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Abstract
The present investigation is concerned with the development of the Atorvastatin buccal films, which were

designed to prolong the buccal residence time, to increase penetration through buccal mucosa and thus increase
the bioavailability. Various formulations were developed by using release rate controlling film-forming polymers
like Gellan Gum, HPMC E5, and HPMC E50 in various combinations using plasticizer PEG 400. The prepared films
were evaluated for the number of parameters like physical appearance and surface texture, weight uniformity, the
thickness of the films, folding endurance, swelling index, tensile strength, drug excipients interaction study,
content uniformity, in-vitro drug release study. The FTIR studies indicate that Atorvastatin showed complete
entrapment within the polymer carrier bonding is suggested, and there was no chemical interaction. From all the
formulations, F8 shows 98.24% of drug release at the ends of 8hr and chosen as optimized formulation and which
follows zero-order release with non-fickian transport.
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INTRODUCTION

Since the early 1980s, there has been renewed
interest in theuse of bio adhesive polymersto
prolong contact timein the various mucosal routes
of drug administration.The ability to mainta in a
delivery systemat aparticular location for an
extended period has great appeal for both local as
well assystemic drug bioavailability [1-4]. Drug
absorption through a mucosal surface is efficient
because mucosal surfaces are usually rich in blood
supply,providing rapid drug transport to the
systemic circulation and avoiding degradation by
gastrointestinal enzymes and first-pass hepatic
metabolism [5].

ORALTRANSMUCOSALDRUGDELIVERY

Within the oral cavity, the delivery of the drug
is classified into the categories. Due to its excellent
accessibility and reason able patient compliance,
the oral mucosal cavity offers an attractive route of
drug administration. Within the oral mucosal cavity
delivery of the drug is classified into the following
categories:

a) Sublingual delivery which is
delivery of drug through the mucosal
membrane lining the floor of the mouth.

b) Buccal delivery & local delivery for the
treatment of conditions of the oral cavity.
The oral cavity is the for emostpart of the
digestive system of the human body.It is

systemic

also referred to as a “buccalcavity.”It is
accountable for various primary functions
of the body. The careful examination of
various features of the oral -cavity
canhelpin the development of a suitable
mucoadhesive drug delivery systems.
Atorvastatin is a lipid-lowering drug included in the
By inhibiting the
endogenous production of cholesterol in the liver,
statins lower abnormal cholesterol and lipid levels,
and ultimately reduce the risk of cardiovascular

statin class of medications.

disease. More specifically, statin medications
competitively inhibit the enzyme
hydroxymethylglutaryl-coenzyme A (HMG-CoA)

Reductase, which catalyzes the conversion of HMG-
CoA to mevalonic acid. This conversion is a critical
metabolic reaction involved in the production of
several compounds involved in lipid metabolism and
transport, cholesterol,
lipoprotein (LDL) (sometimes referred to as "bad
cholesterol"), and very-low-density lipoprotein

(VLDL). Prescribing statins is considered standard

including low-density

practice for patients following any cardiovascular
event, and for people who are at moderate to high
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risk of developing cardiovascular disease 5.

OH OH O
OH

Fig 01: Chemical structure of the

ATORVASTATIN

The main and objective of the research work
focuses on the formulation and development of
Atorvastatin ~ buccal patches to  improve
bioavailability and to avoid extensive first-pass
metabolism. Based on the literature conclude that
the formulation and development of new excipients
were used in the formulation of Atorvastatin buccal
patches to avoid the extensive first pass.

EXPERIMENTAL WORK

MATERIALS AND METHODS

The chemicals Atorvastatin purchased for BMR
chemicals, Hyderabad, HPMC E5, HPMC E50 Loba
Chemical Pvt. Ltd, Mumbai, PEG 400, Methanol,
Gellan Gum Purchased AR Grade form the Merck
Pvt.Ltd. And instruments and equipment’s used in
the formulations UV Visible spectrophotometer T60,
PG Instrument, Digital balance BT 220H, Shimadzu
Corporation, pH Meter Systronics pH system 361,
Sonicator Remi Equipments, Mumbai, Thickness
tester Screw Gauze, Tensile Strength tester Tinius
Olsen (HT400), FTIR like Jasco FTIR410.

PREFORMULATION STUDIES [55-63]
Preformulation testing is the initial phase in the
improvement of dose types of a drug substance. It is
one of the critical essentials being developed of any
drug delivery system. It tends to be characterized as
an examination of physical and synthetic properties
of a medicament substance alone and when joined
with excipients.

Characterization of the medicament is an essential
advance at the preformulation period of item
improvement taken after by concentrate the
properties of the excipients and their similarity. The
general goal of preformulation testing is to produce
data valuable to the formulator in creating steady
and bioavailable measurements frames, which can
be mass-produced. The following are the various
preformulation studies.
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SOLUBILITY

The solubility of Atorvastatin was determined in Methanol, Ethanol, 0.1N HCl, pH 7.4, and pH 6.8 phosphate
buffers. Solubility studies were performed by taking an excess amount of Atorvastatin in different beakers
containing the solvents. The mixtures were shaken for 48hrs in a rotary shaker. The solutions were centrifuged for
10mins at 1000 rpm, and the supernatant was analyzed at 247nm.

DRUG-EXCIPIENTS INTERACTION STUDY OF FILMS

There is always a possibility of drug-excipients interaction in any formulation due to the irintimate
contact. The technique employed in this study to knowdrug-excipients interactions is IR
spectroscopy; IR spectroscopy is one of the most powerful analytical techniques which offer the
possibility of chemical identification. Infra-red spectra of pure drug Atorvastatin and formulations
were scanned by using Jasco FTIR 410, by a thin film method.

ANALYTICAL METHODS FOR THE ESTIMATION OF ATORVASTATIN

PREPARATION OF REAGENTS

A. Potassium Dihydrogen Phosphate(0.2M)

27.218gm of potassium dihydrogen phosphate is dissolved in distilled water and make up to 1000 ml with
thesame.

B. SodiumHydroxideSolution (0.2M)

8 gm of sodiumhydroxide was dissolved in 1000mlof distilled water.

C. Phosphatebuffer pH of 6.8

50 ml of 0.2M of potassium dihydrogen phosphate solution and 22.4ml of 0.2M sodium hydroxide solution
weremixed andmadeup to 200 ml with distilled water.

Determination of Amax for Atorvastatin

10mg of Atorvastatin was dissolved in 3ml of methanol and made up to 10ml with 6.8 pH buffers so as to get a
stock solution of 1000 ug/ml concentration. From the solution, take 1ml solution was withdrawn and diluted to
10ml with the same to get a concentration of 100ug/ml (SS-II). From this stock solution, pipette out 1 ml of the
solution and make up the volume to 10ml using the same buffer to get the concentration of 10ug/ml
concentration, this solution was scanned under UV Spectroscopy using 200-400nm.

Preparation of standard calibration curveof Atorvastatin
The standard calibration curve for Atorvastatin was prepared using pH6.8 phosphate buffer.

STANDARD SOLUTION
10mgofAtorvastatinwasdissolved in 3ml of methanol and made up to 10 ml with pH 6.8 phosphatebufferto give
a concentration of 1000 pg/ml.

STOCK SOLUTION

From the standard solution, take 1ml of the solutionin a 10 ml volumetric flask. The volume was made up to
mark with pH 6.8 phosphate buffer to produce a concentration of 100pug/ml of Atorvastatin, respectively. From
the working standard solution take 0.2, 0.4, 0.6, 0.8, 1.0, & 1.2 ml of the solution and make up to the mark with 6.8
ph buffer to get the concentrations of 2, 4, 6, 8, 10 & 12 pg/ml. The absorbancedatafor th e standard calibration
curve and plotted graphically. The standard calibration curve yield sastraight line, whichs hows that the
drugobeys Beer’s law in the concentration range of 2-12 pg/ml.

Atorvastatin Buccal Patches [64-72]

Initially, the polymer was dissolved in methanol under constant stirring until the clear solution was obtained.
Then to this solution, propylene glycol was added. To this solution, Atorvastatin was added by stirring. The
resultant solution was then poured on the petri dish of area 44.156 sq.cm and allowed to dry undisturbed at room
temperature. The dried film was cut into discs of 2x2 cm (4sq.cm of the area) diameter. The compositions of films
are reported in Table.
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Table 01: Formulation Details of Drug Incorporated Buccal Films.

Ingredients (mg) | F1 | F2 F3 F4 F5 Fé6 F7 F8 F9
Atorvastatin 110 110 110 110 110 110 110 110 110
Gellan Gum 100 200 300 = = = = =
HPMCE50 - - - 100 200 300 - - -
HPMC E5 - - - - - 100 200 300
PEG 400 (%w/V) 15 15 15 15 15 15 15 15 15
Methanol (ml) 5 5 5 5 5 5 5 5
Note 4 sq.cm buccal films containing 10 mg of SURFACE PHOF FILMS

Atorvastatin.

Evaluationoffilms [70-80]

Evaluation of Atorvastatin buccal films
The Atorvastatin buccal films were evaluated for the
following properties:

PHYSICAL APPEARANCE ANDSURFACE
TEXTURE OF THE FILM

This parameter was checked simply with a visual
inspection of film sand evaluation of texture by feel
or touch.

WEIGHT UNIFORMITY OF FILMS

Three films of the size 4sq.cm were weighed
individually using digital balance, and the average
weights were calculated.

THE THICKNESS OF FILMS
The thickness of the films was measured using a
screw gaugeat different spots of he films.The thickn
ess was measured at three different spots of the
films, and the average was taken.

FOLDING ENDURANCE OF FILMS

The flexibility of film scan be measured
quantitatively interm sofwhat is known as folding
endurance. Folding endurance of the films was
determined by repeatedly folding filmsat the
sameplacetillit broke. The number of times films
could be folded at the same place, without breaking
gives the value of folding endurance.

SWELLING INDEX OF FILMS

The swelling index of the films was determined by
immersing pre weighed film of size in 50 ml water.
The films were taken out carefullyat0.5,1, 2up-to
3hrs. Intervals blotted with filter paper and weighed
accurately.

The swelling index calculated by,

Wet weight - Dry weight

2% Swelling Index = x 100

Wet weight

Surface pH was determined by thefilms that were
allowed in contact with 1ml of distilled water. The
surface pH was noted by bring in gaco mbinedglass
electrodeor pH paper nearthe surface offi Im sand
allowing equilibrate for 1min.

TENSILE STRENGTH OF FILMS

The tensile strength of the film was determined with
a digital tensile strength tester(Tinius-Olsen).
Thesensitivity range of themachineis1-10Newton’s.
It consists of two load cell grips. The lower one was
fixed, and the upper one was movable. The test film

of size (1x4 cmz) was fixed between thesecellgrips,
and force was applied untilit breaks. The tensile
strength of thefilmwasdirectlytaken fromthe dial
reading in Newton’s, which wasconverted into
kilograms.

Drug content uniformity study of films
The film were tested for drug content uniformity by
the UV-Spectrophotometric method. Films of 4sq.cm
were cut from three different places from the casted
films. Each film was place din a 100ml volumetric
flask and dissolved in pH6.8 phosphate buffer, and 1
mlistaken and diluted with pH 6.8 phosphate buffer
up to 10 ml. The absorbance of the solution was
measured at  247nmusing a UV /visible
spectrophotometer (ShimadzuUV-1700). The
percentage of drug content was determined using
the standard graph,and the same procedure was
repeated for three films.
Determination of Moisture Content and
Moisture Absorption

The buccal patches were weighed accurately and
kept in desiccators containing anhydrous calcium
chloride. After 3 days, the patches were taken out
and weighed. The moisture content (%) was
determined by calculating moisture loss (%) using
the formula:

Moisture Content (%) = Initial weight - Final
weight/Initial weight*100

The buccal patches were weighed accurately and
placed in the desiccators containing 100 ml of a
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saturated solution of aluminum chloride, which
maintains 76% and 86% relative humidity (RH).
After 3 days, the films were taken out and weighed.
The percentage of moisture absorption was
calculated using the formula:

Moisture Absorption (%) = Final weight - Initial
weight/Initial weight*100

In-vitro drug release of films:
In-vitroreleasestudieswerecarriedout by attaching
the dialysis membrane,prepared buccal films
containing drug was placed inside the donor
compartment, which is agitated continuously using
a magnetic stirrer at 50RPM, and then the
temperature was maintained at 37 * 0.52C. The
receptor compartment consists of 40 mlof pH 6.8
phosphate buffer, a sample of 1 mlwas withdrawna
tperiodic intervals from the receptor compartment
and replaced with fresh pH6.8 phosphate buffer
immediately. Drug release was analyzed
spectrophotometrically at 247 nm. The release rate
was studied for all prepared formulations.

DRUG RELEASE KINETICS [89,90]

In order to predict and correlate the release
behavior of Atorvastatin from different patches, it is
necessary to fit into a suitable mathematical model.
The in vitro Atorvastatin release data from buccal
patches were evaluated kinetically using various
mathematical models like zero-order, first-order,
Higuchi, and Koresmeyer-Peppas model equations.
Zero-Order Kinetics

F=K,t, where Frepresents the fraction of drug
released in time t, and K, is the zero-order release
constant.

First-Order Kinetics

In (1-F)=-Kit, where Frepresents the fraction of
drug released in timet, and K;is the first-order
release constant.

Higuchi Model

F=Kut1/2, where F represents the fraction of drug
released in time ¢, and Ky is the Higuchi dissolution
constant.

Koresmeyer-Peppas Model

F=Kyt", where Frepresents the fraction of drug
released in timet, Kpis the Koresmeyer-Peppas
release rate constant, andnis the diffusion
exponent.

RESULTS AND DISCUSSION
PREFORMULATION STUDIES

SOLUBILITY STUDIES
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0.1N HCl or 6.8pH buffer 7.4pHbuffer Methanol Ethanol
1.2pH Acidic
buffer

Table 01:
Atorvastatin

Solubility studies of

Fig 01: Solubility studies of Atorvastatin
Drug-excipients interaction studies of
films

SOLUBILITY STUDIES
SOLVENTS (MG/ML)
0.1 NHClor
1.2pH Acidic 0.689
buffer
6.8pH buffer 0.968
7.4pH buffer 0.924
Methanol 3.69
Ethanol 2.01
Tosan
7 \

Transmittance (%]
93 94 95 95 o7 98 93 100
1

T T T T T T
3500 3000 2500 2000 1500 1000
Wavenumber cm-1

Fig 02: FTIR Spectra of Atorvastatin
(pure drug)

e

[ )

98 99 100

Transmittance [%]

93 94 95 95 97

3500 3000 2500 2000 1500 1000
Wavenumber em-1

Fig 03: FTIR Spectra of optimized
formulation
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Table 02: Evaluations of Buccal Films

Formulation Thickness Folding Surface Weight
code (mm) endurance pH variation(%)
F1 0.10 156 6.8 0.36
F2 0.16 124 6.2 0.45
F3 0.11 136 6.8 0.96
F4 0.14 152 6.5 1.02
F5 0.09 167 6.8 1.53
F6 0.13 169 6.8 0.75
F7 0.06 153 6.9 0.64
F8 0.01 105 6.7 1.20
F9 0.01 101 6.5 0.24
SWELLING INDEX OF FILMS

The swelling index of the films was determined by immersing preweighed film of size 10 mm

in 50 ml water. The films were taken out from the Petri dish carefully at 0.5, 1, 2, up to 3hrs

intervals, blotted with filter paper and weighed accurately, and the average swelling index of

all films was given in Table. From allthesefilms, F8 formulation buccal filmfilmsshow a high

percentswellingindex.

TENSILE STRENGTH OF FILMS

The tensile strength of all the films was evaluated by using standard tensile strength tester,
and the average tensile strength of all films was given in Table.

In allthe cases, the calculatedstandard deviationvalues are very low, which suggests that the
prepared filmsshow uniformtensile strength.

DRUG CONTENT UNIFORMITY OF FILMS

Atorvastatin buccal films prepared with various polymers were subjected to the evaluation for
uniform dispersion of drugs through out the film. Ineach case, three films were used, and the
average drug content was calculated, the results were shown inTable-03. The drug was
dispersed in the range of 96 to 102%. They were suggesting that the drug was uni formly
dispersed through out all prepared films.

Table 03: Evaluation of Atorvastatin Buccal Patches

Moisture Drug
Avg. Swelling Moisture absorption Tensile content
FC index (%) content(%) (%) strength (%)
F1 32.18 1.06 3.06 3.85 96.13
F2 38.42 0.45 3.53 3.94 98.42
F3 41.05 0.96 4.10 5.13 97.63
F4 21.43 0.75 3.52 3.26 100.46
F5 28.72 1.05 3.06 4.53 101.78
F6 32.46 0.97 3.42 4.98 98.32
F7 12.43 0.86 2.96 2.05 99.42
F8 16.46 0.75 3.01 2.56 97.42
F9 14.16 0.62 2.87 3.01 96.28
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In-vitro drug release of films

Thedetailed in-vitrodrugreleasedatawereplottedbetweenpercentdrug released from the
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formulation and time, as shown in Fig. The present study indicates a good potential of erodible

mucoadhesive buccal films containing Atorvastatin for systemic delivery with an added

advantage of circumventing the hepaticfirst-pass metabolism. The result of the present study
shows that therapeutic levels of Atorvastatin can bedelivered buccally. It may be concluded

that the formulations F8 shows promising controlled drug release.

Table 04: Drug release data of Atorvastatin buccal films

Time | oy F2 F3 F4 F5 F6 F7 F8 F9
(hrs)
0 0 0 0 0 0 0 0 0 0
0.5 13.28 10.36 8.41 35.18 30.46 26.35 43.15 40.36 36.19
1 23.56 16.49 19.86 43.16 39.86 36.15 49,82 45.26 42.53
2 29.75 22.15 22.35 55.89 47.82 42.18 56.75 52.36 49,16
3 35.13 28.43 28.64 66.52 57.43 49.63 64.82 59.83 53.85
4 39.46 35.17 35.16 76.32 63.85 5412 75.82 65.46 58.72
5 45.36 42.38 39.85 84.15 69.43 59.82 86.49 73.46 65.43
6 56.32 53.19 45.32 90.53 73.49 65.43 95.06 81.72 72.63
7 65.43 59.75 50.36 97.52 77.12 71.53 90.82 79.82
8 72.53 64.15 59.83 81.76 76.32 98.24 84.18
120
80
100 ——F 70
—-—F2
20 60
_ F3 w0
S o F4 =
3 g a0 ——F1
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20 F7
Fe ey
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Fig 04: In-vitro Drug Release of Formulations (F1-F9)

Fig05 : In-vitro Drug Release

of Formulations (F1-F3)
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Fig 06: In-vitro Drug Release of Formulations (F4-F6) Fig 07: In-vitro Drug Release of

Formulations (F7-F9)

Total Nine formulations was formulated by Gellan gum, HPMC E5 and HPMC E50 in three

[7]
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different concentrations. From all the formulations, F8 shows 98.24 % of drug release at the
ends of 8hr and chosen as optimized formulation. So the drug release kinetics were performed

for the optimized formulation (F8).

Kinetic data of Atorvastatin mucoadhesive buccal films:

ZERO ORDER

120

y=9.4806x+26.147
R?=0.8685

0 2 4 6 8 10
Time (hrs)

Fig 08: Zero-order of F8 formulation

HIGUCHI PLOT

120

100 N

y=30.629x+ 8.6408
R?=0.9643

0 0.5 1 1.5 2 25 3
Root Time

Fig 09: Higuchi plot of F8 formulation
formulation

FIRST ORDER

2.5

0.5

y=-0.1632x+ 2.0185
R?=0.8253

Time (hrs)

10

Fig 08: First order of F8 formulation

PEPPAS PLOT

Log %CDR

25

1.5

y=0.7808x+1.2941
1 R?=0.3037

0.5

-0.4

-0.2

D

0 0.2 0.4 0.6 0.8 1
Log Time

Fig 10: Peppas plot of F8

The in-vitro dissolution data for best formulation F8were fitted in different kinetic models i.e, zero order, first
order, Higuchi, and korsemeyer-Peppas equation. Optimized formulation F8 shows R2 value of 0.948. As its value
nearer to the ‘1’, it is confirmed as it follows the Zero-order release. The mechanism of drug release is further

confirmed by the korsmeyer and peppas plot, if n = 0.45 it is called Case I or Fickian diffusion, 0.45 < n < 0.89 is for

anomalous behavior or non-Fickian transport, n = 0.89 for case Il transport and n > 0.89 for Super case Il
transport. The ‘n’ value is 0.780 for the optimised formulation (F8) i.e., 0.45 < n < 0.89 is for anomalous behavior

or non-Fickian transport.

SUMMARY AND CONCLUSION

Recently the buccal patchh as been increasingly used for the administration of drugs mainly because of
advantages like the drug is directly available to the systemic circulation,avoidance of first- pass metabolis
mandeasy removal of patch from the site, etc.Among the various drug delivery systems, the development of a
buccaldrug delivery system is one by which one can improve the bioavailability of the drug by avoiding first-pass
metabolism. So, in the present research work, we have prepared Atorvastatin buccal films intending to improve its
bioavailability.Atorvastatin buccal films were prepared by the solvent casting technique using Gellan gum, HPMC
E50, and HPMC E5 and PEG 400. The detailed formulation compositions were shown in Table-1 The prepared
films were evaluated for the number of parameters like physical appearance

[8]
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n equationareverynearertoone(1) suggesting that

RZ values value plots are fairly linear, and slope values of the

S Peppas equationare (0.45<n<0.89) suggest that

- the drug was released by Non-Fickian

Formul Z(e):r Fsltr Hiou li‘";rf‘ l?"es:‘ Transport. From the above results, it can be

ation or | or cl?i Ppra Pe)l;pas f:oncluded that Atorvastatin can be delivered

der | der s (n) in the form of buccal films.The

releasepatternof the drug from these films can

F8 08 [ 08 [ 096 | (353 0.780 be 'altered by using different formulation
68 | 25 4 variables.

and surface texture, weight uniformity, the
thickness of the films, folding endurance,
swelling index,tensile strength,drug excipients
interaction study,content uniformity,in-vitro
drugreleasestudy.

The results are quotedin a different section of
the  chapter-from  theresultof  various
evaluation parameters, we can summarize:The
films prepared were checked visually for its
appearance and surface texture. All the
prepared films were of smooth surface and
elegant texture. The percentage weight
variation of all the prepared films using
different concentrations is between 0.24 to
1.53%. The films show thickness values
between 0.01 to 0.16 mm. Thefilmsshow that
folding enduranc evaluesare below 100 to 170.
The films show swelling index values in
between 12.43 to 41.05 %.

Similarly surface pH of all the films prepare
disranging inbetween 6.2 to 6.9 pH. The
tensile strength of all the films prepared is
ranging from 2.05 to 5.13 Kg/cm’respectively.
The FTIR studies indicate that Atorvastatin
showed complete entrapment within the
polymer carrier bonding is suggested, and
there was no chemical interaction.
Similarly,thefilms are also subjected to drug
content uniformity study, and it lies in
between 96 to 101 %, which suggests that
uniform dispersion throughout the buccal
films.

Finally,thein-vitro drug release study was
carried out for all the films, and the release
profile was subjected tovarious Kkinetic
equations like the Higuchi diffusion equation
and Peppas exponential equation. The
regression coefficientvaluesof this kinetic
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