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The present study was aimed to formulate and evaluate fast dissolving oral film of Rosuvastatin calcium
to improve its bioavailability in comparison to typical solid oral dosage forms. The drug was formulated
as solid dispersion with hydrophilic polymers and assessed for different constraints such as drug content,
saturated solubility, and drug-polymer interaction. Best formula was selected and prepared in the form of
orodispersible film. The films were developed by solvent casting method and examined for weight vari-
ations, drug content, folding endurance, pH, swelling profile, disintegration time, and in vitro dissolution.
Further pharmacokinetic study was also performed on rabbit and compared with that of the marketed
oral formulation. The drug and the polymers were found to be compatible with each other by FTIR study.
Maximum solubility was found at drug polymer ratio of 1:4 and that was 54.53 #* 2.05 pg/mL. The disin-
tegration time of the developed film was observed to be 10 + 2.01 s, while release of the Rosuvastatin
from the film was found to be 99.06 + 0.40 in 10 min. Stability study shown that developed film was
stable for three months. Further pharmacokinetic study revealed that developed orodispersible film
had enhance oral bioavailability as compared to marketed product (Crestor® tablets). Conclusively, the
study backs the development of a viable ODF of Rosuvastatin with better bioavailability.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction children, the geriatric, and those who are mentally ill and have dif-

ficulty with swallowing of tablets. When compared to traditional

Drug delivery by oral route is the most convenient, safe and
economical (Samita et al., 2012). However, there is a growing need
to enhance medication compliance for many patients, including
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oral medication, developing a rapid disintegrating or orally disinte-
grating dosage form that dissolves or disintegrates in the oral cav-
ity without the need for water or chewing is a preferable option for
such patients (Sutradhar et al., 2012; Basu et al., 2011). Because the
oral mucosa is highly vascularized, it has a high permeability to
many medications and serves as a good site for drug absorption.
As per FDA definition, an oral disintegrating tablet (ODT) was
defined as a solid-dosage form containing medicinal substances
which disintegrates rapidly, usually within a matter of seconds,
when placed on the tongue. Oro-dipersible film (ODF) also falls
in the same category with extended definition as: a thin, flexible,
non-friable polymeric film comprising active drug which is meant
to be sited on the tongue for fast disintegration/dissolution in the
saliva for delivery into the gastrointestinal tract (fda.gov). Fast dis-
solving oral film (FDOF) is a preferable technique since it dissolves
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quickly in the mouth and reaches the systemic circulation immedi-
ately. Several clinical studies have evident that fast disintegrating
films can improve patient compliance, provide an immediate onset
time of action with enhance bioavailability (Kumar and Sharma,
2012). Such delivery system is also very advantageous for the ther-
apeutic molecules having first pass metabolism and lower oral
bioavailability.

In the present work, Rosuvastatin was used as a model drug
candidate for the development of an oral dissolving film. Rosuvas-
tatin is a member of the drug class statins, commonly used for the
treatment of dyslipidemia to lower high cholesterol level (Maria
et al., 2019; Ahmed et al., 2020). The dose of Rosuvastatin usually
starts with 5 mg once daily and could be increased if needed up to
20 mg/day, (max 40 mg/ day), following oral administration it
reaches to maximum plasma concentration within 3-5 h and it
has approximate elimination half-life of 19 h (Pal et al., 2016).
Rosuvastatin is BCS class Il drug with lower solubility profile and
has poor absolute bioavailability 20% (Amr et al., 2011). The disso-
lution and permeability of Rosuvastatin oral conventional solid
dosage forms could be regulated by the formulation excipients
and method of manufacture (Pal et al., 2016).

In account of all these features, we develop oro-dispersible film
(ODF) of rosuvastatin by enhancing the disintegration and dissolu-
tion of rosuvastatin to improve the bioavailability of the drug. ODF
formulation properties are critically affected by the choice of its
components. An appropriate drug selection is determined in part
by its dosage, which would be usually confined to a maximum of
30% (w/w) of the film’s weight. Rosuvastatin is a strong option
for this sort of dosage form because its customary starting dose
is 5 mg once day. Selection of appropriate polymer(s) for the for-
mulation and its amount have a crucial role because it imparts as
the key constituent in the formulation (as a minimum 45% of the
dry weight), provides the obligatory mechanical strength to the
oral film and persuading the drug release into the oral cavity.
The purpose of this study was to choose the suitable polymer that
can enhance the drug solubility. Two distinct hydrophilic polymers
were chosen, and they were picked in terms of the ability to form
an inclusion complex or a solid dispersion. To achieve greater
bioavailability, PEG 4000 and poloxamer 407 (Pluronic® F127)
were employed to formulate solid dispersions in drug to polymer
ratios of 1:1, 1:2, and 1:4 (w/w), followed by the preparation of
an oro-dispersible film.

2. Materials and methods
2.1. Materials

Rosuvastatin calcium was obtained as a gift from Aljazeera
Pharma, KSA. Hydroxypropyl methyl cellulose (HPMC E15),
Sodium carboxymethyl cellulose (Na CMC), glycerin, Polyethylene
glycol (PEG 400 and PEG 4000) and Pluronic F-127 were purchased
from Sigma-Aldrich, St. Louis, MI, USA. Crestor® tablets (Corden
Pharma Gmbh, Germany) were purchased from local pharmaceuti-
cal store (Al Nahdi Pharmacy). All the used reagents and chemicals
were of analytical reagent grade, unless otherwise stated.

2.2. Formulation of rosuvastatin calcium solid dispersions

Rosuvastatin calcium solid dispersions (ROS-SDs) was devel-
oped by fusion method (Tran et al., 2019). Briefly, physical mixture
of the hydrophilic carriers and drug (PEG 4000 or pluronic F-127 in
ratio of 1:1, 1:2, 1:3 and 1:4, drug: polymer ratio) is heated until
they melt. Then, this melt is cooled with continuous stirring. The
resultant solid mass is crushed and sieved to get solid dispersion
with homogenous particle size. Solid dispersion formulation illus-
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tration is represented in Fig. 1 and scomposition are shown in
Table 1.

2.3. Evaluation of rosuvastatin calcium solid dispersions

2.3.1. Drug content

Drug content of SDs was assessed by dissolving an amount of
SDs equivalent to 10 mg of rosuvastatin calcium in 100 mL of phos-
phate buffer (pH 6.8). The solutions were further filtered, diluted
and the absorbances were measured spectrophotometrically at
the predetermined A max 246 nm (UV visible spectrophotometer
UV-1601 Shimadzu Corporation, Japan). All measurements were
done in triplicates and the values were represented as mean + SD.

2.3.2. Saturated solubility study

Saturated solubility of pure rosuvastatin calcium and its SDs
were conducted by adding excess amount of pure rosuvastatin cal-
cium and its SDs to glass tubes comprising of 10 mL phosphate buf-
fer followed by sonication for 30 min. Furthermore, orbital shaker
was employed for 24 h to attain the equilibrium solubility. Further,
these solutions were filtered, diluted, and evaluated for drug con-
tent by spectrophotometer at L™ 246 nm. All measurements were
done in triplicates and the values were represented as mean * SD
(Baka at al., 2008; Ali et al., 2022).

2.3.3. Fourier transform infra-red analysis (FT-IR)

The FT-IR spectroscopy (Thermo nicolet 6700, USA) was utilized
as a tool to confirm any possible drug-polymer interaction. Drug
and physical mixture were mixed with KBr in order to form a pel-
let, which was analyzed in the IR-range of 400-4000 cm™'. Based
on the outcomes of these studies, the best SD was further evalu-
ated for DSC, XRD and SEM studies.

2.3.4. X-ray diffraction XRD for the selected SD

X-ray diffractometer (Siemens, Munich, Germany) was
employed to check the crystallinity of pure drug and selected for-
mula SD4. All the specimens were imperiled to radiation operating
at 40 KV and 40 mA (Ako = 1.5418 A). The diffraction pattern was
attained by employing continuous scan mode with 26’ varying from
4° to 60°) (Ibrahim et al., 2014).

2.3.5. DSC evaluation

The Differential scanning calorimeter (Shimadzu DSC-60,
Tokyo, Japan) were used for DSC scan of pure drug and selected
SD4 formulation. The study was held out at a heating rate of
10 °C/min from 10 to 200 °C in the nitrogen atmosphere.

2.3.6. Scanning electron microscopy

Scanning Electron microscopy (SEM, Quanta 400; FEI, Cam-
bridge, UK) was used for the study of surface morphology of the
selected formula SD4.

2.4. Formulation of fast-dissolving films

Fast-dissolving films of Rosuvastatin calcium were developed
by solvent-casting method (Shen et al., 2014; Chavan et al,,
2020). The film-forming materials (HPMC E15 or Na CMC) were
dissolved in distilled water in different weight ratios. The plasticiz-
ers (PEG 400 or glycerin) were mixed to the polymeric solution
with continuous stirring. The drug solution was prepared by dis-
solving an amount of the best solid dispersion formula correspond-
ing to 10 mg in phosphate buffer. Both polymeric and drug solution
were mixed and stirred continuously at suitable RPM. The mixture
was poured onto a glass Petri dish and allowed to dry at room tem-
perature. Surface perfection, folding or breaking, and ease of
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Fig. 1. Schematic representation of solid dispersion preparation method.

Table 1
Composition of solid dispersion formulations with their responses.

% Drug content + SD

Saturated solubility in phosphate buffer (ug/mL) + SD

Formula code Polymer Drug: polymer ratio
SD1 Pluronic F-127 1:1

SD2 1:2

SD3 1:3

SD4 1:4

SD5 PEG 4000 1:1

SD6 1:2

SD7 1:3

SD8 1:4

Pure drug

96.35 + 1.75 30.17 £ 1.63
97.14 £ 0.95 38.73 £ 0.98
95.87 + 0.85 44.26 + 1.64
98.53 + 1.05 54.53 + 2.05
96.82 + 2.03 22.86 + 1.96
98.16 + 1.63 29.56 + 1.73
99.04 + 1.87 37.27 +1.83
96.15 + 2.06 42.58 +0.93

14.54 £ 1.58

detachment from the Petri dish were all tested on the prepared
films. The composition of ODFs is shown in Table 2.

2.5. Evaluation of the prepared Rosuvastatin calcium fast dissolving
oral films.

2.5.1. Physical appearance, weight variations and thickness

Physical appearance of developed films was observed visually.
Five samples of each formulation were weighed individually, and
average weight was computed. The film thickness of the ODFs
was assessed with a micrometer screw gauge at various sites and
an average was calculated.

2.5.2. pH evaluation

Because an acidic or alkaline pH may induce irritation to the
buccal mucosa, the surface pH of the films was evaluated in order
to explore the probable impacts of a change in pH in vivo. The film
to be examined was moistened with 0.5 mL of distilled water and
stored in a Petri dish for 1 h, after which the pH was measured with

Table 2
Different variables included into the prepared films.

a pH meter (Jenway 3510, Swedesboro, USA). All measurements
were done in triplicate.

2.5.3. Percentage moisture loss

The initial weight of every film was determined, and then the
films were stored in a desiccator comprising anhydrous calcium
carbonate for three days at room temperature to determine mois-
ture loss %. Following that, these films were removed and
reweighed (Satyanarayana et al. 2012). Moisture loss percent was
calculated as per the following equation:

Moisture loss % = ((Initial weight

weight) x 100.

Final weight)\Initial

2.5.4. Drug content

To ensure the drug payload in the film, drug content analysis
was done. A premeasured region of the film was dissolved in phos-
phate buffer (50 mL) by stirring followed by filtration through
Whatman filter paper. Amount of drug in solution was analyzed

Formula No. Rosuvastatin (mg) Polymer type Polymer concentration (% w/v) Plasticizer type Plasticizer concentration (% w/v)
ODF 1 10 HPMC E15 2.5 Glycerin 7.5
ODF 2 10 HPMC E15 2.5 PEG 400 7.5
ODF 3 10 HPMC E15 2.5 Glycerin 15
ODF 4 10 HPMC E15 2.5 PEG 400 15
ODF 5 10 HPMC E15 5 Glycerin 7.5
ODF 6 10 HPMC E15 5 PEG 400 7.5
ODF 7 10 HPMC E15 5 Glycerin 15
ODF 8 10 HPMC E15 5 PEG 400 15
ODF 9 10 Na CMC 2.5 Glycerin 7.5
ODF 10 10 Na CMC 2.5 PEG 400 7.5
ODF 11 10 Na CMC 2.5 Glycerin 15
ODF 12 10 Na CMC 2.5 PEG 400 15
ODF 13 10 Na CMC 5 Glycerin 7.5
ODF 14 10 Na CMC 5 PEG 400 7.5
ODF 15 10 Na CMC 5 Glycerin 15
ODF 16 10 Na CMC 5 PEG 400 15
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using an UV-visible spectrophotometer. All measurements were
performed in triplicate.

2.5.5. Folding endurance

Folding endurance was evaluated by folding the film several
times at the same location until it broke, then calculating the num-
ber of times the film could be folded without breaking (Karen et al.,
2013). The folding endurance is directly proportional with the film
flexibility (Shivhare et al., 2010).

2.5.6. Tensile strength

Tensile strength can be defined as the highest force needed to
break the films. This was done to evaluate the mechanical strength
of the prepared films. Tensile strength was measured by tensile
tester (Qualitest, model EMS301, USA) which consists of two
clamps, one of them is fixed while the other one is movable in
the opposite direction at a rate of 35 mm/min. The film was placed
between these two clamps with recording the point at which the
film was broken (Takeuchi et al., 2020). Tensile strength was stated
as force/unit area and computed from the following equation (Ali
et al,, 2016; Redai et al., 2021):

Tensile strength (N/jcm?) = the force at which the film broke
(Newton)/(Film thickness (cm) x film width (cm)).

2.5.7. In vitro disintegration and dissolution time

The film was placed on Petri dish comprising 10 mL of simu-
lated salivary fluid with churning each 10 sec. both disintegration
and dissolution time were determined for each formula in tripli-
cate and presented as mean + SD (Bharti et al., 2019).

2.5.8. In vitro dissolution

The in vitro release of Rosuvastatin loaded ODF was carried out
by USP Apparatus I (Pharm Test, Hainburg, Germany). Simulated
salivary fluid (SSF, 300 mL, pH 6.8) was taken as the dissolution
medium and was kept at 37 + 5 °C. A premeasured film was placed
into the basket and set at 75 rpm. At definite time, 5 mL of the sam-
ple were taken and swapped with same amount of fresh buffer. The
withdrawn samples were filtered and evaluated for the drug by
using a UV spectrophotometer at 246 nm.

2.6. Stability study

Stability of any formulation is a prominent factor for its success.
In order to evaluate the stability of selected ODF, it was first
wrapped in a butter paper followed by aluminum foil and stored
for three months at the specified relative humidity storage condi-
tions (40 °C/75%). Samples were taken out at every month and ana-
lyzed for different parameters like physical appearance, pH,
content of drug, moisture content, disintegration and dissolution
time, tensile strength, and drug release profile (Hamza M. 2017).

2.7. In vivo pharmacokinetic study

In vivo study was granted by the Research Ethics Committee,
Department of Pharmacology and Toxicology, Faculty of Pharmacy,
Prince Sattam Bin Abdulaziz University, Al-Kharj, Saudi Arabia
(Approval No: BERC-001-03-21). All the studies were done on male
rabbits (2.6-3.1 kg). During the study, all the rabbits were healthy.
The rabbits were fasted overnight prior to receiving the formula-
tions. The investigation was divided into two phases with a two-
sequence cross-over design. The rabbits were separated into two
groups at random. The marketed formulation was given to one
group, while the ODF (SD4) was given to the other. With the use
of a body restraint apparatus in which the rabbit’'s head was
exposed and the gums were pulled apart with a wooden tongue

138

Saudi Pharmaceutical Journal 31 (2023) 135-146

depressor, film was placed carefully on the rabbit’s tongue. By wet-
ting the mouth with a small bit of water, the film was inserted in
the mouth. To ensure complete disintegration of the film, the inno-
vator also added a slight strain to restrain the mouth. Blood sam-
ples were taken from each rabbit’s peripheral vein at a specific
interval of 0, 1, 2, 3,4, 5,7,9, 12, 24 h for the pharmacokinetic anal-
ysis. The acquired samples were then centrifuged at 6000 rpm for
20 min to extract the plasma and reserved for future analysis.

2.8. Sample preparation for analysis

Protein precipitation method was employed to treat plasma
samples. The internal standard (prednisolone) was prepared in
concentration of 100 pg/mL. Briefly, mixture of 50 pL of internal
standard solution and 0.75 mL methanol were added to about
0.2 mL of plasma sample followed by vortexing for one minute fol-
lowed by centrifugation (15,000 rpm, 10 min). The supernatant
was separated and placed into a vial. 5 pL of this supernatant
was injected into the LC/MS/MS apparatus for quantitative deter-
mination of rosuvastatin. Chromatographic conditions: a validated
UPLC-MS/MS (Waters Acquity, Milford, MA, USA) with C18 column
(50 mm x 2.1 mm, 1.7 pm) was used to assess the Rosuvastatin
concentration in rabbit plasma. The mobile phase consisted of ace-
tonitrile and 0.1% formic acid mixture (35:65 v/v) and allowed to
flow at a rate of 0.25 mL/min (Alshora et al., 2018).

2.9. Pharmacokinetic analysis

Different pharmacokinetics parameters such as maximum
plasma concentration (Cpax), peak time (Tpnax), area under the
curve (AUC), mean residence time (MRT), and half-life (t;,) were
calculated using WinNonlin software (version 1.5, Scientific Con-
sulting, Inc., Rockville, MD, USA). Results were represented as
mean values + standard deviations. Furthermore, Single way
ANOVA was used to visualize the substantial variation between
the pharmacokinetic parameters.

3. Results and discussion
3.1. Characterization of the solid dispersions

3.1.1. Drug content

Every developed SD was tested for its drug content and summa-
rized in Table 1. Rosuvastatin content in solid dispersions formula-
tions was found to be uniform and ranged from 96.15 + 2.06 to 99.
04 + 1.87.

3.1.2. Saturated solubility

The solubility of rosuvastatin in phosphate buffer was observed
to be 14.54 + 1.58 (pg/mL +* SD) as shown in Table 1. To expedite
the ODF integration of rosuvastatin in a solubilized form, two dis-
tinct polymers (PEG 4000 and poloxamer 407) were explored.
Poloxamer has bland taste, therefore it was chosen as stabilizer.
The outcomes of saturated solubility studies of rosuvastatin with
the poloxamer is demonstrated in Table 1. It can be observed that
by adding different polymer ratios of 1:1, 1:2,1:3, and 1:4 (w/w) of
either P407 or PEG 4000 considerably boosted solubility of rosu-
vastatin in phosphate buffer, 1:4 polymer ratios of P407 (SD4) sig-
nificantly increased the solubility of rosuvastatin in phosphate
buffer compared to PEG 4000. Based on saturated solubility data
the formula SD4 was selected as a best formula and characteriza-
tion of the SD4 was performed using differential scanning
calorimetry (DSC), X-ray diffractometry (XRD), and scanning elec-
tron microscopy (SEM).



R.M. Zaki, M. Alfadhel, V. DevanathaDesikan Seshadri et al. Saudi Pharmaceutical Journal 31 (2023) 135-146

130 A
e ) V- v i
™ ! 1
120 VI
B o
. y
C L \
100}. & - v
D -
A m . o A T -
E o A
%T 80f e ' i ¥
N S Yy
F . , Y
- | A
= 6 —
H ) ) _ -
| . o
40 ) \ B 5
WY 'I v o " )
w A A A A A - A A
4000 3000 2000 1000 400

Wavenumber [cm-1]

Fig. 2. FTIR spectra of A. Rosuvastatin, B. PEG 4000, C. Pluronic F 127, D. Na CMC, E. HPMC E15, F. Drug-HPMC physical mixture, G. Drug- Na CMC physical mixture, H. Drug-
Pluronic F127 physical mixture, and I. Drug-PEG 4000.

ntersty (cps)

30 0000 40 0000 0 0000
Jreta (069 )
ntenstty (cps)

3000 T T T T T T T T T
L (8) .
2000 -1
1000~ -
o . I AN 2\ /\ ] \\ AS VU N P N —_—

10.0000 20,0000 300000 40,0000 50.0000
2theta (deg.)
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3.2. Fourier transform infra-red analysis

The FTIR spectra of Rosuvastatin, PEG 4000, poloxamer 407, Na
CMC, HPMC E15, Drug-HPMC physical mixture, Drug- Na CMC
physical mixture, Drug- poloxamer 407 physical mixture and
Drug-PEG 4000 are shown in Fig. 2. Rosuvastatin exhibited distinc-
tive absorption bands at 3337.90 cm~', 2968.23 cm~! and
1435.48 cm~! comparable to cyclic amines, CH stretching, C=0
stretching, O—H bending. These agreed with the previously
reported monograph for rosuvastatin (Schachter et al. 2005). These
characteristics peaks of the drug were also found in the different
physical mixture of drug-polymer, which suggest the compatibility
of drug-polymer.

Saudi Pharmaceutical Journal 31 (2023) 135-146
3.3. X-ray diffraction study

The pure drug’s diffraction spectrum (Fig. 3) revealed a highly
crystalline component, as evidenced by the distinctive intense
peaks at 26 values of 16.04, 22.45, and 34, and these were similar
to those discussed in the literature (Sarfraz et al., 2015). Rosuvas-
tatin’s XRD pattern also revealed several strong distinctive diffrac-
tion lines, showing that it is a fully crystalline substance. When
compared to the parent elements, the drug-SD4 XRD spectra dis-
played a less intense spectrum. XRD studies showed decrease in
the peak intensity or absence of peaks which indicated the amor-
phous nature of the drug in solid dispersions (SD4).
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3.4. DSC evaluation for the formula SD4

Fig. 4 illustrates the DSC thermograms of Rosuvastatin, polox-
amer 407 and solid dispersion formula (SD4) which was desig-
nated as a optimized formulation. Rosuvastatin’s thermogram
included an endothermic peak at about 165 °C, which corresponds
to the drug’s melting point (Kapure et al., 2013). Also showed
endothermic peaks at 50 °C up to 100 °C, correspond to the loss
of water from Rosuvastatin (Angelo et al.,, 2019). Similarly, the
DSC of both poloxamer 407 and SD4 revealed endothermic peaks
at 65 °C correspond to the melting point of poloxamer 407. It can
be observed that the peaks of Rosuvastatin is totally disappeared
in the thermogram of SD4 indicating that the drug was in amor-
phous state and completely entrapped by the polymer. In the solid
dispersion formula (SD4), this also ensures the development of an
uniform distribution with complete molecular miscibility of the
various polymer components.

3.5. Scanning electron microscopy

The findings of SEM images revealed that SD4 formulation
showed distinctive amorphous aggregates and lack of the distinct
nature of crystals (Fig. 5).

3.6. Experimental design

Orodispersible films were prepared by solvent casting method
using the best solid dispersion formula (SD4). The effect of HPMC
E15 concentration of (2.5 or 5, %w/v) and Na CMC concentration

Saudi Pharmaceutical Journal 31 (2023) 135-146

of 2.5 (% w/v), plasticizer type (PEG 400 and glycerin), and plasti-
cizer concentration (7.5% and 15%, w/v) was evaluated. The compo-
sition of different coded formulations was summarized in Table 2.

3.7. Physicochemical characterization of Rosuvastatin calcium fast
dissolving oral films

Developed ODFs were transparent, flexible, non-sticky, smooth,
and homogenous. The pH, weight and thickness, % drug content, %
moisture loss and folding endurance of developed films are shown
in Fig. 6. Film’s surface pH varied from 5.97 to 7.87, which is near to
the neutral pH of the buccal cavity indicating no irritation for the
buccal cavity. The weight of ODFs varied from 157.36 to
193.33 mg. Determination of thickness and area weight are the
general requirement for ODF (El-Feky et al., 2020). A typical film
thickness ranges from 0.05 and 1 mm (El-Feky, et al., 2020). The
average thickness of the ODFs spanned from 0.157 + 0.023 to 0.1
81 £ 0.013 mm, as shown in Fig. 6B, validating acceptable reliabil-
ity. The findings of rosuvastatin loading content in ODFs prepara-
tions were also reported in Fig. 6A and found to be consistent,
ranging from 96.3 to 102.1.

3.7.1. Determination of Moisture loss

The moisture sorption properties of the ODF formulations are so
important to visualize the stability of films (Chavan et al., 2020). It
was expected to be affected by the polymers used in the formula-
tion. The percent moisture loss of different ODF formulations are
shown Fig. 6B. The percentage moisture loss ranged from 1.01 £ 0.
017% to 1.72 £+ 0.024%, with a general downward trend in moisture
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loss when both the plasticizer level and the polymer concentration
increased. This range of moisture loss was acceptable, indicating
low moisture loss and good stability for the prepared films
(Bharti et al., 2019).

3.7.2. Folding endurance

For measuring the folding endurance, films were repeatedly
folded at the same position until they break (Khurana et al.,
2000). Highest folding endurance was shown by film ODF 4 and
the lowest was found to be for film ODF 13. Regardless the type
of the polymer in the prepared films, folding endurance was found
to be affected by the type of plasticizer. Films prepared with PEG
400 have slightly increased folding endurance compared to films
contained glycerol, for example, ODF 4 (PEG 400) has folding
endurance of 38, while ODF 3 (Glycerol) has folding endurance of
30 Fig. 6A. Our finding was in agreement with Bariya and
Koradiya (2016) who reported that orodispersable films prepared
with PEG400 as a plasticizer showed better folding endurance than
those prepared with glycerol.
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3.8. Tensile strength

As shown in Fig. 7A, both polymer type and concentration
directly affect the tensile strength of film. As earlier stated, with
the plasticizer PEG 400, the film’s tensile strength was at its lowest.
It was also observed that increasing the concentration of either of
the plasticizers resulted in a significant reduction in film strength.
An ideal ODF should have adequate tensile strength to withstand
mechanical stress, but extremely high tensile strength is undesir-
able because it may slow down the release of the medication from
the polymer matrix (Nair et al.,, 2013). The developed ODFs had
tensile strength from 1.18 + 0.009 to 2.81 + 0.063 N/cm?, as shown
in Fig. 7A. By changing the polymer types, tensile strength changed
significantly. ODFs prepared with HPMC polymer had much
greater tensile strength as compared with CMC polymer. This
might be attributed to the type and molecular weight variations
between these polymers. Maher et al., also stated the similar out-
comes (Maher et al., 2016). Furthermore, it was observed that upp-
ing the concentration of polymer enhanced the tensile strength of
the formed ODFs substantially. That might be because at higher
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concentrations, the utilized polymer chains create a tightly packed
network, result in the formation of a stronger matrix. Similar find-
ings were reported by Bharti et al., who discovered that raising the
film’s former concentration enhanced the tensile strength of the
constructed films (Wong et al., 1999).

3.9. In vitro disintegration and dissolution time of films

The disintegration time of ODF formulations ranged from
10 +2.01 to 51 * 3.48 s seconds, as shown in Fig. 7A. All the devel-
oped ODFs had disintegration time <1 min, which was in agree-
ment with the previous study done by Liew et al. (Liew et al,
2012). It was seen that PEG 400 resulted in significantly shorter
disintegration time than glycerin. When compared to Na CMC,
the disintegration period of polymer HPMC E15 films was much
shorter. This may be owing to the increased E15 content in HPMC
E15 film, which, due to its high-water solubility, allows water to
penetrate into the film. This result in accordance with Maher
et al. who studied the effect of polymer type on the disintegration
time of olanzapine loaded orodispersable film and reported that
films prepared with HPMC showed lower disintegration time than
those prepared with NaCMC.

In vitro dissolution time of different films are shown in Fig. 7B.
The impacts of polymer nature and concentration on film dissolu-
tion time revealed that polymer 1 (HPMC E15) dissolving slower
than polymer 2. (NaCMC). Fig. 7B shows that the duration was also
extended at higher polymer concentrations (5 mg). When com-
pared to glycerin, the plasticizer PEG 400 had the shortest film dis-
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solving time, and the time reduced linearly when the plasticizer
concentration was raised.

3.10. In vitro drug release

Fig. 7B shows the release of drug from ODF formulations. The
ODF constructed with HPMC E15 had a higher release profile than
the ODFs made with Na CMC as the polymer matrix. However,
increasing the concentration of HPMC E15 decreased the % release.
This might be due to formation of a relatively strong matrix layer
with greater deformability and poor water permeability for drug
diffusion affected by more physical intimacy between HPMC parti-
cles at high concentrations (Sapkal et al., 2011). Furthermore,
increased polymer concentrations created a viscous environment
in the system, which slowed water transport into the matrix and
drug diffusion into the milieu (Dunn & English, 2002). While,
NaCMC has a greater molecular weight than HPMC E5, allowing
for the development of a stronger matrix and slower release. This
adds to the evidence that HPMC E15 has an essential role in
improving Rosuvastatin dissolution from prepared films.

3.11. Assessment of optimized ODF
Based on in vitro evaluations of ODFs, it can be concluded that

the optimum formulation was ODF4. So, ODF4 was picked for fur-
ther evaluation of stability and in vivo study.
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3.12. Stability study of optimized film

The formulated orodispersible film ODF4 was observed for
visual appearance, thickness, % drug content, % moisture loss, fold-
ing endurance, Disintegration time (seconds), Tensile strength, %
drug released and Dissolution time (seconds) after a period of three
month and the results was summarized in Fig. 8A and B. The ODF4
profile indicated that the physical appearance remains transparent
over the indicated period. The thickness properties of ODF4 not lar-
gely affected by time, the initial thickness was 0.151 mm, while
after three month it was observed 0.147 mm. The percentage of
moisture loss, tensile strength, and folding endurance slightly
decreased over a period of three month. The drug content in the
formulation was varied from 97.4% to 96.8%. This indicates that
there was no significant loss of drug from the film during storage.
Initially, 99.06% of drug release was observed from the optimized
film within the first 10 min and after a period of three-month,
release of drug was found to 97.8%. So, from the stability data of
developed film, it can be concluded that the changes in the physi-
cal and in vitro characteristics of developed film were insignificant
after the storage period of three months.
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3.13. In vivo pharmacokinetic study

The bioavailability of rosuvastatin orodispersible film was
tested and compared to that of a commercially available product
(Crestor® tablets). The mean plasma concentration time curve is
illustrated in Fig. 9. The mean Cy,.x estimated from Crestor® tablets
and the selected formula ODF4 were 410 ng/m and 491 ng/mL
respectively as shown in Fig. 10B. The variations in Cy,.x between
the two treatments were statistically significant (p < 0.05) (Table 3).
When comparing the fast-dissolving film ODF4 to the Crestor® pill,
the mean AUCy_., which represents the total amount of drug
absorbed over a 24-hour period, was considerably higher
(p < 0.05). Additionally, tmax and tq> were calculated Fig. 10A. Trax
and t;, of ODF4 were found to be significantly different from cres-
tor® tablet with p value 0.001 and 0.10, respectively as shown in
Table 3. The higher Cp.yx, faster ty,x with the enhanced bioavail-
ability noted for ODF4 than the marketed Crestor® tablets may
be credited to prompt disintegration and dissolution of the drug
in the saliva followed by higher permeability through rich vascu-
larized oral mucosa.
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Table 3

Single way ANOVA for pharmacokinetic parameters.
Pharmacokinetic Parameters SS Df MS F P-value
Cmax 9760.667 1 9760.667 1195.184 4.18E-06
Tmax 6 1 6 72 0.001058
AUC 0-t 1,636,470 1 1,636,470 405.7284 3.59E-05
Auc0-00 3,152,180 1 3,152,180 35.77696 0.003927
MRTO-c0 6.437106 1 6.437106 6.344264 0.065442
ti2 10.3494 1 10.3494 21.01835 0.010148
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4. Conclusion

The results show that rosuvastatin solubility was enhanced by
the production of solid dispersion, particularly with Poloxamer
407, which was successfully incorporated into orodispersible films
using a variety of film forming polymers. The optimized film (ODF
4) constitutes of 2.5% w/v, HPMC E15 and plasticized with 15% w/v,
PEG 400. When compared to CMC-based films, the optimized ODF4
had a much shorter disintegration time (10 + 2.01 s), better folding
endurance, and a higher percentage of drug release. Shorter disin-
tegration time is prerequisite for oral disintegration tablet or
orodispersable film as per the FDA definition. Stability study
revealed that the developed formulation was stable for a period
of three months. Furthermore, in vivo bioavailability study in rab-
bits showed that there was significant increase in rosuvastatin
bioavailability compared to marketed tablet. Finally, it can be con-
cluded that the optimized ODF can be a promising, easy, and cost-
effective approach to improve the rosuvastatin bioavailability.
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