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Abstract— Liquisolid compacts are one of the modern
drug formulation techniques used for drug formulation for
several objectives including protection against photosensitivity.
This study evaluates the photoprotective effect of the liquisolid
compact technique on a calcium channel blocker
antihypertensive drug, nimodipine, which is considered a
photosensitive drug model. Liquisolid compact tablets of
nimodipine were prepared from; Avicel PH-102 as a carrier
material, (colloidal silicon dioxide, Cab-O-sil, and titanium
dioxide as coating materials), croscarmellose sodium (CSS),
sodium starch glycolate (SSG), crospovidone (CP) as super
disintegrants, and propylene glycol as the liquid vehicle.
However, the ratio of carrier to coating materials was kept
constant in all formulations at 35:1. This ratio was chosen after
testing the ratios 15:1, 20:1, 25:1, 30:1 and 35:1. The feasibility
of the prepared liquisolid systems was also evaluated for first;
the pre-compression and post-compression characteristics.
Second, the possible drug-excipients interaction using FT-IR.
Third, the photostability of Nimodipine in pure form,
conventional tablets, and in the prepared liquisolid tablets
through irradiation with a light dose of 0.55 W/m2/h visible
light, 50 W/m2/h UVA and 0.27 W/m2/h UVB for 12 h in order
to estimate the effect of coating material type on Nimodipine
stability especially in the prepared liquisolid formulations. The
results showed that all of the prepared liquisolid tablets
showed satisfactory properties regarding pre and post-
compression properties. Interestingly, the FTIR spectra study
ruled out any interaction between nimodipine and excipients in
the prepared liquisolid tablets. Besides, all of the prepared
liquisolid tablets had shown a superior drug dissolution profile
compared to the conventional and direct compressed tablets.
Finally, 92.43% of the drug remaining was found in the
liquisolid formulation (F7) after 12 h photo-irradiation as
compared to 65.48% drug remaining for the pure drug
substance and 75.12% for directly compressed tablets
indicating that liquisolid technique had significantly inhibited
the photo-degradative effect of light in the prepared liquisolid
formulations. It can be concluded that the liquisolid compacts
technique is a promising approach for the improvement of
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photostability of this photosensitive Nimodipine with an
acceptable stability as well as enhanced dissolution rate.
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. INTRODUCTION

So far, many obstacles that faced the pharmaceutical
industry, including photo-degradation of the active
pharmaceutical ingredient besides low drug dissolution.
Hence, ongoing efforts regarding these difficulties are
focused on developing methods that are designed to protect
the therapeutic moiety in its activity form against the light
induced adverse stability effects. For light liable therapeutic
compounds known as light sensitive or photosensitive [1],
ultraviolet radiation region in the light, electromagnetic
spectrum is the main cause of the unwanted photochemical
changes. Nevertheless, artificial light sources, like
fluorescent light, may also induce such alterations in these
photosensitive drugs [2]. This degradation may happen
during the handling, production, storage, distribution as well
as the clinical use of their dosage forms products. The
expected photosensitivity ultimately leads to undesirable
effects such as dose reduction of the active drug that brings
about the reduction in the efficacy, losing or changing of the
active pharmaceutical ingredient/the excipients, as well as
the liberation of undesirable by-products that could be toxic.
This effect may exert a potential risk on patients who
consume these degraded products. Thus, pharmaceutical
preparations should be investigated for the possible existence
of the photo-degradation products in order to ensure the
safety, efficacy, and stability of the final commercial
products [3-5].
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Liquisolid compacts technology described by Spireas
can be used to convert a liquid into a free flowing and easily
compressible dry powder through simple physical mixing of
a liquid form drug available as a suspension or solution in
suitable non-volatile liquid vehicles, with selected excipients,
“termed the carrier” and coating material. However, organic
inert, preferably water-miscible and high boiling point
solvents such as propylene glycol, liquid polyethylene
glycols, or glycerin are the best suitable liquid vehicles for
drugs to be formulated with this technique on one the hand.
On the other hand, During this process, the liquid form drug
is incorporated into a porous carrier material whereupon
saturation of the carrier with liquid, a liquid layer is formed
on the particle surface, which is readily adsorbed by the fine
coating particles. Hence, a dry, free flowing and
compressible powder is obtained [6]. This liquisolid
compacts technologies a promising technique for the photo-
protection of lightsensitive drugs. The principle behind such
effect of the technique is based on the coating material’s
photoprotective property since they have a high refractive
index and their capability to diffract light waves of different
energies. In addition, to the photoprotective benefit, this
technique is reported to be a well-known method for the
dissolution enhancement of poorly water-soluble drugs [7].
According to Spireas model of liquid-solid, the carrier and
coating powder can hold only a definite amount of the liquid
while maintaining sufficient flowability and compactibility
[8]. The idea of the role of liquisolid compact technique in
the photostablization of drug products was first proposed by
researcher Khames et al. the Photostability testing of drug
substances, and formulated products is an integral part of the
development process in industry to ensure their quality
during the shelf -life period. It is carried out under
standardized conditions to determine the extent to which the
drug or the product undergoes an undesirable chemical
change [9].

Nimodipine (NIM) is a dihydropyridine calcium
channel blocker indicated for improving neurological
outcome by reducing the incidence and severity of ischemic
deficits in patients with subarachnoid hemorrhage from
ruptured congenital aneurysms [10]. However, according to
the biopharmaceutical classification system (BSC), it belongs
to class II “low solubility—high permeability” drugs. Its oral
bioavailability is about (13%) after administration is about
(13%) due to its low water solubility as well as extensive
first-pass metabolism in the liver [11]. The available dosage
forms of this drug are tablets and capsules of 30 mg dose in
addition to intravenous infusion of 10 mg/50 ml
concentration. Nimodipine is known to be light-sensitive.
Therefore its 1.V solution and capsules should be stored only
in the manufacturer’s light-protective container below 25°C
[12]. UV light induces both oxidation of the dihydropyridine
ring and modification of the nitro group in the original
nimodipine molecule. These chemical alterations include and
the aromatic nitro group of Nimodipine molecule to a nitroso
group and/or oxidation of the dihydropyridine ring to a
pyridine ring leading to manipulations in its activities or
potency and generally, loss of its therapeutic action [13]. In
order to override the low dissolution rate and the photo-
liability formulation problems of Nimodipine, the aims of
this study are to improve its photostability as well as
enhancing its dissolution rate using liquisolid compacts
technology.
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Il. MATERIALS AND METHODS

A. Materials

Nimodipine Microcrystalline celullose (Avicel PH-
102), Silicon Dioxide (Aerosil 200), Croscarmellose sodium,
Crospovidone, Sodium Starch Glycolate, Titanium dioxide,
and Mg-stearate are obtained by Hangzhou Hyper Chemicals
Limited, China. Propylene glycol (PG) was purchased from
Fluka Chemicals AG, Switzerland. PEG-400 obtained from
Avon chem, United Kingdom. Tween 80 were purchased
from Thomas baker (chemicals) Pvt Ltd, India. Methanol
supplied by Avantor performance materials. However, the
following instruments were used in this study, tablets
compression machine from Korsch EKO, Germany,
Hardness tester form Stokes, Monsanto Co. Ltd., USA,
Friabilator TAR 120 from Erweka, Germany. Fourier
Transform Infrared System (FTIR- 8400 S) form Shimadzu,
Japan, Copley Dissolution 8000 Tester from Copley
Scientific, UK, HBO  Mercury short-arc lamp 200
WATTAGE (High radiant power in the UV and the visible
range, dosimeter to calculate the doses in the different UV
bands and visible light Oriel Corp., U.S.A, temperature-
controlled cooling unit, scanning spectrophotometer Sco
tech, spuv-26, Germany.

B. Methods

1) Solubility Studies

Solubility studies of Nimodipine were carried out in PG,
PEG 400, and Tween 80 to select the best non-volatile
solvent for dissolving of Nimodipine in a liquid vehicle.
Saturated solutions were prepared by adding an excess of
Nimodipine to the vehicles and shaking using an isothermal
shaker water bath at 25 + 0.5 °C for 72 hr with constant
vibration. Then, the samples were centrifuged at 3000 rpm
for 20 min, followed by the collection of the supernatant
layer of each sample that was subsequently filtered using a
filter membrane (0.45 pm). After filtration, the samples
diluted with methanol, and the solubility determined at A
max 238nm by using UV- visible spectrophotometer in a
triplicate measurement, and mean reading is taken [14].

2) Use of A Mathematical Model
Liquisolid Systems

The formulation design of the proposed liquisolid
systems in this study was done according to the
mathematical model suggested by Spireas using propylene
glycol (PG) as a liquid vehicle, Avicel PH-102 as a carrier
material, Aerosil 200 as A coating material and sodium
starch glycolate as super-disintegrant [8]. Firstly, the liquid
loading factor (Lf) defines the ratio of the weight of liquid
medication (W) to the weight of the carrier material (Q) in
the formulation. This ratio can be correlated with the flow
and the compression properties of the liquisolid system. The
liquid loading factor (Lf) can be calculated using the
following equation:

to Design

Secondly, the excipient ratio (R-value) of the powder is
defined as:



Where R: Ratio of the weight of carrier (Q) and coating (q)
materials present in the formulation.

It can also be calculated from the following equation:
Lf=®Cr+®Co(1/R)----- (©)

Where ® Cr, ® Co are the flowable liquid retention
potentials (@ — values) of Carrier (Avicel PH-102) and
Aerosil 200, respectively. The flowable liquid retention
potentials (® — values) of powder ingredients were used to
calculate the required excipients quantities [15].

3) Preliminary Screening of Optimized R-Value,
Drug Concentration, and Loading Factor

Different liquisolid systems were formulated according to
the earlier mentioned equations (a, b and c), denoted LS1 to
LS7 using the calculated R values 15, 20, 25, 30 and 35:1.
The concentration of the drug in the liquid vehicle was 30%
(w/w) in the first five formulations, while the concentration
was set at 15% (w/w) in LS6 and 45% (w/w) in LS7. The
composition of different liquisolid formulas with different R
values are shown in table (1). Firstly, a mathematically
calculated quantity of pure drug based on the formerly listed
equations was weighed in a 20 ml beaker then the calculated
weight of non-volatile solvent (PG) was added. The mixture
was heated to 60 °C in sonicator for 15 minutes until a liquid
medications’” homogenous  solution was achieved.
Subsequently, the obtained liquid medication (drug and
solvent) was incorporated into the calculated quantity (Q) of
the carrier material (Avicel PH-102) and (g) coat material
(Aerosil 200) and were mixed thoroughly using a porcelain
mortar and pestle. The resulted blend was mixed with super-
disintegrant. F cylindrical finally, the final blend was
lubricated with 1% magnesium stearate to be compressed
into a cylindrical tablet using a single punch tablet machine
of 6 and 8mm die size [16]. The optimized R-value, drug
concentration, and Lf were determined according to the flow
properties.

Table (1): Composition of different nimodipine liquisolid compact
tablet formulas

Liquisolid System LS1 LS2 LS3 LS4 || LS5 LS6 LS7

Material (mg)

Nimodipine (NIM) 30 30 30 30 30 30 30

30% 30

%

30% 30

%

30
%

Drug concentration in 15% 45 %

PG (% wiw)

Carrier : coating ratio 15 20 25 30 35 35 35

(R

Loading factor (Lf) 0.38 0.3 0.29 0.2 0.25 0.25 0.25

2 7
Liquid vehicle (PG) 70 70 70 70 70 170 336
(mg)
Carrier (Q) Avicel PH- 184.2 218 241.3 259 280 680 146.4
102 7 2
Coating material () 12.2 10. 9.65 8.6 8 194 4.18
Aerosil 93 4
Sodium starch glycolate 14.82 16. 17.54 18. 19.4 45 10.8
SSG (5%) 48 39
Magnesium stearate 3.14 3.4 3.72 3.9 4 9.45 2.27
(1%) 6
Total weight 314 346 372 390 412 954 230
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4) Flow Properties of The Prepared Liquisolid
Powder System

a) Determination of The Angle of Repose

For the prepared liquisolid system powder, the repose
evaluation approach was considered for the assessing flow
properties of the resulted powders. The repose angle was
determined using the fixed funnel method through permitting
the powder to flow throughout a glass funnel, passing freely
onto a surface. The height and diameter of the resultant cone
were eventually measured, and the angle of repose was
calculated with the following equation:

tan (0) = h/r

where: h is the height of the powder cone, and r is the
powder of (17).

b) Determination of Compressibility Carr's Index and
Hausner's Ratio

To estimate the compressibility of Carr's Index, the
powder blends were poured into a measuring glass cylinder,
the untapped volume (Vo) was determined, then the tapped
volume (Vf) was measured after successive 100 tap cycles
until the wvolume became constant. Carr's index was
determined according to the following equation:

Carr's Index=(Vo-Vf)/V,.100

The Carr's index, closely related parameter; Hausner's ratio
was calculated using the equation:

Hausner's Ratio= Vy/Vf

Where (V) untapped volume and (V) tapped volume. If the
Hausner's ratio is less than 1.25, there is a good flow, while if
Hausner's ratio is more than 1.25, there is a poor flow.
However, the addition of the glidant can improve the
flowability of the powder [18].

C. Formulation of the liquisolid tablet of nimodipine

After optimizing the formula, blends with optimum (R
value, drug concentration, and Lf) were selected for further
optimization by formulating to desirable tablets. Seven
liquisolid systems batches of Nimodipine (denoted as F1 to
F7) were prepared as listed in Table (2). Each batch’s fifty
tablets were compressed into cylindrical tablets, each
containing 30 mg of the drug-using single punch tablet
machine of 8mm die size [11]. The formulas (F1-F3) were
prepared in order to investigate the impact of different types
of super-disintegrants; croscarmellose (CSS), sodium starch
glycolate (SSG), and crospovidone (CP) in the concentration
of 5 % on the physical properties of the prepared tablets. The
formulas (F4-F5) were prepared to investigate the impact of
different types of carrier materials Avicel PH-101 and Avicel
PH-200, on the physical properties of the prepared tablets.
The formulas (F6-F7) were prepared in order to investigate
the impact of different types of coating materials Cab-O-sil
and titanium dioxide on the physical properties of the
prepared tablets. The R-value was set at 35:1, and the
concentration of drug in the liquid vehicle was 30% in all
formulations.



Table (2): Composition of different Nimodipine liquisolid formulas

Formula Ne. I
Material (mg)
Vimodipins 0 0 0 30 30 0 0 0
9 70 70 70 70 70 70 70
Cs8
G
@

Avieal PH10 0 80
Avieal PR10T

Avieal PH200 | — | — || — | —— | ;@ | — | - | -—

Asrosil 200 H 8 ] g g H
Cab-D-sil

Titanium
dioxide
Memesum T T 1 ] ] 1 1

stearata (1%)

Total weight 412 412 411 412 412 411 411

D. Preparation of Directly Compressible Tablets of
Nimodipine

A Nimodipine’s conventional tablets formulation as
directly compressed tablets (DCT), was prepared by
utilizing the following components without the addition of
any non-volatile liquid solvent; drug, carrier, coating
material, super disintegrant, and lubricant. The preparation
process involved mixing of the drug with Avicel PH-102 and
Aerosil 200 (ratio of Avicel PH-102 to Aerosil 200 was set at
35:1) for 10 minutes. The resulted blend was subsequently
mixed with crospovidone (as disintegrating agent) for 10
minutes, then magnesium stearate was added and mixed for 2
minutes. The obtained final mixture was directly compressed
using a single punch-tableting machine 8mm die size [19].

E. Post-Compression Evaluation of Nimodipine Liquisolid
Tablets:

1) Hardness Test

Three tablets were randomly selected from each tablet
batch for hardness determination using a hardness tester
apparatus (Monsanto). The mean of three determinations +
SD expressed as a force in kg/cm2 required to crush the
tablets was recorded [20].

2) Friability Test

Friability test was performed using Roche friabilator
apparatus in order to evaluate the effect of friction and
shocks, which may often cause tablets to chip, cap or break.
Ten tablets were initially weighed (W initial) and placed in
the friabilator that was operated at up to 100 revolutions. The
tablets were weighed again (W final). The percentage
friability expressed as a percentage (%) was calculated using
the underlying equation (g). Friability of tablets less than 1%
are considered acceptable [21].

% Friability = {(W initial- W final) / W initial} x 100 % - - - - (9)

3) Content Uniformity Test
Ten randomly elected tablets from each batch were
grounded in mortar into a fine powder then 30 mg of
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Nimodipine equivalent powder mass was transferred into a
100 ml volumetric flask. The volume was completed to 100
ml with methanol. The solution was sonicated with
intermittent shacking for 1 hr of sonication then filtered., the
solution was analyzed for drug content at A max 238nm after
the desired dilution, then the drug concentration was
calculated by using methanol calibration curve equation [22].

4) In-Vitro Dissolution Studies of Nimodipine
Liquisolid Tablets

The in-Vitro dissolution studies were carried out using
USP apparatus type | at 50 rpm using a dissolution medium
consist of 0.5 % SLS in water maintained at 37°C. At
different time intervals, the drug was determined by
measurement of its concentration in a solution using UV-
Visible Spectrophotometer at 238nm. Then, the in-vitro drug
release profile of all batches was compared with that of the
conventional formulation and directly compressed tablets for
drug release. The mean of six determinations was considered
[23].

5) Photostability Testing

The photostability testing of drug substances and
products is conducted according to ICH Q1B guideline. The
drug substance and fifty tablets from each conventional and
formulations of liquisolid compacts tablets of different
coating materials (F5, F6 and F7) were irradiated to deliver a
dose of 0.55 W/m?/h visible light, 50 W/m%h UVA, and 0.27
W/m?h UVB for 12 h at 15 cm distance from the light
source as measured by the dosimeter representing 0.64 kJ/m?
visible light, 6.47 kJ/ m?> UVA and 0.04 ki/ m*> UVB for
different time intervals (0, 0.5, 1, 2, 3, 4, 6, 8 and 12 h). All
samples were irradiated in triplicate at 25°C using
temperature-controlled cooling unit [9].

F. Fourier Transform Infrared Spectroscopy (FTIR)

This test was performed to identify any sign of
complexation and interaction between Nimodipine and other
excipients used in the preparation of liquisolid tablets. The
samples were grounded and mixed with potassium bromide
(KBr), and the spectrum was obtained within the interval of
the wave number of 4000-400 cm™ [24].

G. Statistical Analysis

The experiments’ results were presented as a mean of
triplicate samples + standard deviation and analyzed with
one-way analysis of variance (ANOVA) at the level of (P <
0.05).

I11. RESULTS AND DISCUSSION

The solubility of Nimodipine in various liquid vehicles
listed in the table (3) shows that the solubility of Nimodipine
was markedly increased in PG(P < 0.05). This effect may
probably be attributed to the low viscosity (48 mPa s) and
molecular weight (76.1g/mol) of the utilized PG as compared
to tween 80 that has high viscosity (425 mPa s) and
molecular weight (1310 g/mol) besides, to the hydrogen
bonding producing capability of the alcoholic PG attributed
to its multiple hydroxyl groups. Accordingly, among the
tested non-volatile solvents, PG could be a better choice as a



solvent for the formulated liquisolid systems of Nimodipine
as more solubilizing vehicle [25, 26].

Table (3): Solubility of Nimodipine in various solvent

Solvents Solubility (Yow/w)

[Mean + S.D.*]

Propylene glycol (PG) 5.122 + 0.0546

PEG 400 1.873 £0.1162

Tween 80 0.135+0.0972

*S.D. Standard deviation from the mean. n=3

Furthermore, the estimated Carr’s index, Hausner’s
ratio, and angle of repose parameters determining the flow
properties of the prepared preliminary liquisolid systems
were listed in the table (4). However, the required amounts
of excipients for the formulation of the prepared liquisolid
formulas of Nimodipine and the flowable liquid retention
potentials (d-values) of the utilized powder excipients was
calculated using a, b, and c equations. Flowable liquid
retention potentials for Avicel PH-102 and Aerosil 200 in PG
were (0.16, 3.33), respectively [27]. The powder flowability
is a critically important to point “rate-limiting step” in the
formulation of the liquisolid system. Otherwise, weight
variation may occur. Obviously, according to Lf values
reveled table (4), decreasing the liquid loading factors (Lf),
has enhanced the powder flow. In addition, since it is hard to
prepare a formulation with good flowability and
compatibility when the loading factor is above 0.25, because
fewer amounts of carrier and coating materials are used
during preparation of these formulations, and excess liquid is
not completely adsorbed, leading to the formation of
agglomerates. A reasonable flow was achieved when the
liquid load factors (Lf) equal to or lower than 0.25, which is
in agreement with what was reported in the literatures [28].
Besides, it was found that there is a relationship between Lf
and the flow properties of the prepared liquisolid system
powder blends, liquisolid systems with low Lf values have
better flow properties. This can be explained by the fact that
the liquisolid systems with high Lf values contain high
amounts of liquid and low powder excipients quantities
according to the equation (Lf = W/Q). In contrast, the
liquisolid systems with low Lf values contain high amounts
of the carrier material (Avicel PH-102) and low liquid
vehicle quantities. The R-value of 35:1 was the optimum one
as revealed by data listed in the table (1).

Regarding the angle of repose and the flowability of the
formula data listed in the table (4) reveals that the increase in
the concentration of drug in the in the vehicle (LS6, LS5 and
LS7) of inclining drug concentrations 15%, 30% and 45%,
respectively, causes a reduction in the angle of repose and
increase in the flowability of the formula. The angle of
repose was (47.84) in the formula LS6 as compared to that
formula LS5 and LS7, which equal to 33. This result can be
explained by the too much liquid vehicle amount produced
very soft and sticky compacts [29]. While the powder
admixture of the formula LS6 was aggregated with some
segregation noticed during powder mixing, the powders for
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the formulas LS5 and LS7 liquisolid formulations appeared
as fine powder. According to the flow properties shown in
table(4), the formula LS5 was chosen for further
optimization through to liquisolid formulation as a tablet
using R value equal to 35:1 and drug concentration of 30%
in the liquid vehicle. The corresponding Lf value can be
calculated using equation (h). The appropriate quantities of
Avicel PH-102 (Q) and Aerosil 200 (q) required to convert
the required amount of liquid medication (W) into an
acceptably flowing and compressible liquisolid system were
calculated using equations a, b and the following equation:
Lf=0.16 +3.31 (1/R) for PG (h)

were 0.16 and 3.33 flowable liquid retention potentials (®-
values) for Avicel PH-102 and Aerosil 200 or silica (cab-O-
sil) in PG, respectively.

Table (4): Flow properties of the prepared liquisolid systems of nimodipine

Liquis Angle of Type of Carr's Type Hausner's Type of
olid Repose” Flow Index” of Ratio” Flow
System Flow
LS1 44.52 +0.48 Pass 25.64 + Pass 133+ Pass
0.60 0.004
LS2 4389 +121 Pass 2349+ Pass 133+ Pass
0.84 0.016
LS3 40.25+1.32 Pass 2545+ Pass 131+ Pass
1.52 0.028
LS4 39.63 + 0.65 Fair 23.74 = Pass 1.28 + Pass
0.31 0.004
LS5 33.81+0.94 Good 16.20 + Fair 1.22+ Fair
0.41 0.004
LS6 47.84 +0.90 Poor 2832+ Poor 1.40 £ Poor
0.78 0.012
LS7 33.10 + 0.53 Good 16.80 + Fair 1.20 + Fair
1.14 0.028
*S.D. standard deviation from mean. n=3
The post-compression parameters values, like

hardness, friability, and content uniformity listed in the table
(5), have shown that the formulated liquisolid tablets
measured hardness values within the range of 3.70 to 4.63
kg/cm?. However, the percentage of friability was less than
1% for all formulations, ensouringg the formulated tablets’
optimum mechanical stabilit. The percentage of drug
content for all of the formulas was found in the range of
96.2-100.6%, which complies with the USP limits.

Table (5): Hardness, Friability and Content Uniformity Percentage of
Nimodipine Liquisolid Tablets

Formula | Hardness % Friability % Content
code (Kglem?) (wiw) Uniformity
mean + S.D, n=3 mean = S.D, n=10

F1 4.63+0.20 0.73 100.6+3.40

F2 3.83+0.05 0.56 97.6 £2.24

F3 4.21+0.26 0.86 98.6 +3.15

F4 3.70£0.17 0.44 100.4+2.96

F5 436+0.11 0.69 97.4+2.68

F6 3.92+0.15 0.72 98.9 +2.37

F7 4.05+0.07 0.29 97.8+2.59

DCT 429+0.29 0.64 96.2+2.23

Interestingly, the dissolution profile of the different
formulations Nimodipine liquisolid tablets and directly
compressed tablets modeled in figure (1) reveals that the



tablets prepared with CP show a significantly faster
dissolution (p<0.05) than the corresponding tablets prepared
with CCS or SSG. This enhancement in dissolution can
probably be attributed to the solid support’s porous
morphology that tends to absorb water by a ‘wicking’
mechanism when exposed to water without a considerable
swelling. Thus, it may enhance the the hydrophobic drug’s
wettability with a little tendency to gel formation [30].
Besides, it can be concluded that formulas prepared with
super-disintegrant CSS show the lowest dissolution
behavior than CP and SSG, that may be attributed to the
swelling nature of CCS, that is typically has a unique fiber
shaped morphology. Besides, these individual fibers can act
as hydrophilic channels to absorb water deeply into the
system, lending to swell to the extent of more than 100% of
their original diameter when exposed to water.

120 -
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I3 i 7
B 80 -
o F6
w 60 -
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- 40 1 e F 4
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1 357 9111315 F1

Time min

Figure (1): In-vitro dissolution profile of nimodipine liquisolid tablets and
direct compressed tablets DCT (results are expressed as mean, n=6)

The resulted wetting caused a tremendous volume increase
in their particle diameter could serve as an impediment for
the drug to release [31].

Accordingly, a significant effect on dissolution with
different microcrystalline cellulose type (Avicel) have been
noticed within the prepared tablets (p<0.05). The formula
prepared with Avicel PH-102 shows better dissolution
properties compared to the formula prepared with Avicel
PH-101 and 102. This due to the sensitivity of Avicel types
to lubricant, which depends on the particle size. The
Formula containing Avicel PH-102 with a mean particle size
of 100p has a surface area less than Avicel PH-101  with a
mean particle size of 50u”. Thus, the effect of hydrophobic
lubricant on the coarse particles of Avicel PH-102 with a
smaller envelop surface area is more prominent than that on
the fine particles of Avicel PH-101 with a larger surface
area[32].

Remarkably, the formula containing Aerosil 200 has shown
a significantly higher percent release of Nimodipine
(p<0.05) in comparison to the formula containing silica
(Cab-O-sil), making it a better coating material as it
facilitates the faster release of the drug than silica (Cab-O-
sil). However, through comparing these two grades of
silicon dioxide with particle sizes within the colloidal range,
silica (Cab-O-Sil) has produced dispersions of the highest
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viscosity, while, Aerosil 200 has possessed a lower
viscosity. It is hypothesized that the decrease in drug release
rate seen with the silica (Cab-O-sil) is attributed to its
tendency for viscous gel formation during the dissolution
[33].

The directly compressed tablets of Nimodipine have
shown the lowest dissolution properties as compared to
lquisolid formulas, which can be explained by the fact that
Nimodipine is already in solution in PG. Nevertheless, it is
carried by the powder particles (Avicel PH-102 and Aerosil
200) at the same time. In accordance, it is reported that
when the drug is formulated in the liquisolid system is
completely dissolved in the liquid vehicle, is still in a
solubilized state even when it is located in the powder
substrate hence showing an improved/accelerated release
rate due to its markedly increased wettability and surface
availability to the dissolution medium [34].

The photostability tests results modeled in Figure (2)
reveals that the liquisolid formulations of Nimodipine have
produced an improved photostability as specified by the
significant increase in the remaining drug percentage after
exposure to different light energies for 12 h (p < 0.05) as
compared to that of the individual “unformulated” active
drug as well as the conventional product. The photo-
stabilizing effect of liquisolid mixtures is related to the
metal oxides, titanium dioxide, and silicon dioxide have
been reported to be photoprotective because of their high
refractive indices [9, 35]. Formula F7 prepared with
titanium dioxide has shown the best photostability due to its
high diffraction index, photocatalytic, and UV protective
activities in addition to its high light scattering and incident-
light reflection capabilities as compared to F5 and F6
formulas, which are prepared with Aerosil 200 and Cab-O-
sil, respectively.
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Figure (2): Effect of light on nimodipine stability in liquisolid formulations
prepared with three different coating materials, conventional tablets, and
pure nimodipine.

Furthermore, there is an observed correlation
between the photo-stabilizing action of the liquisolid
preparations and the coating materials' refractive indices. In
this context, both silicone dioxides (Aerosil 200 and Cab-O-
sil) have been reported to have a refractive index of 1.544 at
visible wavelengths (632nm), while titanium dioxide has a
refractive index of 2.496, under the same conditions at 25 °C



[9]. The prepared tablet dosage form quality tests, hardness,
friability, and content uniformity are listed in the table (5).
Notably, all values are within the acceptable limits of USP
values.

Finally, the FTIR spectra of pure Nimodipine drug
shown in figure (3) revealing the major characteristic
functional groups, which are (C-H stretching of benzene
ring ) at 3097 cm™, (NH stretching of aliphatic secondary
amine) at 3298 cm™, (NH bending of aliphatic secondary
amine) at 1647 cm™, (C-H asymmetric stretching of methyl)
at 2981 cm?, (C-H asymmetric stretching of methylene) at
2933 cm™, (carbonyl stretching of ester ) at 1691 cm™,
(C=C) stretching of benzene ring) at 1622 cm™, (C-H
symmetric stretching of methyl) at 2899 cm™, (C-H
symmetric stretching of methylene) at 2845cm™, 1523 cm™
and 1496 cm™, (NO2 symmetric stretching ) at 1309 cm™
(NO, asymmetric stretching ) at 1454 cm™ in accordance
with that reported in literature [13]. The prepared liquisolid
tablets (F7) powder FTIR spectra shown in figure (4) have
revealed the significant characteristics of Nimodipine
functional groups present in the spectrum of pure drug. The
broad peak belongs to the (OH-stretching of PG) is probably
resulted from hydrogen bond formation between PG and the
drug. This spectral alteration indicates that there is a
potential  drug-excipient compatibility between all
components of prepared Nimodipine liquisolid tablets.
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Figure 3: FTIR spectrum of pure nimodipine powder
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Figure 4: FTIR spectrum of nimodipine liquisolid formula
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IV. CONCLUSION

In this study, a liquisolid compacts tablets of
Nimodipine prepared at different coating materials, carriers,
and super disintegrants in addition to carrier/coat ratios. The
best proposed suitable carrier/coat ratio in the prepared
liquisolid tablets is up to 35, resulting in satisfactory
physicochemical properties. Among all of the used super-
disintegrant, the formulations containing crospovidone as
super disintegrant is fulfilling one with a satisfactory
collection of parameters. While, among all of the used
carriers, Avicel PH-102 was the best one as compared to the
others. Finally, the degradative effect of light against
Nimodipine is significantly inhibited with such type of
liquisolid compacts technique type formulation. Such
photoprotective effect of liquisolid formula is maintained by
the incorporated coating materials due to their high
refractive indices. Titanium oxide is the best photo-
protectant as compared to the other used coating materials.
Hence, it can be concluded that the liquisolid compacts
technique is a promising approach for the improvement of
photostability of the drug products that is sensitive to the
light besides significantly increasing the drug dosage form
dissolution rate.
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