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Abstract 

The aim of this study was to develop a novel Nifedipine containing nanosuspension loaded fast dissolving 

film to improve the solubility, dissolution and onset action of the nifedipine drug. The nanosuspension of the 

nifedipine drug was prepared using media milling technique. The percentage of drug released at 30 minutes 

for each of the 13 batches' dependent variables showed wide variances, ranging from 58.14% to 97.99%, 

demonstrating a strong influence from the independent factors (X1 and X2) on the chosen answers. 3D 

response graph indicated increase in the percentage of drug release at 30 minutes with increases in the 

concentration of the stabilizer and milling agent. The developed nanosuspensions formulation NS14 was 

discovered to have average sizes of 299.8 nm, a polydispersity of 0.169. Optimized nanosuspension NS14 

containing formulation was incorporated in the fast-dissolving film prepared using the film casting method. 

in vitro drug release profiles of nifedipine nanosuspension incorporating fast dissolving film and pure drug, it 

was found that the NS14F6 released roughly 98.18±0.68 more nifedipine in 8 minutes than the market 

preparation did, at 33.29±0.14%. 

Key Words: Nano Suspension, Fast Dissolving Film, Optimization, Formulation, Nifedipine 

I. Introduction 

Pharmaceutical scientists have long struggled with the formulation of medications that are poorly water-

soluble, and this problem is projected to get worse because at least 40% of the new chemical entities being 

created through drug discovery programmes are currently poorly water-soluble (Lipinski 2002). 

Since they are poorly soluble in both aqueous and organic mediums and have a log P value of 2, medications 

like itraconazole and carbamazepine (belonging to class III as categorised by Washington 1996 face an even 

more severe difficulty (Pouton 2000). Because their performance is dissolution-rate limited and influenced by 

the patient's fed/fasted condition, these medicines frequently have an irregular absorption profile and highly 

variable bioavailability. 

Traditional strategies, such as micronization, solubilization using co-solvents, the use of permeation enhancers 

(Aungst 1993, 2000), oily solutions (Aungst 1993) and surfactant dispersions (Aungst et al. 1994), which 
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evolved earlier to tackle the formulation challenges, have limited use. Although reasonable success has been 

achieved in formulating water-insoluble drugs using liposomes (Schwendener & Schott 1996), emulsions 

(Floyd 1999; Nakano 2000), microemulsions (Lawrence & Rees 2000), solid dispersion technology 

(Serajuddin 1999; Leuner & Dressman 2000; Breitenbach 2002) and inclusion complexes employing 

cyclodextrins (Loftsson & Brewster 1996; Stella & Rajewski 1997; Akers 2002), there is no universal 

approach applicable to all drugs. Hence, there is a growing need for a unique strategy that can tackle the 

formulation-related problems associated with the delivery of hydrophobic drugs in order to improve their 

clinical efficacy and optimize their therapy with respect to pharmacoeconomics. 

Nanosuspensions have revealed their potential to tackle the problems associated with the delivery of poorly 

water-soluble and poorly water- and lipid-soluble drugs, and are unique because of their simplicity and the 

advantages they confer over other strategies. This review focuses on the various aspects of nanosuspensions 

and their potential as a promising strategy in drug delivery. Nanosuspensions can be defined as colloidal 

dispersions of nano-sized drug particles that are produced by a suitable method and stabilized by a suitable 

stabilizer.. 

1.1 Emulsions as templates 

Apart from the use of emulsions as a drug delivery vehicle, they can also be used as templates to produce 

nanosuspensions. 

For pharmaceuticals that are soluble in either volatile organic solvent or somewhat water-miscible solvent, 

emulsions can be used as templates. These solvents can be utilised as the emulsion's dispersed phase. The 

emulsification approach can be used to create drug nanosuspensions in two different methods. In the first 

technique, an emulsion is created by dispersing a drug-loaded organic solvent or mixture of solvents in an 

aqueous phase that also contains appropriate surfactants. The drug particles immediately precipitate to form 

a nanosuspension stabilised by surfactants as the organic phase is subsequently evaporated under lower 

pressure. Since one particle develops in each emulsion droplet, the size of the emulsion can be adjusted to 

regulate the size of the nanosuspension's particles. Optimizing the surfactant composition increases the intake 

of organic phase and ultimately the drug loading in the emulsion. Originally, organic solvents such as 

methylene chloride and chloroform were used (Bodmeier & McGinity 1998). 

However, environmental hazards and human safety concerns about residual solvents have limited their use in 

routine manufacturing processes. Relatively safer solvents such as ethyl acetate and ethyl formate can still be 

considered for use (Sah 1997, 2000). 

Another technique substitutes potentially dangerous solvents for somewhat water-miscible solvents such butyl 

lactate, benzyl alcohol, and triacetin as the dispersion phase (Trotta et al. 2001). The emulsion is created using 

a traditional process, and a simple dilution produces a drug nanosuspension. When the emulsion is diluted 

with water, the internal phase completely diffuses into the external phase, instantly forming a nanosuspension. 

To make the nanosuspension acceptable for administration, the internal phase and surfactants must be 

removed from the suspension using diultrafiltration. However, if all of the components required to make the 

nanosuspension are present in an amount suitable for the intended route of administration. 

1.2 Microemulsions as templates 

A surfactant and co-surfactant interfacial film stabilises microemulsions, which are thermodynamically stable 

and isotropically transparent dispersions of two immiscible liquids, such as oil and water (Eccleston 1992). 

They are the perfect drug delivery vehicle due to their benefits such high drug solubilization, long shelf life, 

and ease of fabrication. 

There are numerous studies that discuss the use of microemulsions as medication delivery systems 

(Constantinides et al. 1994; Kim et al. 1998; Park & Kim 1999; Kawakami & Yoshikawa 2002). Recently, it 

has been documented how microemulsions can be used as templates to create solid lipid nanoparticles (Gasco 

1997) and polymeric nanoparticles (Rades et al. 2002). Utilizing the microemulsion structure, microemulsions 
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can even be used to create nanosuspensions (Trotta et al. 2003). For this use, oil-in-water microemulsions are 

preferred. These microemulsions' internal phase could either be an appropriate organic solvent or a somewhat 

miscible liquid, as previously mentioned. By intimate mixing, the medication can be saturated into Patravale 

et al. pre-formed microemulsions. The drug nanosuspension is produced by the previously described 

technique once the microemulsion is properly diluted. In order to achieve the desired drug loading, the effect 

of the quantity and ratio of surfactant to co-surfactant on the uptake of internal phase and on the globule size 

of the microemulsion should be examined and optimised. To make the nanosuspension acceptable for 

administration, the internal phase and surfactants must be removed from the suspension using diultrafiltration. 

The advantages and disadvantages are the same as for emulsion templates. The only added advantage is the 

need for less energy input for the production of nanosuspensions by virtue of microemulsions. The production 

of drug nanosuspensions using microemulsions as templates has been successfully applied to the poorly water-

soluble and poorly bioavailable antifungal drug griseofulvin, where a significant improvement in the 

dissolution rate of the drug (three-fold increase) as compared to the commercial product was observed. It was 

found that the nature of the co-surfactant affected the dissolution rate of the drug nanosuspension, as 

anticipated (Trotta et al. 2003). However, this technique is still in its infancy and needs more thorough 

investigation. 

 

1.3 Formulation considerations 

1.3.1 Stabilizer 

The stabilising agent is crucial in the creation of nanosuspensions. The high surface energy of nano-sized 

particles can cause the drug crystals to aggregate or clump together in the absence of a suitable stabiliser. A 

stabilizer's primary duties include thoroughly wetting the drug particles, preventing Ostwald's ripening 

(Rawlins 1982; Muller & Bohm 1998), and preventing nanosuspension agglomeration in order to provide a 

physically stable formulation by supplying steric or ionic barriers. The kind and quantity of the stabiliser 

significantly affects the in vivo behaviour and physical stability of nanosuspensions. In certain circumstances, 

a combination of stabilisers is necessary to produce a stable nanosuspension. 

The formulation's drug-to-stabilizer ratio may range from 1:20 to 20:1, and it should be examined for a specific 

case. Stabilizers that have been explored so far include cellulosics, poloxamers, polysorbates, lecithins and 

povidones (Liversidge et al. 1992). Lecithin is the stabilizer of choice if one intends to develop a parenterally 

acceptable and autoclavable nanosuspension. 

 

1.3.2 Organic solvents 

If nanosuspensions are to be created utilising an emulsion or microemulsion as a template, organic solvents 

may be needed in the formulation. Due to the nascent nature of these procedures, detailed information on 

formulation considerations is not yet available. When forming nanosuspensions utilising emulsions or 

microemulsions as templates, it is important to take into account the organic solvents' acceptance in the 

pharmaceutical industry, their potential for toxicity, and how simple it is to remove them from the formulation. 

The formulation is preferred over the traditional hazardous solvents, such as dichloromethane, by using the 

pharmaceutically acceptable and less hazardous water-miscible solvents, such as ethanol and isopropanol, and 

partially water-miscible solvents, such as ethyl acetate, ethyl formate, butyl lactate, triacetin, propylene 

carbonate, and benzyl alcohol. 
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1.3.3 Co-surfactants 

When creating nanosuspensions using microemulsions, the co-surfactant selection is crucial. Co-surfactants 

can have a significant impact on phase behavior, thus it is important to look at how they affect drug loading 

and internal phase uptake for a particular microemulsion composition. Although bile salts and dipotassium 

glycerrhizinate are mentioned in the literature as co-surfactants, other solubilizers, including Transcutol, 

glycofurol, ethanol, and isopropanol, can be utilised in the creation of microemulsions without risk. 

 

1.3.4 Other additives 

Depending on the route of administration or the characteristics of the drug moiety, nanosuspensions may 

contain additives such buffers, salts, polyols, osmogent, and cryoprotectants. 

1.3.5  Post-Production processing 

Nanosuspensions require post-production processing when the drug candidate is extremely vulnerable to 

hydrolytic cleavage or chemical degradation. Processing might also be necessary if even the greatest stabiliser 

is unable to keep the nanosuspension stable for an extended period of time or if there are limitations on 

acceptable routes. Taking into account these factors, methods like lyophillization or spray drying may be used 

to create a dry powder of medication particles that are nanoscale in size. In these unit activities, a rational 

choice must be made while taking the drug's qualities and the economy into account. Generally speaking, 

spray drying is less expensive and more practical than lyophillization. It is important to consider how post-

production processing affects the particle size of the nanosuspension and the moisture content of dried 

nanosized drugs. 

II. Experimental work:  

For the preparation of Nano suspension different experimental work were performed as preformulation study, 

preparation of Nifedipine nanosuspension, optimization of nanosuspension using the central composite 

design, 3 in vitro dissolution study, preparation of nifedipine nanosuspension containing fast dissolving film, 

in vitro characterization of nifedipine nanosuspension loaded fast dissolving film, in vitro drug release study 

III. Result and discussion 

3.1 Preformulation studies 

3.1.1 Melting point 

The nifedipine proved to have melting point of between 170.34°C±1.15-174.34°C±0.58. Which is in line with 

the 171–175°C reference value that is stated in the literature.  

3.1.2 Standard calibration curve of nifedipine in methanol 

The UV spectrophotometer was used to determine the nifedipine absorption maxima. Each drug material has 

a unique value for the absorption maxima, which can be utilized to determine the drug substance both 

quantitatively and qualitatively. On scanning of the solution of 6µg/ml of nifedipine in methanol using the 

UV spectrophotometer the absorption maxima was found to be 236 nm was demonstrated by the UV spectrum, 

as depicted in figure 3.1. 

http://www.jetir.org/


© 2022 JETIR November 2022, Volume 9, Issue 11                                                   www.jetir.org (ISSN-2349-5162) 

 

JETIR2211238 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c354 
 

 

 

Figure 3.1: Absorption maxima of nifedipine solution 6µg/ml in methanol 

 

3.2 Screening of the process parameters to optimized the Nifedipine Nanosuspension 

While other factors, such as the amount of drug, the amount of stabilizer, and the period of stirring remained 

constant, the amount of surfactant (0.3%w/v to 0.6%w/v) and the amount of the glass beads (1gm to 8gm) 

were evaluated and their effects on the dissolution and solubility of the nifedipine were noticed. 

 

3.3 IN VITRO characterization of Nifedipine containing Nanosuspensions 

3.3.1 Percentage yield  

Table 3.1 displays the percent yield for all manufactured nifedipine containing nanosuspensions. 

Table 3.1: Percentage yield of all prepared nifedipine containing nanosuspensions 

Formulation code % Yield 

SNS1 65.42±1.06 

SNS2 98.85±0.33 

  

SNS3 99.18±0.27 
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SNS4 99.83±0.09 

SNS5 99.25±0.58 

SNS6 99.87±0.16 

 

 

Figure 3.1: Bar graph of the Percentage yield of all prepared nanosuspension formulations 

 

Table 3.1 showed that the range of the yield percentage for all manufactured nanosuspensions was between 

65.42±1.06% to 98.08±1.07%. 

 

3.3.2  Equilibrium solubility of Nanosuspension  

Although saturation solubility is a physicochemical constant, if the particle size is brought down to the 

nanometer range, it can be increased. Table 6.4 displays the equilibrium solubility of each generated nifedipine 

nanosuspension. 

Table 3.2: Equilibrium solubility of nanosuspension in the distilled water 

Formulation code Equilibrium aqueous solubility (mg/ml) 

Pure drug 0.009±0.001 

SNS1 0.038±0.006 
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SNS2 0.0251±0.003 

SNS3 0.0265±0.007 

SNS4 0.0273±0.001 

SNS5 0.0268±0.008 

SNS6 0.0300±0.004 

 

 

Figure 3.2: Equilibrium solubility of nifedipine nanosuspension in the distilled water 

All produced formulations were found to have equilibrium saturation solubilities that ranged from 

0.0251±0.003 to 0.0300±0.004 mg/ml. 

3.3.3 IN VITRO dissolution after 30 min. 

Table 6.5 displays the nifedipine nanosuspension dissolution profile at 30-minute salivary fluid without 

enzymes. Significantly increasing the pace at which the pure drug dissolved was demonstrated by nifedipine 

nanocrystals. The Noyese-Whitney equation, which states that the dissolving rate is inversely proportional to 

particle size, can be used to explain an increase in dissolution rate. Additionally, the drug's hydrophobicity 

may have diminished as a result of the surface stabilizers’ increased wettability and solubility.  

Table 3.3: Influence of the initial process parameters at percentage dissolution of the nifedipine 

nanosuspension 

Formulation code Percentage dissolution at 30min. 

SNS1 17.34±0.48 

SNS2 66.35±0.90 
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SNS3 91.15±1.47 

SNS4 71.23±0.68 

SNS5 45.45±1.22 

SNS6 77.87±1.17 

 

 

Figure 3.3: Bar graph of percentage dissolution at 30min of nifedipine nanosuspension 

The range of the percentage dissolution at 30 minutes under the impact of the initial formulation parameters 

was observed to be between 17.34±0.48% to 84.90±1.47% mg/ml. 

Preliminary experiments were chosen as the method to investigate the various process variables (amount of 

surfactant and amount of glass bead) influencing milling efficiency. Examination revealed that, up to a 

specific concentration, the percentage of dissolution and solubility increased with bead amount, but that, as 

the concentration increased further, the dissolution decreased due to particle aggregation and decreased. 

The screening technique was also used to choose a surfactant and a polymeric stabilizer. Selecting the right 

stabilizer is crucial because it is a necessary component in the creation of a stable drug nanosuspension. The 

total physical stability of the nanosuspension is influenced by the electrostatic contacts, steric forces, entropic 

forces, and van der Waals forces that nanoparticles experience. Surfactants and polymers facilitate the proper 

stability of nanoparticles and the breakdown of drug crystals. Higher negative surface charges between drug 

crystals are required to provide internal repulsion, which reduces particle aggregation and results in more 

stable nanosuspensions. The nanosuspension created with HPMC E 5 displayed reduced particle size and 

constrained size distribution (Murdande et al. 2015). 

According to the screening's findings, HPMC E 5 may effectively reduce the interfacial tension between the 

surface of nifedipine crystals and the surface of the polymeric solution. It aided in the correct wetting of the 

nifedipine crystals, demonstrating why HPMC E 5 is a superior stabilizer. The HPMC E 5 solution's surface 

tension measurements confirmed the water's ability to expressly lessen its interfacial tension in compared to 

other polymers. 

Measurements of viscosity revealed that the polymeric solution of HPMC E 5 is less viscous than other 

polymeric solutions. By successfully adhering to the surfaces of the drug particles during milling, this may 

lessen the viscous dampening effect and ultimately aid in reducing aggregation. Additionally, surfactant 
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screening research showed that Poloxamer 188 was providing a formulation with greater solubility and 

dissolution than the formulation made with tween 80. The nonionic surfactant poloxamer 188 has a remarkable 

capacity for wettability, which lowers surface tension and permits wetting of the drug crystals with the 

suspension. The nifedipine nanosuspension, which can also lower surface tension and increase wettability, is 

made using HPMC E 5, except that it does not enable the wetting of surfaces as adequately as Poloxamer 188 

(Zhang et al. 2014). 

3.4 Optimization of nifedipine containing nanosuspension using the central composite design  

Based on the findings, the response surface method was used with design expert software to quickly produce 

the ideal nifedipine nanosuspension. The relationship between the formulation parameters and the selected 

responses was described using the design space (CQAs). The establishment of design space had an expectation 

that the operation within the design space would meet a product with definite quality, as defined by ICH 

guideline Q8 as the multi-dimensional combination and interaction of input variables (formulation 

parameters) and process parameters that have been demonstrated to provide assurance of quality. The 

successful operating ranges of the formulation parameters, such as the amount of surfactant (0.3%w/v-

0.6%w/v) and the amount of glass bead, were used to determine the design space (1gm-8gm). The central 

design was selected specifically to optimize input variables and elements of the design were summarized in 

Tables 6.6 & 6.7. (Murdande et al. 2015).  

 

Table 3.4: Summary of the central composite design 

Factor Name Units Low Actual High 

Actual 

Low 

Coded 

High 

Coded 

Mean 

X1 Amount of surfactant %w/v 0.3 0.6 -1 1 0.45 

X2 Amount of bead gm 3 8 -1 1 5.5 

Y1 Percentage dissolution after 30min. 

 

Table 3.4: Composition of the formulations prepared in central composite design with response 

Formulation 

code 

Factor 1 

X1:Amount of surfactant 

(%w/v) 

Factor 2 

X2:Amount of bead 

(gm) 

Response 1 

Percentage dissolution 

after 30min. (%) 

NS1 0.45 5.5 96.82 

NS2 0.237867966 5.5 49.04 
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NS3 0.3 8 69.86 

NS4 0.662132034 5.5 58.14 

NS5 0.6 3 71.04 

NS6 0.6 8 77.87 

NS7 0.45 1.964466094 85.49 

NS8 0.45 5.5 97.60 

NS9 0.3 3 66.35 

NS10 0.45 5.5 96.62 

NS11 0.45 9.035533906 92.13 

NS12 0.45 5.5 97.99 

NS13 0.45 5.5 97.64 

 

The effect on dependent variables was investigated using a central composite design with two independent 

variables at five different levels. 13 formulations in all were created in accordance with the experimental plan 

and further characterized for responses % drug release at 30 minutes as indicated in Table 3.5. Regression 

analysis was performed on the data collected from experimental runs. The percentage of drug released at 30 

minutes for each of the 13 batches' dependent variables showed wide variances, ranging from 58.14% to 

97.99%, demonstrating a strong influence from the independent factors (X1 and X2) on the chosen answers. 

The polynomial model equation illustrates how input variables X1, X2, and X1X2 (which represent linear, 

interaction, and quadratic model factors) affect the percentage of drug release at 30 minutes. 

Percentage dissolution after 30min.= 97.326+ 3.19X1+2.46X2+0.83X1X2-21.84X12-4.238X22  

As the percentage of drug dissolution increases, so does the concentration of factors X1 and X2, as well as 

the combined influence of the two factors up to a particular concentration, according to the positive sign for 

the coefficient of X1, X2, and X1X2. 

Table 3.6 provides a summary of the regression analysis results for a response variable and mean particle size. 

Regarding mean particle size, model parameters with p Values less than 0.05 were deemed statistically 

significant. Table 6.8 shows that the concentration of the drug and the concentration of the polymer have a 

significant impact on mean particle size (p<0.05). 
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Table 3.6: ANOVA Analysis 

Source Sum of 

Squares 

df Mean 

Square 

F 

Value 

p-value 

Prob > F 

 

Model 3467.37 5.00 693.47 3291.90 < 0.0001 significant 

A-Amount of surfactant 81.72 1.00 81.72 387.94 < 0.0001  

B-Amount of bead 48.66 1.00 48.66 230.99 < 0.0001  

AB 2.76 1.00 2.76 13.08 0.0085  

A^2 3320.59 1.00 3320.59 15762.72 < 0.0001  

B^2 124.94 1.00 124.94 593.10 < 0.0001  

Residual 1.47 7.00 0.21    

Lack of Fit 0.13 3.00 0.04 0.13 0.9386 not significant 

Pure Error 1.35 4.00 0.34    

Cor Total 3468.85 12.00     

Adj R-Squared 0.9992 

Pred R-Squared 0.9991 

 

Figure 3.4 response surface plot further clarified the relationship between the dependent and independent 

variables by defining the increase in the percentage of drug release at 30 minutes with increases in the 

concentration of the stabilizer and milling agent. However, at both high and low stabilizer doses, there was a 

reduction in the percentage of drug release at 30 minutes. This might be explained by a rise in particle size at 

these levels. With NS12, the highest percentage of drug release at 30 minutes was reported to be 97.99%. A 

reduction in particle size could be to blame for this (Singh et al. 2011). 
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Figure 3.4: 3D Response Graph 

The level chosen for X1 and X2 using the software optimization procedure was 0.46%w/v and 6.25gm, 

respectively, giving theoretical values of 97.86% percentage drug release at 30 minutes, respectively. The 

ideal levels of independent variables were used to construct a new formulation. The observed percentages of 

drug release at 30 minutes were determined to be 98.18±0.34. 

Table 3.4: Composition of the optimized formulation 

Formulation 

code 

Amount of 

surfactant 

(%w/v) 

Amount of 

bead (gm) 

Predicted Percentage 

dissolution after 30min. 

(%) 

Actual Percentage 

dissolution after 

30min. (%) 

NS14 0.46 6.25 97.82 98.18±0.34 

 

3.5 IN VITRO Characterization   

3.5.1 Percentage yield/ Equilibrium solubility/ Percentage dissolution 

Table 3.5: Percentage yield/ Equilibrium solubility/ Percentage dissolution of the all prepared 

formulations 

Formulation code Percentage yield (%) Solubility (mg/ml) Percentage dissolution 

at (30min.) 

NS1 97.13±0.17 0.0383±0.0006 96.82±1.18 

NS2 99.70±0.19 0.0167±0.0005 49.04±0.18 

NS3 99.59±0.29 0.0265±0.0007 69.86±0.90 
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NS4 99.45±0.71 0.0210±0.0001 58.14±0.68 

NS5 99.83±0.09 0.0273±0.0002 71.04±0.90 

NS6 99.87±0.16 0.0300±0.0004 77.87±1.17 

NS7 99.61±0.26 0.0338±0.0046 85.49±1.55 

NS8 99.53±0.40 0.0384±0.0008 97.60±1.88 

NS9 98.85±0.33 0.0251±0.0001 66.35±0.90 

NS10 99.72±0.17 0.0385±0.0055 96.62±1.55 

NS11 99.79±0.14 0.0367±0.0010 92.13±0.90 

NS12 99.55±0.36 0.0394±0.0002 97.99±1.47 

NS13 99.66±0.25 0.0387±0.0010 97.60±1.20 

 

 

Figure 3.5: Percentage yield of the all prepared formulations 

The range of all prepared formulations' percent yields was determined to be between 97.13±0.17% to 

99.83±0.09. 
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Figure 3.5: Equilibrium solubility of the all prepared formulations 

All produced formulations were found to have equilibrium solubilities between 0.0167±0.0005mg/ml to 

0.0394±0.0002mg/ml. All created formulations had a percentage of dissolution at 30 minutes that ranged from 

49.04±0.18% to 97.60±1.88%. 

3.6  IN VITRO characterization of the final optimized formulation 

Table 3.6 displays the in vitro characterization parameters for the NS14 optimization formulation. 

Table 3.6: In vitro characterization parameters of the optimization formulation of NS14 

S.No. Formulation code Percentage yield 

(%) 

Equilibrium 

solubility (mg/ml) 

Percentage 

dissolution at 30min. 

1 NS14 99.90±0.02 0.0439±0.0008 98.18±0.34 

 

3.6.1 SEM  

As shown in figure 6.13, a SEM image of the formulation NS14 revealed that the nanosuspension had a 

uniform distribution and a spherical shape. 
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Figure 3.6: SEM image of Nifedipine nanosuspension 

3.7 Evaluation parameters of Nifedipinen loaded Nosuspension containing fast dissolving film 

3.7.1 Visual inspection  

The fast-dissolving film containing nifedipine was visually examined to detect any defects and to assess its 

transparency, surface appearance, and illness, as indicated in table 3.10. 

Table 3.7.1: Visual observation of all nifedipine nanosuspension containing Fast dissolving film 

Formulation Code Visual Observation 

NS14F1 Homogeneous, Uniform, little brittle and break down during peeling 

NS14F2 Homogeneous, Uniform, Nonstick and Easily peel out 

NS14F3 Homogeneous, Uniform, Nonstick and Easily peel out 

NS14F4 Homogeneous, Uniform, Sticky and difficult of peel out 

NS14F5 Homogeneous, Uniform, Nonstick and Easily peel out 

NS14F6 Homogeneous, Uniform, Nonstick and Easily peel out 

NS14F7 Homogeneous, Uniform, Sticky but difficult to peel out 
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Except for the formulations with the codes NS14F1, NS14F4, and NS14F7, all created formulations were 

homogeneous, consistent, nonstick, and easily peel out. All three formulations either feature a low 

concentration of the film-forming ingredient or a high concentration of the plasticizer, which makes the 

created film stickier. 

 

3.7.2 Weight of nanosuspension containing film 

The fast dissolving film containing nanosuspension's average weight was reported to be 299.00±1.01mg to 

699.00±0.98mg. that the pH range for all developed formulations was 6.36±0.038 to 6.87±0.020. Since the 

pH value was discovered to be very similar to the pH of the oral mucosa, our formulation would not have any 

negative effects on the tissue of the oral mucosa. The folding endurance for all the prepared formulation was 

found to be more then 6. The amount of the drug that was dissolved and evenly distributed throughout the 

prepared formulations was in the range of 85.44±1.64% to 98.46±1.36% of the labelled claim. The 

formulation with the highest drug content overall was NS14F6, at 98.461.36%98.46±1.36%. The 

disintegration times for all prepared various nifedipine loaded nanosuspensions using Fast dissolving film 

ranged from 8.16±0.02 to 23.89±0.97 sec. as shown in Table 3.11 On the basis of above results, formulation 

NS14F6 was selected for further evaluation. 

 

Table 3.7.2: Average weight of all nifedipine nanosuspension containing Fast dissolving film 

Formulation 

Code 

Weight 

variation (mg) 

pH Percentage 

drug content 

Folding 

endurance 

Disintegration 

time (Sec.) 

NS14F1 299.00±1.01 6.36±0.038 85.44±1.64 More than 6 10.51±0.04 

NS14F2 409.33±1.15 6.51±0.042 88.48±0.65 More than 6 16.05±0.65 

NS14F3 510.67±0.59 6.64±0.030 97.16±0.38 More than 6 18.50±0.12 

NS14F4 610.33±1.53 6.87±0.020 92.17±0.99 More than 6 23.89±0.97 

NS14F5 462.33±1.15 6.50±0.018 89.78±1.13 More than 6 11.45±1.19 

NS14F6 608.00±1.99 6.56±0.039 98.46±1.36 More than 6 08.16±0.02 

NS14F7 699.00±0.98 6.39±0.045 96.72±0.75 More than 6 18.65±0.05 

 

3.7.2  IN-VITRO DISSOLUTION STUDY 

In order to compare the dissolution behavior of the raw material nifedipine with the optimized nifedipine 

loaded nanosuspension rapid dissolving film given in table 6.21, comparative research was conducted. 
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Table 3.7.2  Percentage drug release of nifedipine containing nanosuspension fast dissolving film (CN10F6) 

and nifedipine pure drug 

Time(min.) Percentage drug release of 

pure drug 

Percentage Drug release of 

NS14F6 

0 0±0 0±0 

0.25 10.27±0.03 10.88±0.34 

0.5 11.28±0.16 21.04±1.01 

1 15.25±0.44 58.93±1.69 

2 17.85±0.24 65.96±1.35 

3 20.91±0.12 78.65±1.79 

4 24.45±0.09 83.73±0.59 

5 28.24±0.16 88.42±1.01 

6 31.99±0.06 97.40±090 

8 33.29±0.14 98.18±0.68 

 

 

Figure 3.7.2: A compression in vitro drug release profile of nifedipine loaded nanosuspension containing 

fast dissolving film NS14F6 and pure drug 
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As shown in Figure 3.8, when compared to pure drug, the improved formulation NS14F6 showed a quick 

release of nifedipine. Comparing the in vitro drug release profiles of nifedipine nanosuspension incorporating 

fast dissolving film and pure drug, it was found that the NS14F6 released roughly 98.18±0.68 more nifedipine 

in 8 minutes than the market preparation did, at 33.29±0.14% . This is due to the effectiveness of its 

nanosuspensions and amorphous structure. A significant increase in surface area is produced by 

nanosuspensions' much reduced particle size, which accelerates the drug's dissolving rate. 

IV. Conclusion  

In preformulation study, the nifedipine proved to have melting point of between 170.34°C±1.15-

174.34°C±0.58. The nifedipine absorption maxima were found to be 236nm in methanol. The standard 

calibration curve was prepared in the concentration range of 2-20µg/ml. The linear relationship between 

concentration was shown by the standards calibration curve with the linear equation Y=0.0384x+0.0101 and 

a lithe near coefficient of 0.999. Nifedipine value of 1.3±0.034 in the n-octanol water system demonstrated 

the hydrophobic nature of the drug molecule. Nifedipine was most soluble in chloroform and then in methanol. 

The solubility in water was 0.009±0.001mg/ml. The nanosuspension of the nifedipine drug was prepared 

using media milling technique. In initial screening, the amount of surfactant (0.3%w/v to 0.6%w/v) and the 

amount of the glass beads (1gm to 8gm) were evaluated and their effects on the dissolution and solubility of 

the nifedipine were noticed. A CCD employing two factor, five levels was performed to investigate the ideal 

levels of the variables after choosing the important factors impacting the properties of nifedipine 

nanosuspension. Surfactant concentration (X1) and the number of glass beads (X2) were therefore tested at 

five distinct levels, with the levels being coded as -α, -1, 0, +1, and + α. The dependent variables chosen were 

% dissolution at 30min.  The percentage of drug released at 30 minutes for each of the 13 batches' dependent 

variables showed wide variances, ranging from 58.14% to 97.99%, demonstrating a strong influence from the 

independent factors (X1 and X2) on the chosen answers. 3D response graph indicated increase in the 

percentage of drug release at 30 minutes with increases in the concentration of the stabilizer and milling agent. 

However, at both high and low stabilizer doses, there was a reduction in the percentage of drug release at 30 

minutes. This might be explained by a rise in particle size at these levels. The level chosen of optimized 

formulation NS14 for X1 and X2 using the software optimization procedure was 0.46%w/v and 6.25gm, 

respectively, giving theoretical values of 97.86% percentage drug release at 30 minutes, respectively. The 

developed nanosuspensions formulation NS14 was discovered to have average sizes of 299.8 nm, a 

polydispersity of 0.169, and a zeta potential of -18.9 mV, respectively. Optimized nanosuspension NS14 

containing formulation was incorporated in the fast-dissolving film prepared using the film casting method. 

The fast-dissolving film-containing nanosuspensions average weight was reported to be 299.00±1.01mg to 

699.00±0.98mg. The formulation with the highest drug content overall was NS14F6, at 

98.461.36%98.46±1.36%. The disintegration times for all prepared various nifedipine loaded 

nanosuspensions using Fast dissolving film ranged from 8.16±0.02 to 23.89±0.97 sec.  On the basis of above 

results, formulation NS14F6 was selected for further evaluation. Comparing the in vitro drug release profiles 

of nifedipine nanosuspension incorporating fast dissolving film and pure drug, it was found that the NS14F6 

released roughly 98.18±0.68 more nifedipine in 8 minutes than the market preparation did, at 33.29±0.14% . 

Because formulation NS14F6 has a higher value of the regression coefficient (0.9608), an in vitro drug release 

kinetic analysis showed that it follows the first order release kinetic. 
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