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ABSTRACT
Dutasteride (DU) (5α-reductase inhibitor) that is used for the treatment of benign prostate hyperplasia (BPH), DU has low
water solubility and poor oral absorption that classified as Biopharmaceutics Classification System (BCS) class II.
This study aims to improve the physical properties of Dutasteride (DU) like solubility by the preparation of microsponge (MS).
Microsponges are spherical in shape, sponge-like structure, polymeric delivery systems composed of porous microspheres
with a large internal surface area. Nine formulations of DU MS had been prepared by the technique of quasi-emulsion solvent
diffusion (QESD) and utilizing Eudragit S100 as major polymer and glycerol as a plasticizer that dissolved in dichloromethane
where polyvinyl alcohol PVA serves as a stabilizer in the external phase.
The formulas were employed to optimize preparation variable factors include; different drug to polymer ratio, the addition
of different concentrations of PVA, and stirring rate. Optimization was done using the response of production yield (PY),
entrapment efficiency EE), particle size, and in vitro drug release; The results display that the best ratio of (drug: polymer)
was 5:1, and the best rate of stirring was 1,000 rpm respecting the optimum characteristics of microsponge. The best-selected
formula prepared (F2) was underwent to evaluation regarding saturated solubility, FTIR, DSC, and SEM and showed 1.28 folds
enhancement in saturated solubility compared to plain DU, and was well fabricated with high entrapment efficiency (83.7% ±
1.37), production yield (85.61% ± 0.6), and particle size of 77μm. Moreover, the percent release of DU was 75.74 ± 1.5 after 4
hours, with good compatibility as confirmed by XRD, SEM, DSC, and fourier-transform infrared spectroscopy (FTIR) analysis.
It can be concluded that the selected formula prepared (F2) of DU microsponge is reassuring and promising drug delivery
with improved pharmaceutical physical properties.
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INTRODUCTION
Carrier technology offers an intelligent gate for delivery
of the drug via pairing the drug to a carrier particle such
as microspheres, nanoparticles, liposomes, etc., which,
then modulates the release and absorption of the drug.1
Microspheres constitute an important part of these particulate
drug delivery systems by virtue of their small size and efficient
carrier characteristics.2
Microsponges are porous polymer-based microspheres,
tiny spongy in shape, spherical particles, where the drug can be
molecularly dispersed within the SP structure and then released
as molecules, avoiding the dissolution step. Consequently,
the apparent solubility of the drug can be increased.3 This
technology has many agreeable features, which make it a
versatile drug delivery system.4,5
*Author for Correspondence: taghipharma@gmail.com

It has recently been noted that good control of the
formulation development over the therapeutic efficacy of a
drug is through an important decisive factor, namely, drug
solubility.6 This can be achieved by a microsponge where
it was found to enhance the solubilization of poorly watersoluble drugs by entrapping such drugs in microsponge pores.7
Furthermore, the dissolution rates of the drugs are related to the
particle size. So, any reduction in particle size by micronization
of such drugs leads to an improvement in the dissolution rate.8,9
Dutasteride (DU) (a 5α-reductase inhibitor) that is used for
the treatment of benign prostate hyperplasia (BPH).10
Dutasteride is poorly water-soluble is classified as
(BCS) class II, it has low water solubility that is 0.038
ng/mL in water,11 in addition to its low dissolution rate12 and
is commercially available in the market only as a soft gelatin
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capsule formulation due to its low aqueous solubility, the
conversion of testosterone hormone to a more potent one,
named dihydrotestosterone (DHI), is achieved by dutasteride.13
Dutasteride is 45 times more potent than finasteride;
consequently have a more considerable impact in reducing
DHT counts.14
The present research aimed to design microsponge as
an inventive carrier for DU to improving the solubility and
dissolution characteristics of DU.
MATERIALS
Dutasteride (DU) obtained as an appreciated gift sample from
Hyperchem Ltd. (China), polyvinyl alcohol (PVA), was kindly
offered by Himedi (India). Eudragit S 100 and dichloromethane
and were purchased from Hyperchem, Ltd. (China). All other
chemicals were procured from local sources and are of high
purity.
METHODS
Preparation of Dutasteride (DU) Microsponge (MS)
Microsponges were prepared by QESD method. At which,
the inner organic phase was prepared by dissolving different
concentrations of Eudragit S100 (polymer) in 5 mL of
dichloromethane (solvent), and the drug was added gradually
to the internal phase at a different drug: polymer ratio under
ultrasonication at 35°C for 15 minutes. An outer phase
containing an aqueous solution of different amounts of PVA,
e.g., 0.05, 0.15, and 0.2 gm of PVA (200 mL), was prepared
separately, and the inner phase was added dropwise into it
under continuous stirring (500 rpm) for 3 hours. MS.s were
filtered by filtration and dried in an oven at 40°C for 12 hours
and stored in desiccators till use.15
In this study, different factors had been studied to reveal
their effect on the SP preparation in order to select the best
formula that achieves the goal of our study.
For the optimization of the formulations of DU MS, many
factors had been studied. These factors include the effect of
drug: polymer ratio (2.5:1, 5:1, 7.5:1, 10:1), addition of PVA
with different concentrations (0.05, 1, 0.15 g) and stirring
rate. The composition of DU MS formulas is revealed in
Table 1.

Evaluation of Dutasteride (DU) Microsponge (MS)
Formulations
Saturation Solubility Study
The saturated solubility of DU was determined using different
media such as 0.1 N HCL containing 2% sodium dodecyl
sulfate (SDS) and water. Similarly, the saturated solubility
is performed by adding an excess quantity of drug into the
volumetric flask containing 25 mL from the specific medium.
The volumetric flask placed in magnetic stirrer at 25 ± 0.5°C
for 72 hours and then sonicated for 10 minutes. This procedure
provides sufficient time and stress conditions to produce
saturated solubility.16
The solutions were then filtered by a 0.45 μm filter paper,
diluted suitably and measured using the HPLC with a mobile
phase of acetonitrile: water (50:50 v/v) and the flow rate was
1.5 mL/min. The selected λmax is 244 nm. The area under the
peak (AUP) for each solution is recorded, and the concentration
is estimated using the constructed calibration curve.17,18 Three
determinations ± SD were carried out for each sample to
measure the saturation solubility of the drug.
Determination of Production Yield
The production yield (PY) of all MS was calculated using the
following equation: (Equation 1).19
Practical weight of MS
PY (%) = -----------------------------------------------------------× 100 (1)
Theoretical weight (polymer + drug)
Determination of Loading Efficiency (LE)
To determine the content of DU in the DU MS, a sample
of DU MS equivalent to 0.5 mg was dissolved in 100 mL
of DCM. The solution was diluted suitably with DCM, and
spectrophotometric absorbance was measured at λmax of DU.
The drug content was measured from the calibration curve
and expressed as a percent LE as explained in equation 2.20
To minimize the error, LE was carried out in triplicate ± SD.
Actual weight of TEL in SP
LE (%) = -------------------------------------------------- × 100
Theoretical weight of TEL

(2)

Determination of Particle Size
The particle size determination of DU MS was done by
using ABT-9000 nanolaser particle size analyzer, which

Table 1: Composition of DU MS formulas prepared by QESD method

Formulas
F1
F2
F3
F4
F5
F6
F7
F8
F9

Internal phase
Drug:polymer
ratio
2.5:1
5:01
7.5:1
10:01
5:01
5:01
5:01
5:01
5:01

DU (gm)
0.5
1
1.5
2
1
1
1
1
1

Eudragit S100
(gm)
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

DCM (mL) *
5
5
5
5
5
5
5
5
5

External phase
PVA (gm)
*
Glycerol (mL)
0.05
1
0.05
1
0.05
1
0.05
1
0.1
1
0.1
1
0.1
1
0.15
1
0.2
1
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Water (mL)
200
200
200
200
200
200
200
200
200

Stirring
rate (rpm)
1,000
1,000
1,000
1,000
3,000
6,000
1,000
1,000
1,000
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is a dynamic light scattering, at scattering angle 90º and a
constant temperature of 25ºC without dilution the samples.21
The average particle size was measured for all the prepared
microsponge.
In vitro Dissolution Studies of the Prepared Dutasteride
(DU) Microsponge (MS)
The in-vitro dissolution study of the prepared DU MS
is performed using rotary paddle dissolution apparatus
(type ІІ). The dissolution medium is 900 mL of 0.1 N HCl
(pH 1.2), contains 2% w/v sodium dodecyl phosphate and the
paddle rotates at 50 rpm.22 The accurately weighted loaded
microsponge that contains 0.5 mg dutasteride added into
the dissolution vessel, 3 mL sample is withdrawn from the
dissolution medium and immediately replaced with 3 mL of
fresh dissolution medium, then, filtered using 0.11 μm filter
syringe. The concentration of dutasteride in a different sample
is measured using HPLC and the wave length used to detect
dutasteride is 244 nm.17
Fourier Transform Infrared (FTIR) Analysis
The FTIR spectra of the plain DU, Eudragit S 100, and selected
DU MS formula were obtained using potassium bromide (KBr)
disc and performed by FTIR spectrometer (8300 Shimadzu,
Japan) to ascertain compatibility.23

These results reveal that pure dutasteride has very low water
solubility. This fact is expected since dutasteride is a BCS class
II drug with very low water solubility.13 Similarly, the MS was
expected to increase the solubility of dutasteride in all media
since the drug is molecularly dispersed within the MS structure
that contains voids and channels, which greatly increase the
drug surface area exposed to the dissolving media.14,27
Determination of Production Yield and Loading Efficiency
The production yield (PY) and loading efficiency (LE) are
important measures for microparticulate systems. They give
an idea about the production and scale-up capabilities, and the
encapsulation power of that particular technique. Some of the
microparticulate techniques, e.g., liposomes, suffer from low
PY and LE, whereas other techniques, such as the microsponge
method, have good or even excellent PY and LE.28
The PY and LE of all of the DU MS formulas were
measured, as shown in Table 3 and Figure 2. The PY was
between 58–86% for all the formulas, whereas the LE varied
between 41–83% for all formulas. Statistically, it was a
different, significantly among formulas (p < 0.05) regarding
both the PY and the LE.
It was noted that all the DU MS, to be uniform in size, in
the range of 60 to 97 (Table 2).

Scanning Electron Microscope (SEM)
The surface morphology of the formula F2 was observed under
SEM (VEGA3 Tescan Czech republic). It was coated with goldpalladium at room temperature under an argon atmosphere.24
Differential Scanning Calorimetry (DSC)
The DSC used to assess the crystalline state of the drugs,
especially when converted to microscale particles and
elucidates a likely interaction between drug and other
materials. Thermal characteristics of the pure drug DU,
physical mixture (PM) of DU: Eudragit S100 at 1:1 ratio,
and selected microsponge formula F2, were characterized
by an automatic thermal analyzer system using DSC-60 plus
(Shimadzu, Japan).25

Figure 1: Influence of the MS formulation on the saturated solubility
of DU

Powder X-ray Diffraction (XRD) Studies
Powder XRD is used to study the atomic and molecular
structure of the crystalline nature of DU, physical mixture of
DU, and Eudragit S100, and DU MS. The study was confirmed
by powder X-ray diffraction (XRD-6000, Shimadzu, Japan
220V/50Hz) at a continuous scan range of 2θ = 5 – 80º.26
RESULTS AND DISCUSSION
Determination of solubility is an important issue in the
formulation of poorly soluble drugs. The results of the
saturation solubility study are shown in Table 2 and Figure 1.

Figure 2: Effect of the microsponge formulation on the PY and LE of
DU MS

Table 2: The saturation solubility of pure DU and DU MS in different media.
Solvent
Solubility of pure DU (ng/mL) ± S.D.*
D. W
0.065 ± 0.06
0.1N HCl (pH 1.2)
1.11 ± 0.070
*SD: Standard deviation, n = 3

Solubility of DU MS (ng/mL) ± S.D.*
0.083 ± 0.03
1.55 ± 0.0047
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Table 3: The PY, LE, and Mean particle size of all DU MS Formulas.
Formulas
LE (%) *
PY (%) *
Mean particle size (μm)
F1
41
68
88
F2
83
85
77
F3
81
86
76
F4
79
86
71
F5
66
58
66
F6
51
59
60
F7
48
70
89
F8
48
62
92
F9
52
58
97
*PY: Production yield, LE: Loading efficiency

It was noted that as there is an inverse relationship between
the (drug to polymer) ratio and the particle size. This could
probably be because as the ratio of (drug:polymer) increase,
the amount of polymer in MS was relatively lesser.27,30
Effect of Stirring Rate on the Production Yield and
Loading Efficiency LE of the DU MS
The formulas F2, F5, and F6 that designed employing stirring
rate of 1,000, 3,000, and 6,000 rpm, respectively, were utilized
to visualize the influence of stirring rate on the physical
properties of the prepared DU MS.
It was found that at high stirring rates, more vigorous
turbulence was generated within the external phase. The
polymer may adhere to the stirrer and glassware, which led
to a reduction of the PY.31
Herein, as we see in Table 2, it was noted that, as the
stirring speed was a high pattern, the mean particle size
of MS was small. This is supporting the fact that there is a
true inverse relation between stirring speed and size, which
may be attributed to the high mechanical shear that applied
during the high stirring rates resulting in a quick splitting of
the formed droplets, allowing less chance of coalescing into
bigger droplets.32
However, the DU MS prepared with 1,000 rpm had higher
and more acceptable PY and LE, and therefore, 1,000 rpm was
selected to be the optimum rate.
We have studied the effect of concentration of polyvinyl
alcohol (PVA) on size of microsponges, The selected
concentration of PVA was 0.05%, but on taking 0.1% of PVA,
particle size increases from 77 μm to 89 μm, further on taking
0.15% of PVA particle size increases to 92 μm, And the particle
size measured 97μm, at a 0.2% of PVA. The dispersion of the
solution of the DU and Eudragit s100 into small drops was
influenced by the amount of PVA in the external phase. When
the amount of PVA was increased, the size of microsponges
was found to be increased because of the increased viscosity
wherein larger emulsion droplets formed resulting in larger
microsponges.33
Finally, according to the obtained results, the optimum
DU MS formula selected for the subsequent evaluation was
formula 2 (Table 1). This formula was selected depending upon
the optimization of the formulation characteristics such as PY,
LE, and the release profile, as will be seen later.

Fourier Transform Infrared (FTIR) Analysis
FTIR spectroscopic study (Figure 3) revealed that there was no
disappearance of characteristic peaks of drug or appearance
of any new peak, indicating there is chemical compatibility
between the drug and polymer used.
FTIR study displayed that their spectrum of DU showed
characteristic peaks of N-H stretch at 3,477 cm -1, N-H
bend at 1,583 cm -1, C= O stretch at 1747.95 cm -1, C= C,
symmetric stretch at 1,510 cm-1 was assigned in plain DU;
in addition to the presence of C=C-H, asymmetric stretch
at 3,477.60 cm-1 in pure drug; 3379 and 3477 cm-1 in DU
MS indicating the presence of aromatic ring. The existence
of C-X is observed by the peak at 1136 cm-1 in the DU and
DU MS.22
In conclusion, the FTIR spectrum of plain DU and DU
MS were almost similar because of the presence of the same
functional groups and proposed that DU was convenient and
compatible with selected polymers, and it was stable in the
microsponges.

Figure 3: FTIR spectra of A) Plain DU, B) Eudragit S100, C) DU MS
coded F2.
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Differential Scanning Calorimetric (DSC) Analysis
The thermograms of dutasteride showed a sharp exothermic
peak at 251°C, where the melting point of dutasteride is
between 242 to 250˚C in accordance with the literature,35 as
reported in Figure 4.
In regard to the physical mixture’s thermogram of drug
and MS, the melting peak of 250.45°C for DU was obtained,
although the peak was shifted due to eutectic effect, which
refers that the DU is still in the crystalline state. Also, the
thermogram showed a broad endothermic peak at about
(77.4°C) over large temperature ranges, which could be
attributed to the evaporation of residual water, which acts as
the energy needed to vaporize water in the sample.36,37

The endothermic peak corresponding to dutasteride fusion
was absent following its inclusion into microsponges, as
displayed in Figure 4 of selected DU MU formula (F2). So,
this disappearance evidenced that dutasteride is unable to
crystallize and that it is mainly molecularly dispersed in the
microsponge structure without the capacity of crystallization,
and changed the nature of the drug in microsponges.38
This behavior confirms the interaction of DU with the
microsponge structure. Conversely, the DU peak is detectable
in the physical drug mixture and agreed with, and Andreea
Alexandra, who declared that the amorphous solid pattern
would certainly be indicated and beyond the doubt, only in
the case of indications of suppression in the thermal indicators
of the drug.39
Scanning Electron Microscope (SEM) Study
The SEM analysis of the prepared MS, coded F2, is revealed in
Figure 5 at 1400, 2500, and 6600X magnification, respectively.

Figure 4: DSC of A) Plain DU, B) PM, C) Selected DU MS (F2).

Figure 5: SEM of selected DU microsponges formula (F2)
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It seemed that the MS was highly porous, finely distributed,
and smooth uniform spheres. The SEM study reveals the
presence of tiny pores in the analyzed formula. The highly
porous nature indicates the validity of the method that was
used for the formulation of DU MS, i.e., QESD method, in
which an organic solvent diffuses out of the SP, leaving pores
and channels behind it. The so-called “sponge-like” particles
are truly evident in their photomicrographs. These findings
are similar to the results reported in literature.40
Powder X-Ray Diffraction Analysis
To further study the physical nature of dutasteride, powder
X-ray diffraction was performed, at which it yielded very useful
data on the degree of sample crystallinity, and considered a
proven tool for studying the arrangements of the crystal lattice
of solid substances.
The PXRD patterns of dutasteride as a plain DU
represented several sharp diffraction peaks at 2θ of 14.6°, 19.5°,
20.6°, and 28.4° as in Figure 6 suggested that the drug existed
as crystalline nature.
For the blended powder of Eudragit S100, its XRD pattern
showed a diffused pattern of low-intensity peaks, which
demonstrated the disordered crystalline phase or amorphous
solid state.
The XRD pattern of the DU MS, showed the main peaks
of pure dutasteride at an angle (2θ) of 13.6°, 19.7°, and 28.5°

and suggesting that there is no chemical interaction between
the components.
The decrease in intensity of the strongest peaks of pure
dutasteride in XRD pattern of DU MS (Figure 6) indicates
a reduction in crystallinity and amorphous solid state.
Furthermore, it indicates that the dutasteride was well
dispersed in the amorphous phase in microsponge, loosing
most of its crystallinity.41
In vitro Dissolution Studies of dutasteride Loaded
Microsponges.
In vitro dissolution study was performed for all DU MS
formulas in addition to pure DU, using USP dissolution test
apparatus-II. The time for 75% release (T 75%) for all DU MS
formulas in 0.1 N HCl (pH 1.2) used for the comparison of the
dissolution results and listed in Table 4.
According to the results obtained Figure 7, it was concluded
that the formula named F2 released drug at faster and higher
rate when compared with other prepared microsponges and
higher than pure dutasteride in term of T 75% (mins), that is
why it was selected as the best formula.
In fact, the higher release of dutasteride from microsponges,
possibly due to optimism and sufficiency nanopores of the
intricate network created during MS synthesis, which allowed
higher solubility. Furthermore, probably related to the physical
nature of DU MS in term of disordered crystalline.42
As well as, it might be due to the dispersion of drug
molecules in a molecular manner within nanochannels of
MS, which have a primary effect on the release of the drug
molecules without passing the dissolution step.43 Finally, not
to forget the fact, that the incorporation of the drug into the

Figure 7: Time of 75% release of DU from DU MS, and raw material
in 0.1 N HCl at 37 ± 0.5°C.
Table 4: Time for 75% release for all DU MS formulas in 0.1 N HCl
(pH 1.2)

Figure 6: The XRD pattern of pure DU, eudragit s100 and DU MS

Formulas
F1
F2
F3
F4
F5
F6
F7
F8
F9
* T75%: The time of 75% release
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T 75% (min) *
64
44
55
52
50
48
58
58
62
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6.
7.
8.

9.
Figure 8: Release profile of DU from DU MS (F2), and raw material in
0.1 N HCl at 37 ± 0.5°C

nano-sized pore of microsponge resulted in the higher effective
surface area, consequently enhanced the contact between MS
and dissolution medium.44
CONCLUSION
Through the present study, it has been able to formulate
successful dutasteride loaded microsponge with a noticed
compatibility with other components, giving rise for an
increase in the solubility of this drug to a great extent and
without interfering with other components. The prepared
dutasteride loaded microsponge show faster dissolution
characteristics as compared to pure dutasteride.
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