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Abstract:

Objective: To prepare and optimize solid dispersion of isradipine, an antihypertensive drug with poor
aqueous solubility using two different methods, namely, solvent evaporation and fusion.

Methods: Twenty-two formulas of isradipine solid dispersion were prepared using one of the following
carriers: Poloxamer 407 (PXM 407), Polyethylene Glycol 4000 (PEG 4000), Polyethylene Glycol 6000
(PEG 6000) and urea at different carrier-to-drug ratios. The produced solid dispersion formulations were
evaluated for their percentage yield, drug content, solubility, and in vitro dissolution. Further
investigations were performed for the selected formula; these include Differential Scanning Calorimetry
(DSC), and Powder X-Ray Diffraction (PXRD) studies to evaluate the crystalline state of the drug.
Besides Fourier Transformation Infrared (FTIR) spectroscopy was conducted to evaluate drug-carrier
compatibility.

Results: The results of this study showed that all the prepared formulas resulted in improvement in
saturation solubility. Run 14 (which consists of PXM 407: isradipine in a 5:1 ratio) demonstrated a
substantial increase in solubility, resulting in approximately 16 times higher solubility than the pure
drug. The results of DSC and PXRD studies demonstrated complete dispersion of the drug in the carrier
or amorphization of the drug. Furthermore, FTIR results indicated drug-carrier compatibility.
Conclusion: From this study, it was evident that solid dispersion of isradipine in the previously
mentioned carriers is an effective and efficient method to enhance its solubility. The best solubility
enhancement and release profile was observed in run 14 (which combines PXM 407: isradipine in a
5:1 ratio), which was selected as the optimum formula.

Keywords: Poloxamer 407, Isradipine, Dissolution rate, Solubility, Solid dispersion, polymer, Solvent
evaporation.

Introduction

Many important pharmaceutical compounds for to be a major challenge to the formulators [1].
treatment of wide range of diseases suffer from The water solubility of an orally administered
poor aqueous solubility. This obstacle continues drug highly determines its bioavailability. Low
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solubility —and  dissolution rates make
Biopharmaceutics Classification System (BCS)
class II drugs difficult to develop into
pharmaceutical products. Formulation
development should focus on improving their
solubility and dissolution rates [2]. Isradipine is
a type of antihypertensive medication that
belongs to the Dihydropyridine (DHP) calcium
channel blocker class.

Its mechanism of action for managing
hypertension (and, to some extent, angina)
involves inhibiting calcium entry into the
smooth muscle cells of the arteries [3].
Isradipine is practically water-insoluble (<10
mg/l at 37°C), but it is soluble in ethanol and
freely in acetone and chloroform. It has a log p
of 4.28 and an oral bioavailability of 15-24%
[4]. The poor oral bioavailability of isradipine, a
BCS class II drug, is due to its extensive first-
pass metabolism and poor aqueous solubility
(<10 mg/1) [5]. To address specific issues related
to drug formulation, such as solubility, we can
employ various techniques to alter the physical
characteristics of drugs.

These techniques involve inclusion complexes,
solid dispersion, surfactants, nanosuspension,
particle size reduction, cocrystal formation, and
salt formation [6]. Amorphous solid dispersions
are widely used to improve the solubility and
bioavailability of poorly water-soluble drugs
[7]. The term "solid dispersion" refers to the
concept of dispersing a drug in an inert, water-
soluble carrier in a solid state. By formulating a
solid dispersion, it is feasible to enhance the
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drug's dispersibility and wettability through the
use of a carrier material [8]. The aim of this
study is to enhance the solubility and dissolution
rate of isradipine by formulating it as a solid
dispersion using different hydrophilic carriers,
namely PEG 6000, PEG 4000, urea and PXM
407, and different methods, specifically solvent
evaporation and melting methods.

Materials and Methods

Isradipine was purchased from Hyperchem,
China. PEG 4000 was provided by Loba chemie,
India. PXM 407 and PEG 6000 were supplied by
Sigma-Aldrich, Germany. Urea was supplied by
Thomas baker, India.

Methods Experimental design

To systematically evaluate the prepared solid
dispersion formulations, a Design of Experiment
(DOE) approach was employed.

The DOE included three factors-two: categorical
(Carrier type and method) and one numerical
factor (carrier to drug ratio). The first categorical
factor consisted of four levels while the second
one consisted of two levels on the other hand,
the numeric factor consisted of three levels.

The factors and their levels are listed in the table
1. Design of expert 13® was used to create
response surface design according to the
mentioned factors and the intended responses
(percentage of yield of the prepared solid
dispersion, drug content, saturation solubility).
The suggested design composed of 22 runs as
shown in table 2.

Table 1: Factors of the experimental design to manufacture isradipine solid dispersion

Factor | Name Type Minimum Maximum
1 Carrier to drug ratio Numeric 1 5

2 Carrier type Categoric PEG 4000 PEG 6000
3 Preparation method Categoric Solvent evaporation Melting

Table 2: Design of experiment for solid dispersion loaded with isradipine

Run Factor 1 Factor 2 Factor 3
A: carrier to drug ratio B: carrier type C: Method
1 1 PEG 4000 Solvent evaporation
2 3 PEG 6000 Melting
3 5 Urea Solvent evaporation
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4 3 PEG 4000 Melting
5 1 PEG 6000 Solvent evaporation
6 1 Urea Melting
7 1 PXM 407 Melting
8 5 Urea Melting
9 5 PEG 6000 Solvent evaporation
10 1 PXM 407 Solvent evaporation
11 1 PXM 407 Melting
12 3 Urea Solvent evaporation
13 5 PXM 407 Melting
14 5 PXM 407 Solvent evaporation
15 3 PEG 6000 Melting
16 1 PEG 6000 Melting
17 3 PEG 4000 Melting
18 3 Urea Melting
19 3 Urea Solvent evaporation
20 1 PEG 4000 Melting
21 5 PEG 4000 Solvent evaporation
22 3 PEG 6000 Solvent evaporation

Preparation of isradipine solid dispersion by
conventional fusion (melting) technique

In conventional melting method, an accurately
weighed amount of isradipine and carrier were
prepared at different weight-to-weight ratios as
illustrated in table 2. The required amount of
carrier powder (PXM 407, PEG 6000,
PEG4000, urea) was placed in a porcelain petri
dish and heated on a water bath gradually until
the carrier was melted; then, the previously
weighed amount of the drug was added to the
molten carrier and subjected to continuous
stirring until a uniform dispersion was achieved
then, the mixture was transferred into ice bath to
cool down. The produced solid mass was
grinded and sieved through a No.60 sieve and
subsequently stored, protected from moisture,
for further evaluation [9].

Preparation of isradipine solid dispersion by
solvent evaporation

In this method, a predetermined amount of the
carrier was dissolved in ethanol with gentle
stirring using a magnetic stirrer until a clear
solution was obtained; then, the required amount
of the drug was added with continuous stirring.
The solution was poured into a Petri dish and

transferred to an oven and dried at 40 °C for 24
h. Finally, the mass was Grinded and sieved
using No. 60 mesh sieve and stored protected
from moisture for further investigations [10].

Determination of percentage yield of the
prepared isradipine solid dispersion

In order to assess the impact of each method, the
percentage yield was determined for each
formula of isradipine solid dispersion. It was
calculated by dividing the actual weight of the
solid dispersion formula by the theoretical
weight using the following formula [11].

Determination of saturation solubility: The
saturation solubility of isradipine and the
prepared solid dispersion formulas were
determined by adding excess amount of the drug
and 5 mg dose equivalent of isradipine prepared
solid dispersion to 10 ml of phosphate buffer
(pH=6.8). The prepared samples were then
placed in a water bath shaker and allowed to
stand for 48 h at 37 °C for both samples. After
incubation, the samples were filtered with a
0.45um filter syringe. Following appropriate
dilutions, The Dissolved isradipine was
determined in the filtrate using a UV
spectrophotometer at the drug A max (328 nm).
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Additionally, this procedure was carried out in
triplicate [13].

In vitro dissolution studies

Pure isradipine and prepared solid dispersion
formulas have been evaluated for in vitro
dissolution using a USP apparatus II (Erweka
DT720 GmbH, Germany). An equivalent
amount of 5 mg of the drug was dispersed in 500
ml of pH 6.8 phosphate buffer. A thermostatic
water bath was used to maintain the temperature
at 37+0.5 °C. The device was set up to revolve
at a rate of 75 revolutions per minute [14]. This
evaluation was performed in triplicate on the
prepared formulations that showed the highest
solubility (run 2,13,14 and 22) when compared
to the pure drug. A sample of 10 ml was
collected from the dissolution medium at
specific intervals of 10, 20, 30, 45, 60, 90, and
120 min and replaced with a fresh dissolution
medium. After filtration, each sample was
filtered using a 0.45-micron syringe filter, and
the amount of dissolved isradipine was
measured using a spectrophotometer at the drug
Amax (328 nm).

Determination of drug content

Drug content was determined for all the
prepared solid dispersion formulations by
dissolving an exactly weighed amount of
isradipine solid dispersion equivalent to 5 mg in
50 ml of ethanol using 50 ml volumetric flask;
then, the solution was evaluated for drug content
using a UV-spectrophotometer at its specified
Amax (326 nm) after being appropriately diluted
with ethanol. The formula below was applied to
calculate the percentage of drug content [12].
The reference dissolution value (Rt), the test
dissolution value (Tt), and the number of
dissolution time points (n) are all represented at
time t. When the f2 value is greater than 50
(within a range of 50 to 100), dissolution
patterns are considered similar. On the other
hand, dissimilar profiles are defined as those
with a f2 value less than 50 [15].

Fourier transforms infrared spectroscopy
(FTIR)
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The FTIR spectra of pure isradipine, PXM 407
and the optimum formula were analyzed to
examine potential interactions between the drug
and the ingredients of the formula. The test was
performed over a scanning range of 600—4000
cm using IRAffinity-1, Shimadzu, Drug content
% = Theoretical amount of drug x 100

Japan. Few milligrams of the formulation
samples were finely ground and mixed with dry
potassium bromide. The mixture was then
compressed using a hydraulic press to form a
disc, which was subsequently scanned [16].

Powder x-ray diffraction (PXRD)

The crystalline state of pure isradipine, PXM
407, and the selected formula were assessed
using Powder X-ray diffraction (DX2700BH,
China). The measurement was conducted with a
wavelength of 1.5406 A over a 20 range of 5-80°
[17].

Differential scanning calorimetry (DSC)

The thermal behavior of pure isradipine, PXM
407, and the selected formula were evaluated
using DSC (Shimadzu, Japan). A closed
aluminum pan containing ten milligrams of each
sample was heated at 10 °C per minute over a
temperature range of 10 °C to 300 °C [18].

Results and Discussion
Percentage of yield and drug content

Table 3 illustrates percentage of yield and drug
content of the successful formulas. The
percentage of yield was evaluated for the
prepared formulations to investigate the
efficiency of each method. Both solvent
evaporation and melting methods produced a
good yield ranging between 80 and 99%. This
result indicates that both methods were suitable
and effective. The drug content of the obtained
formulas ranged between 94% and 103%, which
agrees with British pharmacopeia for most
formulas [14]. This observation suggests that
both methods resulted in uniform dispersion of
isradipine in the employed carrier.

Saturation solubility
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The solubility of isradipine in phosphate buffer
(pH=6.8) was determined. The obtained value
was 1.2pg/ml which indicates the lipophilic
property of the drug [4]. The saturation
solubility of isradipine was significantly (P-
value<0.05) improved in all solid dispersion
formulations. This enhancement may be
attributed to the improvement in drug wettability
and/or hydrophilic character of the utilized
carriers [19, 20]. Besides, the solubility
enhancement was affected by the type of the
carrier. Among the employed carriers, PXM 407
achieved the best improvement in solubility.
This may be attributed to the surfactant
properties of the former [21]. The ratio of the
carrier to the drug was directly proportional to
the solubility enhancement as more drug
incorporated into the carrier [22]. Except for
PEG 6000 in 5:1 ratio (run 9) and urea in 5:1
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ratio (run 3 and 8) where the solubility
paradoxically decreased when the carrier ratio
further increased. This may be due to increased
viscosity [23]. Furthermore, the preparation
method also had an impact on the solubility of
the prepared formulas. In most of the obtained
formulations, solvent evaporation resulted in
better improvement in isradipine solubility when
compared with fusion method. This can be
justified because the of the drug lattice structure
is destroyed completely during the preparation
process when using solvent evaporation. On the
other hand, the melting method may lead to
imperfect amorphization; that is, the presence of
remaining nuclei or small crystals may lead to
crystallization after preparation [24]. Table 3
shows the saturation solubility of isradipine
solid dispersions using different carriers and
different carrier-to-drug ratio.

Table 3: Effect of formulation factors and type of method on responses 1,2 and 3

Run | Factor 1 (A) | Factor 2 (B) Factor 3 (C) | Response 1 | Response 2 Response 3
Carrier to | carrier type Method Percentage | % of drug | Saturation
drug ratio of yield % | content* solubility™

1 1 PEG 4000 Solvent 94% 98.4%+0.28 2.5+0.098

evaporation

2 3 PEG 6000 Fusion 97% 98%:+0.04 3.7+0.015

3 5 Urea Solvent 90% 97.2%=+0.2 2.92+0.065

evaporation

4 3 PEG 4000 Fusion 98% 102%+0.05 1.92+0.2

5 1 PEG 6000 Solvent 92% 103%+0.087 1.96+0.039

evaporation

6 1 Urea Fusion 89% 99.2%+0.09 1.86+0.3

7 1 PXM 407 Fusion 92% 99%:+0.07 2.65+0.11

8 5 Urea Fusion 95% 101.6%=+0.07 | 2.04+0.03

9 5 PEG 6000 Solvent 80% 99.4%+0.01 3.49+0.12

evaporation

10 1 PXM 407 Solvent 96% 100%+0.12 3.49+0.065

evaporation

11 1 PXM 407 Fusion 95% 98.2%+0.054 | 2.78+0.013

12 3 Urea Solvent 92.5% 97.4%+0.14 3.48+0.3

evaporation

13 5 PXM 407 Fusion 97% 98.6%=+0.03 12+0.05

14 5 PXM 407 Solvent 93% 99.5%+0.08 19.2+0.65

evaporation

15 3 PEG 6000 Fusion 99% 97.8%+0.05 3.45+0.02

16 1 PEG 6000 Fusion 96% 94%:+0.075 2.03+0.089
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17 |3 PEG 4000 Fusion 94% 99.04%+0.06 | 2.3+0.13

18 |3 Urea Fusion 90% 99+0.09 2.62+0.03

19 |3 Urea Solvent 92.5 97.4+0.14 3.48+0.3
evaporation

20 |1 PEG 4000 Fusion 97% 101%+0.12 1.7240.065

21 |5 PEG 4000 Solvent 93.3% 100.6%+0.078 | 3.32+0.065
evaporation

22 |3 PEG 6000 Solvent 84.5% 98.4%+0.15 4.17+0.19
evaporation

*Data are represented as mean £SD, N=3 observations.

In vitro dissolution studies

The formulas obtained by (run2, 13, 14, and 22)
were selected to compare their in vitro
dissolution behavior because they provided the
highest enhancement in solubility. Fig. 1
demonstrated that the dissolution rate
significantly improved by all of the previously
mentioned formulations when compared to the
pure drug with the following 2 values 27,75,
16.25, 11.35, 20.98, respectively.

Run 14 which is composed of PXM 407:
isradipine in 5:1 ratio exhibited the highest
release profile (80%) after 10 min. while run 2,
13, 22 and the pure drug showed (21%, 63%,
29%,19%) respectively. This enhancement in
dissolution profile may be attributed to the
solubility enhancement provided by PXM 407.
The arrangement of ethylene oxide (EO) and
propylene oxide (PO) blocks in PXM 407
permits the amphiphilic structure to self-
assemble into micelles in aqueous solutions. In
order to solubilize drugs, these monomolecular
micelles can assemble into aggregates of varied
sizes [25].
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Selection of the optimum formula

Run14, which contained PXM 407: isradipine in
5:1 ratio was selected as the optimum formula
and subjected to further investigations. This is
because it had the highest solubility and the
amount of released drug after 10 min is higher
than the other formulas.

Fourier transforms infrared spectroscopy
(FTIR)

The FTIR spectra of pure isradipine, PXM 407
and the selected formula are shown in fig. (2, 3,
4). The characteristic peaks of pure isradipine
were observed at 3348 cm-1 (N-H stretching),
1,701.22 ecm-1 (C=O stretching), 2941.44 cm-1
(C-H stretching), and 1,490.97 cm-1 (C=C
vibration), in agreement with previous reports
[26]. The characteristic peaks of isradipine still
observed in the selected formula with reduced
intensities, which may be attributed to the
dilution effect of the polymer. This observation

indicates that there is no chemical
incompatibility between PXM 407 and
isradipine.
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Fig. 1: Comparison between in vitro dissolution profile of pure drug (isradipine), run 2, 13, 14,
22) in phosphate buffer (pH 6.8) at 37 °C+0.5. Error bars represent the standard deviation of

replicates (N=3)
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Fig. 2: FTIR spectrum of pure drug (isradipine)
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Fig. 3: FTIR spectrum of PXM 407
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Fig. 4: FTIR spectrum of selected formula (run 14)

Powder x-ray diffraction (PXRD)

The XRD pattern of the pure drug, PXM 407 and
the selected formula (run 14) are shown in fig. 5.

Pure-drug exhibited a high-intensity diffraction
angle at 8.5° 10.4°, 12.7°, 16.5°, 18.17°, 19.3°,
21.9°, 24.3° and 27.2°5 indicating typical
crystalline pattern. These results approached the

previously documented data [27]. The XRD
diffractogram of the selected formula showed a
significant decrease or complete absence of the
characteristic isradipine peaks. This indicates
that either the prepared solid dispersion is
mainly composed of an amorphous state or the
drug is completely dispersed through the
polymer [28].
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Fig. 5: XRD of pure drug, PXM 407 and selected formula (run 14)
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Fig. 6: Thermal analysis of isradipine

Differential scanning calorimetry (DSC)

The DSC thermogram of the pure drug, PXM
407 and the selected formula (run14) are shown
in fig. (6, 7, 8). The pure drug thermogram
showed sharp endothermic peak at 172 °C,
which represents the drug melting point and
indicates the drug crystallinity. While PXM 407
exhibited endothermic peak at 61 °C. These
observations are in agreement with previous
studies [29, 30]. On the other hand, the

DsC

thermogram of the selected formula shows
disappearance of isradipine peak.

This may be due to the complete dispersion of
the drug in the utilized carrier or presence of
isradipine in its amorphous form, which is
further supported by the XRD data.
Additionally, there was a slight shift in the peak
of the carrier in the selected formula, which may
indicate eutectic mixture formation between
PXM 407 and the drug [31].
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Fig. 7: Thermal analysis of PXM 407
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Conclusion

A solid dispersion of the poorly water-soluble
drug isradipine was prepared in this study in
order to enhance its solubility and dissolution.
Design of experiment approach was used to
systematically evaluate the prepared solid
dispersion formulations.

Formulation variables such as carrier type and
ratio in addition to processing variable for
example, preparation method, significantly
affect the solubility and the dissolution rate of
the final product. Run 14 which is composed of
(PXM 407: isradipine in 5:1 ratio) and prepared
by solvent evaporation resulted in best result
with 16 times increment in solubility compared
to the parent drug. Besides the later formula
released 80% of the drug in 10 min. The current
research revealed Solid dispersion is a simple
and highly efficient strategy to improve
isradipine solubility and dissolution.
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