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ABSTRACT
Ivabradine Hydrochloride, an Antianginal drug which has oral bioavailability of 40% due to hepatic first pass metabolism and has a short half-life of 2 h.
To overcome the above drawback and to enhance the convenience and compliance by the elderly patients, the present study was carried out to formulate
and evaluate fast dissolving films of ivabradine hydrochloride. The films were prepared using Hydroxy propylmethyl cellulose E5 polymer by solvent
casting method. PEG 400 as plasticizer, aspartame as sweetener and crospovidone and sodium starch glycolate as superdisintegrants in varying
concentration were also included. The FTIR spectral studies showed no interaction between drug and the polymer. Satisfactory results were obtained
when subjected to physico-chemical tests such as uniformity of weight, thickness, surface pH, folding endurance, uniformity of drug content. Films were
also subjected to in vitro drug release studies by using USP dissolution apparatus. In vitro disintegration time was found to be less than 30 sec, and In vitro
release studies indicated 75-95% release within 5 min. Surface morphology using scanning electron microscopy were also performed. Surface morphology
study suggested even distribution of ivabradine hydrochloride in the film and uniformity of the film. No significant change in the physical parameters, in
vitro disintegration time and drug content was observed during storage for 8 weeks.
KEY WORDS: Fast dissolving films, Ivabradine Hydrochloride, HPMC E5, Solvent casting method.

INTRODUCTION
Recently fast dissolving drug delivery systems have started gaining
popularity and acceptance as new drug delivery systems, because they are
easy to administer and lead to better patient compliance. These delivery
systems either dissolve or disintegrate in the mouth rapidly, without
requiring water to aid in swallowing[1]. They also impart unique product
differentiation, thus enabling use as line of extensions for existing commercial
products. This novel drug delivery system can also be beneficial for meeting
the current needs of the industry for improved solubility/stability, biological
half life and bioavailability enhancement of drugs [2,3]. Mouth dissolving
films, are the new drug delivery system for delivery of drugs through oral
cavity. The delivery system consists of a very thin film, which when placed
on the patient’s tongue or any oral mucosal tissue gets instantly wet by
saliva and rapidly hydrates and adheres onto the site of application. Film
then rapidly disintegrates and dissolves to release the medication for
absorption[4]. When put on the tongue, the film disintegrates instantaneously,
releasing the drug, which dissolves or disperses in the saliva. Some drugs are
absorbed from the mouth, pharynx and esophagus as the saliva passes
down into the stomach. In such cases, bioavailability of drug is significantly
greater than those observed from conventional tablet dosage form[5,6]. These
dosage forms possess certain specific advantages like no need of water for
disintegration, accurate dosing, rapid onset of action, ease of handling, ease
of transportability, pleasant taste and improved patient compliance. They
are easy to administer and sudden-onset of drug action is possible as the
films are taken through the sublingual route. Since the sublingual mucosa is
relatively permeable because of thin membrane and is highly perfused,
rapid drug absorption and instant bioavailability is possible and this leads
to quick-onset of drug action. Since the drug is directly absorbed into the
systemic circulation, degradation in the gastrointestinal (GI) tract and first
pass effect can be avoided[7] .
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Ivabradine is licensed for the symptomatic treatment of chronic stable angina
pectoris in patients in sinus rhythm, who have contraindication to or an
intolerence of beta-blockers. Ivabradine is a heart rate lowering agent, acting
by selective inhibition of the cardiac pacemaker If current that controls the
spontaneous diastolic depolarisation in the sinus node and regulates the
heart rate. Ivabradine is rapidly and almost completely absorbed after oral
administration with a peak plasma level reached in approximately 1 hour
under fasting condition. The absolute bioavailability of ivabradine tablets is
around 40%, due to a first-pass effect in the gut and liver. Present study is
undertaken to prepare fast dissolving films of Ivabradine Hydrochloride
with an aim to overcome first-pass metabolism of Ivabradine tablets[8].
MATERIALS AND METHODS
Materials
Ivabradine Hyrochloride was obtained as a gift sample from Ind-swift Ltd.,
Derabassi. All chemicals and buffers used were of analytical grade.
Methods
Preparation of fast dissolving films
Hydroxypropylmethyl cellulose E5 (HPMC E5) is known for its good film
forming properties and has an excellent acceptability. PEG 400 as a
plasticizer, Crospovidone and Sodium Starch Glycolate were used as a
superdisintegrants. Citric acid as saliva stimulating agent, aspartame as a
sweetening agent [9] and Peppermint as a flavoring agent. The fast dissolving
films of Ivabradine Hydrochloride were prepared by solvent casting
technique[10] using film forming polymer HPMC E5. The calculated amount
of polymer was dispersed in three forth volume of water with continuous
stirring. The calculated amount of Ivabradine Hydrochloride was
incorporated in the polymeric solutions. Aspartame dissolved in hot water
was added. Then citric acid, PEG and peppermint flavour were added and
the final volume was adjusted up to 10ml with distilled water. The resulting
bubble free viscous solution was casted on to Petri dish(area of 44.196cm2 )
then kept in hot air oven at 40ºC for 24 h. The films were cut in to size of
2×2 cm2 containing 5 mg of Ivabradine Hydrochloride. Films of various
formulations are mentioned in Table 1.
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Table 1: Formulation of fast dissolving films of Ivabradine hydrochloride

Table 3: Results of Tensile strength and percentage elongation for all films

Ingredients*

F1

F2

F3

F4

F5

F6

F7

Batch

Tensile Strength
- N/mm 2

% Elongation

Ivabradine Hcl(mg)
HPMC E5 (mg)
Crosspovidone
SSG
Citric Acid
Aspartame
PEG 400(ml)
Water (ml)

55.25
300
2
4
25
0.2
10

55.25
300
4
4
25
0.2
10

55.25
300
6
4
25
0.2
10

55.25
300
2
4
25
0.2
10

55.25
300
4
4
25
0.2
10

55.25
300
6
4
25
0.2
10

55.25
300
4
25
0.2
10

F1
F2
F3
F4
F5
F6
F7

10.561
10.261
10.096
11.361
11.134
11.098
12.094

10.953
9.737
8.17
19.827
17.113
16.15
11.73

*Quantities are expressed in %w/w of polymer

EVALUATION OF FAST DISSOLVING FILMS
The fast dissolving films were evaluated for physical appearance, surface
texture, thickness, weight variation, folding endurance, surface pH and drug
content uniformity of films. The physical appearance was checked with
visual inspection of films and texture by feel or touch. Thickness of the
films was measured using vernier caliper at different points[11] and the mean
values were calculated. The film weights were determined by using electronic
balance. Disintegration test was performed using pH 6.8 buffer. The
disintegration time is the time when the film starts to break or disintegrates.
To check the uniformity of the drug in the cast film, films were cut at
different places and each film was placed in 100 ml of 6.8 pH buffer to
extract drug, and further dilution was made and the absorbance at 287 nm
was measured spectrophotometrically. The concentration of the drug was
determined from the standard curve. Same procedure was adopted for other
formulations of cast films in the triplicates and mean drug content and
standard deviation were calculated. The folding endurance was determined
by repeatedly folding one film at the same place till it broke or folded up to
300 times which is considered satisfactory to reveal good film properties.
The number of times the film could be folded at the same place without
breaking gives the value of the folding endurance. The results for all the
films are shown in Table 2.
Table 2: Evaluation of Fast Dissolving Films of Ivabradine Hcl
Batch

Weight
(mg)

Thickness
(mm)

Folding
endurance

Drug
content (%)

In vitro
Disintegration
Time (sec)

F1
F2
F3
F4
F5
F6
F7

55.67 ± 0.47
56.13 ± 0.21
57.23 ± 0.28
54.37 ± 0.32
55.17 ± 0.26
57.20 ± 0.16
52.56 ± 0.37

0.162 ± 0.033
0.152 ± 0.019
0.178 ± 0.015
0.180 ± 0.008
0.148 ± 0.032
0.168 ± 0.030
0.160 ± 0.006

297.33 ± 6.54
297.33 ± 7.76
308.66 ± 8.17
293.66 ± 4.18
301.00 ± 5.88
314.33 ± 4.02
295.66 ± 4.92

98.89 ± 1.87
97.92 ± 1.70
97.07 ± 2.47
98.90 ± 1.99
98.55 ± 1.66
99.89 ± 0.63
99.55 ± 0.55

20.67 ± 0.47
14.33 ± 1.24
12.33 ± 1.24
25.66 ± 1.24
19.67 ± 0.47
11.67 ± 0.94
28.33 ± 2.05

In vitro dissolution studies[13-14]
Dissolution profile of fast dissolving films of ivabradine hydrochloride was
carried out using USP type II (paddle apparatus) with 900 mL of phosphate buffer (pH 6.8) as dissolution medium maintained at 37 ± 0.5 °C.
Medium was stirred at 100 rpm. Samples were withdrawn at every 1min
interval, replacing the same amount with the fresh medium. Absorbance
was determined by UV spectrophotometer (Systonic AU2701) at 287 nm
Table 4.
Table 4: In-vitro dissolution (% release) profile of fast dissolving films
Batch

1 min

2min

3 min

4 min

5 min

10 min

F1
F2
F3
F4
F5
F6
F7

23
32
39
24
32
41
14

41
49
55
40
48
59
29

63
71
70
54
64
73
47

80
85
81
75
79
84
61

93
94
87
86
90
96
75

94
92
90
83
89
93
89

Compatibility studies by FTIR
The compatibility of drug in the formulation was confirmed by FTIR spectra of pure drug and the polymer.
Scanning Electron Microscopy (SEM)
The surface morphology of the fast dissolving film was observed with
scanning electron microscope, Model JEOL JSM-6100 Scanning microscope. The samples were attached and the scanning electron photomicrograph was taken at 1000X magnification.
RESULTS AND DISCUSSION
Pictures of FDFs showed smooth surface of formulations F4, F5 and F6
containing Sodium starch glycolate than other films with crospovidone.
Pictures shown in Figure 1.

Results are expressed in terms of mean ± SD (n = 3).

Tensile strength and % Elongation studies
Two mechanical properties namely, tensile strength (TS) and percentage
elongation were computed for the evaluation of the film. TS is the maximum
stress applied to a point at which the film specimen breaks and can be
computed from the applied load at rupture as a mean of three measurements
and cross-sectional area of fractured film from the following equation[12].
The results shown in Table 3.
Tensile strength
=
Force at break
Initial cross sectional area of film (mm2 )
Percentage elongation can be obtained by following equation
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Physical appearance and surface texture of films were found to have smooth
surface and they are elegant enough to see. The physicochemical evaluation
data presented in Table 2 indicating thickness of the films varies from 0.148
to 0.180 mm. The weight of films varies from 52.56 to 57.23 mg. The
folding endurance of the films varies from 293 to 314. Since the surface pH
of films was found to be around neutral pH, there will not be any kind
irritation to the mucosal lining of the oral cavity. All the formulations found
to contain almost uniform quantity of drug as per content uniformity studies indicating reproducibility of the technique.
All the formulations of fast dissolving films were found to disintegrate in
less than 30 sec. In vitro disintegration time was found to decrease with
increase in concentration of superdisintegrants used in formulations. It is
observed that disintegration time of the film decreased from 20.67 to 12.33
sec and 25.66 to 11.67 sec with increase in the concentration of crospovidone
from 2 to 6% and SSG from 2 to 6% respectively.
Figure 4: FTIR spectra of polymer
The TS gives an indication of the strength and elasticity of the film reflected
by the parameters, tensile strength and elongation at break. The formulation containing Sodium Starch glycolate superdisintegrant exhibited higher
TS and % elongation compared to the other films containing Crospovidone.
From in vitro drug release studies, it was found that formulation containing
sodium starch glycolate showed high-percentage release compared to others. The formulation F6 showed a maximum percentage drug release of 96%
in 5min followed by the formulation F2 and F1 with 94% and 93% respectively. The order of drug release in each set of formulation can be given as
F2 > F1 > F3 F6 > F5 > F4
The percentage amount of drug released is plotted against time to obtain the
release profiles as shown in the Figure 2.
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Figure 5: FTIR Spectra of Ivabradine Hydrochloride and polymer
SEM of the film F6 at 1000X magnification showed smooth surface in
comparision to F3. Figure 6,7. The results of stability studies of Ivabradine
hydrochloride fast dissolving films showed no significant change with
respect to drug content, surface pH, and in vitro drug release at the end of
8 weeks when stored at room temperature conditions.
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Figure 2: In vitro dissolution profile of Ivabradine hydrochloride from all
films.

FTIR spectra analytical reports shown in figure 3, 4 and 5 indicating that
there was no interaction between drug and the polymer used.
Figure 6: SEM Image of film with Crospovidone (F3).

Figure 7: SEM Image of film with Sodium starch glycolate (F6).
Figure 3: FTIR spectra of Ivabradine Hydrochloride
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CONCLUSION
Finally, it can be concluded that, fast dissolving films of Ivabradine hydrochloride can be prepared by solvent casting technique using HPMC E5 as
film base, SSG as superdisintegrant and aspartame as sweetner. In vitro
dissolution studies showed that F6 formulation is suitable for the immediate release of ivabradine for systemic use since they exhibited maximum
drug release. It can also be a potential novel drug dosage form for geriatric
and also for general population.
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