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ABSTRACT 

Objective: The study focuses on improving the dissolution rate of meclizine hydrochloride by developing a liquisolid compact. 

Methods: Meclizine hydrochloride is used to prevent motion sickness but has slow dissolution, requiring it to be taken an hour before travel. 
Various water-miscible solvents were examined to determine the drug's solubility, with propylene glycol showing the highest solubility. Avicel® PH 
102 was chosen as the carrier, and Aerosil® 200 as the coating material. The formulation was optimized using Design Expert software and 32 
factorial design was used to study the effects of factors: carrier and coating ratio(X1) and drug concentration in liquid medication (%Cd)(X2) on 
responses: %cumulative drug release at 20 min (Y1) and angle of repose (Y2). 

Results: The optimized formulation was selected using the software, with a carrier and coating ratio of 24.89 and drug concentration in liquid at 
10.14% w/w. The optimized liquisolid tablet was evaluated for post-compression parameters and dissolution study. The drug was found to be non-
crystalline based on Differential Scanning Calorimetry (DSC) and X-ray diffraction (XRD) studies, and the stability study showed no significant 
degradation. 

Conclusion: The findings indicate that liquisolid formulation can be a promising alternative to achieve rapid onset of action and dissolution 
enhancement for poorly water-soluble drugs such as meclizine hydrochloride. 
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INTRODUCTION 

Meclizine hydrochloride is categorized as a Biopharmaceutical 
Classification System (BCS) class II drug due to its low solubility in 
water and high permeability. This medication is utilized as an 
antiemetic to prevent motion sickness, nausea, and vomiting and is 
typically administered one hour before traveling due to its slow 
dissolution property [1]. Meclizine hydrochloride is considered 
practically insoluble in water, with very low solubility [2-4]. 
Meclizine hydrochloride is available in the market in the form of 
tablet and capsule and they have a one-hour lag time in the onset of 
action because of its poor dissolution [5, 6]. Liquisolid compact is a 
promising formulation strategy for improving the dissolution rate of 
drugs with poor water solubility [7]. The rationale of current 
research is to develop a liquisolid dosage form in which the drug is 
pre-dissolved in a water-miscible vehicle to improve its wetting and 
dissolution characteristics. This technique involves dissolving the 
drug in a non-volatile, water-soluble solvent and then absorbing the 
resulting liquid mixture into a carrier material. To maintain good 
flow and compression properties, the liquid medication is added to 
the powder mixture in limited quantities, and the amount of liquid 
that can be added can be calculated using an equation [8]. As the 
carrier material is saturated with liquid medication, it leaves a thin 
layer of liquid on particle surface, which is instantly adsorbed by the 
coating material, which prevents the liquid medication from leaking 
out [9]. By employing the liquisolid compact technology to formulate 
meclizine hydrochloride, the dissolution rate can be improved, 
resulting in a faster onset of action. Liquisolid compacts are widely 
used for enhancing aqueous solubility, bioavailability, and reducing 
dissolution time due to an increase in surface area and a decrease in 
wetting angle [10, 11]. This technique can be scaled up to an 
industrial scale, enabling the manufacturing of sustained and 
controlled-release solid dosage forms. Appropriate concentration 
and selection of carrier and coating materials are critical to 
maintaining acceptable flow properties and compression 
characteristics of the final product [12, 13]. 

The main objective of the current research is to fasten the 
dissolution of the drug meclizine hydrochloride, which is approved 
as an over-the-counter (OTC) drug by United States Food and Drug 
Administration (USFDA) for motion sickness [14]. Motion sickness 
requires immediate action of the drug, which is difficult to achieve in 
the conventional dosage form of meclizine hydrochloride because of 
low solubility and poor wetting properties. By developing a 
liquisolid compact of meclizine hydrochloride, the drug is provided 
in pre-dissolved form in water miscible, non-volatile vehicle, which 
upon contact with Gastro-Intestinal (GI) fluids, immediately release 
the drug. Thus leading quick action of the drug [15, 16]. 

MATERIALS AND METHODS 

Materials 

Meclizine hydrochloride USP, received as a complimentary sample 
from Exemed Pharmaceuticals in Vapi, India, was used in the study. 
Different grades of Polyethylene Glycol (PEG 200, 400, 600), 
Glycerin, Sodium Starch Glycolate (SSG), Tween® 20, Aerosil® 200 
(Batch Number 2FF0101), Tween® 80, Lactose Monohydrate, 
Avicel® PH 102 (Batch Number BCCH9027), Maize Starch, Propylene 
Glycol (PG), and Magnesium Stearate, were sourced from 
LobaChemie Pvt Ltd, Mumbai. Hydrochloric acid (HCl) and distilled 
water were obtained from Avantor Ltd., Mumbai, and Priya 
Chemicals, Vapi, respectively. All materials used were of laboratory 
grade. 

Experimental part 

Solubility study 

The calibration curve of meclizine hydrochloride was developed in 
methanol as solvent using UV/Visible Spectrophotometer (Shimadzu 
UV-1800, Japan) analysed at λmax of the drug in methanol at 229 
nm. The calibration curve showed linearity in the range of 1-15 
µg/ml concentration with R2 value of 0.998. To evaluate the 
solubility of meclizine hydrochloride, saturated solutions were 
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prepared in different solvents, PG, PEG 400, PEG 200, PEG 600, 
glycerine, Tween® 20, Tween® 80, 0.01 N HCl and water. For that, 
initially 10 mg of drug was added in to 2 g of solvent in Eppendorf 
tube and closed tubes were shaken for 48 h at 25 °C on a 
temperature-controlled orbital shaker (Remi Equipments, India). If 
the drug is dissolved, further drug was added in increments of 10 mg 
until saturated solution is obtained. After the shaking period, the 
saturated solutions were centrifuged at 1000 rotations per minute 
(rpm) for 5 min using a Remi Equipments centrifuge. The resulting 
supernatant was filtered through a 0.45 µm filter. The 1g of 
supernatant was diluted with 5 ml of methanol. Further dilutions 
were made if absorbance reading was out of the range of calibration 
curve. The solubility of the drug was analyzed using a UV/Visible 
Spectrophotometer [17, 18]. Each experiment was performed in 
triplicates. 

Drug-excipient compatibility study 

Before developing formulations, drug-excipient compatibility study 
was conducted. For that drug and individual excipients were mixed 
in the ratio of 1:1 (100 mg: 100 mg) in a glass vial. Closed glass vials 
were kept in a stability chamber (LSCG–100, Electrolab) at 40 ℃ and 
75% relative humidity for 4 w. Closed glass vial with pure drug was 
also kept as a control sample. Possible interactions between drug 
and excipients by checked by Fourier Transform Infrared (FTIR) 
using Bruker® Alpha II FTIR spectrophotometer [19]. 

Formulation of liquisolid compacts 

For liquisolid compact preparation, total 50 tablets batch was 
calculated. The selected non-volatile water-miscible solvent was 
used to solubilize the drug. The calculated amount of carrier 
material, coating material and liquid mixture of drug solution was 
taken in mortar and mixed thoroughly by pestle manually [20]. The 
disintegrant sodium starch glycolate and diluent lactose 
monohydrate were then added to the mortar and mixed for 15 min. 
The mixture was transferred into polyethylene bag and was mixed 
for 5 min by tumbling movement done manually. The lubricant 
magnesium stearate was added at the end and the mixture was 

mixed for 2 min. The resulting mixture was compressed into tablets 
of weight 540 mg using 12 mm concave punch at turret speed of 8 
rpm using D tooling tablet compression machine (Hardik 
Engineering, Ahmedabad, India). 

Mathematical model for formulation of the liquisolid compact 

PG was chosen as the liquid base in this study because the drug 
shows highest solubility in it. Avicel® PH 102 was used as a carrier 
material, and Aerosil® 200 was used as a coating material. A 
mathematical formula helped decide how much of these excipients 
were needed to make the liquisolid compact [8, 21]. 

Lf = Øcarrier + Ø coating (
1

R
) ……. (1) 

Here, Lf (liquid load factor) represents the amount of liquid 
medication added to the carrier and coating materials, Øcarrier 
represents the liquid retention potential for the carrier material 
(Avicel® PH 102), Øcoating represents the liquid retention potential 
for the coating material (Aerosil® 200) and R represents the ratio of 
the weight of the carrier material to the coating material. 

Q =
W

Lf
 …. (2) 

Here, W represents the weight of the liquid medication added, and Q 
represents the amount of carrier material used in the formulation 

q =
Q

R
 ……. (3) 

Here, q represents the weight of coating material used in the 
formulation 

Optimization 

The study used a 3² factorial design to understand how two factors-
carrier-coating ratio (X1) and drug concentration in the liquid 
medication (X2)-affected two outcomes: the percentage of drug 
released in 20 min (Y1) and the angle of repose (Y2). The specific 
levels of these factors were selected based on earlier trial 
experiments and are shown in table 1. 

 

Table 1: Selection of dependent and independent variables 

Independent variables Variable level 

Low(-1) Medium(0) High(+1) 
Carrier coating ratio (R) (X1) 23 25.5 28 
Drug concentration in liquid medication (%w/w) (X2) 10 12.5 15 

Table 2 provides the composition of the formulated factorial batches [22]. The formulations of factorial batches were prepared by the method 
mentioned in the Formulation of liquisolid compacts section. 

 

Table 2: Formulation of factorial batches 

Batch No. R Cd (% w/w) Lf W (mg) Q (mg) Q (mg) Disintegrant (5%w/w) (mg) Total weight (mg) 
F1 23 10 0.37 125 332.7 14.4 23.61 495.83 
F2 25.5 10 0.36 125 344.9 13.5 24.17 507.67 
F3 28 10 0.35 125 355.6 12.7 24.66 518.06 
F4 23 12.5 0.37 100 266.2 11.5 18.88 396.66 
F5 25.5 12.5 0.36 100 275.9 10.8 19.33 406.13 
F6 28 12.5 0.35 100 284.5 10.1 19.73 414.45 
F7 23 15 0.37 83.33 221.8 9.6 15.74 330.55 
F8 25.5 15 0.36 83.33 229.9 9.10 16.11 338.44 
F9 28 15 0.35 83.33 237.1 8.4 16.44 345.57 

*R is the ratio of the weight of the carrier material to the coating material, Cd is drug concentration in the liquid medication, Lf is (liquid load factor) 
represents the amount of liquid medication added to the carrier and coating materials, W is the weight of the liquid medication added, Q represents 
the amount of carrier material used in the formulation and q represents the weight of coating material used in the formulation. 

 

Characterization part 

Pre-compression parameters 

The study assessed the pre-compression properties of the liquisolid 
compacts: bulk density, tapped density, Carr's index, Hausner's ratio, 
and angle of repose [23]. For bulk density, 30 g of the sample was 

transferred to a 50 ml cylinder, and its volume was noted. Tapped 
density was measured using a tapping apparatus until the sample's 
height stabilized, and the final volume was recorded. These 
measurements were used to calculate Carr's index and Hausner's 
ratio. To determine the angle of repose, 20 g of the sample was 
allowed to flow through a funnel set 2 cm above a flat surface, and 
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the pile's radius was measured to calculate the angle [24]. Each test 
was conducted in triplicate, and standard deviations were recorded. 

Post compression parameters 

After the preparation of liquisolid compacts, various post-
compression evaluation tests were performed to determine their 
quality attributes. These tests included the uniformity of weight test, 
friability test, and disintegration test, as per the guidelines provided 
by the Indian Pharmacopoeia (IP) 2022. The drug content assay was 
performed at 229 nm using a UV-visible spectrophotometer with 
methanol as blank solution. The compacts' hardness was measured 
using a digital hardness tester. (EiE Instruments Pvt. Ltd., 
Ahmedabad, India). All the experiments were performed in 
triplicates and standard deviation was calculated [25]. 

In vitro drug release 

The prepared liquisolid compacts were evaluated for an in vitro 
dissolution study to analyze their drug release profile. Following the 
meclizine hydrochloride Tablets IP 2022 guidelines, the study was 
conducted in 900 ml of 0.01N HCl at 37 °C±0.5 °C, using an IP type II 
basket apparatus rotating at 100 rpm. Samples were collected at 
specific time intervals, and the drug release was measured at 231 
nm using a UV/Visible Spectrophotometer. The cumulative drug 
release percentage was calculated and plotted against time to 
generate the dissolution profile [26, 27]. All experiments were 
performed in triplicate, and standard deviations were recorded. 

DSC analysis 

The thermal behaviour of pure meclizine hydrochloride and the 
optimized formulation was analyzed using DSC equipment 
(Shimadzu DSC 60, Japan). For this analysis, 50 mg of each sample 
was accurately weighed, sealed in aluminium pans, and heated from 
50 °C to 250 °C at a rate of 10 °C per minute. An empty sealed 
aluminium pan served as a reference to account for background 
effects. The resulting DSC spectra were used to examine the thermal 
properties of the substances [28]. 

XRD study 

Meclizine hydrochloride pure drug and optimized formulation were 
tested for XRD using an X-ray diffractometer (Xpert Pro MP, 
Panalytical, The Netherlands) equipped with cobalt radiation with a 
wavelength of 1.540 Å, a voltage of 40 KV, and a current of 30 mA. 
The analysis was performed in the 2θ range of 5° to 40° with a 
scanning rate of 0.1°/min [29]. 

Stability study 

The accelerated stability studies were performed to evaluate the 
stability of the optimized formulation. To conduct the accelerated 
stability studies, the optimized formulation was packaged in alu-alu 
strip package and stored in a stability chamber at a temperature of 
40±2 °C and relative humidity (RH) of 75±5% for a period of six 
months. Sampling of the formulation was conducted at predetermined 
intervals of 0, 30, 90 and 180 days to assess its stability [30]. After the 

period of six months, the formulation was evaluated for change in 
visual appearance, drug assay and dissolution studies. 

RESULTS AND DISCUSSION 

Solubility study in various solvents 

Based on the findings presented in table 3, the saturation solubility 
of meclizine hydrochloride was found to decrease in the following 
order: Propylene glycol>PEG 600>Tween® 80>PEG 
200>Glycerine>Tween® 20>PEG 400>0.01 N HCl>Water. The 
researchers selected propylene glycol as the non-volatile solvent in 
the preparation of the liquisolid compact due to its significantly high 
solubility [31]. Various other reports of liquisolid compact also used 
propylene glycol as a non-volatile solvent. Because of higher 
solubility of drug in propylene glycol, highest drug loading can be 
achieved in the minimum volume of solvent that will require 
minimum quantity of carrier and coating material to incorporate 
non-volatile solvent, which leads to small tablets [32]. Propylene 
glycol is also in the USFDA generally recognized as safe (GRAS) list; 
therefore, it is safe for human consumption [33]. 

 

Table 3: Solubility study in various solvents 

Solvent Solubility (mg/g)* 

Water 0.0069±0.0006 
Propylene glycol 267.12±0.34 
PEG 200 217.66 ±0.2 
PEG 400 155.14±0.3 
PEG 600 23.63±0.1 
Tween® 20 55.75±0.74 
Tween® 80 215.12±0.98 
Glycerine 76.23±0.21 
0.01 N HCL 0.0082±0.0005 

*All values are±SD which are mean of three determination 

 

Drug-excipient compatibility study 

The FTIR spectra of pure drug and the drug-excipient mixtures were 
compared. All the characteristic peaks of the drug were present after 
4 w of study, which concludes that drug and excipients were 
compatible [19]. 

Evaluation of factorial batches 

Pre-compression parameters 

According to the results presented in table 4, the angle of repose for 
all the prepared formulations fell within the range of 27.33° to 
34.66°. This indicated that batches F1, F4, and F7 had good flow 
properties, while the other batches had acceptable flow properties. 
The Carr's index values ranged from 9.3 to 19.56, indicating good to 
passable flow properties of the formulations. The Hausner's ratio 
values were all below 1.29, which is considered acceptable for good 
flow properties. 

 

Table 4: Pre-compression parameters of factorial batches 

Batch code Bulk density (gm/cm3) Tapped density (gm/cm3) Carr’s Index (%) Hausner’s ratio Angle of repose (°) 

F1 0.39±0.02 0.43±0.01 9.3±0.12 1.1±0.01 27.66±0.57 
F2 0.36±0.03 0.42±0.03 14.28±0.16 1.16±0.01 31.12±0.66 
F3 0.37±0.01 0.46±0.04 19.56±0.19 1.24±0.02 34.66±1 
F4 0.35±0.04 0.4±0.02 12.5±0.23 1.14±0.01 29.16±0.57 
F5 0.4±0.03 0.46±0.01 13.04±0.21 1.15±0.02 31.33±0.57 
F6 0.36±0.06 0.44±0.05 18.18±0.14 1.22±0.01 33.66±1 
F7 0.36±0.01 0.4±0.04 10±0.16 1.11±0.02 27.33±0.66 
F8 0.35±0.05 0.41±0.05 14.63±0.28 1.17±0.01 30.66±0.57 
F9 0.38±0.04 0.45±0.03 15.55±0.21 1.18±0.02 31.27±1 

*All values are±SD which are mean of three determination 

 

Post compression parameters 

Table 5 presents the post-compression parameters of the factorial 
batches. Uniformity of weight test passed for all the batches. Friability 

of all the batches was less than 1% limit. Hardness of the batches were 
kept around 5 kg/cm2. Assay was well within the meclizine 
hydrochloride tablet assay limit of 95%-105% as per monograph. 
Batches showed disintegration ranging from 96 sec to 132 sec [34, 35]. 
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Here, the disintegration result for the compact varies from 96.84 to 
131.73 sec. It is observed in general that for carrier coating ration (R) 
value of 23, the disintegration time is more compared to the R-value of 
28. Avicel® PH 102 has excellent disintegration property [36] and in 
formulas with R value of 28, the proportion of Avicel® PH 102 in the 

overall formula is high. This leads to faster disintegration with R value 
28. The friability of the tablets are within the limit but still relatively 
high. This may be due to liquid entrapment within the formulations. 
However, suitable strip packaging can be used to minimize the 
friability as a precaution [37]. 

 

Table 5: Post-compression parameters of optimize formulation 

Evaluation parameter Friability test (%) Hardness (kg/cm2) Assay (%) Disintegration test (sec) 

F1 0.43±0.05 5.33±0.70 99.81±0.65 127.54±3.68 
F2 0.58±0.10 5.66±0.33 98.98±0.66 123.74±4.43 
F3 0.51±0.02 5.23±0.83 99.43±0.45 98.21±1.66 
F4 0.62±0.03 5.52±0.64 98.43±0.82 106.44±5.53 
F5 0.38±0.01 5.18±0.94 100.54±0.69 119.63±3.69 
F6 0.26±0.00 6.16±0.84 99.46±0.57 96.84±3.72 
F7 0.57±0.03 5.29±1.26 99.53±0.48 131.73±4.82 
F8 0.46±0.03 5.85±0.93 98.52±1.64 116.84±6.82 
F9 0.38±0.02 5.59±0.27 99.64±0.84 104.58±7.55 

*All values are±SD which are mean of three determination 

 

 

Fig. 1: % cumulative drug release versus time where batches F2 and F3 show faster dissolution compared to batches F7 and F9 (n=3) 

 

In vitro dissolution profile for factorial batches 

The drug release results obtained at different time intervals were 
plotted against time to generate the dissolution profiles, as shown in 
fig. 1. 

Optimization process 

Statistical analysis of 32 factorial design 

It was observed that the best-fit model was quadratic model and 
quadratic polynomial equation for responses Y1, Y2 is given here: 
Y1=93.96+1.87X1-3.055X2+0.72X1X2-4.41X12+1.63X22 and 

Y2=31.50+2.34X1-0.79X2-0.61X1X2-0.18X1
2-0.7X2

2. ANOVA for the 
above models were calculated using a confidence interval 95% and 
p-values were found to be 0.00422 and 0.0140 respectively for Y1, 
Y2. p values are less than 0.05 which concludes that the models are 
statistically significant. The observed value for cumulative % drug 
release at 20 min (Y1) for batches F1-F9 varied from 85.51-98.95 %. 
Summary of multiple regression analysis for Y1, Y2 has been given in 
table 6. It is observed that Y1 (Cumulative % drug release at 20 min) 
is positively affected by X1 and negatively by X2. However, the 
interaction effect of X1X2 is not significant. For Y2 (Angle of repose), 
X1 has a positive effect and X2 has a negative effect. For Y2 also, there 
is no significant interaction effect. 

 

Table 6: Summary of results of multiple regression analysis for Y1, Y2 

Dependent variables Y1(Cumulative % drug release at 20 min)  Y2(Angle of repose)  
Coefficients P value Coefficients P value 

Intercept 93.96 0.0042 31.50 0.0141 
X1 1.87 0.0071 2.34 0.0024 
X2 -3.055 0.0017 -0.79 0.0461 
X1X2 0.72 0.130 -0.61 0.129 
X12 -4.416 0.0029 -0.18 0.696 
X22 1.638 0.044 -0.7 0.193 
 

Contour plots and response surface analysis  

Based on the three-dimensional plot shown in fig. 2, an increase in 
the carrier-coating ratio (R) resulted in an increase in the % 
cumulative drug release at 20 min. As the carrier-coating ratio is 

increased, proportional quantity of coating material is decreased. 
Therefore, % cumulative drug release is increased. However, an 
increase in the drug concentration in the liquid medication (%Cd) 
led to a decrease in cumulative drug release at 20 min, maybe due 
to drug precipitation in a smaller volume of liquid. It was also 
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observed that a higher carrier-coating ratio (R) led to a decrease in 
cumulative drug release at 20 min, which could be attributed to 

the slightly hydrophobic nature of the carrier and coating 
materials [38]. 

 

 

Fig. 2: 3D surface plot showing of X1 and X2 on Y1 where an increase in the carrier-coating ratio (R) resulted in increase in the % 
cumulative drug release 

 

A 3D plot, as shown in fig. 3, indicates that an increase in the carrier-
coating ratio (R) results in an increase in the angle of repose. 

Conversely, an increase in the drug concentration in the liquid 
medication causes a decrease in the angle of repose [39]. 

 

 

Fig. 3: 3D surface plot showing effect of X1 and X2 on response Y2 where an increase in the carrier-coating ratio (R) results in an increase 
in the angle of repose 

 

 

Fig. 4: Overlay plot for O1 where yellow region shows the optimized region 
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Model validation and selection of optimized batch 

Using Design Expert 10.0.1.0 software, the optimized batch (O1) was 
identified out of optimized region. To validate the design model, 
formulation O1 was prepared and dependent parameters Y1 and Y2 
were evaluated and compared with predicted values, as shown in fig. 
4. For Y1 and Y2, the Relative Standard Deviation (RSD) values for 
predicted vs actual were 1.21% and 1.64% respectively, which is 
less than 2%. Thus, we can conclude that the statistical model is 
mathematically valid [40]. 

Fig. 4 shows the preparation of the optimized batch (O1), with the 
yellow region representing the optimized area. Table 7 shows the 
optimized formula for the optimized batch. 

DSC study 

The thermal properties of pure meclizine hydrochloride and 
liquisolid compact were analyzed and presented in fig. 5 and 6, 
respectively. A characteristic endothermic peak at 225.06 °C was 
observed in the DSC of the pure drug, indicating its crystalline 

nature. However, in the DSC of liquisolid compact, there was no peak 
observed at 225.06 °C, suggesting that the drug might have been 
completely converted into an amorphous form or solubilized in the 
prepared system, which could have contributed to the enhanced 
dissolution [26-28]. 

 

Table 7: The formula for optimized and checkpoint batches 

Ingredient Quantity (mg) 
O1 

Meclizine hydrochloride 15.41 (Equivalent to 12.5 mg of 
meclizine) 

PG 123 
Carrier (Avicel® PH 102) 341.66 
Coating (Aerosil® 200) 13.72 
Lactose monohydrate 19.60 
SSG 23.91 
Magnesium stearate 2.7 

 

 

Fig. 5: DSC of meclizine hydrochloride shows sharp endothermic peak of pure drug at 225.06 °C 

 

 

Fig. 6: DSC of final formulation shows an absence of peak at 225.06 °C 

 

XRD analysis 

The X-ray diffraction spectra of meclizine hydrochloride drug and the 
optimized formulation (O1) are presented in fig. 7. The XRD pattern of 
pure meclizine hydrochloride showed sharp peaks at specific 2θ 
diffraction angles, indicating its crystalline nature. However, the 
optimized liquisolid formulation showed an absence of sharp peaks in 
its XRD pattern, suggesting the lack of crystallinity. This could be 
attributed to the complete conversion of meclizine hydrochloride from 
its crystalline to solubilized form resulting from its solubilization in the 
liquid vehicle used in the liquisolid preparation [28]. 

Comparison of cumulative drug release from optimized batch 
with pure drug 

The results depicted in fig. 8 reveal that the optimized batch 
exhibited a significantly higher cumulative drug release of 95.54% in 
20 min, whereas the pure drug demonstrated a much lower 
cumulative drug release of only 30.41% in the same time frame. This 
faster dissolution of the drug can be attributed to its pre-dissolved 
state in a non-volatile water-soluble liquid, namely Propylene Glycol. 
Such a state promotes faster wetting, thereby facilitating rapid 
dissolution of the drug in the medium [23, 28, 32]. 
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Fig. 7: XRD of meclizine hydrochloride and optimized formulation (O1) 

 

Balance between flowability and dissolution rate in liquisolid 
compact 

The optimum formula of liquisolid compact must establish a balance 
between flowability and dissolution rate. Flowability is an essential 
property of powder to achieve uniformity of weight and hopper flow. As 
per the results, an increase in the drug concentration in the liquid 
medication (%Cd) led to a decrease in cumulative drug release (fig. 2). 
That effectively means more amount of water miscible vehicle leads to 

faster dissolution rate. But, an increase in amount of water-miscible 
vehicle in the formula results in an increased angle of repose – a measure 
of decreased flow (fig. 3). This happens because the powder to be 
compacted can incorporate a limited amount of vehicle where the flow is 
acceptable, beyond which the flow property of the powder becomes un-
acceptable due to higher liquid amount. Therefore, to deliver a dose of 
drug (which cannot be changed), optimized concentration and, 
therefore, amount of vehicle must be chosen so that there remains a 
balance between flowability and dissolution rate [10-12]. 

 

 

Fig. 8: Comparison of % cumulative drug release of optimized batch with pure drug shows significantly rapid dissolution of the drug in 
optimized batch (n=3) 

 

Stability study 

After conducting a stability study on the optimized batch, it was 
discovered that there were no noteworthy changes in the quality 
parameters of the formulation even after six months under accelerated 
stability conditions, which indicates that the product is stable. 

CONCLUSION 

For developing meclizine hydrochloride liquisolid compacts, 
solubility of the drug was assessed in various water-miscible 

solvents. Among these, propylene glycol was found to be the solvent 
with the highest solubility. Avicel® PH 102 was selected as the 
carrier and Aerosil® 200 as the coating material. The optimization of 
the formulation was carried out using Design Expert 10.0.1.0 
software and a 32 factorial design was employed. The results 
indicated that an increase in the ratio of carrier coating decreased 
flow property while increasing cumulative % cumulative drug 
release at 20 min. additionally, an increase in drug concentration in 
the liquid medication decreased % cumulative drug release at 20 
min while increasing flow property. Accelerated stability study 
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exhibited no significant change in physical appearance, % drug 
content, or % cumulative drug release after six months. These 
findings suggest that a liquisolid formulation could be a promising 
alternative for the faster drug release and dissolution enhancement 
of meclizine hydrochloride. However, a liquisolid tablet of meclizine 
hydrochloride has more number of excipients, more processing 
steps and significantly higher weight than a conventional tablet for 
same dose. Due to multiple additional processes and additional cost 
of non-volatile solvents, it is challenging to develop an industrially 
scalable and commercially viable liquisolid tablet of meclizine 
hydrochloride. Current study has only studied in vitro aspects of the 
formulation. In future, the formulation can be evaluated in animals 
for assessing bioavailability and can be extended to bioavailability 
clinical trials in humans compared to conventional tablets. 
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