 ]
oH 1.2 J pH 6.8
50 - ’-.—-I“g‘_s.
0 T T 1
0 50 100 150
I == pure =&—pure
0 B———om ' ' —&—pm
0 50 100 150
dispersed F3 formula dispersed F3 formula

Figure (4): In Vitro dissolution of best formula in compare with the dissolution of
pure and physical mixture in 0.1 N HCI and phosphate buffer solution.

-Fourier Transform Infrared Spectroscopy (FTIR)

FTIR is one of the most widely reported spectroscopic techniques for solid-state
characterization. The characteristic absorption band of Dapsone can be observed at a
band of 3300-3400 cm—1 corresponding to the stretch of the amine group (N H), and
peaks corresponding to bending vibration of NH2 groups between 1590 and 1550
cm—1. The bands at 1143 and 1180 cm—1 are ascribed to the symmetric and asymmetric
vibrations of the sulfone group ( SO2) as in figure (5)(15,17).
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For the stabilizer, PVP K-30 showed a strong absorbance band at 1660 cm-1 due
to the carbonyl group of tertiary amide, and at 2956.97 cm-1 due to C-H stretching. A
very broad band was also seen at 3296.46-3483.56 cm—1 due to O-H stretching
vibrations of absorbed water as in figure(6) confirming the broad endothermic peak

detected in the DSC experiments(32,33).

The spectrum of F3 powder as showed in figures (7) was equivalent to the
spectrum of the drug and stabilizer indicating no chemical interaction or complexation

occur in F3 formula between DAP and stabilizer.

3

: The FTIR spectrum of Dapsone |
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Figure (7): The FTIR spectrum of F3

-Differential scanning calorimetry (DSC)

Figure (8A) demonstrates DSC thermogram of DAP. The drug showed a
sharp characteristic endothermic peak at 179 °C and this agrees with published
results(12). This gives an indication that the drug has crystalline nature with high purity.
PVP K-30 did not show a sharp melting peak, however, it showed a broad endotherm at
120 °C as in figure (8B) , because it is an amorphous polymer has an broad endotherm
ranging from 60 °C to 120 °C (34). Physical mixture of DAP and PVP K-30 showed
melting point of each one as in figure (8C) with little change in the position except for
PVP K-30 which shifted to 114 °C because it is an amorphous polymer, indicating that
stabilizers do not change the physical state of DAP in the physical mixture. For
Iyophilized powder (F3), the melting point of DAP disappeared as in figure (8D) giving
a strong indication that the drug lost the crystallinity state and converted to an

amorphous form(39).

DSC A DSC
m mi
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it C _ osc
" D —
-2.0d
-5.00
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-10.0d /\ s0d
83.15C
1475C
aod 108. 1
1TB25C
15.00
50.00 100.00 150.00 20000 250.00 50.00 100.00 150.00 200.00 250.0C
Temp [C] Temp [C]

Figure (8): DSC thermograms of pure Dapsone (A), PVP k30 (B), the physical
mixture (C) and F3 (D).

-Powder x-ray diffraction (XRD):
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The X-ray diffractogram of the pure DAP powder, figure(9A) appeared
characteristic diffraction with a numerous (narrow and symmetrical) peaks with high
intensity. This indicates the crystalline structure of the drug , while PVP K-30 is
dominantly amorphous in nature as indicated in its diffractogram and characterized by
low intense peak as show in figure (9B). While the physical mixture, figure (9C)
displayed the presence of numerous narrow and symmetric characteristic diffraction
peaks with lower intensity that indicates mixing of crystalline with amorphous but the
XRD of F3, figures (9D) showed no sharp peak and diffraction peak with less intensity
when compared to that of raw drug, indicating that the crystalline structure of DAP was
lost and converted into amorphous form. These results are coordinated with other
studies in which Junghanns et al stated that processing of drug microcrystals into
nanoparticles can lead to either crystalline or an amorphous product, especially if
precipitation is applied (39).
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figure (9): X-ray diffractograms of pure Dapsone (A), PVPk30 (B), the physical
mixture (C) and F3 (D).

-Scanning electron microscopy (SEM)

The shapes of pure DAP particles and nanoparticles obtained from F3 were visualized
by scanning electron microscope as in the figure (10).
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Figure (10): SEM photographs of pure Dapsone and F3
-Atomic force microscopy (AFM)

The morphological analysis and particle size of (F3) performed by AFM showed
regular spherical shaped nanoparticles with a size of 56 nm as seen in figure (11) and
approved by the histogram of particle size distribution in figure (12A) .While the
particle size that measured by nano laser particle size analyzer was about (28.5 nm) as
in figure (12B) . The particle size value of F3 obtained using AFM was larger because
the nano laser particle size analyzer is not capable of giving information based on the
real size distribution but based on the volumetric mean diameter of a great number of
particles. For accurate determinations of single particle dimensions, size and
distribution , the other microscopic methods are used (40).

Figure (11): AFM of F3
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B: Particle size distribution of F3 by particle size analyzer ABT-9000
4. Conclusions

Based on the obtained results from this study, we found that solvent-antisolvent
precipitation method is an efficient method and it is cost effective, easy to operate and
can be easily scaled up for industrial production of drug particles.

High amount of PVP k30 can give the best formula of DAP nanoparticles regarding
particle size and dissolution rate to be formulated into different dosage forms without
physical or chemical incompatibility and good homogeneity and morphological
properties.
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5. Recommendations for future

Incorporation of the best formula of nanoparticle within a topical hydrogel
formulation and making clinical study to evaluate in vivo anti-leprotic effect to get in
vitro-in vivo correlation and confirm the effectiveness of gel.
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