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Abstract
Background: Rosuvastatin Calcium and Ezetimibe are used to control cholesterol level while Perindopril Erbumine is used to treat 
hypertension. Hepatic metabolism reduces the therapeutic effect of these drugs.
Objective: Instant release buccal films (IRBFs) could possibly be a solution to this issue. The objective of the study was to formulate IRBFs 
of Rosuvastatin Calcium, Perindopril Erbumine and Ezetimibe using solvent casting technique.
Methods: Polymers used to prepare IRBFs included hydroxypropyl methylcellulose (HPMC E5), PEG 400 (as plasticizer) and Tween 80 
(as surfactant). Solvent casting technique was used to fabricate the films, followed by their in-vitro analysis including high performance 
liquid chromatography (HPLC), X-ray diffraction (XRD), fourier transform infrared evaluation (FTIR), In-vitro dissolution, In-vitro 
disintegration, stability tests, scanning electron microscopy (SEM), folding fortitude, thickness evaluation, surface pH, tensile strength, 
weight variation and percentage moisture content.
Results: Optical microscopy as well as SEM analysis displayed that the surfaces of IRBFs were smooth with uniform mixing of ingredients. 
IRBFs disintegrated within 15 seconds while on dissolution they exhibited instant drug release i.e. 100% release in 2 minutes.
Conclusions: The results show promising potential of IRBFs in drug delivery.
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Highlights:
•	 Smooth uniformly mixed IRBFs were formulated.
•	 IRBFs disintegrated quickly and released 100% drug within 2 minutes.
•	 IRBFs show promising potential in drug delivery.
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Introduction

Hypercholesterolemia is defined as exceptionally elevated 
blood cholesterol levels (Durrington, 2003). It is also known 
as hyperlipidemia and hyperlipoproteinemia.

Hypertension (HTN) is described as constantly elevated 
arterial pressure (Tabrizi et al., 2016). Arterial hypertension 
is frequently observed in combination with hypercholester-
olemia. Drugs which are used against hypercholesterolemia 
include Rosuvastatin Calcium and Ezetimibe while hyperten-
sion can be managed by using Perindopril Erbumine. Rosu-
vastatin Calcium is the 7th drug that is prescribed along with 
diet, exercise and weight reduction to mitigate high cholester-
ol level (Quirk et al., 2003). Ezetimibe also belongs to choles-
terol reducing medication class of drugs. It is used solely or 

in combination with statins i.e. HMG-CoA reductase inhibitor. 
Perindopril Erbumine is included in long acting ACE inhibi-
tors class, which is used to mitigate elevated blood pressure, 
medicate coronary artery ailments and cardiac failures. All 
abovementioned drugs face challenges including poor bioavail-
ability. Another limitation about these drugs is that they are 
not available in combination in a single tablet/capsule thereby 
reducing patient compliance.

Buccal route is considered to be one the most exclusive and 
highly acceptable ways of drug intake (Shojaei et al., 2001). 
There are three different categories for the delivery of drugs 
within the buccal cavity including buccal, local and sublingual 
(Patel et al., 2012).

An alternative to tablets and capsules are immediate re-
leased buccal films, which promote patient compliance and 
dissolve rapidly in the buccal cavity (Hanif et al., 2015). These 
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buccal films when placed on the tongue dissolve and disinte-
grate rapidly without the need of water hence improving pa-
tient compliance (Kumar et al., 2013).

Characteristics of immediate release buccal films totally 
rely on the polymers utilized to fabricate films, which consti-
tute 20–75% w/w of entire weight. The use and selection of 
polymers should be evaluated in terms of palatability, safety 
and effectiveness for patients. Polymers are used in film for-
mulations to release the drug in appropriate and controlled 
way and provide elasticity. To tolerate the environmental pres-
sure, these films use special polymers to regain the appropriate 
elasticity, flexibility, mechanical and tensile strength.

Polymers, which are used in the fabrication of buccal films, 
are either natural (i.e. polysaccharides, starch, acacia gum, 
tragacanth gum, gelatin etc.) or synthetic (i.e. hydroxypropyl 
methylcellulose, polyvinyl alcohol, polyacrylic acids, and car-
boxyvinyl polymers). The polymer used in this study is Hy-
droxypropyl Methylcellulose (HPMC E5) while Polyethylene 
glycol 400 (PEG 400) acts as a plasticizer. Tween 80, a polyeth-
ylene sorbitol ester, is used as a nonionic surfactant (Chou et 
al., 2005). To enhance the palatability mannitol and pepper-
mint oil were used as sweetening and flavoring agents.

In this study HPMC E5, PEG 400 and Tween 80 were used 
to prepare instant release buccal films. The drugs were load-
ed individually as well as in combination onto the buccal films 
i.e. Rosuvastatin Calcium in combination with Perindopril and 
Rosuvastatin in combination with Ezetimibe. The films were 
extensively characterized using various techniques.

 
Materials and methods

Materials
Rosuvastatin Calcium, Perindopril Erbumine and Ezitimibe 
were received as a generous gift from CCL Pharmaceuticals, 
Lahore, Pakistan. Hydroxypropyl methylcellulose E5 (HP-
MC-E5), Polyethylene glycol (PEG-400), Tween 80, Amaranth 
color, Sodium hydroxide (NaOH), Hydrochloric acid (HCl), Po-
tassium dihydrogen phosphate (KH2PO4), Orthophosphoric 
acid, Diethyl ether, Methanol, Acetonitrile and Ethanol were 
purchased from Merck Darmstadt, Germany. Peppermint oil 
was purchased from Pulcra Chemicals Shanghai, China.

Methods

Formulation design
To design and optimize the formulations of instant release 
buccal films, Design-Expert software version 7.0 was used, em-
ploying Central composite rotatable design (CCRD) approach. 
Various formulations were selected to synthesize buccal film 
formulations. Concentrations of HPMC E5 and PEG 400 were 
variable while those of Tween 80 (0.3 ml), peppermint oil (1–2 
drops), amaranth color (1–2 drops) and solutions of Rosuvas-
tatin Calcium (5 mg), Perindopril Erbumine (5 mg) and Eze-
timibe (10 mg) were kept constant in all the formulations.

Preparation of instant release buccal films (IRBFs) by solvent 
casting technique
IRBFs of Rosuvastatin Calcium, Perindopril Erbumine and Eze-
timibe were formulated according to the dosage constitutions 
as described in Table 1. The formulations (1–10) had various 
weight ratios of HPMC-E5 (film forming polymer) to PEG 400 
(plasticizer). Based on literature review, we tried to discover 
the optimum weight ratio, which could yield the buccal films 
with optimum physicochemical and mechanical properties. 

Initial characterization studies revealed formulations ‘5’and ‘6’ 
to possess better properties than others and were taken ahead 
for further detailed investigations.

Table 1. Formulation design for buccal films

Formulation codes HPMC-E5 (mg) PEG 400 (mg)

1 150 21.89

2 150 32.5

3 125 40

4 150 43.11

5 185 32.50

6 150 21.89

7 175 25

8 114.64 32.50

9 175 40

10 125 25

Initially, required amount of PEG 400 solution was taken 
in separate beakers and stirred on a hot plate magnetic stirrer. 
0.2 ml Tween 80 from the stock solution was added and stirred 
for about 5 min. Afterwards, 1–2 drops of peppermint oil  
& amaranth color solution were added and stirred for 15 min. 
The required amounts of Rosuvastatin Calcium, Perindopril 
Erbumine and Ezitimibe were added individually in separate 
films and stirred for at least 15 min. For the preparation of 
drug combinations, respective drugs were added one after an-
other, followed by a 15 min stirring. After mixing of all ingre-
dients, the required quantity of HPMC-E5 solution (polymer) 
was added followed by stirring for 45–50 min. The mixtures 
were poured in glass Petri dishes and an inverted funnel was 
placed over each Petri dish in order to facilitate uniform evap-
oration. The petri dishes were then placed in hot air oven at  
400 °C for 24 hours. After drying, each film was peeled off from 
the petri dishes using a sharp cutter. The films were wrapped in 
aluminum foil to protect them from contamination and were 
stored in a desiccator at room temperature.

Physiochemical evaluation of buccal films

Surface morphology
Visual inspection
This evaluation consisted of characteristics such as transpar-
ency, color, visual uniformity, shining, proper mixing of ingre-
dients and surface touch (Kumria et al., 2016). These formu-
lations were categorized as poor, average, good, better, best 
and excellent as per order according to the fulfillment of their 
desired characteristics.

Optical microscopy
Optical microscopy of each buccal film was done to analyze 
them at micro levels (Preis et al., 2013). Glass slide contai-
ning small strip of each film separately was observed under 
microscope at 10× and 40× magnifications and images were 
captured.

Scanning electron microscopy (SEM)
The surface morphology of the samples was analyzed and stu-
died thoroughly by using SEM.

X-ray diffraction (XRD)
XRD studies were done on all three drugs used and the best 
formulations were prepared (Nair et al., 2013).
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Thermal gravimetric analysis (TGA)
TGA was performed of all drugs using thermal gravimetric 
analyzer (Kianfar et al., 2012). 

Evaluation of mechanical properties
Folding endurance
The folding resilience of a strip to rupture is called folding 
endurance. The strip of a film was held in index finger and 
thumbs of the two hands and was folded several times at the 
same point until it cracked or broke. The number of folds of 
the strip at the same point was counted (Prabhu et al., 2011). 

Tack test
The substance which is not completely dry and is sticky in 
touch is called tacky. It is difficult to pack multi-dosed films in 
one container because of tacky characteristic. Therefore, two 
films can be kept separate from one another by placing a paper 
between them during packaging. According to the stickiness of 
the films to the paper, they were classified as very tacky, tacky, 
slightly tacky and tack-free (Chaudhary et al., 2013).

Thickness
Screw gauge was used to measure the thickness of the films. 
The uniform thickness of the films is an essential factor for 
uniform dose distribution (Irfan et al., 2016).

Tensile strength
Tensile strength of instant released buccal films was calculated 
by using Brookfield CT3 texture analyzer. The maximum force 
needed to tear the films was recorded and it was the end point 
of the resistance to tear the films (Chatap et al., 2013). Ten-
sile strength of the films was calculated by using the following 
formula

 

 
pH determination
Sometimes local buccal irritation occurs due to basic or acid-
ic pH of buccal film formulations. The pH of the buccal cavity 
ranges from 5.5 to 7.4. Firstly, we cut a strip of size 2 × 2 cm2 
from each film and placed it in a beaker containing 5 ml dis-
tilled water followed by allowing it to dissolve (Jadhav et al., 
2012). After dissolution, pH of the strip solution was meas-
ured by using pH meter.

In-vitro disintegration and total dissolution time
Each film was cut into 4 pieces and a quarter was placed in 
beaker containing 5 ml distilled water. A stop watch was used 
to record the time as the film started to dissolve. The time 
which a film takes to start dissolving is called disintegration 
time while the time taken to completely dissolve is called dis-
solution time (El-Setouhy and El-Malak, 2010). Both disinte-
gration and dissolution times were recorded.

Weight uniformity
Weight compatibility is an essential parameter in determining 
the dose of each film formulation (Morales and McConville, 
2011). By using electronic weighing balance, three films of 
each formulation were weighed individually followed by calcu-
lation of mean and standard deviation.

Percentage moisture loss
Three strips of each film were cut and weighed followed by pla-
cement in a hot air oven previously set to a temperature of  
50 °C. After complete drying, the films were weighed again 

individually. Percentage of moisture loss was calculated using 
the following formula

 
 

where Wo is the initial (before drying) weight of the film and 
Wd is the weight of the dried film (Bajdik et al., 2009).

Percentage drug contents
Percentage drug content test was performed to evaluate the 
drug content in each strip by following standard assay meth-
od. Individual strip was dissolved in 250 ml medium (using 
phosphate buffer at pH 6.8). Absorbance was calculated at 
wavelengths of 243 nm, 215 nm and 247 nm for Rosuvastatin 
Calcium, Perindopril Erbumine and Ezetimibe IRBFs, respec-
tively. The results were compared with the standard dilutions 
of individual drugs followed by the calculation of percentage 
drug content.

In-vitro drug release studies
For in-vitro drug release study USP paddle type II apparatus 
was used. Owing to the stability of drugs in water, 250 ml 
phosphate buffer at pH 6.8 was used as the dissolution medi-
um. A quarter of the film strip was taken and fixed on the glass 
slide using paper clips followed by its placement inside the ves-
sel set at 37 ± 0.5 °C and time was recorded. The samples were 
withdrawn at predefined time intervals i.e. 2, 4, 6, 8, 10, 15, 
20, 30 and 60 min and the same volume of phosphate buffer 
was added in the vessel to make up the volume. This procedure 
was adopted for the determination and evaluation of all three 
drugs. T80 Double Beam UV spectrophotometer was used for 
the calculation of absorbance of the drawn samples and evalu-
ation of percentage drug release.

High Performance Liquid Chromatographic (HPLC) analysis
HPLC analysis has been performed by using HPLC (CTO-
20A/20AC SHAMIDZU Japan), equipped with column (Kro-
masil® C18 HPLC Column, 250 mm × 4.6 mm, 5 μm particle 
size) and CTO-20A Column Oven (SHAMIDZU Japan), to val-
idate the drug contents and drug release of the films, co-load-
ed with Rosuvastatin-Perindopril and Rosuvastatin-Ezitimibe 
evaluated by using UV-Visible spectrophotometer. For this 
purpose, it has been tried to find out a single wavelength to 
detect the combination of the drugs, simultaneously. Linearity 
curves have been drawn by using area under the curve (AUC) 
obtained by running the sample at HPLC.

Different organic solvents and their combination with 
buffers of different pH were tried to find out the best suita-
ble solvent mixture to prepare the stock solution of the an-
alytes. Methanolic phosphate buffer was found suitable due 
to better solubility of analytes in it. Standard solution of Ro-
suvastation Calcium and Perindopril, and Rosuvastatin Cal-
cium and Ezitimibe were prepared separately in volumetric 
flasks having 50 ml volumetric capacity. Standard solution 
of both combinations, having 50 µg/ml of each drug was pre-
pared, followed by the preparation of serial dilutions of 5 to  
30 µg/ml for each drug by diluting the standard solution with 
the mobile phase, consisted of Methanol-phosphate buff-
er-acetonitrile (70  :  25  :  5, v/v, adjusted to pH 3.5 using or-
thophosphoric acid). Feasibility of different solvent systems 
such as methanol–water, acetonitrile–water and acetonitrile–
phosphate buffer in different compositions, pumped at differ-
ent flow rates (in the range of 0.5–1.5 ml/min) having variable 
pH range (2.0–7.0) and at different column oven temperatures 
(in the range of 25–35 °C) were evaluated to find out the com-
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patible chromatographic conditions. Linearity curves have 
been drawn by running the dilutions of drugs in HPLC, which 
were further utilized to determine the drug contents and cu-
mulative amount of drug released.

Kinetic modeling of dissolution data
Dissolution data of Rosuvastatin Calcium, Perindopril and 
Ezetimibe formulations were fitted in zero order, 1st order, 
Higuchi and Korsmeyer–Peppas models. These models were 
applied using DD Solver software.

Zero order kinetic model can be represented by the equation 
as:

 

First order kinetic model can be expressed by the equation as:

 
 

Higuchi model can be described by the equation as:

 
 

Korsmeyer–Peppas kinetic model used to find out the drug re-
lease mechanism can be equated as:

 
 

 
Results and discussions

Characterization of formulations
Visual inspection
From the results of visual inspection, it was evaluated that at 
low concentration of PEG 400, formulations showed shiny sur-
face whereas as its concentration increased the formulations 
lost their shine. Furthermore, at high concentrations of HPMC 
E5 the formulations showed better transparency, satisfactory 
uniformity and smooth surface and vice versa. Strips of all for-
mulations were found to be smooth except those which con-
tained decreased polymer concentrations and high plasticizer 
concentration.

Light microscope
Images of IRBFs of Rosuvastatin Calcium (R), Perindopril Er-
bumine (P), Ezetimibe (E), combinations of Rosuvastatin Cal-
cium and Perindopril Erbumine (PR) & Rosuvastatin Calcium 
and Ezetimibe (ER) were taken by using a light microscope 
model 4083B3 at a resolution of 10× (Fig. 1).

 

Fig. 1. Images of IRBFs of drugs and drug combinations

Scanning Electron Microscope (SEM)
The SEM figures exhibited that the formulations having 
least concentration of polymers had less clarity and vice ver-
sa (Fig.  2). However, at all plasticizer concentrations, strips 
having highest concentration of polymers had the maximum 
amount of drug loaded onto them. Depending on the concen-
trations of polymer and plasticizer, the surface of the IRBFs 
was found to be either clear or rough, and displayed whichever 
uniform or uneven distribution of the ingredients.

X-Ray diffraction (XRD) analysis
X-ray diffraction pattern of Rosuvastatin Calcium exhibited 
sharp diffraction peaks at 2θ values of 34.3°, 22.45° and 16.04° 
as shown in (Fig. 3). X-ray diffraction pattern of Perindopril 
Erbumine exhibited sharp diffraction peaks at 2θ values of 

16.5°, 15.3° and 8.95°. X-ray diffraction pattern of Ezetimibe 
exhibited sharp diffraction peaks at 2θ values of 25.35°, 22.4° 
and 19.4°. While IRBFs of PR and ER formulations present-
ed absence of characteristic peaks at 2θ which indicated that 
drugs had converted from crystalline form to amorphous ones. 
Their solubility was found to be increased because amorphous 
forms are better soluble than the crystalline forms (Tummala 
et al., 2015).

Thermal gravimetric analysis (TGA)
Thermal gravimetric analysis of pure drugs (Rosuvastatin Cal-
cium, Perindopril Erbumine and Ezetimibe) and their IRBFs 
were performed to check their thermal stability (Fig. 4). TGA 
curve of Rosuvastatin Calcium narrates that the depletion in 
weight occurred as a result of thermal decomposition. The loss 
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of mass obtained is clearly evident from figures. TGA curve of 
pure drug Rosuvastatin Calcium exhibited 31.69% mass loss 
at 372.94 °C after 35.25 min. TGA curve of Perindopril Erbu-
mine exhibited a loss of 46.2% mass at 260.52 °C in 24.68 min. 
TGA curve of Ezetimibe exhibited a loss of 11.2% at 300 °C 
in 28.42 min. In case of IRBF, only 24% weight loss was ob-
served at 356 °C after 33.51 min. TGA spectrum of formulat-
ed IRBF displayed that in comparison to the blank drug, the 
thermal degradation of drug incorporated in film was delayed. 
A complex might have been developed between drug and the 

 

Fig. 2. SEM images of individual drugs R, P and E, IRBFs of P and E and IRBFs of RE drug combination

 

Fig. 3. XRD analysis of 
individual drugs and IRBFs 
of drug combinations

polymer molecules resulting in better stability. This evaluation 
illustrated that drug molecules also formed complexes with 
the super disintegrants due to their instant deteriorating and 
hydrophilic nature and as a consequence drug became more 
soluble.

Weight uniformity test
The weight was found to be directly proportional to the amount 
of ingredients in each formulation (Table 2). Moreover, the 
thickness variation of films was also found to be directly pro-
portional to the weight variation (Morales and McConville, 
2011). In all formulations, less thickness variation was seen, 
clearly indicating that the film casting method was suitable.

Tack test
All the formulations were found to be tack free.

Percentage moisture loss
From the results, it can be found that an increase in PEG 400 
increased the percentage moisture content (Table 3), as PEG 
400 is a hydrophilic plasticizer (Talja et al., 2007).

Thickness
The thickness of each film at 3 different positions was meas-
ured (Table 4) (Bhupinder and Sarita, 2012). The thickness of 
a film depends on the quantity of polymeric contents present. 
An increase in HPMC E5 concentration resulted in an increase 
in film thickness and vice versa. Standard deviation values of 
all the formulations were very low showing that variations 
within the thickness of the films were minor.

Tensile strength
The tensile strength and folding endurance of IRBFs was en-
hanced with the increase in plasticizer concentration (Fig. 5). 
Films with low plasticizer concentrations showed more brit-
tleness and easily broke down. All IRBFs were found to exhib-
it sufficient elasticity and strength to bear mechanical stress 
during transportation.

Folding endurance
The results of the folding endurance test are shown in Table 5. 

Anwar et al. / J Appl Biomed



120 Anwar et al. / J Appl Biomed

 

Rosuvastatin Calcium

Ezetimibe

Perindopril Erbumine

IRBF Formulation

Fig. 4. TGA analysis of individual drugs and an IRBF formulation

Table 2. Weight uniformity test results of different IRBFs

R P E PR ER

Code Mean 
(mg)

SD Mean 
(mg)

SD Mean 
(mg)

SD Mean 
(mg)

SD Mean 
(mg)

SD

5 301.867 0.125 223.433 1.907 314.4 3.785 271.367 0.974 324.967 2.949

6 249.233 0.249 180.73 1.043 296 4.060 233.133 2.674 303.9 3.471

Table 3. Percentage moisture loss content of IRBF formulations

R P E PR ER

Code Mean 
(mg)

SD Mean 
(mg)

SD Mean 
(mg)

SD Mean 
(mg)

SD Mean 
(mg)

SD

5 7.447 0.003 5.579 0.047 7.778 0.094 6.684 0.024 8.024 0.074

6 6.131 0.006 4.431 0.026 7.3079 0.101 5.728 0.0667 7.497 0.087

Table 4. Thickness measurement of various IRBFs

R P E PR ER

Code Mean 
(mm)

SD Mean 
(mm)

SD Mean 
(mm)

SD Mean 
(mm)

SD Mean 
(mm)

SD

5 0.110 0.008 0.090 0.002 0.113 0.017 0.137 0.009 0.145 0.005

6 0.117 0.012 0.093 0.001 0.121 0.020 0.133 0.009 0.138 0.002

Table 5. Folding endurance test results

R P E PR ER

Code Mean SD Mean SD Mean SD Mean SD Mean SD

5 67.33 1.69 85.33 2.87 129 0.82 102 2.16 115.33 3.29

6 60 1.63 75 2.45 94.67 3.68 75.67 2.05 85 3.26
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Fig. 5. Tensile strength of various formulations

In vitro Disintegration Time (D.T) and Total Dissolution Time 
(T.D.T)
IRBFs showed rapid disintegration time (≤1 min) and instant 
drug release owing to its rapid disintegration (Table 6). T.D.T 
of IRBFs was found to be ≤3 min (Table 7). The pH of the buccal 
cavity ranges from 5.5 to 7.4. The D.T and T.D.T experiments 

Table 6. Results of disintegration time of IRBFs

R P E PR ER

Code Mean 
(sec)

SD Mean 
(sec)

SD Mean 
(sec)

SD Mean 
(sec)

SD Mean 
(sec)

SD

5 10.393 0.090 4.393 0.037 6.033 0.033 7.207 0.017 11.090 0.016

6 11.137 0.052 9.057 0.041 6.213 0.024 14.073 0.039 13.090 0.033

were carried out in distilled water which has a pH of 7. Future 
studies on buccal films should investigate the D.T and T.D.T 
at both pH 5.5 and 7 so that a clearer picture of disintegra-
tion and dissolution characteristics of these films could be ob-
tained.

Table 7. Results of total dissolution time of IRBFs

R P E PR ER

Code Mean 
(min)

SD Mean 
(sec)

SD Mean 
(sec)

SD Mean 
(min)

SD Mean 
(min)

SD

5 1.477 0.021 38.333 2.494 73.333 1.247 1.303 0.012 2.457 0.031

6 2.057 0.039 37.333 1.247 47.667 0.943 1.327 0.009 2.413 0.026

pH determination
It can be seen from the results that an increase in the con-
centrations of plasticizer (PEG 400) and polymer (HPMC E5) 

slightly increased the pH (Table 8) (Jadhav et al., 2012). This 
might be due to the fact that drugs are acidic in nature and 
their acidity was lowered by the addition of these ingredients.

Table 8. pH measurements of different formulations

R P E PR ER

Code Mean SD Mean SD Mean SD Mean SD Mean SD

5 6.07 0.06 6.09 0.04 6.37 0.03 6.94 0.05 6.47 0.03

6 5.56 0.04 5.54 0.03 6.02 0.04 6.79 0.04 6.02 0.04
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Dissolution testing using dissolution apparatus 
The results showed that the drug release retarded as the con-
centration of HPMC E5 increased whereas it was found to 

be enhanced with the increase in concentration of PEG 400 
(Fig. 6) (Mahajan, 2012). Both the polymer and plasticizer af-
fected the drug release.

 

Fig. 6. Dissolution test results using dissolution apparatus
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Fig. 7. HPLC chromatograms. (A) standard chromatogram of Rosuvastatin-Ezetimibe, (B) chromatogram obtained after running the sample of 
films co-loaded with Rosuvastatin-Ezetimibe, (C) standard chromatogram of Rosuvastatin-Perindopril and (D) chromatogram obtained after 
running the sample of films containing Rosuvastatin-Perindopril

HPLC analysis
HPLC analysis has been conducted using mobile phase consist-
ed of Methanol-phosphate buffer-acetonitrile (70 : 25 : 5, v/v), 
adjusted to pH 3.5 using orthophosphoric acid for Rosuvasta-
tin Calcium and Ezetimibe, while for the simultaneous deter-
mination of Rosuvastatin Calcium and Perindopril Erbumine, 
a slight modification has been made in the mobile phase, as 
methanolic contents were reduced while volume of phosphate 

buffer has been increased e.g. Methanol-phosphate buffer-ace-
tonitrile (60 : 35 : 5, v/v). other conditions of temperature 
(ambient), flow rate (1 ml/min), pH (3.5) and sample run time 
(10  min) were common for both combinations of the drugs. 
However, the detection wavelength for Rosuvastatin and Eze-
timibe was 242 nm and for Rosuvastatin and Perindopril was 
225 nm (Fig. 7). Values of R2 for Rosuvastatin, Ezetimibe and 
Perindopril were >0.99 (Fig. 8).

 
Fig. 8. Linearity graph of Rosuvastatin-Perindopril, and Rosuvastatin-Ezetimibe in the concentration range of 5–30 µg/ml, describing good 
linearity behavior in the selected concentration ranges

Perindopril Rosuvastatin

Ezetimibe Rosuvastatin

Ezetimibe

Rosuvastatin

Rosuvastatin

Perindopril

Rosuvastatin

Perindopril

Rosuvastatin

Ezetimibe
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HPLC analysis has exhibited that the drug contents were 
97 to 104% for all the formulation, confirming the good load-
ing ability of the selected ingredients for film formulation. 
Furthermore, dissolution samples were analyzed by using 
HPLC, have advocated the prompt release of the drugs from all 
the formulations (Formulation encoded as 5 and 6 in Table 1), 
subjected to HPLC analysis. Rosuvastatin has been released 
around 100% from prepared IRBFs within 2 to 6 minutes. On 
the other hand, Ezetimibe has released in the concentration 
range of 70 to 100% in 10 minutes, while the amount Perindo-
pril, release was 70 to 100% in 2 to 6 minutes (Fig. 9).

 
Fig. 9. Drug release of formulations co-loaded with Rosuvastatin-
Perindopril (PR), and Rosuvastatin-Ezetimibe (ER), determined by 
HPLC, exhibiting prompt release of drugs from the formulated IRBFs

Kinetic modeling of dissolution data
Dissolution data of Rosuvastatin Calcium, Perindopril and 
Ezetimibe Formulations were fitted in various kinetic models 
such as zero order, 1st order, Higuchi and Korsmeyer–Peppas 
models (Table 9). The values of regression correlation co-ef-
ficient R2 were analyzed for all the formulations. Results ex-
hibited that for all IRBFs, R2 had lowest values in zero order 
kinetic model. So, the drug release per unit time was not con-
stant that was certainly the aspect of controlled release formu-
lations. But R2 in 1st order kinetic model had highest values 
for all the IRBFs. Higuchi model narrates the drug release dif-
fusion process containing water-soluble drugs from the matrix 
systems by Fick’s law. Hence, by these high values of R2, it was 
confirmed that the diffusion mechanism of drug release was 
nearly followed. In the case of Korsmeyer–Peppas model, R2 
values ranged from 0.91 to 0.98. The R2 values demonstrat-
ed diffusion as a mechanism of drug release (Costa and Sousa 
Lobo, 2001).

Table 9. Kinetic modeling of dissolution data

In-vitro drug release studies

Kinetic models R5 R6 P5 P6 E5 E6

Zero order
R2 0.47 0.38 0.891 0.917 0.966 0.820

ko 2.98 3.22 5.21 3.96 7.05 2.82

1st order
R2 1.00 0.99 0.923 0.985 0.989 0.824

k1 0.51 1.30 0.15 0.17 0.14 0.79

Higuchi 
model

R2 0.97 0.92 0.922 0.996 0.932 0.816

kH 21.71 23.76 20.72 19.14 15.18 20.35

Korsmeyer– 
Peppas 
model

R2 0.93 0.92 0.900 0.977 0.919 0.824

kKP 75.43 85.90 56.90 55.88 48.32 84.33

Best fit 
model

1st 
order

1st 
order

1st 
order

1st 
order

1st 
order

1st 
order

1st 
order

Dissolution analysis for IRBF formulations

Mathematical modeling on polynomial equation
Mathematical relations constructed using multiple linear re-
gression evaluation of the intended response in which varia-
bles are shown in equation 1–7 as:

YDR=64.56B0–4.36 X1+0.11X2+1.41X1X2+5.16X1
2+5.67X2

2     [(R).1]

YDR=56.62B0–9.06X1+0.38X2+0.48X1X2+10.28X1
2+1.79X2

2   [(P). 2]

YDR=65.93B0–11.96X1+1.58X2+1.80X1X2+7.37X1
2+2.86X2

2   [(E).3]

YDR=60.56B0–16.91X1+0.76X2+0.97X1X2+13.45X1
2+2.96X2

2  [(R) PR. 4]

YDR=65.66B0–14.53X1+0.34X2–2.55X1X2+7.20X1
2+1.72X2

2  [(P) PR. 5]

YDR=79.40B0+7.49X1–1.24X2–6.12X1X2+0.37X1
2–6.70XX2

2   [(R) ER. 6]

YDR=58.91B0–5.89X1+3.12X2–17.72X1X2+3.47X1
2+5.02XX2

2 [(E) ER. 7]

From the equations, it was noticed that HPMC E5 exerted 
a negative effect while PEG 400 had influenced positively. Both 
interacting factors X1X2 have positive values, which indicated 
that mean simultaneous variation in both X1 and X2 enhanced 
the dissolution of the films.

Reasons of delay in the release of the drug with increase 
in the concentration of the polymer is because it increases 
the thickness of the film, resulting in more dissolution time. 
Moreover, HPMC has the ability to form a gel layer around the 
particles of the drug, more polymeric content means greater 
thickness of the gel layer, causing drug to travel more distance 
to reach the liquid medium. In case of the swelling matrix 
from the dissolution media, when water passed through the 
matrix, it initiated the drug release. To form a gel like struc-
ture, polymer got hydrated with water which dissolved the 
drug and relaxed the polymeric chains. As a consequence, the 
drug dispersed out of the matrix. Drug solubility is an essen-
tial parameter that effects the release of the drug (Zaman et 
al., 2013). The presence of PEG 400 as plasticizer in the buc-
cal film provides elasticity and plasticity. In addition, PEG 400 
was efficacious in the augmentation of drug dissolution due to 
its hygroscopic nature. PEG also reduced the viscosity of the 
polymeric gel resulting in enhanced release of the drug from 
the formulations (Abd Elbary et al., 2012).

 
Conclusions

The current study was adapted to fabricate the instant release 
buccal films (IRBFs) of Rosuvastatin Calcium, Perindopril  
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Erbumine and Ezetimibe in the treatment of hypertension 
and hypercholesterolemia. The IRBFs of Rosuvastatin Calcium, 
Perindopril Erbumine and Ezetimibe were formulated effec-
tively with satisfactory dissolution and disintegration results. 
The formulations exhibited anticipated outcomes individually 
as well as in combination. The results displayed that all drugs, 
polymers and plasticizers used were suitable. They exhibit po-
tential by increasing the patient compliance thereby reducing 
chances of dose failure as well as quick onset of action, and sec-
ondly, by mitigating the cost of the treatment as an outcome 
of intermixing two drugs in single mixture film. The safety 
and compatibility of these formulations with buccal mucosa 
are still required to be thoroughly studied. Our findings could 
potentially be extrapolated and translated to clinical practice 
if the oral cavity/buccal mucosa is rinsed with distilled water 
prior to the application of buccal films hence simulating the 
clinical situation almost similar to the experimental model. 
Furthermore, in vivo pharmacokinetic study to investigate 
inter-individual variability in bioavailability is recommended.
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