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ABSTRACT 

Objective: The main aim of the present study was to improve the solubility and rate of dissolution of azelnidipine and thereby increase oral 
bioavailability. Azelnidipine is a calcium channel blocker that lowers blood pressure by relaxing blood vessels and relieving pressure on them. 
Azelnidipine is a Biopharmaceutics Classification System (BCS) class II drug with low bioavailability. 

Methods: The present study involves the preparation and evaluation of solid dispersion of azelnidipine by physical mixing, fusion and solvent 
evaporation method using polyethylene glycol 6000 (PEG 6000) as a carrier. The prepared solid dispersions were evaluated for various parameters 
like angle of repose, carr’s index, particle size, drug content, Scanning Electron Microscopy (SEM) analysis, Differential Scanning Calorimetry (DSC), 
X-ray diffraction (XRD) and in vitro dissolution studies. As part of the project, Microcrystalline Cellulose-Polyethylene Glycol (MCC-PEG) Conjugate, 
a novel superdisintegrant, was developed. 

Results: Solid dispersions prepared by fusion (AF 6) in a drug-to-polymer ratio of 1:3 released 99.40% of the drug more quickly than pure drug and 
other dispersions. The optimized solid dispersion (AF6) was used to prepare fast-dissolving tablets of azelnidipine. In comparison to commercially 
available and alternative tablet formulations, the study suggests that azelnidipine tablets (AT 13), made with 5% microcrystalline cellulose-polyethylene 
glycol conjugate as a super disintegrant, exhibited rapid drug release of 99.92% in 15 min. The drug was released in the following order: MCC-PEG 
Conjugate>Crospovidone>Croscarmellose sodium>Sodium starch glycolate in all tablet preparations containing super disintegrants.  

Conclusion: It can be inferred that MCC-PEG conjugate is an efficient super disintegrant by comparing its results with those of available commercial 
super disintegrants and caused the drug azelnidipine to release rapidly from fast-dissolving tablets. 

Keywords: Azelnidipine, PEG 6000, Microcrystalline cellulose-polyethylene glycol (MCC-PEG) conjugate, Crospovidone, Croscarmellose sodium, 
Sodium starch glycolate, Fast dissolving tablets 
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INTRODUCTION 

The main causes of insufficient drug absorption from the 
gastrointestinal (GI) tract are either poor membrane permeability or 
poor water solubility of the drug molecule. An oral active material 
cannot cross the membranes of the gastrointestinal tract and enter the 
bloodstream until it has dissolved in the stomach and/or intestines [1]. 
Therefore, a drug with low membrane permeability will usually show 
limited absorption by permeation rate, whereas a medicine with poor 
water solubility will typically show restricted absorption by dissolving 
rate. Thus, two areas of pharmaceutical research that focus on 
maximizing the oral bioavailability of active agents are increasing the 
permeability of drugs that are not sufficiently permeable and 
improving the solubility and rate of dissolution of medications that are 
not sufficiently water-soluble [1, 2]. Therefore, by enhancing their 
dissolving properties, a solid dispersion method is used to improve the 
oral bioavailability of weakly water-soluble medications. The purpose 
of the current study is to improve the solubility and bioavailability of 
azelnidipine by increasing its dissolution rate through the formation of 
a solid dispersion form.  

By relaxing blood vessels and lowering the pressure on them, the 
calcium channel blocker azelnidipine lowers blood pressure and 
facilitates the heart's ability to pump more blood throughout the body. 
It is, therefore, used to treat hypertension [3]. It is an off-white to 
white powder that dissolves readily in acetone and acetic acid and is 
slightly soluble in water, slightly soluble in methanol, soluble in 
ethanol, ethyl acetate and freely soluble in acetone and acetic acid. 
Azelnidipine's poor aqueous solubility and hepatic first-pass 
metabolism result in a low oral bioavailability of 22.1%. Azelnidipine 
tablets 8 mg taken orally have a plasma half-life of approximately 8.68 
h and a peak plasma concentration of 3.7 h after the initial dose.  

Based on the physicochemical and biological properties mentioned 
earlier, azelnidipine was selected to improve its solubility and 
dissolution rate in solid dispersion formulations. 

Azelnidipine, a calcium channel blocker, is used to treat 
hypertension. Its therapeutic efficacy is limited due to its low 
aqueous solubility and subsequent poor oral bioavailability. To 
enhance drug absorption and improve patient outcomes, strategies 
aimed at increasing the dissolution rate of azelnidipine are essential. 
Solid dispersion techniques, which involve dispersing a poorly 
soluble drug within a hydrophilic carrier, have been explored to 
address this challenge. 

This study aimed to enhance the solubility and dissolution rate of 
azelnidipine through the formulation of solid dispersions using 
polyethylene glycol 6000 (PEG 6000) as a carrier. Additionally, a novel 
superdisintegrant, microcrystalline cellulose-polyethylene glycol 
(MCC-PEG) conjugate was developed and incorporated into fast-
dissolving tablets to further improve drug release and bioavailability. 

MATERIALS AND METHODS 

Laksh Finechem Private Limited, Anand, Gujarat, provided a gift 
sample of azelnidipine, while Loba Chemicals Laboratories Reagent 
Chemicals, Mumbai, was the source of sodium starch glycolate, 
microcrystalline cellulose, and sodium saccharin. Polyethylene 
glycol 200, mannitol, crospovidone, croscarmellose sodium, and talc 
were acquired from Sisco Research Laboratories located in 
Maharashtra. High-Pure Fine Chem., Chennai provided the ethanol, 
while SD Fine Chemicals Ltd., Mumbai supplied the polyethylene 
glycol 6000, potassium dihydrogen phosphate, sodium hydroxide, 
and magnesium stearate. Every component met pharmacopoeial 
quality standards. 

Saturated solubility studies 

Once azelnidipine had been weighed, 100 mg was added to several 
conical flasks. 50 ml of each different dissolving medium were added 
to individual conical flasks, which were then tightly sealed. Every 
conical flask was placed inside the KEMI orbital shaker incubator 
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[2]. The shaker was operated at 50 rpm for 24 h at 37 °C±1 °C. After 
removing the conical flasks from the incubator shaker, the samples 
were filtered using Whatman filter paper. The absorbance values at 
257 nm were recorded using corresponding dissolution media as 
blank solutions after the clear solution produced by filtering was 
suitably diluted with a suitable dissolution medium. 

Preparation of solid dispersions 

Three different techniques were used to incorporate the poorly 
soluble drug azelnidipine into the polymer PEG 6000: (1) physical 
mixing; (2) fusion; and (3) solvent evaporation. 

Physical mixing method 

The drug and polyethylene glycol-6000 samples were weighed 
separately and passed through screen number 80. After being 
sorted through sieve No. 80, the materials were placed in a clean, 
dry glass mortar. After triturating PEG-6000 and azelnidipine 
together, sieve No. 100 was used to screen the mixture one more. 
The blend that cleared sieve number 100 was gathered, packed, 
and sealed into a glass container with a wide mouth that was 
colored amber [4-6]. 

Fusion method 

A specified amount of PEG-6000 was placed in a china dish, and it 
was heated on a mantle until a molten mass was created. A 
prescribed amount of medication was added to the molten material 
and forcefully triturated at room temperature. The resulting mixture 
was carefully triturated in a glass mortar before being screened 
through sieve No. 100. The mixture was then gathered, placed in a 
glass container with a wide opening that was amber in color, and 
hermetically sealed [7-9]. 

Solvent evaporation method 

A fixed quantity of the medication was put in a china dish and 
dissolved in a small amount of ethanol to create a clear solution. 
Then, the carrier was added to the clear solution to create a thick 
slurry, which was then transferred to a petri plate, where the 
material was dried and the solvent was allowed to evaporate [10, 
11]. The resulting mixture was then carefully triturated in a glass 
mortar and screened through sieve No. 100. The mixture was then 
collected, put in a wide-mouthed glass container that was amber in 
color, sealed hermetically, and the powder was stored in an airtight 
container (a desiccator) for further experiments [12]. 

 

Table 1: Composition of various azelnidipine solid dispersions 

Method Solid dispersion code Composition Ratio (Drug*: carrier) 
Physical mixing method AP1 A+PEG-6000 1:1 

AP2 A+PEG-6000 1:2 
AP3 A+PEG-6000 1:3 

Fusion method AF4 A+PEG-6000 1:1 
AF5 A+PEG-6000 1:2 
AF6 A+PEG-6000 1:3 

Solvent evaporation method AS7 A+PEG-6000 1:1 
AS8 A+PEG-6000 1:2 
AS9 A+PEG-6000 1:3 

A–Azelnidipine (*one part = 16 mg) 

 

Characterization and evaluation of solid dispersions 

Particle size and flow properties, including the angle of repose and 
Carr's index, were measured and used to characterize the solid 
dispersions created with various methods [13]. SEM, DSC, and XRD 
analyses were used to evaluate the surface characteristics, drug-
excipient interactions and crystal shape of optimized solid 
dispersions, respectively. 

Estimation of azelnidipine in solid dispersions 

Azelnidipine dispersions of a batch that were chosen at random 
were placed into a 100 ml volumetric flask, to which 70 ml of 
ethanol was added. The mixture was shaken periodically for half an 
hour, and then ethanol was added to bring the volume up to 100 ml. 
The volumetric flask's solution was then removed, and 10 ml of it 
was centrifuged [14, 15]. The supernatant solution from the 
centrifuge tube was then removed, collected, and filtered again using 
Whatman filter paper. The filtrate was then diluted with phosphate 
buffer with a pH of 6.8 and the absorbance was measured at 257 nm. 

Dissolution rate studies on azelnidipine solid dispersions and 
azelnidipine tablets 

Dissolution tests on solid dispersions and azelnidipine tablets were 
conducted in a calibrated 8-station dissolution test apparatus (LAB 
INDIA) with paddles (USP apparatus II method) [16, 17]. A 6.8 pH 
phosphate buffer in 900 ml was the medium used. The temperature 
was maintained at 37±1 °C throughout the experiment, and the 
paddles rotated at fifty rotations per minute. Five milliliter samples 
were taken out of the experiment up to ninety minutes after they 
had dissolved, and they were replaced with an equal volume of the 
same dissolving medium to keep the volume constant [18]. Samples 
taken at different times were properly diluted with the same 
dissolution media before the amount of drug dissolved was 

measured at 257 nm using a LAB INDIA double-beam Ultra-Violet 
(UV) spectrophotometer. 

Synthesis of microcrystalline cellulose (MCC)–polyethylene 
glycol (PEG) conjugate 

Because PEG tends to increase water intake and microcrystalline 
cellulose (MCC) is widely used as a disintegrant, MCC was PEGylated 
in the current study. Polyethylene Glycol (PEG) and Microcrystalline 
Cellulose (MCC) conjugates were used to make azelnidipine tablets. 
Microcrystalline cellulose (MCC) was heated with polyethylene 
glycol (PEG) 200 while a catalyst was present to create the 
PEGylated conjugate of microcrystalline cellulose [19]. 

Preparation of microcrystalline cellulose (MCC)–polyethylene 
glycol (PEG) conjugate 

Step 1 

A glass reactor was filled with 8 g of polyethylene glycol 200 (PEG 
200), equivalent moles of strong hydrochloric acid, and a small 
amount of zinc chloride as a catalyst. The mixture was heated for 
two hours in a water bath set at 70 °C. The amount of PEG 200 in the 
reactor is half that of the microcrystalline cellulose. 

Step 2 

Preparation of 30% w/v aqueous sodium hydroxide solution 

A solution of 100 ml was obtained by adding 30 g of sodium 
hydroxide to 100 ml of water and thoroughly stirring. 

Step 3 

A 30% w/v aqueous sodium hydroxide solution was applied to 16 g 
of microcrystalline cellulose separately, and the cellulose was left to 
swell for an entire night to reach its maximum size.  
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Step 4 

The products of stages one and three were gradually mixed for ten 
hours at a constant temperature of seventy degrees Celsius using a 
magnetic stirrer assembly equipped with a heater. The resulting 
product was added to 100 cc of hot water that was maintained at 70 
°C. Then, glacial acetic acid solution was used to neutralize it to pH 7. 
After that, a pH 7 neutralizing solution made of glacial acetic acid 
was applied. To eliminate any excess acid, the product was 
thoroughly cleaned in hot water (70 °C). Lastly, the product was 
dried for two hours at 80 °C in an oven.  

Preparation of azelnidipine tablets with solid dispersions 

The optimized dispersion (AF 6) was selected for additional tablet 
production based on the findings of the dissolution studies that were 
carried out and among the solid dispersions that were produced [20, 
21]. After employing the fusion procedure (AF 6) to create a solid 
dispersion with a drug-to-polymer ratio of 1:3, the mixture was 
further compressed into tablets. The tablets were made by the direct 
compression process. The ratio of the drug to polymer did not 
change even when the super disintegrant concentration changed. 
Maintaining consistent weights throughout all tablet formulations 
was made possible by the use of microcrystalline cellulose as 
diluents [22]. The medication was passed through sieve #60 

together with the super disintegrant, sweetener, and diluent. In a 
plastic bag, the previously mentioned ingredients were thoroughly 
mixed. The initial mixture was passed through mesh #60 and then 
added to a polybag along with talc and magnesium stearate. The 
powder mixture was compressed into tablets using a 10-station 
rotary punch tableting apparatus and 8 mm circular punches. The 
ingredients of various tablet formulations are listed in table 2. 

Estimation of physical parameters of azelnidipine tablets 

The prepared tablets were assessed for physical characteristics, 
including weight uniformity, hardness, friability, wetting time, 
dispersion time, drug content and in vitro dissolution by Indian 
Pharmacopoeial standards [23, 24]. 

RESULTS AND DISCUSSION 

The saturated solubility study results showed that the medium in which 
azelnidipine dissolved the easiest was a 6.8 pH phosphate buffer. 
Phosphate buffer with a pH of 6.8 was, therefore, selected as the 
dissolving medium for further investigation. A UV spectrophotometer 
was used to measure the drug concentration in the dissolution medium 
at 257 nm. Solid dispersions were produced by adding poorly soluble 
azelnidipine to PEG 6000 by the composition given in table 1 through 
physical mixing, fusion, and solvent evaporation techniques. 

 

Table 2: Formulation of azelnidipine fast-dissolving tablets 

Ingredients AT1 
(mg) 

AT2 
(mg) 

AT3 
(mg) 

AT4 
(mg) 

AT5 
(mg) 

AT6 
(mg) 

AT7 
(mg) 

AT8 
(mg)  

AT 9 
(mg) 

AT10 
(mg) 

AT11 
(mg) 

 AT12 
 (mg) 

AT13 
 (mg) 

Azelnidipine solid dispersion (1:3) 64 64 64 64 64 64 64 64 64 64 64 64 64 

Sodium starch glycolate --- 1.88 3.75 7.5 --- --- --- --- --- --- --- --- --- 

Croscarmellose sodium  --- --- --- --- 1.88 3.75  7.5 --- --- --- --- --- --- 

Crospovidone --- --- --- --- --- --- --- 1.88 3.75  7.5 --- --- --- 

Conjugate (MCC-PEG) --- --- --- --- --- --- --- --- --- --- 1.88 3.75 7.5 

Sodium saccharin  1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Mannitol 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 

Microcrystalline cellulose PH-101 60.5 60.13 56.75 53 60.13 56.75 53 60.13 56.75 53 60.13 56.75 53 

Talc 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 

Magnesium Stearate 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 

Total Weight 150 150 150 150 150 150 150 150 150 150 150 150 150 

 

Table 3: Physical parameters of azelnidipine solid dispersions 

Solid dispersion  Angle of repose (°) Carr’s index (%) Particle size (µm)  Drug content (%) 
AZD (Pure drug) 27.21±0.28 19.33±0.34 154±2 100±0.2 
AP1 26.77±0.25 15.63±0.32 149±2 98.41±0.3 
AP2 25.49±0.46 15.23±0.16 147±3 99.12±0.5 
AP3 23.95±0.32 15.01±0.24 145±3 99.43±0.4 
AF4 24.67±0.43 14.23±0.13 148±2 98.39±0.6 
AF5 23.99±0.12 14.11±0.23 147±2 98.45±0.4 
AF6 23.56±0.32 13.62±0.16 147±3 99.42±0.3 
AS7 22.31±0.34 14.03±0.24 148±3 98.34±0.5 
AS8 21.98±0.36 13.67±0.34 147±3 99.49±0.7 
AS9 21.52±0.27 13.51±0.30 145±2 99.52±0.6 

Data are given as mean±SD, n=3. 
 

 

Fig. 1: SEM photograph of pure azelnidipine 
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Every dispersion was manufactured under the same circumstances 
in order to avoid variations between batches. The dispersions were 
found to be uniform in terms of characteristics. A range of 145 to 
149 μm was observed in all the solid dispersions. According to the 
angle of repose and Carr's index values (table 3), every prepared 
dispersion had good and free-flowing characteristics. Based on table 
2, the estimated drug content of the solid dispersion varied between 

98.34% and 99.52%. The SEM photomicrograph showed the 
amorphous form of the solid dispersions of azelnidipine that were 
produced by fusion. A solid dispersion created by the fusion process 
was shown to be low-density, friable, and highly porous by an SEM 
photomicrograph. SEM photomicrographs of azelnidipine in its pure 
form and in its solid dispersion (AF 6), respectively, are shown in fig. 
1 and 2. 

 

 

Fig. 2: SEM photograph of azelnidipine solid dispersion (AF 6) 

 

The thermogram of azelnidipine DSC exhibits a distinct peak at 
123.6 °C. The melting point endotherm of polyethylene glycol-6000 
is in the range of 66.8 °C. Azelnidipine solid dispersion's DSC 
thermogram (AF 6) showed an endothermic peak at 120.7 °C. The 
spectra revealed a slight shift in the melting isotherm, which could 
have been brought on by a partial crystallinity change. It appears 

that there was no interaction between the drug and the polymer 
after it was incorporated into the latter. The DSC thermograms of 
pure azelnidipine, polyethylene glycol-6000 and solid dispersion of 
azelnidipine (AF6) are shown in fig. 3 to 5. The DSC thermogram of 
the solid azelnidipine dispersion shows the formation of the drug-
carrier complex. 

 

 

Fig. 3: DSC thermogram of pure azelnidipine 

 

The PXRD patterns of azelnidipine and its solid dispersion (AF 6) were 
traced using an X-ray diffractometer (Bruker AXS). The diffraction 
pattern shows multiple distinct peaks at a diffraction angle of 2ɵ 
throughout the scan range, indicating the highly crystalline form of the 
pure medication azelnidipine. The PXRD pattern of solid dispersions of 
azelnidipine shows a notable decrease in crystallinity because there 
are no sharp, distinct peaks. The PXRD of the azelnidipine solid 

dispersions (AF 6) thus demonstrated the amorphous form of the drug 
complexed in the carrier polyethylene glycol-6000 fig. 5 represents the 
amorphous nature of the solid dispersion by a slight shift in the 
melting endothermic peak of solid dispersion of azelnidipine at 120.7 
°C when compared with the pure drug at 123.6 °C. Boghra RJ et al. 
further confirmed conversion of crystalline form of Irbesartan to 
amorphous form in solid dispersion [25]. 

https://pubmed.ncbi.nlm.nih.gov/?term=Boghra+RJ&cauthor_id=21467670
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Fig. 4: DSC thermogram of pure PEG-6000 

 

 

Fig. 5: DSC thermogram of azelnidipine solid dispersion (AF6) 

 

 

Fig. 6: PXRD Pattern of azelnidipine, azelnidipine solid dispersion (AF 6) 
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The paddle method was employed to investigate the dissolution of 
azelnidipine in both its pure drug form and in solid dispersions in a 
6.8 pH phosphate buffer. It was found that all solid dispersions 
dissolved more quickly when compared to the drug's pure form, 
azelnidipine. The drug release kinetics of each dispersion adhered to 

the first-order law. With a drug-to-polymer ratio of 1:3, formulation 
AF 6 prepared by the fusion method released the drug more quickly 
than other solid dispersions made by physical mixing and solvent 
evaporation. It has been observed that as the polymer content 
increases, so does drug release. 

  

Table 4: Physical parameters of azelnidipine fast-dissolving tablets 

Formulation Weight uniformity (mg) Hardness 
(Kg/cm2) 

Friability 
(%) 

Wetting time 
(sec) 

Dispersion 
time (Sec) 

Drug content 
(mg/tablet) 

AT 1 149±3.0 3.4±0.26 0.32 80±0.52 177±0.56 15.78±0.55 
AT 2 148±2.0 3.5±0.19 0.24 69±0.57 82±0.23 15.67±0.57 
AT 3 150±2.0 3.4±0.36 0.26 62±1.21 69±0.32 15.52±0.19 
AT 4 150±2.0 3.3±0.14 0.29 59±0.62 61±0.34 16.12±0.20 
AT 5 149±1.0 3.4±0.29 0.32 65±0.58 69±0.26 16.05±0.23 
AT 6 148±2.0 3.4±0.39 0.31 56±0.98 61±0.46 15.95±0.33 
AT 7 149±3.0 3.3±0.45 0.36 53±1.14 56±0.29 15.79±0.64 
AT 8 150±2.0 3.5±0.16 0.34 61±0.65 65±0.95 15.89±0.37 
AT 9 150±2.0 3.4±0.21 0.33 51±1.22 53±0.36 15.78±0.29 
AT 10 149±3.0 3.4±0.28 0.32 47±0.20 51±0.26 16.07±0.19 
AT 11 150±2.0 3.5±0.29 0.39 55±0.47 68±0.43 16.06±0.21 
AT 12 151±2.0 3.4±0.24 0.37 47±0.95 51±0.19 16.09±0.23 
AT 13 149±1.0 3.4±0.27 0.36 43±1.00 45±0.21 15.89±0.41 

Data are given as mean±SD, n=3. 

 

 

Fig. 7: Dissolution profile of azelnidipine solid dispersions prepared by physical mixing; data are given as mean±SD, n=3. Error bars 
indicate SD values 

 

 

Fig. 8: Dissolution profile of azelnidipine solid dispersions prepared by fusion method; data are given as mean±SD, n=3. Error bars 
indicate SD values 
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Fig. 9: Dissolution profile of azelnidipine solid dispersions prepared by a solvent evaporation method, data are given as mean±SD, n=3, 
error bars indicate SD values 

 

Table 5: Dissolution parameters of azelnidipine solid dispersions 

Formulation T50 (Min) T90 (Min) DE20% First order K (min-1) First order R2 
AZD >30 >30 64.42 0.018 0.968 
AP1 16.25 >30 70.89 0.044 0.987 
AP2 14.40 >30 71.99 0.051 0.981 
AP3 11.25 >30 72.87 0.058 0.975 
AF4 11.67 >30 73.28 0.067 0.990 
AF5 9.81 27.5 76.23 0.085 0.981 
AF6 6.31 22.5 78.83 0.100 0.954 
AS7 12.5 >30 70.56 0.052 0.987 
AS8 10.75 >30 72.54 0.062 0.990 
AS9 8.75 27.26 74.68 0.087 0.980 
  

Azelnidipine, classified as a Biopharmaceutics Classification System 
(BCS) class II drug, has historically faced challenges related to its low 
solubility and bioavailability. Previous studies have employed 
various techniques to enhance the solubility of poorly soluble drugs, 
including solid dispersions and the use of polymeric carriers. For 
instance, studies by S. Biswal et al. demonstrated that solid 
dispersions could significantly improve the dissolution rates of other 
poorly soluble drugs, confirming similar findings in this current 
study where solid dispersions prepared by fusion released 99.40% 
of azelnidipine more rapidly than its pure form [26]. 

The current research utilized three preparation methods-physical 
mixing, fusion, and solvent evaporation to create solid dispersions. 
The fusion method yielded the most effective results, aligning with 
findings from earlier studies that suggested fusion techniques often 
enhance drug-polymer interactions and improve dissolution rates 
due to increased amorphicity [27]. The fusion method, also known 
as the melt method, involves mixing a drug and polymer at a 

molecular level, heating it to a molten state, and then rapidly cooling 
and solidifying it. The amorphous nature of azelnidipine in solid 
dispersions is further confirmed by DSC and XRD studies. This 
process can improve the solubility and bioavailability of poorly 
soluble drugs. The use of PEG 6000 as a carrier is consistent with 
previous research indicating its efficacy in enhancing solubility for 
various drugs due to its hydrophilic nature [26, 28]. The results 
indicate a clear trend: increasing the polymer content in solid 
dispersions correlates with enhanced drug release rates. 

The next step involved compressing the solid dispersions directly 
into tablets. Every tablet was compressed in the same way to 
eliminate differences in processing. The ratio of the drug to polymer 
did not change even when the super disintegrant concentration 
changed. The physical attributes of the produced tablet, such as 
weight uniformity, hardness, friability, drug content, dispersion 
time, and wetting time, were evaluated by the official compendium's 
guidelines (table 4). 

  

 

Fig. 10: Dissolution profiles of azelnidipine tablet formulations containing sodium starch glycolate as superdisintegrant; data are given as 
mean±SD, n=3, error bars indicate SD values 
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Fig. 11: Dissolution profiles of azelnidipine tablet formulations containing croscarmellose sodium as superdisintegrant, data are given as 
mean±SD, n=3, error bars indicate SD values 

 

 

Fig. 12: Dissolution profiles of azelnidipine tablet formulations containing crospovidone as superdisintegrant, data are given as mean±SD, 
n=3, error bars indicate SD values 

 

 

Fig. 13: Dissolution profiles of azelnidipine tablet formulations containing microcrystalline cellulose-polyethylene glycol (MCC-PEG) as 
superdisintegrant, data are given as mean±SD, n=3, error bars indicate SD values 
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Table 6: Dissolution parameters of azelnidipine tablet formulations 

Formulation T50 (Min) T90 (Min) DE20% First order K First order R2 
AT 1 19.23 >30 67.27 0.040 0.959 
AT 2 16.10 >30 68.36 0.044 0.961 
AT 3 12.50 >30 70.56 0.049 0.969 
AT 4 11.07 >30 72.35 0.057 0.970 
AT 5 13.34 >30 69.23 0.052 0.993 
AT 6 9.86 >30 73.67 0.065 0.975 
AT 7 8.51 28.75 75.30 0.077 0.977 
AT 8 11.86 >30 72.63 0.056 0.991 
AT 9 8.88 29.45 75.89 0.076 0.974 
AT 10 6.88 24.76 76.35 0.117 0.899 
AT 11 8.87 >30 74.37 0.069 0.996 
AT 12 6.36 22.40 78.73 0.118 0.975 
AT 13 4.91 12.50 80.89 0.159 0.999 

 

The study of azelnidipine solid dispersions and fast-dissolving tablets 
presents significant advancements in addressing the challenges 
associated with the drug's low solubility and bioavailability.  

The rate of release of each tablet followed first-order kinetics (table 
5). Microcrystalline cellulose-polyethylene Glycol (MCC-PEG) was 
used as a super disintegrant in Formulation AT 13, which was found 
to exhibit a higher dissolution rate than the other formulations 
based on in vitro dissolution experiments of fast-dissolving tablets. 
The drug was released in the following order by fast-dissolving 
tablets containing various super disintegrants: MCC-
PEG>CP>CCS>SSG. It can be concluded that MCC–PEG conjugate can 
prove to be a best superdisintegrant after comparing its results with 
that of commercial superdisintegrants. Mangesh R. Bhalekar et al. 
study also confirmed this improved drug release of the fast-
dissolving tablets with MCC-PEG conjugate as superdisintegrant 
[19]. Formulations with higher concentration of MCC-PEG achieved 
faster dissolution times compared to those with lower 
concentrations or alternative disintegrants.  

Moreover, the characterization techniques employed such as 
Differential Scanning Calorimetry (DSC) and X-ray Diffraction (XRD) 
provided insights into the physical state of Azelnidipine within the 
formulations. The transition from crystalline to amorphous states is 
crucial for improving solubility, as demonstrated by the reduced 
crystallinity in solid dispersions compared to pure Azelnidipine. 

CONCLUSION 

According to the current study, solid dispersions containing super 
disintegrants such as sodium starch glycolate, croscarmellose 
sodium, crospovidone, and microcrystalline cellulose-polyethylene 
glycol (MCC-PEG) conjugate can speed up the rate at which the 
poorly water-soluble medication azelnidipine dissolves. When 
compared to plain drug, the solid dispersions show faster 
dissolution characteristics. This resulted from the drug being 
entrapped in the molecular state by the carrier or from the 
solubilizing effect of the carrier. Compared to pure drug and other 
dispersions, solid dispersions prepared by fusion (AF 6) in a drug-
to-polymer ratio of 1:3 released the drug more quickly. In 
comparison to commercially available and alternative tablet 
formulations, the study suggests that azelnidipine tablets (AT 13), 
made with 5% microcrystalline cellulose-polyethylene glycol 
conjugate as a super disintegrant, exhibited rapid drug release. It can 
be inferred that MCC-PEG conjugate is an efficient super disintegrant 
by comparing its results with those of available commercial super 
disintegrants. When different super disintegrants were present, the 
drug release from tablet formulations proceeded as follows: MCC-
PEG Conjugate>CP>CCS>SSG. 
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