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ABSTRACT

The low aqueous solubility of dapsone (DPS), a widely used anti-acne drug,
greatly limits its biological efficacy, especially the anti-inflammatory effect. This article
has applied the nanocrystallization technique to increase the surface area which
consequently improves the solubility, dissolution, and anti-inflammatory effect of
dapsone. Span-stabilized dapsone nanocrystals (DPS-NCs) have been prepared using
solvent-antisolvent crystallization technique. The obtained nanocrystals (NCs) were
characterized by FTIR, DSC, and X-ray. The morphology, particles surface, sizes, and
surface charge of DPS-NCs were examined by TEM, SEM, and zetasizer, respectively.
Additionally, the in vitro solubility, dissolution, and anti-inflammatory of the DPS-NCs
were investigated. DPS-NCs were spherical in shape with smooth surfaces and had a
hydrodynamic particle size of about 149+4.73 nm. The saturated aqueous solubility of
DPS-NCs was 1.8 + 0.05 mg/mL which was about 6 fold higher than that of a pure drug
and showed improved in vitro dissolution. The used excipients did not interact chemically
with the drug as indicated by DSC and FTIR. X-ray diffraction and TEM imaging
confirmed that the produced nanocrystals (NCs) still have a certain degree of crystallinity
and did not completely convert to the amorphous state. The in vitro anti-inflammatory of
DPS-NCs greatly improved compared to pure drug. DSP-NCs could be considered a
novel, promising, and effective therapeutic option for the treatment of acne as well as for
relieving the accompanying inflammation.

Keywords: Dapsone nanocrystal, solvent-antisolvent, solubility, dissolutions, in vitro
anti-inflammatory.
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1. Introduction

Acne vulgaris is a common skin disorder that affects most people during the
adolescence stage. The disease frequently affects regions of higher sebaceous glands such
as the face, upper back, and anterior trunk. As the disease affects the exposed parts of the
body, mainly the face, the affected patients may suffer from psychosocial disorders such
as anxiety, depression, insomnia, and hyperactivity (Toyoda and Morohashi 2001).
Pathologically, sebaceous glands secrete excessive sebum which is later infected by acne-
causing microorganisms, Propionibacterium acne (P. acne) (Xu and Li 2019). After that,
the bacteria colonized, grow, and secrete certain enzymes such as proteases, lipases, and
hyaluronidases which potentiate and augment skin inflammation and hyperkeratinization
around pilosebaceous units (Shalita and et al. 2011; Berson and Shalita 1995).
According to the degree of inflammation, acne lesions are classified as inflammatory and
non-inflammatory. Non-inflammatory acne is characterized by open or closed comedones
while inflammatory lesions are diagnosed by two types of papules. The first one is
characterized by raised erythematous lesions while the other inflammatory type is
characterized by collections of white pus at the surface. Once comedones rupture they
release their contents into the skin's surface and the inflammatory response is potentiated.
The successful and effective treatments of the disease improve all of these abnormalities
and additionally resolve psychological issues (Alston and et al. 2022; Brown and Food
And Drug Administration 2014).

Dapsone (DPS), a sulfone derivatives antibiotic, is a relatively new anti-acne drug
that has been shown to possess antibacterial and anti-inflammatory effects and has been
approved by the FDA, in 2005, for the treatment of acne vulgaris. Its antimicrobial
activity contributed to anti-folate by competing with para-aminobenzoic acid for the
active site of dihydropteroate synthetase. The antimicrobial spectrums of the drug
included in vitro antibacterial against Propionibacterium acnes which was commonly
detected bacteria in acne lesions. However, other bacteria such as Staphylococcus
epidermis (S. epidermis) had been reported to be affected by dapsone (Schneider-
Rauber and et al. 2020). The in vivo anti-inflammatory effect of the drug was attributed
to the inhibition of elastase enzymes, leukocyte peroxidase, and chemotaxis (Wozel and
Blasum 2014).

According to the Biopharmaceutic Classification System (BCS), DPS isaclass Il
drug with low solubility and high permeability (log P = 0.97) and according to USP, its
aqueous solubility is very slightly soluble (Bergstrom et al. 2014). The drug’s low
therapeutic index and significant microbiological resistance were linked to its low
solubility. Enhancing and improving the low aqueous solubility were considered major
challenges encountered with the development of new pharmaceutical formulations to
achieve optimum therapeutic effects (Nyamba et al. 2021).

Physical and chemical alterations of medications, as well as additional approaches
such as particle size reduction, crystal engineering, salt formation, solid dispersion, and
complexation, were used to improve the solubility of poorly water soluble drugs (Gao et
al. 2012). Nanocrystals (10-200 nm) preparation is one of the newest physical strategies
to improve the dissolution rate of poorly water-soluble materials. According to the Noyes-
Whitney equation, the particle size reduction will result in an increased surface area to
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volume ratio which increases the solubility and dissolution rate of badly soluble drugs
(Chen et al. 2011). Improvement of the solubility of low soluble highly permeable
molecules will subsequently enhance the bioavailability and efficacy of such drugs
(Merisko-Liversidge and Liversidge 2008).

Typically, nanoparticles are prepared using the either top-down or bottom-up
method. In the top-down technique mechanical comminution, using a high energy mill,
of larger particles into small nanoparticles is performed. This method requires high energy
input, time-consuming, and also may induce contamination. While in the bottom-up
approach nanoparticles are precipitated from the dissolved drug molecules. This method
gives better product output by producing a homogeneous particle distribution with less
energy input. Also, it utilizes inexpensive equipment (cost-effective) and takes place at
ambient temperatures and atmospheric pressure which preserve the stability of processed
materials (Abid et al. 2022). Production of stable nanoparticles requires coating of the
particle’s surface by a suitable stabilizer which prevents particle growth and/or
aggregation during preparation and/or storage and also aids in the improvement of
solubility and dissolution (Alshweiat et al. 2018; El-Feky et al. 2013).

Pharmaceutical researchers had developed many formulations to increase the
solubility and bioavailability of dapsone. For example, nanostructured lipid carriers
(composed of solid lipids and liquid lipids stabilized by surfactants), vesicles (niosomes,
invasomes, and bilosomes), and micro-emulsion had been also prepared. All of these
formulations contained multiple stabilizers, excipients, and have been prepared using
several organic solvents which may be harmful to the human body (Schneider-Rauber
et al. 2020; Bawazeer et al. 2020).

The main aim of the current work was the preparation of stable dapsone
nanocrystals (DPS-NC) by reducing particle size and increasing surface area to enhance
the drug solubility and dissolution without using harmful organic solvents and large
number of stabilizers and/or different excipients. Span-stabilized nanoparticles were
prepared by solvent anti-solvent technique using acetone as solvent and water as anti-
solvent. The produced nanocrystals were characterized concerning particle size, surface
charge, shape, surface roughness, solubility, in vitro dissolution and short-term dispersion
stability. The interaction between the drug and the used excipients during the preparation
of nanocrystals was investigated by FTIR, DSC, and X-ray. Finally, the in vitro anti-
inflammatory of the produced nanocrystals was studied.

2. Materials and Methods
2.1. Materials

Dapsone (batch number 289/5/19 and EX. Date 2/24) was purchased from El-Nile
Co., El- Swah square-America, Cairo, Egypt. Sorbitan mono-oleate (Span 80) was
purchased from Sigma-Aldrich Chemical Co. St. Louis MO (USA). Acetone, methanol,
and other used chemicals were of analytical grade and were used as received. Blood
samples were obtained from blood donors at the Blood Bank of Al Azhar University
Hospital in Assiut, Egypt. Ethical approval ZA-AS/PH/7/C/2022
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2.2. Methods
2.2.1. Preparation of Dapsone Nanoparticles

Dapsone nanoparticles (NPs) were produced by solvent anti-solvent precipitation
method using water as anti-solvent, acetone as a solvent, and Span 80 as a surface
stabilizer. The required amounts of pure drug and Span 80, as presented in Table 1, were
dissolved in 5 mL of acetone (water miscible organic solvent) in a test tube under
sonication for 3 minutes at room temperature until a clear organic solution was obtained.
The produced organic solution was then slowly dropped (1 mL/3 minutes) into 50 mL of
pure water using a plastic syringe over 15 minutes under continuous stirring at room
temperature using an overhead magnetic stirrer (Daihan Scientific Co., Korea) adjusted
at 1000 rpm. After that, the aqueous phase was continuously stirred for additional 2 hrs
to ensure complete evaporation of the organic solvent which was detected by the absence
of acetone odour. To obtain pure NPs, the produced nanosuspension was centrifuged,
using high speed centrifuge (Mumbai, India), at 10000 rpm for 30 minutes. The
supernatant was discarded, and the precipitated nanoparticles were washed twice with
distilled water and oven vacuum dried (Zeamil Horyzont Co., Poland) at 50° C for one
day until constant weight to ensure complete removal of water and acetone. The dried
nanoparticles were placed in airtight glass containers and stored in a desiccator till further
use. The actual compositions of the different formulations of the prepared nanoparticles
were listed in table 1 (Sinha and et al. 2022; Ibrahim et al. 2019).

Table (1): Composition of the prepared dapsone nanoparticles using Span 80 as a
stabilizer

Formula Ingredients
Code Dapsone Span 80 | Dapsone/Span 80 | Acetone | Water
(mg) (mg) Ratio (W/W) (mL) (mL)

Fl1 100 65 1.54 5 50
F2 100 45 2.22 5 50
F3 100 25 4 5 50
F4 75 65 1.15 5 50
F5 75 45 1.67 5 50
F6 75 25 3 5 50
F7 50 65 0.77 5 50
F8 50 45 1.11 5 50
F9 50 25 2 5 50

2.2.2. Determination of Saturation Solubility

Saturation solubility of materials depends mainly on the temperature and the
properties of the dissolution medium. However, below a size of approximately 1-2 pm,
the saturation solubility is also a function of particle size (Ashok Kumar et al. 2015).
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The saturation solubility of pure drug, physical mixture, and Span stabilized
nanoparticles were determined in phosphate buffer (pH, 6.8). Excess amount of each
sample was added to 10 mL of the buffer in screw glass tubes which were shacked at 50
rpm in a thermostatically controlled water bath shaker kept at 37 °C for 48 hrs. At the end
of the specified time, samples were centrifuged at 10000 rpm at 4 °C and the absorbance
of the drug in supernatants was then analyzed spectrophotometrically (Shimadzu Co.,
Japan) at Amax 291 nm to quantitatively determine the amount of soluble drug per mL of
buffer solution. All the experiments were carried out in triplicate (Agrawal et al. 2004).

2.2.3. Characterization of the Prepared Nanoparticles
2.2.3.1. Fourier Transformer Infrared Spectroscopy (FTIR)

This experiment was carried out to detect any possible interaction between the
drug and the used stabilizer during the preparation of nanoparticles. Five mg of the pure
drug, Span 80, and the equivalent weight of selected nanoparticles were finely crushed
and mixed with KBr separately and compressed into disc which were scanned in the
spectral region from 4000 to 400 cm™ (FT-IR spectrophotometer Shimadzu, Corporation,
Japan) (Zhao et al. 2014).

2.2.3.2. Differential Scanning Calorimetry (DSC)

Thermal analysis was used to estimate the chemical and physical changes such as
drug crystallinity of the drug upon size decrease by the nanosizing process. Five mg of
pure drug and selected nanoparticles were placed in standard aluminum pans with a lid.
Pans containing the samples were heated from 20 to 300 °C at a heating rate of 10 °C
/min under nitrogen flow rate of 25 mL/min. (DSC-50, Shimadzu Co., Japan) (Altamimi
and Neau 2016).

2.2.3.3. Powder X-ray Diffraction (PXRD)

The crystallinity of pure dapsone and dapsone nanoparticles were evaluated by
PXRD. Powder X-ray diffraction patterns (diffractgrams) of the selected nanoparticles
and pure drug were obtained by X-ray diffractmeter (Model PW 1710 control unit Philips,
anode material Cu 40 K.V, 30 M.A, Philips, Germany). Each sample was scanned in the
two theta degree (20) range of 4 to 60 with a step size of one degree at a scan rate of 0.06/s
(Medarevi¢ et al. 2020).

2.2.3.4. Scanning Electron Microscopy (SEM)

The surface morphological features of the selected dapsone nanoparticles were
examined by scanning electron microscopy (SEM) (JSM-5400LVSEM, Jeol, Japan). A
vacuum-dried samples of nanosuspension was placed on a metal grid coated with gold-
palladium followed by an examination at suitable required magnifications (Khan et al.
2019).
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2.2.3.5. Transmission Electron Microscopy (TEM)

The morphology and the size of the drug's nanoparticles were determined by high-
resolution electron microscopy (TEM). One drop of freshly prepared nanoparticles was
placed on the carbon-coated copper grid and left to dry. After drying, the samples were
imaged by TEM at magnifications of 5000-20,000 using (FEI Tecnai G2 Field Emission
Gun, HR-TEM operating at 200 kV) (Alves et al. 2021).

2.2.3.6. Particle Size, PDI and Zeta Potential Measurements

The hydrodynamic size, PDI and zeta potentials of all nanoparticles preparation
were measured immediately after producing the formulae by dynamic laser light
scattering using zetasizer ZS 90 (Malvern, England). About 3 mL of each prepared
nanoparticles were properly diluted and the size and PDI of each sample were measured
at 25 °C, measurements were carried out in triplicate for each sample (Shariare et al.
2018).

2.2.3.7. Determination of the Production Efficiency (PE)

Dapsone nanoparticle production efficiency (PE) was determined by dissolving a
known amount of completely dried nanoparticles powder (5 mg) in methanol and diluted
with phosphate buffer (pH 6.8). The absorbance of each sample was measured
spectrophotometrically (Shimadzu Co., Japan) at Amax 291 nm and the corresponding drug
weight was calculated using a standard calibration curve of pure drug constructed under
the same conditions. The production efficiency of dapsone nanocrystals was calculated
using equation 1 (Mothilal et al. 2014).

Weight of dapsone in nanocrystals
g p y x 100

PE % = equation (1)

Total weight of nanocrystals

2.2.3.8. In vitro Dissolution Studies

The in vitro dissolution profiles of raw dapsone and 9 prepared nanoparticles
batches were performed using USP dissolution apparatus type Il (Dissolution test
apparatus, SR 11, 6 flasks, paddle type, Hanson research Co., USA). Accurately weighed
10 mg of pure drug and the equivalent amount of all prepared nano formulae were
dispersed in 900 mL of phosphate buffer (pH 6.8) which was stirred at 100 rpm and
maintained at 37+1 °C for 2 hrs. At specified time intervals, 10, 15, 20, 25, 30, 45, 60,
90, and 120 minutes, 5 mL samples were withdrawn, filtered using filter tip, and replaced
immediately with an equal volume of fresh dissolution medium to maintain the
dissolution volume constant. The absorbance of the collected samples was determined by
UV-vis spectrophotometry (Shimadzu 1601, Japan) at Amax 291 nm, the specific Amax Of
the drug. The concentration of the drug in each sample was calculated using a standard
calibration curve of the drug and the percentage of drug dissoluted was calculated. Each
dissolution experiment was done in a triplicate pattern and represented graphically as the
cumulative percent drug dissolved with time (Gamal Zayed 2014).
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2.2.3.9. Dispersion Stability of the Prepared Nanparticles

The selected batch was subjected to a short-term dispersion stability test. Freshly
prepared samples were stored in 5 mL sealed glass vials for three months. The stored
samples were exposed to varying conditions of temperature and relative humidity at 25
°C/65% RH and 4 °C/65 % RH for three months in humidity controlled oven. The stored
samples were periodically inspected for any sedimentation or changes in their physical
appearance and evaluated with respect to particle size and PDI at the interval of zero, one
month, two months, and third months respectively (He et al. 2017).

2.2.3.10. Investigation of the In vitro Anti-inflammatory Activities.

The in vitro anti-inflammatory activity of the prepared dapsone nanoparticles
were tested using the recently reported methods, inhibition of aloumin denaturation, and
membrane stabilization methods.

2.2.3.10.1: Inhibition of Albumin Denaturation.

Albumin denaturation is the main cause of inflammation which is characterized
by swelling redness and pain in the affected area. Non-steroidal anti-inflammatory drugs
(NSAIDs) act by binding to plasma albumin and preventing the denaturation and the
consequent swelling redness and pain (Saso et al. 2001).

2 mL containing varying concentrations (500, 400, 300, 200,100, and 50 pg/mL)
of the selected formula of dapsone nanocrystal, 2.8 mL of PBS (pH 6.8), and 0.2 mL of
5% egg albumin were mixed together and incubated in a water bath at 37 °C for 20
minutes and then heated at 70 °C for 5 minutes. Equal concentrations of pure dapsone
suspensions were used for comparison. The absorbance of each sample was measured
spectrophotometrically at 660 nm using phosphate buffer as a blank. Each experiment
was carried out in triplicates and the percentage inhibition of albumin denaturation was
calculated applying equation 2 (Bailey-shaw et al. 2017).

Abs. Control— Abs. Sample
Abs. control

% Inhibition of albumin denaturation = ( ) X100  equation (2)

2.2.3.10.2. Human Red Blood Cell (HRBC) Membrane Stabilization Methods.

Usually, the lysosomal enzymes are released during inflammation and produce
multiple disorders related to chronic or acute inflammation. The anti-inflammatory drugs
act either by stabilizing the lysosomal membrane or inhibiting these lysosomal enzymes.
Due to the similarity between the membrane of red blood cells and the lysosomal
membrane, many studies were used to check the stability of the HRBC membrane as an
indicator of the anti-inflammatory effect (Gunathilake and et al. 2018a).

Preparation of human red blood cell suspension.
Fresh blood was collected, in heparinized tubes, from a healthy volunteer who had

not received any non-steroidal anti-inflammatory drugs two weeks before the experiment.
Blood containing tubes were centrifuged at 2500 rpm for 10 minutes to separate plasma
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from RBCs and the plasma was discarded. HRBCs were washed with 0.9% normal saline
and the volume of blood was reconstituted with isotonic 0.9% normal saline to 10% (v/v)
suspension and the in vitro anti-inflammatory effect of dapsone nanocrystals was
investigated by two methods. The experiment was conducted according to guidelines of
the Institutional Ethical Committee of the faculty of pharmacy, Al-Azhar University at
Assiut, Egypt (ethical approval number; ZA-AS/PH/7/C/2022) (Gunathilake and et al.
2018Db).

2.2.3.10.2.1. Heat-induced hemolysis

1 mL of varying concentrations of DPS-NC or pure dapsone suspension (500, 400,
300, 200, 100, and 50 pg/mL) was added to 1 mL of 10% HRBCs suspension test tubes.
Control samples were prepared by adding 1 mL of 10% HRBCs suspension to 1 mL of
distilled water. The tubes were incubated at 55 °C for 30 minutes in a thermostatically
controlled water bath, then tubes were cooled to room temperature, centrifuged at 3000
rpm for 5 minutes and the absorbance of the supernatant was measured at 560 nm. Each
experiment was done in triplicates and the percentage inhibition of hemolysis (the
hemoglobin content in the supernatant) was calculated according to equation 3 (Xiao et
al. 2021).

(Abs Control—-Abs Sample

% Hemolysis inhibition = ) X 100 equation (3)

Abs control

2.2.3.10.2.2: Hypotonicity-induced hemolysis

1 mL phosphate buffer (pH 7.4) containing varying concentrations of pure
dapsone suspension or dapsone nanoparticle was added to 2 mL hyposaline solution
(0.36% NaCl in water) and finally added to 0.5 mL 10 % HRBCs suspension. In the
control experiment, distilled water was used instead of a drug. The mixture was incubated
at 37 °C for 30 minutes, then centrifuged at 3000 rpm for 20 minutes and the absorbance
of the supernatant was measured at 560 nm. The experiment was done in triplicates and
the percentage inhibition of hemolysis (the hemoglobin content) was calculated using
equation 3 (Umapathy et al. 2010).

3. Results
3.1. Formation of Stable Nanocrystals

Solvent anti-solvent precipitation is a simple approach commonly used to modify
the size of poorly water-soluble drugs. Acetone was used, specifically, as a solvent for
several basic reasons; it has the ability to solubilize large amount of both DPS and Span
80, completely miscible with water (anti-solvent of the drug) and it is rapidly evaporated
at low temperatures (Li et al. 2019). Moreover, the term stabilizer refers to hydrophobic
surfactant (Span 80) which was used in our study. The used stabilizer has a good affinity
to drug particles, wet it with a fast diffusion rate, and effectively adsorbed on the surface
of drug particles in the water solvent mixture. The effective adsorption of Span 80 on the
particle's surfaces acquired the nanocrystal sufficient stability and prevented the crystal
growth by steric stabilization. The applied method depended on the generation of ultrafine
crystals upon the slow addition of an organic solution into water (anti-solvent) under rapid



Az. J. Pharm Sci. Vol. 66, September, 2022 9

mixing at a stirrer at 1000 rpm at room temperature. The process of nanocrystallization
was done through two phases, nucleation (nuclei generation) and crystal growth. During
the crystal growth phase, the production of stable suspension is challenging, especially,
with a high nucleation rate and formation of small-sized nanocrystals with high surface
area. Large surface area nanocrystals are acutely thermodynamically unstable and may
result in crystal agglomeration to decrease their surface energy. To prevent and arrest
nanocrystals growth, as a consequence of larger surface area and thermodynamic
instability, Span 80 (non-ionic surfactant), as a surface stabilizer, with high affinity to the
particle's surface, had been added during the process of nanocrystal formation which gave
the effective stearic barrier against crystals growth and aggregation (Wang et al. 2013).

3.2. Saturation Solubility

The saturation solubility of pure dapsone, physical mixture, and DPS-NC are
shown in figure 1. The solubility of the pure drug and physical mixture was found to be
297+ 3.5 pg/mL and 314+2.7 pg/mL, respectively, which demonstrate the very poor
aqueous solubility of the drug. In contrast, the solubility of Span stabilized DPS-NC was
found to be 1800+50 pg/mL which is about 6 folds higher than that of the pure drug.
These results indicated that the nanocrystallization of dapsone in water in the presence of
surface active agent, Span 80, could be an effective physical technique to increase the
aqueous solubility of the drug (Junyaprasert and Morakul 2015).

Solubility mg/mL
[
[ %)

o
(2]
1

O T T 1
Pure drug Physical mixture Nanocrystal (F2)

Figure (1): Saturation solubility of pure dapsone, physical mixture and dapsone
nanocrystal at 37 °C in phosphate buffer pH (6.8).

3.3. Fourier Transformer Infrared Spectroscopy (FTIR)

FTIR spectra reported in study confirmed that there was no major shifting as well
as no loss of functional peaks between the spectra of pure dapsone and nanocrystals. The
spectrum of DPS-NC only showed low intensity bands probably due to the dilution of the
drug by the adsorbed stabilizer. FTIR spectra of DPS and nanosized DPS-NC were shown
in figure 2. We can observe as a characteristic transmission bands at 3300 cmtand 3456
cm ! corresponding to the stretching of the amine group (N-H) and peaks corresponding
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to bending vibration of -NH, groups between 1590 and 1550 cm™. The bands located at
1143 cm™ and 1180 cm™ were corresponding to the symmetric and asymmetric
vibrations of the sulfone group (O=S=0). These finding demonstrated the absence of
intermolecular interaction or changes in the chemical structure of the drug during or after
the nanoprecipitation process (Chaves et al. 2015).
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Figure (2): FTIR spectra of pure drug (A), Span 80 (B) and nanocrystals (C).

3.4. Differential Scanning Calorimetry (DSC)

DSC is widely used to evaluate the crystalline or amorphous nature of the drug
within the obtained formulation and may detect any possible interactions with other
ingredients. Figure 3 shows the DSC thermograms of pure dapsone and selected
nanocrystals formulae, small one. Pure drug revealed an intense sharp endothermic peak
at 180 °C corresponding to drug melting with fusion enthalpy equal to -121.81 J/g. While
nanocrystals, thermogram showed a melting endothermic peak at 178 °C with fusion
enthalpy equal to -25.04 J/g. The results of the thermal analysis proved the chemical
integrity of the drug after nanocrystallization because both pure drug and nanocrystal
showed nearly the same melting peaks. The lower melting intensity of the endothermic
peak of DPS-NC as indicated in figure 3 could be attributed to the smaller particle size of
the drug nanocrystal (Khan et al. 2020).
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Figure (3): DSC thermograms of pure drug (orange curve) and nanocrystal (blue curve).
3.5. Powder X-ray diffraction (PXRD)

The XRD diffraction pattern of pure dapsone showed sharp intense peaks at 26
13.1 0°, 16.99°, 17. 84°, 19.35°, 20.86°, 22.46 °, 23.73 °and 29.10 ° indicating the high
crystalline nature of the drug as presented in figure 4. Compared to the characteristic peak
positions of pure drug, there was no difference in the positions of the characteristic peaks
of selected nanocrystals. The only detected difference was in the peaks intensity, which
may be attributed to particle size reduction and presence of the stabilizer at the crystal
surfaces. Usually, drugs with lower crystallinity and smaller size induce improvement of
dissolution rate, harvesting higher saturation solubility and oral bioavailability than pure
crystalline materials presented in figure 4. However, the maintenance of the original
crystalline structure of any drug is required for long-term stability because of its low
energy state (He et al. 2017).

Y T

A

T

0 10 20 320Theta (éggree) >0 60 70
Figure (4): X-ray diffraction patterns of pure drug (A) and nanocrystal (B).
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3.6. Scanning electron microscopy (SEM)

The SEM images of dapsone nanocrystals were displayed in figure 5. SEM
investigation indicated that Span coated DPS-NCs produced by solvent-antisolvent
precipitation were very small in size with spherical shapes, smooth surfaces, and definite
edges. SEM images didn’t show any aggregations of particles and nanocrystals still in the
nanometer even after complete drying and solidification. There is also a previous study
that indicated that small spherical particles have a higher dissolution rate than large,
irregular particles (Mosharraf and Nystrom 1995).

15kV X286.,000 ipm ©OB0O0B18 15kV X35.800 B8.5pm BB6BB16

Figure (5): Scanning electron microscope images of dapsone nanocrystal (F2)
3.7. Transmission Electron Microscopy (TEM)

TEM image of the prepared nanocrystal was shown in figure 6. The nanocrystal
appears under a high-resolution electron microscope (TEM) as uniform spherical particles
within the nanometer range of less than 100 nm. There is a large difference between the
sizes measured by DLS and the sizes determined by TEM. The smaller size of nanocrystal
measured by TEM could be due to the fact that zetasizer measuring the hydrodynamic
sizes of particles i.e the size of particles with the surrounding moving layer of the
dispersion medium but TEM measured only the actual size of dried nanocrystal so gives
images with a smaller particle size compared to that of DLS result.

Figure (6): TEM photographs of dapsone nanocrystal.
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3.8. Particle size, PDI and Surface Charge

The most important parameters for characterization the prepared nanocrystals
were particle size, polydispersity index (PDI) and surface charge (zeta potential). Particle
size is a reflective mirror for physicochemical properties such as physical stability,
dissolution pattern, saturation solubility, and bioavailability. Small sized Span coated
DPS-NC were obtained where the particle sizes ranged from 149.07+4.73 nm to
252.77£7.94 nm with narrow size distribution as indicated by low polydispersity indexes
(PDI) and presented in figure 7 and table 2. Particles having PDI less than 0.7 are
considered monodisperse nanoparticles which mean that the sizes of individual particles
are close to each other i.e there is no large difference in the size between the smaller
particles and larger particles. So maintaining a narrow particle size distribution was the
greatest challenge for ensuring the of stability nanosuspension. The PDI results of all 9
Span coated dapsone nanocrystals formulations were in the range of 0.084 to 0.299 which
was considered a fair indication for the mono-size distribution of particles (table 2).

Table (2): Particle size, PDI, production efficiency (PE) and zeta potential of the
prepared dapsone nanocrystals

Average PDI Zeta PE (%)
particle  size potential
Formula | (hm) (mV)
Code
F1 252.76+7.94 0.236667+0.081 | -25.5+1.8 96.4+0.01
F2 222.4+5.79 0.177667+0.026 | -39.6+£0.58 | 97.5+0.025
F3 149.07+4.73 0.167+0.098 -30.2+2.41 | 98.88+0.02
F4 244.5+23.39 0.223+0.033 -20.7+£1.01 | 94.68+0.020
F5 199.97+10.5 0.17+0.035 -37.1+£2.01 | 95.95+0.032
F6 160.53+6.22 0.214667+0.028 | -35.0+1.73 | 96.87+0.015
F7 211.93+29.77 | 0.249+0.02 -20.5+¢3.31 | 92.5+0.03
F8 166+12.60 0.299333+0.170 | -25.4+3.13 | 93.77+0.025
F9 193.6+4.16 0.083667+0.05 -19.1+3.8 95.08+0.051
25_ .................. .................. . ................. . .................
20 T S T B P SRR :
éqs, .................. e S FTY N PR T
-ARC] EERPRTERPRRRRS e SUDPRUUUREURPR S N L §
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Figure (7): Hydrodynamic size distribution of the dapsone nanocrystal.
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The zeta potential is a fundamental parameter for predicting nanocrystal
dispersion stability as it measures electric charge on the surface of particles. It is well
known that particles with zeta potential higher than 30 mV are characterized by high
dispersion stability. In this case, the electrostatic repulsion between similarly charged
nanoparticles is higher than the hydrophobic-hydrophobic interaction and consequently
particles remain individually distributed within the dispersion medium. The observed zeta
potential values for all dapsone nanocrystal formulations were in the range of -19.1 mV
to -39.6 mV (table 2) which prove the helpful role of surface charge in nanocrystal
stabilization.

3.9. Determination of the Production (Entrapment) Efficiency (PE)

The production efficiency (yield) of dapsone nanocrystals in each formula was
determined using a spectrophotometer (Shimadzu Co., Japan) at Amax 291 nm to
quantitatively determine the amount of the drug after vacuum oven drying and
solidification. High production efficiencies, more 92%, were observed for the prepared
formulae as presented in table 2.

3.10. In vitro dissolution studies

The dissolution rate of drug is one of the most important results for nanocrystals
evaluation because the higher dissolution rate indicates successful improvement of
dissolution and bioavailability. The dissolution profiles of pure dapsone and different
dapsone nanocrystals were illustrated in figures 8, 9, and 10. According to the Noyes-
Whitney equation, the dissolution rate is directly proportional to the surface area of solid
particles subjected to the dissolution medium. The faster dissolution rates of the
nanocrystals, especially within the first 25 minutes, could be attributed to small particle
size and greater surface area in comparison with pure drug. The Nanocrystals formula of
F6, F3, F2, F9, F8, F7, F4, F5, and F1 gave faster dissolution rates in descending order
due to reduction in particle size and increased surface area. After 45 minutes F2 exhibited
the highest dissolution over other tested nanocrystal formulae. Moreover, F2 showed the
highest zeta potential and it considered to the most stable formulae. For these reasons, F2
was selected as the best formulae and was used to perform other all investigation in the
study. Moreover, the surface coating of nanocrystals by a non-ionic stabilizer, Span 80
which is a water dispersible surfactant, accelerated the drug release and gives a higher
impact on the enhancement of dissolution rate as shown in the drug release. F2
nanocrystal was found to exhibit the highest dissolution rate where 93.35 % of the drug
was dissoluted within 45 minutes compared to only 25.55 % for pure drug (figure 8). The
highest dissolution rate of F2 is due to the smaller particle size, larger surface area, and
using an intermediate concentration of Span 80.
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Figure (8): Dissolution profiles of pure drug, nanocrystal formulae F1, F2 and F3
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Figure (9): Dissolution profiles of pure drug, nanocrystal formulae F4, F5 and F6
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Figure (10): Dissolution profiles of pure drug, nanocrystal formulae F7, F8, and F9
3.11. Dispersion stability of dapsone nanocrystals

The stability data of the stored preparation at different storage conditions was
shown in table (3) and figure 11. Sufficient steric repulsion occurs among the particles
due to the type and amount of stabilizer provide high physical stability. Moreover, the
homogeneous particle size of nanocrystals affects the physical stability of formulations
because the poor homogeneity of particles causes the growth of larger particles (Ostwald
ripening). That is why the appearance and physical characteristics did not change upon
storage of particle dispersion for 3 months in the refrigerator at 4 °C/RH 65+5% for 3
months. But under the ambient conditions, a loose layer of sediment appeared in vials
containing the NC. However, the sedimentation disappeared rapidly when the vials were
shacked manually. Thus, the formulation stored at 4 °C/ RH 65+5% showed better
stability if compared with the formulation stored at 25 °C/ RH 65+5%. Finally, the
selected formula did not show any significant change in both parameters under different
conditions. It indicates that this formulation was able to retain its stability for up to 3
months.



Az. J. Pharm Sci. Vol. 66, September, 2022 17
Table (3): Particle size and PDI of fresh and stored nanocrystal
Fresh Stored at 4°C Stored at 25°C
samples One month | Two months | Three One month Two Three
Parameter months months months
Size (nm) 222.445.79 222.4+5.45 | 225.6+4.86 228.745.64 246+3.71 251.4+44.4 | 261.3+3.95
8 5
PDI 0.178+0.026 0.191+0.02 | 0.2£0.0235 0.203+£0.021 | 0.233+0.022 | 0.200£0.0 | 0.330%0.02
51 1 19 51
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Figure (11): Hydrodynamic size distribution of the dapsone nanocrystal after storage for
three months.

3.12. In vitro anti-inflammatory activity of dapsone
3.12.1. Inhibition of albumin denaturation.

Dapsone nanocrystal (F2) produced 8.76% inhibition of albumin denaturation
percentage starting from the lowest used concentration (50 pg/mL). The highest inhibition
percent, 61.09%, was obtained upon using 500 pg/mL of DPS-NC (figure 12). All the
used concentrations of DPS-NC showed inhibition of albumin denaturation while the pure
drug showed inhibition only starting from a concentration equal to 300 pg/mL or higher
whereas the pure drug produced only 24.23% inhibition of albumin denaturation at 500
pmg/mL as presented in figure 12. The enhanced albumin denaturation of DPS-NC
compared to pure could be attributed to the higher solubility of nanocrystal as presented
in figure 4. Moreover, the inhibition of albumin denaturation of Span coated DPS-NC
was a concentration dependent which means increasing the soluble drug concentration at
the affected sites or tissues will result in greater protection of tissues and organs against
inflammation and rapid pain relief (Devi et al. 2022).
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Figure (12): Effect of pure dapsone and dapsone nanocrystal on egg albumin
denaturation

3.12.2. Human red blood cell (HRBC) membrane stabilization methods.

Hypotonic solution and heat are considered injurious agents that can lead to lysis
of RBCs membrane which is the first step in the inflammation mechanism. So
stabilization of RBCs membrane is a standard measure of the anti-inflammatory activity
because it prevents the extracellular release of lysosomal constituents of activated
leukocytes (such as proteases enzymes), which causes tissue inflammation and might be
ended by tissue damage (Rashid et al. 2011).

3.12.3. Heat-induced hemolysis:

Dapsone nanocrystal showed inhibition of RBCs hemolysis starting from the
lowest used concentration, 50 pg/mL, which gave 23.6% inhibition. The highest
inhibition percent, 67.4%, was obtained upon using 500 pg/mL. All the applied
concentrations of dapsone NC showed inhibition of RBCs hemolysis while pure dapsone
showed inhibition starting from 100 pg/ mL or higher. The enhanced protection of RBCs
hemolysis of NC compared to the pure drug could be attributed to the higher solubility of
NC as figure 13. Moreover, the inhibition of RBCs hemolysis of Span coated NC was a
concentration-dependent manner which was considered the main parameter in tissue
protection against inflammation and relief pain. The present study showed that at a
concentration of 50 pg/mL pure drug does not show any inhibition while nanocrystals
show 23.6% inhibition using the same concentration. The maximum percentage of
inhibition 67.4 % was obtained by using 500 pg/mL concentration for nanocrystals in
comparison to only 32.87 % inhibition of pure drug at the same concentration (Aidoo et
al. 2021).
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Figure (13): Effect of pure dapsone and dapsone nanocrystal on hemolysis of RBCs
induced by heat.

3.12.4. Hypotonicity-induced hemolysis

Hypotonicity means excessive accumulation of fluid into the cells resulting in
rupture of the RBCs membrane and cells hemolysis which is followed by leakage of
hemoglobin which could be prevented by membrane stabilization. 50 pg/mL of dapsone
nanocrystals produce 35.24 % inhibition of RBCs hemolysis. The highest hemolysis
inhibition percent, 60.27%, was obtained with 500 pg/mL. All the tested concentrations
of NC showed inhibition of RBCs hemolysis while the pure drug concentration showed
only inhibition at 200pg/ mL or higher. The enhancement of NC compared to pure could
be attributed to sufficient higher solubility of NC as in figure 14. Moreover, the inhibition
of RBCs hemolysis of Span stabilized DPS-NC is a concentration-dependent manner
which was considered the main parameter in tissue protection against inflammation and
relief of pain. At a minimally used concentration, 50 pg/mL, the pure drug did not show
any inhibition while nanocrystals show 35.24% at the same concentration level and a
maximum percentage of inhibition of 60.27% was obtained at 500 pg/mL concentration
for nanocrystals in comparison to only 37.11% of pure drug at the same concentration
(Gudimella et al. 2022).
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Figure (14): Effect of pure dapsone and dapsone nanocrystal on hemolysis of RBCs
induced by hypotonicity.

4. Discussion

Enhancement the solubility and the dissolution rate of hydrophobic drugs are
essential preformulation steps toward the development of therapeutically effective dosage
forms (Savjani and et al. 2012). In the current study, the improved aqueous saturated
solubility of DPS-NC, relative to that of pure drug, was attributed to the decreased particle
size and increased surface area in addition to the presence of Span on the particles surface.
Generally, aqueous saturation solubility is inversely proportional to particle size i.e the
solubility in water increases with decreasing particle size. It is expected also that,
nanocrystallization and Span coating could also enhance the dissolution and improve the
bioavailability of highly water insoluble dapsone as a BCS class Il drug (Dora et al. 2010;
Schneider-Rauber, Argenta, and Caon 2020).

Hydrophilic surface active agents and polymers are widely used to stabilize the
nanoform of drugs and active pharmaceutical ingredients due to steric stabilization and
formation of hydrophilic coat into the particle surfaces. However, Spans (lipophilic
surfactant) are not commonly used as a surface coat for nanoparticles intended for drug
delivery applications. It is widely used for stabilization of vesicular-based drug delivery
system such as liposomes, niosomes and pronisomes (Minamisakamoto et al. 2021;
Altamimi et al. 2021). The manipulation of the highly lipophilic dapsone nanocrystal
surfaces with a Span 80, relatively more hydrophilic coat, resulted in increased aqueous
wettability of the produced nanocrystal. Span was effective in producing stable
nanocrystal dispersions of the highly hydrophobic drug, dapsone, due to its high affinity
and to the particle surfaces. The hydrophobic part of Span is larger than the hydrophilic
part and hence molecules of such structure oriented themselves where the larger
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hydrophobic part directed toward the lyophobic surfaces of the particles and the smaller
hydrophilic part directed toward the aqueous dispersion medium. The effect of Span 80,
as surface stabilizer, was predominant in preparation of small highly water dispersible
dapsone nanocrystals. Moreover, the surface charges (zeta potentials) of the produced
nanocrystals were between -19.1 mV to -39.6 mV which is sufficient enough to stabilize
the obtained nanocrystals. We can conclude that, Span coated dapsone nanoparticles are
stabilized by steric stabilization due to presence of Span 80 corona around nanocrystal
core and electrostatic repulsion between similarly charged particles due to high negative
zeta potential values (Hayashi et al. 2011; Lowry et al. 2016).

Dapsone/Span ratios played an important role in the production of stable water
dispersible dapsone nanocrystals. Several drug/surfactant ratios were applied for the
preparation of DPS-NCs using varying amounts (25, 45, and 65 mg) of Span 80 to varying
amounts of the drug (100, 75, and 50 mg) as presented in table 1. Generally, it was found
that as the drug to Span 80 ratio increases the size of the produced DPS-NCs increases.
The sizes of formulae prepared using 25 mg of Span (F1, F4 and F7) were relatively large.
This result may be attributed to used amount of Span 80 (25 mg) was not efficiently to
inhibit the crystal growth during the nanocrystal formation and was not enough coated
the produced nanocrystals. Among all prepared nanocrystals, these formulae showed the
lower values of negative zeta potentials. In contrast, nanocrystals prepared using the low
drug/Span ratios (F2, F3, F5, F6, F8 and F9) were having an acceptable particles size
range with reasonable zeta potentials (Zayed and Tessmar 2012).

High in vitro release rate was shown by F2 nanocrystal which is obtained a
drug/surfactant ratio of 2.22. This nanocrystal formula was prepared with 45 mg of Span
80 and 100 mg of the drug. The highest in vitro release rate of F2 nanocrystal was
attributed to the small particle size and coating of the nanocrystal surface with an
intermediate amount of the hydrophobic stabilizer. While nanocrystals prepared using the
lowest drug/surfactant ratios (F3, F6, and F9) showed the smallest particle sizes of all
prepared formulae. These formulae did not show a higher in vitro dissolution rate because
of the high Span 80 content on the particles surface which delayed the dissolution rates
(Shao et al. 2015; Birdsall and Qing Yu n.d 2018).

Based on all above mentioned facts and interpretations, several factors should be
considered during the nanocrystallization of drugs aiming to enhance drug solubility,
dissolution, bioavailability and efficacy. The particle size and size distribution are not
only the main factors responsible for enhancing the solubility and therapeutic efficacy but
other parameters such as the physicochemical properties of the used stabilizer, surface
hydrophilicity, drug/stabilizer ratio, production efficiency, and nanoparticles stability in
addition to the intended site of application are also contributing factors for the preparation
successful nanoparticles based dosage forms.

Conclusion

Recently, nanocrystallization of poorly water soluble drugs is considered to be
effective method for enhancing the drug's aqueous solubility, dissolution rate, and
therapeutic efficacy. In this study, a unique Span 80 stabilized dapsone nanocrystal had
been successfully prepared and characterized applying solvent anti-solvent crystallization
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technique. Span coated DPS-NC was in the nanocrystal range, below 100 nm in diameter,
and had a certain degree of crystallinity as indicated by X-ray diffraction and TEM
imaging. The engineered nanocrystals possess higher solubility and rapid dissolution
rates compared to untreated drug. Additionally, DPS-NCs showed a significant increase
in the in vitro anti-inflammatory activity. These results could be promising and attractive
for the development of DPS-NCs loaded drug delivery system with an enhanced anti-
inflammatory. The proposed system will be smart and novel for the effective treatment
of infected and inflamed acne at the same time.
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