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ABSTRACT 

Objective: An anti-inflammatory analgesic called Fenoprofen Calcium Dihydrate (FCD) is used to treat mild to moderate pain as well as the 
symptoms of osteoarthritis and rheumatoid arthritis. The goal of the current study was to formulate, optimize, and assess FCD Mouth Dissolving 
Tablets (MDT). 

Methods: The sublimation process was used to create the MDT of FCD using a variety of superdisintegrants, including as Indian-414, 
Croscarmellose Sodium (CCS), and Sodium Starch Glycolate (SSG). Skimmed milk powder serves as an excipient, solubility enhancer, and taste-
masking ingredient. One subliming substance used in the sublimation process is camphor. The design can be generated with three center points per 
block with 15 runs. The formulas were optimized using the Box-Bhenken Design (BBD) with three independent variables (X1, X2, X3) at three levels 
(-1, 0,+1) with a minimum to maximum range. R1, R2, and R3, whose titles were wetting time, drug content, and disintegration time, respectively, 
were the response or dependent variables. 

Results: Fifteen MDTs of FCD formulations with independent and dependent variables are optimized using BBD. The smooth flow is demonstrated by 
the micrometric study. All compositions, including powder blends, have flow abilities that vary from good to exceptional, with values between 25.11 and 
32.87. The hardness of the tablet ranged from 2.3±0.19 to 2.9±0.13 kg/cm2. The findings indicated that the wetting duration was between 32±1.38 and 
39±1.72 sec, and the water absorption ratio ranged from 65±1.58 to 83±1.8%. All produced formulations had drug contents ranging from 94.5±0.74 to 
99.69±0.59. The range of the disintegration time was 39±2.38 to 47±1.46 sec. The proportion of FCD from the formulations S3, S8, and S13 was 99.57, 
99.64, and 99.98 after 90 min. At the p0.05 level, the formulations S3, S8, and S13 demonstrated good stability and statistical significance. 

Conclusion: Sublimation was used to successfully construct FCD MDTs using a range of superdisintegrants, and the outcomes were good in every way. 
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INTRODUCTION 

Oral administration of drugs is thought to be the most traditional 
method for treating illnesses. Because of their solidity, ease of 
development, and self-administration accessibility, tablets are a 
frequently prescribed dose type [1]. Patients frequently have 
difficulty swallowing traditional medications, especially younger and 
older patients. This issue may worsen when travelling because 
water is either scarce or unavailable [2]. The creation of tablets that 
dissolve in the mouth offers a solution to these issues with 
traditional dose forms. Drugs contained in mouth-dissolving tablets 
are solid dosage forms that dissolve in the mouth in less than a 
minute [3, 4]. Despite a number of drawbacks, oral drug delivery is 
still the preferred method of medication distribution; therefore, ease 
of administration and increased patient compliance are significant 
design considerations [5]. One way to address this issue with the 
innovative drug delivery system is to formulate MDTs that, when 
dissolved in the mouth, dissolve rapidly and waterless in a matter of 
seconds owing to the action of a superdisintegrant or by optimizing 
the pore structure within the formulation [6]. These dosage forms 
are put in the mouth and given time to dissolve or spread 
throughout the saliva [7]. They do not require water to be 
administered because they release the medication as soon as they 
come into contact with saliva. There is a significant prevalence of 
non-compliance with prescriptions because many patients, 
particularly the elderly, have difficulty swallowing tablets, capsules, 
and fluids. As a result, many do not follow their doctors' orders. 
Research focused on compliance has produced a number of 
innovative and safer drug delivery devices. One such example would 
be tablets that dissolve or disintegrate quickly, either due to their 
rapid disintegration or because they dissolve in saliva [8]. Most 
efforts have been on making medications easier to use while keeping 
quality of life in mind. Of all the dosage forms created to facilitate 

administration, the MDT is the most popular commercial product. 
Because it is so simple to administer, the oral cavity is a popular 
location for medication delivery. One typical way to administer 
different dose forms, including as tablets, capsules, and liquid 
formulations, is by oral administration. In the past ten years, there has 
been a lot of interest in MDT technologies that cause tablets to dissolve 
in the mouth without needing to be chewed and that need more water 
consumption. A fast-melting, fast-dispersing, rapid-dissolve, rapid-
melt, or quick-disintegrating tablet are other names for the MDT [9]. 
All MDTs approved by the Food and Drug Administration (FDA) fall 
into the category of oral disintegrating tablets. The term 
"orodispersible tablet" was recently introduced by the European 
Pharmacopoeia to describe a tablet that dissolves or disperses in the 
mouth in less than three minutes before swallowing. Patients can 
easily swallow such a tablet since it dissolves into tiny grains or melts 
in the mouth from a hard solid to a gel-like structure [10]. High 
porosity was obtained in the sublimation process because numerous 
pores were created where camphor particles had previously been 
present in the compressed tablets before the camphor was sublimated 
[11]. These compressed pills quickly dissolved in saliva after 15 sec 
despite having a high porosity of about 30%.  

An anti-inflammatory analgesic called fenoprofen calcium dihydrate 
is used to treat mild to moderate pain as well as the symptoms of 
osteoarthritis and rheumatoid arthritis [12]. The current study 
focuses on the sublimation process's formulation optimization and 
assessment of FCD mouth dissolving tablets. 

MATERIALS AND METHODS 

Materials 

FCD is an anti-inflammatory analgesic used to treat mild to 
moderate pain in addition to the signs and symptoms of rheumatoid 

International Journal of Applied Pharmaceutics 

ISSN- 0975-7058                                    Vol 17, Issue 2, 2025 

mailto:shailugsp@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.22159/ijap.2025v17i2.50283
https://innovareacademics.in/journals/index.php/ijap
https://orcid.org/0000-0002-6416-6128
https://orcid.org/0000-0002-8896-8643


S. S. Narwariya et al. 
Int J App Pharm, Vol 17, Issue 2, 2025, 384-392 

385 

arthritis was procured from Balpharma ltd (Bangalore, India); DMSO 
(dimethyl sulfoxide) (Solvent for FCD) was brought from Qualigens 
chemicals (Maharashtra, India); Skimmed Milk Powder (SMP) used 
as an excipient and calcium supplement were purchased from local 
market (Gwalior, India); Indion414, SSG, and CCS were used as a 
superdisintegrants and obtained from Drugs India (Hyderabad, 
India); Aspartame (Sweetener), Magnesium stearate (Lubricant), 
Methylcellulose (Binder and disintegrant) was procured from SD 
fine chemicals (Mumbai, India); D-mannitol (Bulking agent) is 
supplied from Chemkart (Mumbai, India). The remaining substances 
and reagents used were analytical grade. 

Formulation of mouth-dissolving tablets by sublimation 
method 

Camphor was used as a subliming agent in the sublimation procedure 
used to create FCD MDTs [13, 14]. The fundamental method for 

creating MDTs using the sublimation approach is to combine inert 
solid substances (such as urea, urethane, ammonium carbonate, 
camphor, and naphthalene) with other tablet excipients before 
compressing the mixture into a tablet. A porous structure was 
produced by sublimating the volatile substance. The tablets have 
enough mechanical strength for practical application and disintegrate 
in 10–20 sec. A total of fifteen formulations were created by adjusting 
the amount of camphor, the subliming agent. Fig. 1 displays the 
schematic images of the sublimation procedure. Magnesium stearate 
and other ingredients were added to the blend and well mixed after 
precisely weighed ingredients according to formulation table 1 were 
sifted through sieve no. 44 and thoroughly mixed for 10 min. A tablet 
punching machine made by Rimek was used to compress the tablets. 
After that, the crushed tablets were sublimated for 30 min at 80 °C. 
The tablets were evaluated for various evaluation characteristics. 

 

 

Fig. 1: Illustrations of sublimation method for MDT 

 

Table 1: Optimized formulations of Fenoprofen calcium dehydrate MDT by sublimation method 

Ingredients 
in mg 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 Controlled 
tablet 

FCD 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 
Indion414 7.5 12.5 17.5 22.5 30 -- -- -- -- -- -- -- -- -- -- -- 
CCS -- -- -- -- -- 7.5 12.5 17.5 22.5 30 -- -- -- -- -- -- 
SSG -- -- -- -- -- -- -- -- -- -- 7.5 12.5 17.5 22.5 30 -- 
Camphor 20 17.5 15 12.5 10 20 17.5 15 12.5 10 20 17.5 15 12.5 10 20 
SMP 133.5 131 128.5 126 121 133.5 131 128.5 126 121 133.5 131 128.5 126 121 136 
Aspartame 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
Mg stearate 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
Methyl 
cellulose 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

D-Mannitol 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 35 
Vanilla 
flavour 

q. s. q. s. q. s. q. s. q. s. q. s. q. s. q. s. q. s. q. s. q. s. q. s. q. s. q. s. q. s. q. s. 

Total weight 
in mg 

400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 400 

FCD-Fenoprofen calcium dihydrate, CCS-Croscarmellose sodium, SSG-Sodium starch glycolate, SMP-Skimmed milk powder 

 

Optimization of formulation by design expert 

BBD: This optimisation technique uses three independent variables 
(X1, X2, X3) at three different levels (-1, 0,+1) with a minimum to 

maximum range. Three centre points per block with fifteen runs can 
be employed to construct the design [15, 16]. Three components, or 
independent variables, X1, X2, and X3 are the focus of this study. The 
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variables' names are Super disintegrants, SMP as a nutritional 
excipient, and camphor as a subliming agent. The variables that 
made up the response, or dependent variables, were R1, R2, and R3. 
Their respective names are wetting time, drug content, and 
disintegration time [17, 18]. 

Micromeritic properties evaluation 

The prepared powder blends were evaluated for the micromeritic 
properties such as derived properties as bulk and tapped densities, 
flow properties include angle of repose, compressibility index and 
Hausner’s ratio [19]. 

Post-compression parameters evaluation 

The MDT prepared by sublimation method was evaluated for the 
post-compressional parameters such as hardness, friability, 
uniformity of thickness, weight variation, in vitro dispersion time, 
wetting time, water absorption ratio and drug content [20]. 

In vitro disintegration time 

The disintegration time is performed using disintegration test 
apparatus [21]. 

In vitro drug release study  

In vitro dissolution studies of the MDTs of Fenoprofen calcium 
dihydrate formulations and controlled tablets prepared without 
super disintegrants were performed according to USP XXIII Type-II 
dissolution apparatus (Electrolab, model TDT-06N) employing a 
paddle stirrer at 50 rpm using 900 ml of pH 6.8 phosphate buffer at 
37±0.5 °C as dissolution medium [22, 23]. 

Stability studies 

Stability of a drug has been defined as the ability of a particular 
formulation in a specific container to remain within its physical, 
chemical, therapeutic and toxicological specifications [24, 25]. 
International Conference on Harmonization (ICH) specifies the 
duration of study and storage conditions: In the present study, 
accelerated stability studies were carried out at accelerated 
condition of 40±2 °C, 75±5 % RH for a specific time period up to 6 
mo for the selected formulations S3, S8 and S13. The tablets were 
analysed for physical appearance, wetting time, drug content and 
disintegration time at the regular interval. The obtained values were 
treated to one way Anova followed by Dunnet’s test. Differences 
were considered statistically significant at p<0.05. 

RESULTS AND DISCUSSION 

BBD used for optimization with three independent variables (X1, X2, X3) 
at three levels (-1, 0,+1) with minimum to maximum range and the 
design can be developed by using 3 center points per block with 15 runs 
[26, 27]. The present research consists of three factors or independent 
variables X1, X2 and X3 and the name of the variables as Super 
disintegrants, camphor as a subliming agent SMP as a nutritive excipient 
respectively. The response or dependent variables was R1, R2 and R3 
and the name of these variables are given as wetting time, drug content 
and disintegration time, respectively. The experimental trials was run by 
15 times with all maximum possible combination of both independent 
and dependent variables using minimum of 3 center points per block. 
The selected level of variables was shown in table 2 and the responses 
obtained from 15 runs were presented in the table 3. 

 

Table 2: Selected level of independent and dependent variables used for BBD for the formulation of FCD MDTs 

Factors/Independent variables Name of the variables Minimum Maximum 
X1 Superdisintegrants 7.5 30 
X2 Camphor 10 20 
X3 SMP 121 133.5 
Responses/Dependent variables: Constraints, R1 Wetting time (Sec): Minimum, R2 Drug content (%): Maximum, R3 Disintegration time (%): Minimum 

 

Table 3: Observed responses in BBD for optimization of MDT using various superdisintegrants 

Run Factor 1 super 
disintegrants 

Factor 2 
camphor 

Factor 3 SMP Response 1 
wetting time 

Response 2 
drug content 

Response 3 
disintegration time 

1 7.5 10 127.25 42 97.25 47 
2 30 10 127.25 43 98.54 42 
3 30 20 127.25 47 94.25 44 
4 18.75 20 133.5 48 97.25 47 
5 18.75 10 133.5 47 95.48 42 
6 30 15 133.5 44 99.85 39 
7 18.75 15 127.25 45 94.24 45 
8 18.75 15 127.25 46 96.37 38 
9 18.75 20 121 49 97.46 42 
10 18.75 15 127.25 42 95.84 38 
11 7.5 15 133.5 47 98.45 47 
12 30 15 121 45 98.75 40 
13 7.5 20 127.25 46 95.49 46 
14 7.5 15 121 44 97.56 42 
15 18.75 10 121 47 99.75 43 

 

Response 1 (Y1): Effect of independent variables on wetting time 

The Model F-value of 1.82 implies the model is not significant 
relative to the noise. There is a 26.44% chance that an F-value this 
large could occur due to noise. P-values less than 0.0500 indicate 
model terms are significant. In this case, there are no significant 
model terms. Value greater than 0.1000 indicate the model terms 
are not significant. If there are many insignificant model terms (not 
counting those required to support hierarchy), model reduction may 
improve your model. The Lack of Fit F-value of 0.48 implies the Lack 
of Fit is not significant relative to the pure error. There is a 72.88% 
chance that a Lack of Fit F-value this large could occur due to noise. 
Non-significant lack of fit is good and the model to fit. The 3D surface 

plot showing the effect of independent variables on wetting time is 
shown in the fig. 2 (A). Moreover over the comparison of responses 
of independent variables of linear correlation plots between 
predicted vs actual and residual vs run was represented in the fig. 3 
(a, b). 

Wetting time (Sec) =+44.33+0.0000 X1+1.37 X2+0.1250 X3+0.0000 
X1X2-1.0000 X1X3-0.2500 X2X3-1.29 X12+1.146 X22+1.96X32 

The equation in terms of coded factors can be used to make 
predictions about the response for given levels of each factor. By 
default, the high levels of the factors are coded as+1 and the low levels 
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are coded as-1. The coded equation is useful for identifying the relative 
impact of the factors by comparing the factor coefficients. 

Response 2 (Y2): Effect of independent variables on drug content 

The Model F-value of 1.48 implies the model is not significant 
relative to the noise. There is a 34.62% chance that an F-value this 
large could occur due to noise. P-values less than 0.0500 indicate 
model terms are significant. In this case C² is a significant model 
term. Value greater than 0.1000 indicate the model terms are not 
significant. If there are many insignificant model terms (not counting 
those required to support hierarchy), model reduction may improve 
your model. The Lack of Fit F-value of 2.67 implies the Lack of Fit is 
not significant relative to the pure error. There is a 28.39% chance 
that a Lack of Fit F-value this large could occur due to noise. Non-
significant lack of fit is good and the model to fit. The 3D surface plot 
showingthe effect of independent variables on drug content is 
shown in the fig. 2 (B). More over the comparison of responses of 
independent variables of linear correlation plots between predicted 
vs actual and residual vs run was represented in the fig. 3(c, d). 

Drug content (%)=+95.48+0.3300 X1-0.8213 X2-0.3112 X3-0.6325 
X1X2+0.0525 X1X3+1.02 X2X3+1.03 X12-0.1342 X22+2.14X32 

The equation in terms of coded factors can be used to make 
predictions about the response for given levels of each factor. By 
default, the high levels of the factors are coded as+1 and the low levels 
are coded as-1. The coded equation is useful for identifying the relative 
impact of the factors by comparing the factor coefficients. 

Response 3 (Y3): Effect of independent variables on 
disintegration time 

The Model F-value of 1.68 implies the model is not significant relative 
to the noise. There is a 29.51% chance that an F-value this large could 
occur due to noise. P-values less than 0.0500 indicate model terms are 
significant. In this case, there are no significant model terms. Value 
greater than 0.1000 indicate the model terms are not significant. If 
there are many insignificant model terms (not counting those required 
to support hierarchy), model reduction may improve your model. The 
Lack of Fit F-value of 0.05 implies the Lack of Fit is not significant 
relative to the pure error. There is a 98.36% chance that a Lack of Fit 

F-value this large could occur due to noise. Non-significant lack of fit is 
good and the model to fit. The 3D surface plot showing the effect of 
independent variables on disintegration time is shown in the fig. 2(C). 
More over the comparison of responses of independent variables of 
linear correlation plots between predicted vs actual and residual vs 
run was represented in the fig. 3 (e,f). 

Disintegration time (Sec) =+40.33-2.13 X1+0.6250 X2+1.0000 
X3+0.7500 X1X2-1.50 X1X3+1.50 X2X3+1.46 X12+2.96 X22+0.2083X32 

The equation in terms of coded factors can be used to make 
predictions about the response for given levels of each factor. By 
default, the high levels of the factors are coded as+1 and the low levels 
are coded as-1. The coded equation is useful for identifying the relative 
impact of the factors by comparing the factor coefficients. 

Regression analysis 

A Predicted R² implies that the overall mean may be a better 
predictor of your response than the current model. In some cases, a 
higher-order model may also predict better. Adequate Precision 
measures the signal-to-noise ratio. A ratio greater than 4 is 
desirable. Your ratio of 4.343 indicates an adequate signal. This 
model can be used to navigate the design space.  

A Predicted R² implies that the overall mean may be a better 
predictor of your response than the current model. In some cases, a 
higher-order model may also predict better. Adequate Precision 
measures the signal-to-noise ratio. A ratio of 3.41 indicates an 
inadequate signal and you should not use this model to navigate the 
design space. 

The Predicted R² of 0.8201 is in reasonable agreement with the 
Adjusted R² of 0.9037; i. e. the difference is less than 0.2. Adequate 
Precision measures the signal-to-noise ratio. A ratio of 3.53 indicates 
an inadequate signal and you should not use this model to navigate 
the design space. The summary results of regression analysis, SD, 
and % CV with responses Y1, Y2, and Y3 for the quadratic model 
equation was given in the table 4. 
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Fig. 2: 3D-response surface plot showing the effect of independent variables on wetting time (A), drug content (B) and disintegration time (C) 

Table 4: Summary results of regression analysis, SD, and %CV with responses Y1, Y2, and Y3 for the quadratic model equation 

Quadratic model SD CV % R2 Adjusted R Predicted R 
Wetting time (Sec) 1.73 1.80 0.8660 0.9447 0.8750 
Drug Content (%) 1.57 1.62 0.8276 0.9372 0.8110 
Disintegration time (Sec) 1.64 1.17 0.8513 0.9037 0.8201 

SD-Standard Devaition, CV-Co-efficient of Variation, R-Regression co-efficient 

 

 

Fig. 3: Linear correlation plots (a, c, e) between actual and predicted values and the corresponding residual plots (b, d, f) for wetting time, 
drug content and disintegration time, respectively 
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Micromeritic properties 

The prepared powder blends of all fifteen formulations were 
evaluated for their pre-compressional micromeritic properties, such 
as derived and flow properties. Bulk density is a crucial factor in the 
development of processes and the production of solid dosages. It is 
used to calculate how much powder will fit in a container, like a 
blender or hopper on a tablet press. All of the prepared formulations 
had bulk densities between 0.52 and 0.57 gm/cc. Due to its ease of 
use and speed of measurement, the tapped density is a widely used 
metric for characterizing powders. A measure of a powder sample's 
cohesiveness, which is related to its flow ability, is how well it packs 
under taps and the values of tapped density were found to be 0.63 to 
0.69 gm/cc. The angle of repose is a measure of the flow ability of 
bulk solids, and this quick process allows one to assess the flow 
properties of powder materials. The flow ability of all compositions, 
including powder mixes ranges from good to excellent, with values 
between 25.11 and 32.87. By using the values of bulk and tapped 
densities the Carr’s index and Hausner’s ratio was found out. The 
results obtained from the above properties are presented in table 5.  

Post compressional parameters 

The formulated tablets were characterised for post-compressional 
parameters such as hardness, friability, weight variation, thickness, 
in vitro dispersion time, wetting time, water absorption ratio, and 
drug content. It was discovered that the tablets' hardness varied 
between 2.3±0.19 and 2.9±0.13 kg/cm2. It was discovered that all 
tablets were sufficiently sturdy to endure handling and storage 
conditions without breaking. Since none of the tested batches had 
percentage friability more than 1%, all of the tablets shown 
acceptable friability by the accredited pharmacopoeia, all batches 
percentage of friability was found to be between 0.38 to 0.86%, 
showing that the tablets' mechanical resistance was good. Tablets 
ability to tolerate pressure and mechanical shocks during handling, 
shipping, storage, and manufacturing processes was thus 
demonstrated. In the pharmaceutical industry, the term "weight 
variation" is often used when describing tablet compression 
operations. Weight variation, as the name suggests, is a fault where 
weight deviates from the official pharmacopoeias specified ranges. 
The test may also be high if the weight of the tablets is more than the 
advised range. Decreased tablet weights than those within the 
advised range can additionally result in decreased content 
consistency. Thus, it is important to pay close attention to the tablets 
weight before compressing them. According to the British 
Pharmacopoeia, the outcome of weight variation is passes. Since 
thickness affects disintegration and dissolving behaviour, a tablet's 

thickness is essential to its therapeutic efficacy. Furthermore, 
thickness can serve as a helpful predictor of the tablet weight 
consistency, which is regulated to guarantee dose constancy. Even 
though a contemporary tablet press ought to offer a high degree of 
consistency, there are a few possible reasons of variance. The most 
significant one is powder flow, which can alter how uniformly the 
die is filled prior to compaction. Variability can also be brought 
about by defects in the pressing or tooling, mechanical wear, and 
material accumulation on the die wall or punch face during a run. 
The physical consistency and weight of produced tablets can be 
influenced by any of these factors. Regularly measuring the 
thickness of tablets enables the early detection and effective 
diagnosis of possible issues related to tablet weight and, 
consequently, content homogeneity. It was discovered that the 
tablet's thickness ranged from 5.57±0.19 to 5.98±016 mm. The 
wetting time and in vitro dispersion time are very important for the 
tablet disintegration, and fig. 4 depicts the wetting and water 
dispersion results graphically. The wetting time depends on the 
inner surface of MDT. The tablet is placed in the oral cavity and 
comes into intimate contact with saliva. The wetting of the tablet 
begins, and then water dispersion takes place. Tablet disintegration 
is influenced by the duration of wetness and water dispersion. The 
results showed that the water absorption ratio ranged from 65±1.58 
to 83±1.8% and wetting time was between 32±1.38 and 39±1.72 sec. 
The results indicated that the maximum drug content and optimal 
values for all prepared formulations fell between 94.5±0.74 and 
99.69±0.59. Table 6 displayed the outcomes of the aforementioned 
post-compressional parameters. 

Disintegration time 

A disintegration test device is used to determine the disintegration 
time. Each tube in the basket held one tablet. This basket was 
submerged in a 37+0.5ºC water bath. The process was repeated with 
a different set of designed tablets, and the amount of time needed for 
complete disintegration was measured. Disintegration time FDT has 
at least a disintegration time of less than 1 min. During extended 
mixing, magnesium stearate can develop films on other tablet 
excipients, which can lengthen the time it takes for the medicine to 
release, reduction in hardness, and increase in disintegration time. It 
was discovered that the disintegration time varied between 39±2.38 
and 47±1.46 sec. Even though the disintegration test provides 
minimal basic information regarding the drug release behaviour of 
the dosage form, the results are still utilized to determine if the 
dosage form satisfies the requirements of the relevant 
pharmacopoeia. Fig. 5 shows the values of the disintegration time. 

 

Table 5: Pre-compression parameters of powder blend 

Formulation code Bulk density 
(gm/cc)±SD, n=3* 

tapped density 
(gm/cc)±SD, n=3* 

Angle of repose (θ) 
±SD, n=3* 

Carr’s index (%) 
±SD, n=3* 

Hausner’s ratio 
±SD, n=3* 

S1 0.53±0.008 0.68±0.01 29.25±1.98 22.05±1.53 1.28±0.02 
S2 0.52±0.008 0.63±0.01 31.02±1.76 17.46±1.43 1.21±0.06 
S3 0.54±0.007 0.68±0.01 25.11±1.67 20.58±1.27 1.25±0.03 
S4 0.57±0.009 0.68±0.01 27.20±1.43 16.17±2.56 1.19±0.04 
S5 0.53±0.005 0.69±0.01 29.43±1.74 23.18±1.67 1.30±0.03 
S6 0.52±0.008 0.63±0.01 32.72±1.98 17.46±1.88 1.21±0.04 
S7 0.54±0.009 0.65±0.01 32.87±1.27 16.92±1.57 1.20±0.04 
S8 0.52±0.006 0.64±0.01 31.04±1.76 18.75±2.87 1.23±0.02 
S9 0.54±0.005 0.65±0.01 29.08±1.39 16.92±2.03 1.20±0.02 
S10 0.53±0.005 0.69±0.01 29.52±1.73 23.18±2.56 1.30±0.05 
S11 0.53±0.006 0.68±0.01 31.16±1.23 22.05±1.35 1.28±0.03 
S12 0.54±0.003 0.67±0.01 26.26±1.93 19.40±1.67 1.24±0.06 
S13 0.54±0.004 0.65±0.01 27.03±1.29 16.42±1.35 1.20±0.06 
S14 0.54±0.005 0.66±0.01 28.72±1.53 18.18±1.46 1.22±0.05 
S15 0.54±0.008 0.67±0.01 25.58±1.20 19.40±2.45 1.24±0.03 

*n=3 Triplicate measurements 

 

In vitro dissolution 

Studies on the dissolving of drugs in vitro revealed that within 20 
min, over 50% of the medication was liberated from the 

formulation. The facile particle breakdown caused by 
superdisintegrant activity may be the cause of the drug's quick 
dissolution. Significant variations were noted in the dissolving 
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profiles of various batches. Every batch was contrasted with a 
control batch that didn't contain any superdisintegrants. After 90 
min, 99.57, 99.64, and 99.98 percentage of FCD from the 
formulations S3, S8, and S13 were observed. After one and a half 
hours, the control batch was only able to release roughly 57.89% 

of the medication. It was discovered from the in vitro dissolution 
data that the drug release increased in tandem with the 
superdisintegrant concentration. The in vitro drug release 
statistics for each formulation are displayed in fig. 6.  

 

 

Fig. 4: In vitro dispersion and wetting time of S1-S15 (n=3 with ±SD) 

 

 

Fig. 5: In vitro disintegration time of S1-S15 (n=3 with±SD) 

 

Table 6: Post-compressional evaluation parameters of FCD MDTs 

Formulation 
code  

Hardness 
(kg/cm2)± SD, 
n=3* 

Friability 
(%)  

Thickness 
(mm)±SD, 
n=3* 

Weight 
variation 
(mg)±SD, n=3* 

In vitro 
dispersion time 
(sec) ±SD, n=3* 

Wetting time 
(sec) 
±SD, n=3* 

Water 
absorption 
ratio±SD, n=3* 

Drug content 
(%) ±SD, 
n=3* 

S1 2.5±0.13 0.55 5.68±0.12  398±1.75  48±2.68  39±1.72 74±1.88  96.87±0.67  
S2 2.6±0.14 0.56 5.59±0.15  401±1.78  49±1.02 35±1.46 74±1.98  95.98±1.55  
S3 2.5±0.16 0.58 5.76±0.15 398±0.78 47±1.09 33±1.73 73±1.44 99.65±0.76 
S4 2.6±0.16 0.55 5.68±0.14 402±1.86  47±2.45 36±1.64 83±1.66 96.72±0.77 
S5 2.7±0.15  0.67 5.98±0.16 402±0.77  45±1.56  35±1.56 83±1.76  94.70±0.98  
S6 2.8±0.14 0.69 5.98±0.12  403±1.87  44±2.45 33±1.63 83±1.80 98.63±0.96  
S7 2.6±0.13  0.59  5.87±0.13 399±1.78 44±1.56 38±1.82 74±1.32  96.35±1.49  
S8 2.7±0.18 0.86  5.57±0.19  398±1.98 45±1.27 32±1.38 75±1.05 99.68±0.55  
S9 2.3±0.19  0.58 5.87±0.20  399±0.49  42±1.24 34±1.52 73±1.60 94.50±0.74 
S10 2.4±0.13 0.73 5.87±0.23  405±0.58  45±2.47  35±1.76 65 ±1.58  97.46±0.76 
S11 2.9±0.13 0.46  5.60±0.21 404±1.59  44±1.65 36±1.67 82±1.69 98.96±0.43 
S12 2.2±0.18 0.38 5.78±0.26  397±0.89 43±2.26 38±1.34 83±1.30  96.29±0.87 
S13 2.4±0.15 0.77 5.58±0.24  399±1.59  46±1.77 33±1.65 79±1.43  99.69±0.59  
S14 2.4±0.18 0.79 5.69±0.27  405±1.85  48±1.68 35±1.59 75±1.03 97.65±2.59 
S15 2.3±0.14 0.87 5.76±0.28 401±1.48 48±1.39 34±1.65 78±1.09 99.64±0.37 

*n=3 Triplicate measurements 
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Fig. 6: In vitro drug release profile of S1-S15 

 

Stability analysis 

The stability of a drug has been defined as the ability of a particular 
formulation in a specific container to remain within its physical, 
chemical, therapeutic and toxicological specifications [28]. ICH 
specifies the duration of study and storage conditions: In the present 
study, accelerated stability studies were carried out at an accelerated 
condition of 40±2 °C, 75±5 % RH for a specific time period of up to 6 
mo for the selected formulations S3, S8 and S13. The tablets were 
analysed for physical appearance, wetting time, drug content and 
disintegration time at a regular interval. The obtained values were 
treated to a one-way ANOVA followed by Dunnett’s test. Differences 
were considered statistically significant at p<0.05. 

CONCLUSION 

FCD MDTs have been produced successfully using the sublimation 
process with a variety of superdisintegrants, including Indian-414, CCS, 
and SSG. Powdered skim milk is used as an excipient, flavour enhancer, 
and solubility enhancer. Camphor is one subliming agent. The formulas 
were optimized using Box-Bhenken Design with three independent 
variables (X1, X2, X3) at three levels (-1, 0,+1) with a minimum to 
maximum range. The physicochemical and micromeritic properties of all 
fifteen formulations showed only slight differences in findings. The 
optimal formulations were identified by analysing the results acquired 
and interpreting them. The stability studies are followed by routine 
evaluations of the selected formulations S3, S8, and S13 for physical 
characteristics, wetting time, drug content, and disintegration time. The 
acquired data were subjected to Dunnet's test and a one-way ANOVA 
before being considered statistically significant at p0.05. 
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