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ABSTRACT

Objective: The aim of the present study is to design oral fast-release tab-
lets of nisoldipine and to optimize the drug dissolution profile by modifying
the carrier concentration. Poloxamer 407 and Poloxamer 188 were selected
as carriers for preparing the solid dispersion (SD) by solvent evaporation
method with different drug polymer ratios. Methods: The prepared solid
dispersions were analyzed for physical state, drug:carrier interactions by X-
ray diffraction, infrared spectroscopy, differential scanning calorimetry and
scanning electron microscopy. Results: The dissolution studies revealed
that all solid dispersions showed increased dissolution rate whencompared
to pure nisoldipine. Among the two polymers used, poloxamer 407(P 407)
was found to be better than poloxamer 188(P 188) in the enhancement of
dissolution efficiency. The tablets were formulated using solid dispersion
of nisoldipine containing poloxamer 407 as carrier. Conclusion: The results
exhibited that poloxamer 407 SD based tablets gave a significantly higher
release of nisoldipine when compared with control tablets. Infrared spec-
tral studies showed that there was no interaction between thenisoldipine

INTRODUCTION

Drugs which belong to class II of biopharmaceutical classification
system are characterized by high membrane permeability, slow dissolution
rate and high per oral dose. The solubility or dissolution rate of a drug in
this category is therefore a key factor in determining the rate and extent
of its absorption.' Solid dispersion technology can be used to enhance
the dissolution rate of BCS class IT drugs thereby improving their bio-
availability. Enhancement of dissolution rate is important to attain the
suitable blood concentration for increased therapeutic effect, as their
dissolution rates are typically the rate limiting step for bioavailability.
Several methods have been reported for enhancement of solubility and
dissolution rate of poorly aqueous soluble drugs, namely increasing the
surface area by reducing the particle size, using surfactant systems, prep-
aration of water soluble complexes, pro drug approach, salt formation of
the drug, decreasing the crystallinity of the drug through the formation
of solid solutions. The most common method is reducing the particle
size by micronization technique. The technique is disadvantaged by the
greater tendency of size reduced particles to stick together which leads
to formation of larger agglomerates which in turn leads to reduction
in effective surface area for dissolution. Now a days the most effective
method to improving the dissolution rate is the use of solid dispersion
technique but this is reliant on optimization of carrier and solvent.?
The solid dispersions are two component systems consisting of a hydro-
philic carrier in which the drug is incorporated. The solid dispersion
technology provides the possibility to reduce the drug particle size
almost to a molecular level and increased wettability.’ In addition to this,
a transformation of the drug from the crystalline form to amorphous
form can occur, which can be beneficial since dissolution of an amor-
phous drug does not require energy to break up the crystalline lattice.

Another interesting method to improve the dissolution of solid dis-
persion tablet is with the incorporation of superdisintegrants, because
superdisintegrants do not irritate the gastrointestinal tract and can be
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and its formulation with different carriers used in the preparation of solid
dispersions. X-ray diffraction studies revealed that the degree of crystallin-
ity of nisoldipine decreased when the concentration of carriers increased,
which showed that the drug is in amorphous nature.
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used at low amounts in the formulations.* Crospovidone, croscarmellose
sodium and sodium starch glycolate were used as superdisintegrants.

Nisoldipine is an anti hypertensive agent which may be used alone or in
combination with other agents in the management of hypertension and
it belong to BCS class II category, therefore solid dispersion technique
can be used to enhance the dissolution rate of drug.* Nisoldipine is a
1,4 —dihydropyridine calcium channel blocker. It acts primarily on vascular
smooth muscle cells by stabilizing voltage gated L-type calcium channels
in their inactive conformation. By inhibiting the influx of calcium in
smooth muscle cells, nisoldipine prevents calcium dependent smooth
muscle contraction and subsequent vasoconstriction. Poloxamer 407 (P 407)
and poloxamer 188(P 188) were used as the carriers for the preparation
of solid dispersions with nisoldipine. Poloxamer is a synthetic block
copolymer of ethylene oxide and propylene oxide widely used in phar-
maceutical preparations.’®

MATERIALS AND METHODS

Materials

Nisoldipine, poloxamer 407 and poloxamer 188 were obtained from
orchid chemicals &Pharmaceutics Ltd, Chennai. All other chemicals
were of reagent grade and used without purification.

Preparation of solid dispersions and physical mixtures

The physical mixtures of nisoldipine were prepared by mixing the drug
with P 407 and P 188 separately in a mortar for 2-3 min until a homoge-
nous mixture was obtained. The resulting mixture was stored in a vacuum
desiccator for one week.

In solvent evaporation method dichloromethane and ethanol was used
as solvent and five different ratios of drug and polymer were used (1:1,
1:2, 1:3, 1:4, 1:5) to prepare solid dispersions of nisoldipine.® Respective
amount of carrier was dissolved in required amount of dichloromethane
and ethanol taken in a conical flask to get a clear completely soluble
polymeric solution by using magnetic stirrer. The weighed amount of
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nisoldipine was added to this solution carefully with constant stirring.”
Stirring was continued until the drug is completely dissolved in the poly-
meric solution. Then the solvent was removed by evaporation at 40°C
under vacuum. The mass obtained was further dried in a desiccator. The
dried mass was then pulverized and sifted through mesh no 60.%

Drug content uniformity of SDs

The nisoldipine solid dispersions prepared were tested for drug content
uniformity. From each batch, the SDs equivalent to 20 mg of nisoldipine
were taken and analyzed for drug content uniformity.’ An accurately
weighed quantity of nisoldipine SDs were taken in a 100 ml volumetric
flask and dissolved in ethanol. The stock solutions were filtered, suitably
diluted and assayed for drug content using a Schimadzu UV visible spec-
trophotometer.'

Infra red Spectral analysis

Compatibility studies of nisoldipine and the carriers were carried out by
using fourier transform infrared (FTIR) spectroscopy. Fourier transform
infrared spectra of the samples were obtained in the range of 4000 to 450
cm using a perkinelmer-FT-IR 8201 PC spectrophotometer by the KBr
disc method."

Powdered X ray diffraction studies

The powdered X-ray diffraction patterns were recorded using xX’pert
proanalytical diffractometer with Cu as anode material and operated at
a voltage of 30 kv and a current of 15 mA. The samples were analyzed in
the 26 angle range of 0°-1000° and the process parameters were set as
follows-sampling width of 0.010° (20) at a scanning speed of 1°/min and
scan mode set is continuous.'

Differential scanning calorimetry

The DSC studies of pure drug, carriers and solid dispersions were
carried out using DSC-60 (Schimadzu corporation Japan) instrument
with an intra cooler. All standard was used to calibrate the DSC temperature
the samples were hermetically sealed in aluminum pans and heated at a
constant rate at 5°C/min over a temperature range of 25-175°C. An inert
atmosphere was maintained by purging nitrogen gas at flow rate of
50 ml/mins."

Scanning electron microscopy

The surface morphology of nisoldipine, P 407, P 188 and SDs were
examined using scanning electron microscope. The samples were
mounted on a double faced adhesive tape and sputtered with thin gold
palladium layer using sputter coater unit and the surface topography
was analyzed with a scanning electron microscopy.™* (Steroscan 440, Leo
Leica, Cambridge , U.K)

Dissolution studies

Dissolution studiesof nisoldipine pure drug, and SDs were performed
according to method described in USP XXIV using apparatus 2 with the
paddle rotating at 50 rpm in 900ml of phosphate buffer pH 6.8 at 37°C."*
Solid Dispersion powders equivalent to 20 mg of nisoldipine were taken
for dissolution. Aliquots of 5 ml were withdrawn at selected time inter-
vals (10, 20, 30, 40, 60 and 90 min) and the sample is replaced with the
fresh medium which is pre warmed to 37°C each time. The absorbance
was determined by UV spectroscopy at 237 nm.*¢

Preparation of fast dissolving tablets

The SD formulation which showed highest dissolution rate was formu-
lated in to tablets using various proportions of sodium starch glycolate,
croscarmellose sodium and crospovidone as superdisintegrants.’” The
SDs equivalent to 20 mg of nisoldipine were taken and the composition
of the prepared tablet formulation is presented in Table 1. The drug or
its equivalent SDs were mixed with the excipients for 15 min by bottle
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method, before compression into tablets.'® The tabletting process employed
cadmach 16 station rotary punch tablet machine and the compression
force was adjusted to prepare the tablets having a hardness of 4-5 kP.”

Evaluation of fast dissolving tablets

Uniformity of weight

The USP weight variation test was conducted by weighing 20 tablets
individually, calculating the average weight and comparing the individual
tablet weights to the average. For tablets weighing 200 mg the allowed
percentage deviation is 7.5%. The prepared tablets meet the USP test if
not more than two tablets are outside the limit and no tablet differs by
more than twice the limit.’

Tablet friability

The friability of the tablets were measured in rochiefriablator. 20 tablets
were weighed and placed in friabilator and subjected to 100 revolutions
at 25 rpm for 4 min. The tablets were wiped with clean cloth and weighed
again. The friability was calculated as the percentage loss which should
not exceed 1%.

Drug content

30 tablets were randomly selected and from these 10 tablets were
individually subjected to drug content determination.?? The tablets were
considered acceptable if the content of each of at least 9 tablets were in
the range of 85-115% of the labeled amount of the drug. The tenth tablet
should not contain <75% or >125% of the labeled content. If these condi-
tions were not met remaining 20 tablets must be analyzed individually
and all they should be within the limit.?*

RESULTS

Drug content

The nisoldipine SDs were tested for drug content by UV method, the
percentage drug content was found to be 97.5 + 3% w/w and the results
were shown in Table 2.

Infra red spectral analysis

The IR spectra of nisoldipine, P 407, P 188 and solid dispersions were
shown in Figure 1, 2. The spectrum of pure drug shows strong absorption
band at 3323 cm™ due to the stretching of the N-H group of dihydropyri-
dine (DPH) moiety. The bands between 2885 and 3243 cm™ can be due
to the stretching of aromatic and aliphatic C-H bond. The two strong
absorption bands at 1654 and 1705 cm™ can be attributed to the carbonyl
group of the two side chain in the structure of DPH. The NO, stretching
produced two absorption bands one at 1534 and other at 1348 cm™. The
band at 1492 cm™ is for aromatic C=C bond. The two bands at 1215 and
1113 cm™ are due to C-O stretching. The spectrum of pure P 407 and
P 188 shown in Figure 1, 2 were in good agreement with published data
on polymer.

Powdered X ray diffraction studies

In order to clarify the physicochemical characteristics of all SDs, X-ray
diffraction measurements were conducted. The XRD pattern of pure
nisoldipine exhibited sharp, highly intense and less diffused peaks indi-
cating the crystalline nature of pure drug. It showed sharp diffraction
peaks at 2q degree equal to 9.450, 11.490, 12.580, 19.160, 22.880, 26.320
and 27.540. The XRD of solid dispersions showed reduction in diffraction
peak intensity at 2q values at 9.490, 11.460, 12.600, 23.490, 26.380, and
27.220 indicates that the significant reduction in crystallinity of nisol-
dipine (Figure 3, 4).
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Table 1: Master formula for preparation of nisoldipine tablets

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9
Nisoldipine P 407 1:5 120 120 120 120 120 120 120 120 120
Solid dispersion
Crospovidone 4 6 8 - - - - - -
Croscarmellose sodium - - - 8 10 12 - - -
Sodium starch glycolate - - - - - - 8 10 12
Magnesium stearate 2 2 2 2 2 2 2 2 2
Aerosil 2 2 2 2 2 2 2 2 2
Microcrystalline cellulose 72 70 68 68 66 64 68 66 64

Table 3: Dissolution profile of nisoldipine from poloxamer 407 SD at different drug : carrier ratios.

Table 2: Drug content uniformity of solid dispersions of nisoldipine

Solid dispersions (Drug:carrier)

% Drug content

P 407 1:1
P 407 1:2
P 407 1:3
P 407 1:4
P 407 1:5
P 188 1:1
P 188 1:2
P 1881:3
P 188 1:4
P 188 1:5

96.8+0.35
98.2+0.57
99.5+0.83
95.7+0.62
97.6+0.27
94.8+0.31
96.4+0.84
97.3£0.72
99.3+£0.59
97.8+0.64

Time in min Percentage nisoldipine dissolved from poloxamer 407 solid dispersions
Pure nisoldipine 1:1 1:2 1:3 1:4 195
10 1.57 19.37 28.50 39.62 44.95 59.95
20 2.31 32.44 39.18 49.71 53.84 68.57
30 10.85 42.61 46.29 54.59 58.19 75.28
40 14.97 49.05 52.11 65.21 69.29 81.25
60 16.53 63.12 64.90 76.63 73.35 87.53
90 19.41 71.20 78.18 86.88 88.95 99.13

Table 4: Dissolution profile of nisoldipine from poloxamer 188 SD at different drug : carrier ratios.

Time in min Percentage nisoldipine dissolved from poloxamer 188 solid dispersions
Pure nisoldipine 1:1 1:2 1:3 1:4 1:5
10 1.57 32.61 37.25 43.48 43.96 45.78
20 2.31 37.30 43.46 52.36 53.74 57.94
30 10.85 43.38 46.54 59.29 60.83 66.50
40 14.97 50.19 51.29 63.71 68.51 72.69
60 16.53 56.33 54.38 74.21 78.22 79.39
90 19.41 63.37 71.05 79.07 84.92 86.11
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Table 5: Dissolution profiles of fast dissolving tablets.

Time in
'mfn' Cumulative percentage drug released
Control
F2 F3 F4 F5 F6 F7 F8 F9
tablet
10 6.4 51.0 57.0 63.8 53.7 59.1 64.3 49.3 54.8 60.1
20 9.3 54.9 62.6 73.2 58.1 63.6 72.8 52.8 61.6 69.5
30 11.7 61.0 68.1 76.9 63.6 70.2 78.1 63.7 64.8 74.3
40 16.2 69.4 76.3 84.6 72.2 77.0 89.4 73.7 71.4 79.8
60 18.8 72.9 84.2 88.4 77.6 84.9 96.3 72.1 78.2 86.2
90 20.4 78.9 88.4 94.3 81.9 90.8 99.6 76.8 82.5 93.7
B188 5D M P 407SD 1:5
— AN S e et
P188SD 1:3 A/A\AA P407SD 13
s [ P407SDT:T
P 188 SD I:1 M
A .

Poloxamer 188

Pure nisoldinine

Figure 1: FTIR spectra of nisoldipine, poloxamer 188 and their solid disper-
sions.

P 407 SD 1:5

P 407SD 1:3

P 407 SD 1:1
Poloxamer 407

Pure nisoldinine

Figure 2: FTIR spectra of nisoldipine, poloxamer 407 and their solid disper-
sions.
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Figure 3: XRD diffractogram of nisoldipine, poloxamer 188 and their solid
dispersions.
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Figure 4: XRD diffractogram of nisoldipine, poloxamer 407 and their solid
dispersions.

Differential scanning calorimetry

The DSC analysis was done for pure nisoldipine and solid dispersions of
nisoldipine with P 407 and P 188 which showed higher saturation solu-
bility of pure drug than the polymers used. The DSC thermogram of pure
nisoldipine (Figure 5a) showed a sharp endothermic peak at 152.8°C,
which was ascribed to drug melting. The DSC curve of P 407 (Figure 5b)
and P 188 (Figure 5¢) showed a sharp endothermic peak at 58.9°C and
55.5°C corresponding to the melting point of P 407 and P 188. It is well
established that the enthalpy of transition and entropy of an amorphous
solid are much higher than those of its crystalline counterpart.**

Scanning electron microscopy

The SEM analysis of pure drug in Figure 6a showed crystalline in nature
and the drug particles were irregular in shape. The solid dispersions of
nisoldipine with P 407 and P 188 (Figure 6b-¢) showed a homogeneous
dispersion indicating that the nisoldipine is dispersed uniformly in carrier
matrices of solid dispersions, assuming amorphous solid dispersion state.

Dissolution studies of solid dispersions

It is well established that, for poorly water soluble drugs, especially class
II drugs in biopharmaceutical classification system, improvement of the
drug solubility sometimes result in the marked increase in the oral bio
availability. To clarify the dissolution behavior of nisoldipine formulation,
the dissolution tests on pure nisoldipine and its SDs were carried out
upto 90 min in phosphate buffer pH 6.8. Figure 7 and 8 shows the dis-
solution profile of the drug powder in pure state and SDs with different
polymers. The dissolution profile of pure drug indicates slow dissolution rate
with only 1.57% of the drug dissolved in first 10 min. The total amount
of drug dissolved in 90 min was found to be 19.41% which revealed its
liphophilicity and its crystallinity. Preparation of SD of the drug with P
407 resulted in a significant increase in the dissolution rate compared to
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Figure 5: DSC curve of (a)Pure nisoldipine,(b) P 407, (c) P188, (d)nisoldipinepoloxamer 188 SD 1:5 (e) nisoldipinePoloxamer 407 SD 1:5.
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(d)

(e)

Figure 6: SEM microphotograph of (a) Pure drug nisoldipine,(b) nisoldipine P407 SD 1:3 (C) nisoldipine P407 SD 1:5 (d) nisoldipine P188 SD 1:3 (e) nisoldipine

P188 SD 1:5.

Figure 7: Dissolution profile of nisoldipine from poloxamer 407 SD at different drug : carrier ratios.
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Figure 8: Dissolution profile of nisoldipine from poloxamer 188 SD at different drug : carrier ratios.
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Figure 9: Dissolution profiles of control tablet and tablets containing SD with crospovidone as superdisintegrant.
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Figure 10: Dissolution profiles of control tablet and tablets containing SD with croscarmellose sodium as superdisintegrant.
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Figure 11: Dissolution profiles of control tablet and tablets containing SD with sodium starch glycolate as superdisintegrant.

the pure drug. The enhancement of dissolution depended on the concen-
tration of polymer in the SD. So the amount of drug released in the first
10 min was increased gradually with increase in polymer concentration
to reach 99.13% at 1:5 (drug to polymer weight ratio) which is higher
than that of pure drug or SDs containing lower proportions of P 407.
For P 188, preparation of SD with the drug resulted in gradual increase
in the dissolution rate at low polymer concentration so that the amount
of drug dissolved in the first 10 min was 32.61% in case of 1:1 (drug
to polymer, weight ratios). This amount increased significantly in case
of 1:2, 1:3, 1:4 and reached 86.11% of the labeled amount in 1:5 ratio.
This result shows the need for higher concentrations of the polymer
to convert it into amorphous form and to achieve better dissolution
parameters.”

Characterization of tablets

The prepared tablets were found to be of uniform in weight and
the weight variation was within the limit of 7.5%. The friability of all
formulations was found to be less than 1%. The result shows resistant
to loss of weight indicates the tablet ability to withstand abrasion in
handling, packaging and shipment. The hardness of tablet ranged from
3.5-4 Kg/cm?. The percent drug content was found to be 100 + 5%.

In vitro study of tablets

It was observed that the disintegration time of the tablets decreased with
increase in proportion of superdisintegrants used in the formulation. It
indicates that increase in the level of superdisintegrants (crospovidone,
croscarmellose sodium and sodium starch glycolate) had a positive
effect on disintegration of fast dissolving tablets. The disintegration time
of tablets follows the pattern with various superdisintegrants:

Croscarmellose sodium < crospovidone < sodium starch glycolate.

The dissolution behavior of various formulations and the control tablets
were shown in Figure 9-11.The drug release from various formulations
followed the order: F6 > F3> F9 > F5 > F2 > F8 > F4 > F1 > F9. The
pattern provides an idea about the effect of super disintegrants in drug
release profile of fast dissolving tablets.

DISCUSSION

All the solid dispersions were uniform in drug content and the IR spectra
of nisoldipine and its solid dispersions are identical. The principle IR
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absorption peaks of nisoldipine solid dispersions were observed and
found to be identical with the spectra of nisoldipine pure drug. Thus
from the spectra it was understood that there was no interaction between
nisoldipine and the carriers used in the preparation of solid disper-
sions. The XRD studies revealed that the crystallinity of nisoldipine is
reduced in solid dispersions. In DSC studies, the peak temperature in
solid dispersion was shifted to lower temperature (Figure 5d, Figure 5e)
with respect to the drug, and there was a decrease in AH value of
nisoldipine solid dispersion (-108.9 Jg~' and 127.3Jg™) compared to the
pure nisoldipine (—-82.77 Jg'). These phenomena could be attributed
to the amorphous form of the nisoldipine in solid dispersion. From the
dissolution studies of solid dispersions it is concluded that the rate of
dissolution increases with an increase in carrier concentration. Among
the carriers used P 407 SDs gave fastest dissolution. The in vitro drug
release profile of fast dissolving tablets was found to be increased with
increase in superdisintegrant level. The highest drug release was observed
in croscarmellose sodium, followed by crospovidone and sodium starch
glycolate. The fast dissolving tablets containing croscarmellose sodium
(6%) showed the highest drug release ( 99.6% ). The control tablets were
prepared with croscarmellose sodium (6%) with other ingredients using
pure nisoldipine and the dissolution profile is compared with the formu-
lation containing solid dispersion of drug (Figures 9-11).

CONCLUSION

In the present study, the solid dispersions of nisoldipine were prepared
with poloxamer 188 and poloxamer 407 with aim of enhanced dis-
solution rate. The fastest drug release was obtained from nisoldipine
poloxamer SD in the ratio of 1:5 prepared by solvent evaporation meth-
od. The formulation of fast dissolving tablets by using solid dispersion
of nisoldipine is unique technique by which the dissolution rate of drug
can be enhanced which is most challenging aspect of drug delivery. The
technique adopted was found to be economical and industrially feasible.
Thus, it can be concluded that combination of solid dispersion technology
and using superdisintegrants in the formulation is a promising approach
to prepare efficient fast dissolving tablet of poorly water soluble drug
nisoldipine.
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