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The study in this research paper is an extension of a study where different varieties of raw fruits
of musa paradiasiaca. L .were studied and one of the variety designated as (SP2) was judged
as the best amongst all. This powder of (SP2) variety was further investigated in this study. It
showed property to act as superdisintgrants and so was compared with commercially available
three superdisintgrants. When (SP2) was alone used in 15% concentration gave the best results
of 85 s as disintegration time. Though it is accepted in most of the pharmacopoeias, combination
of (SP2) powder was done with other synthetic superdisintegrants in which combination with
Crospovidone gave the best disintegration time well below 50 s. Concentration of Crospovidone
with (SP2) powder was optimized using factorial design in which (OP6) batch gave the best
results. The drug selected in this study was Rizatriptan Benzoate, an antimigraine drug which
was developed as orally disintegrating tablet. In this study Rizatriptan benzoate did not show
any incompatibility and interaction with (SP2) variety. The stability studies and other physical
parameters of (SP2) were promising and thus (SP2) can be considered as a potential
superdisintgrant and a tablet excipient in various novel tablet formulations. Promise of (SP2)
variety also lies in the fact that it is obtained from natural sources and is available throughout the
world and is nontoxic and economical.
Keywords: Musa paradiasiaca L., Superdisintegrant, Crospovidone, ODT'S, Excipients,
Rizatriptan benzoate, Natural sources

INTRODUCTION

formulations and in some hard shell capsule

Superdisintegrants

formulations to promote moisture penetration and

Disintegrating agents are substances in tablet

dispersion of the matrix of the dosage form in
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medications as prescribed, and 50% of the
population is affected by this problem, which
results in noncompliance and ineffective therapy.
The demand for solid dosage forms that can be
dissolved and suspended in water, chewed, or
rapidly dissolved in the mouth is strong in the
pediatric and geriatric markets, with further
application to other patients who prefer the
convenience of a readily administered dosage
form. Because of the increase in the average
human life span and the decline in swallowing
ability with age, oral tablet administration to
patients is a significant problem and has become
the object of public attention (Altinoz et al., 2007).
The problem can be resolved by the creation of
Orally Disintegrating Tablets (ODTs). ODTs
rapidly disintegrate in the mouth without chewing
upon and without the need for water, unlike other
oral drug delivery systems. The dosage forms
are placed in the mouth, allowed to dissolve in
the saliva, and then swallowed in the normal way.
Less frequently, they are designed to be absorbed
through the buccal and esophageal mucosa as
the saliva passes into the stomach. In the latter
case, the bioavailability of a drug from fast
dispersing formulations may be even greater than
that observed for standard dosage forms.
Furthermore, side effects may be reduced if they
are caused by first pass metabolites (Khandelwal,
2007). ODTs are formulated for existing drugs
with an intention to extend the patent life of the
drug through product differentiation. They are
evaluated against the innovator drug in a
bioequivalence study in humans to establish
comparability of pharmacokinetic parameters
(Indian Pharmacopoeia, 1996). Patients who are
bedridden, mentally retarded, uncooperative,
nauseous, and those suffering from nervous or
anatomical disorders of the larynx or esophagus,

dissolution fluids. An oral solid dosage form
should ideally disperse into the primary particles
from which it was prepared. Although various
compounds have been proposed and evaluated
as disintegrants, relatively few are in common
usage today. Traditionally, starch has been the
disintegrant of choice in tablet formulations, and
it is still widely used. However, starch is far from
ideal. For instance, starch generally has to be
present at levels greater than 5% to adversely
affect compatibility, especially in direct
compression. In more recent years, several
newer disintegrants have been developed. For
example sodium starch glycolate, Crosspovidone,
Cross carmelose sodium (Gohel et al., 2007),
etc. which are often called ‘‘super disintegrants’’
(Swarbrick, 2007).
These newer substances are more effective
at lower concentrations with greater disintegrating
efficiency and mechanical strength. On contact
with water the superdisintegrants swell, hydrate,
change volume or form and produce a disruptive
change in the tablet. Effective superdisintegrants
provide improved compressibility, compatibility
and have no negative impact on the mechanical
strength of formulations containing high-dose
drugs. The natural superdisintegrants involve
various natural substances like gums, mucilages,
and other substances of natural origin which are
more effective at lower concentrations with
greater disintegrating efficiency and mechanical
strength (Sumit Saha and Aliasgar F Shahiwala,
2007). Some natural substances like gum karaya,
modified starch and agar have been used in the
formulation of ODT’s and dispersible tablets
(Prakash et al., 2011, Mohanachandran et al.,
2011) .

Oral Disintegrating Tablets
Many patients have difficulty in swallowing tablets
and hard gelatin capsules and they do not take
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disintegrating or dissolving tablet, have been
developed and applied clinically. The dispersible
tablets allow dissolution or dispersion in water
prior to administration. Dispersible tablets are
easier to administer or swallow than capsules
for pediatric, dysphasic patients, mentally ill, uncooperative and nauseated patients, those with
conditions of motion sickness, sudden episodes
of allergic attack or coughing. Sometimes it may
be difficult to swallow conventional products due
to unavailability of water. Convenience of
administration and patient compliance are gaining
significant importance in design of dosage form.
Fast dispersible tablets disintegrate either rapidly
in water, to form a stabilized suspension, or
disperse instantaneously in the mouth to be
swallowed without the aid of water and this
technology needs superdisintegratns.T he
excipient obtained in this study thus has
applications in such formulations.

or on reduced liquid intake diets also cannot
swallow conventional tablets. In such patients
practitioners would expect much better
compliance and therapeutics outcomes by
administering ODTs instead of conventional
tablets. ODTs have pleasant taste and texture
because many people simply do not enjoy
swallowing solid tablets. Drug delivery by ODTs
has certain limitations. It require users to produce
their own saliva, those with very dry mouth may
not benefit. Production of saliva depends not only
on the drug product formulation but the ability and
condition of the user. Also, the administration of
ODTs to increase compliance in uncooperative
patients, such as those being treated for mental
illness, does not guarantee compliance.
Nonetheless, ODTs offer practitioners an added
tool in enhancing compliance in some patient
population.
In the present work formulation and
development of ODTs was done using Musa
paradisiaca L.SP2 variety as a superdisintegrant.
Musa paradisiaca L.is a botanical name of
banana plant which has different varieties.
Powders of different varieties of Musa paradisiaca
were prepared and evaluated, where SP2 variety
gave the best results. Using this variety ODTs
(without drug) have been prepared and evaluated
to decide the concentration of SP2 power in the
previous work. Later effect of SP2 with other
commercial superdisintegrats was evaluated by
preparing ODTs of Rizatriptan benzoate in this
work.

Recent FDA
Technologies

Guidance

on

ODT

The emergence of multiple ODT technology
platform created some regulatory challenges due
to increasing variance in the critical product
attributes of ODTs, notably disintegration time and
tablet size. Hypothetically, in an abbreviated new
drug application, the disintegration time of a
generic product could be 30-45 s, and the
disintegration time of a reference product 0-10 s.
Prolonged disintegration times may result in
failure to meet the defining performance
characteristics of the ODTs dosage form, such
that the product might require water for
administration or chewing to facilitate swallowing.
Where the patient expectation is for rapid
dispersion in the mouth, larger units with slower
disintegration times could result in confusion

Dispersible Tablets (Milind et al., 2010)
Dispersible tablets are uncoated tablets that
produce a uniform dispersion or suspension in
water at room temperature without stirring.
Recently useful dosage forms such as rapidly
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Ltd. Mumbai. The sodium starch glycolate,
croscarmellose sodium and crospovidone were
obtained from (DFE Pharma), and (SP2) variety
of M. paradisiaca L. powder was prepared at the
lab where this research was carried out. All other
chemicals and reagents used were of “analytical
reagents” (AR) grade.

regarding the product quality and even present a
choking hazard. Thus, in addition to product
definition, patient safety is also a significant
consideration (Olayemi et al., 2008).
The US Food and Drug Administration
responded to this challenge with the 2008
publication of Guidance for Industry on orally
disintegrating tablets (Mishra et al., 2008). Three
main points stand out in this final guidance:

A) Preformulation Study
a) Characterization of Rizatriptan Benzoate

1. ODTs should have an in vitro disintegration
time of approximately 30 s or less (using
United States Pharmacopeia disintegration test
or equivalent).

1. Organoleptic properties: The sample of
Rizatriptan benzoate was found to be a white
to off-white crystalline solid.
2. Melting point: The melting point of Rizatriptan
benzoate was found to be in the range of 179
to 181°C.

2. Generally, the ODTs tablet weight should not
exceed 500 mg, although the combined
influence of tablet weight, size, and
component solubility all factor into the
acceptability of an ODT for both patients and
regulators.

3. Determination of saturation solubility
4. UV spectroscopy (Determination of λmax)
5. FTIR spectroscopy

3. The guidance serves to define the upper limits
of the ODTs category, but it does not
supersede or replace the original regulatory
definition mentioned. In other words,
disintegration within a matter of seconds
remains the target for an ODT.

6. DSC Study
Rizatriptan Benzoate with (SP2) Musa
paradisiaca L powder was studies using FTIR and
DSC to check any incompatibility/ interaction of
the excipient with the drug.

Formulation and Evaluation

Despite the publication of the FDA guidance
for ODTs, this category of dosage form lacks
globally harmonized nomenclature and criteria.
For example, the European Pharmacopeia
defines orodispersible dosage forms as having a
disintegration time of less than 3 min (US FDA).
Such differences do not result in inconsistent
regulation of ODTs in different regions, but greater
harmonization would be preferable.

a) Comparative study of M. paradisiaca L.
(SP2) with other superdisintegrants
For the purpose of comparing the disintegrating
property of Musa paradisiaca L. (SP2) powder
with other superdisintegrants, tablet batches were
prepared with sodium starch glycolate,
croscarmellose sodium and crospovidone.
Tablets were prepared using different
concentration (2, 3, 4, and 5%) of sodium starch
glycolate, croscarmellose sodium, and
crospovidone (Table 1).

MATERIALS AND METHODS
Rizatriptan Benzoate was gift sample from Cipla
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Table 1: Composition of Tablets Prepared Using Different Concentration of Superdisintegrants
Ingredients

F13

F14

F15

F16

F17

F18

F19

F20

F21

F22

F23

F24

14.53

14.53

14.53

14.53

14.53

14.53

14.53

14.53

14.53

14.53

14.53

14.53

Avicel PH 102

40

40

40

40

40

40

40

40

40

40

40

40

SSG (%)

2

3

4

5

–

–

–

–

–

–

–

–

CCS (%)

–

–

–

–

–

2

3

4

5

–

–

–

CP (%)

–

–

–

–

–

–

–

–

2

3

4

5

Talc

4

4

4

4

4

4

4

4

4

4

4

4

Mg. stearate

3

3

3

3

3

3

3

3

3

3

3

3

Mannitol

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

q.s

q.s

q.s.

q.s

Tot. wt. (mg)

150

150

150

150

150

150

150

150

150

150

150

150

Rizatriptan Benzoate

b) Batches with crospovidone and Musa
paradisiaca L. (SP2) powder

simultaneous use of Musa paradisiaca L. (SP2)
and crospovidone on disintegration time of tablets.

From the previous batches crospovidone was
selected for further study because of its superior
dissolution and disintegrating property. Tablets
were prepared (Table 2) using different
concentration of crospovidone (1.5, 2.5, 3.5, and
4.5 %w/w) and Musa paradisiaca L. (SP2) powder
(5, 10, 15, 20 %w/w). These batches were
prepared in order to investigate the effect of

c) Precompression and Postcompression
Evaluation (Indian Pharmacopoeia, 1996,
Banker et al., 1990, Puttewar et al., 2010,
Mishra, 2009)
All the prepared tablets were evaluated for
precompression and postcompression
parameters.

Table 2: Composition of Tablets Prepared Using Crospovidone
and Musa paradisiacaL. (SP2) powder
S. No.

Ingredients

F25

F26

F27

F28

%

1

Rizatriptan benzoate

14.53

14.53

14.53

14.53

9.7

2

Avicel PH 102

40

40

40

40

26.7

3

Crospovidone

2.25

3.75

5.25

6.75

1.5/2.5/3.5/4.5

5

M. paradisiacaL. (SP2)

7.5

15

22.5

30

5/10/15/20

6

Talc

4

4

4

4

2.6

7

Magnesium stearate

3

3

3

3

2

8

Mannitol

q.s.

q.s.

q.s.

q.s.

q.s.

Total wt. (mg)

150

150

150

150

100
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1. Precompression evaluation: The powder
blends were evaluated for angle of repose, bulk
density, tapped density, and Carr’s index.

1. Apparatus: USP Dissolution apparatus (Type
II)

2. Evaluation of tablets

3. Temperature: 370C±0.50C

2. Speed of the paddle: 50 rpm

a. Thickness: The size and thickness of the
tablets were measured using Digital Vernier
Calipers scale

4. Dissolution medium: Dearated water
5. Volume: 900 mL
6. Sampling interval (min): 5, 10 and 15.

b. Hardness

d. Full factorial design (Swarbric, 2007)

c. Friability

In this work, factorial design was used to optimize
the concentrations of crospovidone and Musa
paradisiaca L. (SP2) powder. Factorial design
was employed so as to see the effect of
combination of M. paradisiaca L. (SP2) and
crospovidone on disintegration time and % CDR
of the ODTs. A two factor, three levels (32) full
factorial design was used and nine experimental
runs were performed. Statistical models with
interaction terms were derived to evaluate
influence of Musa paradisiaca L. (SP2)powder
(X1) and crospovidone (X2) on tablet disintegration
time (Y 1) and in vitro dissolution (Y 2). The
formulation and evaluation of factorial batches
(OP1 to OP9) is shown in Table 5. Design Expert
8 Trial version was used for the factorial design.

d. Weight variation test:
e. Disintegration time: The disintegration time
of the tablet was measured using the
conventional disintegration test for tablets as
described in the Pharmacopoeia. Tablets were
placed in the disintegration tubes and the time
required for complete disintegration without
leaving any residues on the screen was
recorded as disintegration time.
f. Wetting Time and Water Absorption Ratio
A study on wetting time and water absorption
ratio reported the use of a petridish containing 6
mL of water. One tablet was placed in petridish
and the time for complete wetting of tablet was
noted as wetting time. The wetted tablet was then
weighed and the water absorption ratio, R, was
determined according to equation:

The following statistical model incorporating
interactive and polynomial terms was used to
evaluate the responses:

R = 100 (Wa – Wb)/Wb

Y = β0+ β1 X1+ β2 X2+ β12 X1 X2

Wa = Weight of the tablet after wetting.

+ β11 X12 + β22 X22

Wb = Weight of the tablet before wetting.

...(4)

where Y is the dependent variable (Table 3), β0 is
the arithmetic mean response of the 9 runs, and
β1 and β2 are the estimated coefficients for the
factors X1and X2, respectively (Table 4). The main
effects (X1 and X2) represent the average result
of changing 1 factor at a time from its low to high

g. Uniformity of drug content:
h. Dissolution studies: (USFDA)
Following parameters were used for the
dissolution study:
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(Maxalt RPD 10 mg).

Table 3: Dependent Variables
Code

Dependent Variable

Marketed formulation (Prakash, 2011)

Y1

Disintegration time (Sec.)

Maxalt RPD 10 mg

Y2

% CDR

Lyophilized Orally Disintegrating Tablet
contains

Table 4: Levels Used and Actual Values of
M. paradisiaca L. (SP2) and Crospovidone
Independent Variable, Factor

• 14.53 mg of Rizatriptan Benzoate equivalent
to 10 mg of Rizatriptan

Level Used (mg)
-1

0

+1

• Gelatin

X1: M. paradisiaca L. (SP2)

10

15

20

• Mannitol

X2: Crospovidone

2

3.5

5

• Glycine
• Aspartame

value. The interaction terms (X1 X2) show how
the response changes when 2 factors are

• Peppermint flavor

simultaneously changed. The polynomial terms

Stability Studies (Mohanchandran, 2011)

2

2

(X 1 and X 2 ) are included to investigate

During the stability studies the product was
exposed to accelerated conditions of temperature
and humidity.

nonlinearity.
e) Comparative in-vitro dissolution study of
optimized formulation with marketed

Stability Protocol

formulation

Types of packaging material

% CDR of optimized formulation was

The tablets were packed in PVC (lacquered)aluminum foil.

compared with in % CDR of marketed formulation

Table 5: Composition of Optimization Batches
Ingredients

OP1

OP2

OP3

OP4

OP5

OP6

OP7

OP8

OP9

OP1O

Rizatriptan benzoate

14.53

14.53

14.53

14.53

14.53

14.53

14.53

14.53

14.53

14.53

Avicel PH 102

40

40

40

40

40

40

40

40

40

40

M. paradisiaca L. (SP2) (%)

10

10

10

15

15

15

20

20

20

CP (%)

2

3.5

5

2

3.5

5

2

3.5

5

4.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

Talc

4

4

4

4

4

4

4

4

4

4

Mg. stearate

3

3

3

3

3

3

3

3

3

3

Mannitol

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

q.s

q.s

Tot. wt. (mg)

150

150

150

150

150

150

150

150

150

150

Aspartame
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Storage Condition

in 0.1 N HCl, deaerated water, and buffer pH

The tablets were subjected to stability as per
conditions adapted from ICH guidelines (40°C /
75 % RH for three months).

6.8 presented in Table 6. Solubility of drug is
highest in deaerated water as compared to 0.1
N HCl and buffer pH 6.8.

Test Parameters and Testing Methods

Table 6: Solubility Data
of Rizatriptan Benzoate

The samples were observed periodically for any
Solvent

change in the following physico-chemical

0.1 N HCl

parameters.

Deaerated water

a. Appearance: The tablets were inspected for

Buffer pH 6.8

any change in size, shape, color and surface
texture.

Solubility (mg/mL)
43.3
219.96
49.9

4. UV spectroscopy (Determination of λmax):

b. Disintegration time: The disintegration time

Wavelength of maximum absorbance (lmax) of

was determined as per mentioned in the

Rizatriptan benzoate was found to be 224 nm

section (e)

in deaerated water (Figure 1).

c. Drug content: The drug content was
Figure 1: UV Spectra of Rizatriptan Benzoate

determined as per mentioned in the section
(g).
d. CDR: The % CDR was determined as per
mentioned in the section (h).
Photo stability and thermal stability of M.
paradisiaca L. (SP2) powder was already proven
in the study prior to this research.

RESULTS AND DISCUSSION

Calibration Curve for Rizatriptan Benzoate

A. Preformulation Study

The calibration curve for Rizatriptan benzoate in
deaerated water is shown in Figure 2 and Table 7.
The graph of absorbance vs. concentration for
Rizatriptan benzoate was found to be linear in
the concentration range of 1-4 μg/mL at 224 nm.
The R2 of the calibration curve was found to be
0.999, indicating that it follows the Beers Lambert
law within this concentration range.

a. Characterization of Rizatriptan Benzoate
1. Organoleptic properties: The sample of
Rizatriptan benzoate was found to be a white
to off–white crystalline solid.
2. Melting point: The melting point of Rizatriptan
benzoate was found to be in the range of 179°
to 181°C.

5. FTIR Spectroscopy: The FTIR spectrum of
pure Rizatriptan benzoate is shown in
Figure 3 and interpretation of FTIR spectra is

3. Determination of saturation solubility: The
solubility of Rizatriptan benzoate as observed
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Figure 2: Calibration curve
of Rizatriptan Benzoate

Table 8: Interpretation of FTIR Spectrum
of Rizatriptan Benzoate

Table 7: Concentration and Absorbance Values
for Rizatriptan benzoate in Deaerated Water

Peak observed (cm-1)

Interpretation

3446

-NH stretching

2947

-CH 3 stretching

2893

-CH 2 stretching

1608

-C=C stretching

1506

-C=N stretching

1570

-NH bending

1458

-CH 2 bending

1375

-CH 3 bending

1296
S. No.

Concentration (mg/mL)

Absorbance at 224 nm

1

0

0

2

1

0.2357

3

1.5

0.3548

6. DSC Study: Rezatriptan Benzoate with (SP2)

4

2

0.4604

Musa paradisiaca L powder was studies using

5

2.5

0.5611

6

3

0.6915

7

3.5

0.8074

8

4

0.9192

1140

-C-N stretching

1016

FTIR and DSC to check any incompatibility/
interaction of the excipient with the drug, which
showed no significant change in the FTIR of
the drug same was proven by the DSC study.

Formulation And Evaluation

Figure 3: FTIR spectra
of Rizatriptan Benzoate

a) Comparative Study of M. paradisiaca L.
with other Superdisintegrant
For comparative study tablets were prepared
using different concentration of sodium starch
glycolate,

croscarmellose

sodium

and

crospovidone (2, 3, 4 and 5 %) according to
formula given in Table 1. Powder blends were
evaluated for angle of repose, bulk density, tapped
density, and Carr’s index. Tablets were evaluated
for thickness, diameter, hardness, friability, weight

given in Table 8. FTIR spectrum of Rizatriptan
benzoate showed all the peaks corresponding
to the functional groups present in the
structure of Rizatriptan benzoate.

variation, disintegration time, wetting time, water
absorption ratio, uniformity of contents and in vitro
dissolution study.
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Evaluation of Powder Blend

increasing the concentration of sodium starch

The powder mixtures were evaluated for angle of
repose ranged from 23.81 to 27.71°, bulk density
which ranged from 0.32 to 0.40 (g/cm2), tapped
density ranged from 0.37 to 0.47 (g/cm2), Carr’s
index ranged from 14.6 to 15.55 %. All these
results (Table 9) indicated that, the powder
mixture had satisfactory flow and compressibility
properties.

glycolate,

croscarmellose

sodium

and

crospovidone, results in decreasing the
disintegration time of tablets. The wetting time
was found to be 35 to 26 s. Drug contents of
tablets from each batch showed uniformity of
content as the concentration of drug in tablet was
found in between 98.32% to 98.87%, as indicated
in Table 10.

Evaluation of Tablets

In vitro Dissolution Study of F13-F16
Formulations

Thickness of tablets was found to be 2.57 to 2.93
mm for all the formulations. Diameter of Tablets
was found to be 7.19 to 7.26 mm. Hardness of
tablets of each formulation was measured and
was found in the range of 2.5-3 kg/cm 2 .
Percentage weight loss (friability) of the tablets
of each formulation was measured and was
found to be less than 1% for all the formulations.
Tablets from each batch showed uniformity of
weight as per IP limits. It was observed that

The in vitro drug release profiles of F13-F16
formulations containing different concentration of
sodium starch glycolate are shown in Figure 4.
As per USP specification for ODT containing
Rizatriptan benzoate sample withdrawal at 5
minutes for dissolution study is recommended
but the drug release and dissolution was found
to be rapid, so sample withdrawal interval of 2

Table 9: Data for Powder Blend Evaluation of Batch F13-F24
Angle of repose (θ
θ)

Bulk density(gm/cm3)

Tapped density(gm/cm3)

Carr’s Index (%)

F13

26.20

0.39

0.46

15.21

F14

27.71

0.40

0.47

14.89

F15

25.62

0.38

0.45

15.55

F16

27.47

0.39

0.45

15.33

F17

26.20

0.39

0.45

15.33

F18

25.54

0.36

0.44

F19

26.33

0.39

0.46

15.21

F20

25.82

0.40

0.47

14.89

F21

26.52

0.37

0.44

15.2

F22

23.81

0.32

0.37

14.2

F23

24.46

0.33

0.39

15.1

F24

25.72

0.35

0.41

14.6

Formulations
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Table 10: Data for Evaluationof Tablet of F13-24
Formulations

Thickness
(mm)

Diameter
(mm)

Friability
(%)

Wt. variation
(mg)

DT
(sec.)

Wetting time
(min.)

Water
absorption
ratio

Uniformity
of
content

F13

2.76±0.05

7.20±0.03

0.55±0.04

149.6±1.24

95±1.2

0.36±0.02

28.57±0.06

98.43±1.52

F14

2.77±0.02

7.21±0.02

0.59±0.03

149.3±2.14

90.6±1.7

0.26±0.05

34.78±0.07

102.32±0.6

F15

2.87±0.02

7.19±0.02

0.51±0.06

151.6±1.52

80±1.2

0.31±0.02

39.13±0.12

98.73±0.48

F16

2.93±0.028

7.22±0.04

0.57±0.04

150.6±1.47

76.3±1.6

0.35±0.04

25.0±0.05

98.87±1.12

F17

2.88±0.024

7.22±0.03

0.53±0.03

149.6±1.65

85±1.28

0.25±0.03

21.05±0.07

99.65±1.07

F18

2.86±0.022

7.22±0.06

0.52±0.04

149.6±1.20

83±1.2

0.23±0.06

16.66±0.04

100.25±0.7

F19

2.88±0.02

7.26±0.04

0.55±0.01

151±1.72

70.3±1.6

0.21±0.02

25.0±0.07

98.32±0.63

F20

2.87±0.032

7.23±0.028

0.61±0.05

150.6±1.47

66.6±1.2

0.32±0.04

21.05±0.09

98.65±1.02

F21

2.56±0.057

7.26±0.022

0.51±0.06

151±1.32

65±1.3

0.54±0.06

41.67±0.05

98.93±0.8

F22

2.57±0.022

7.24±0.024

0.58±0.03

151±1.61

58±2.13

0.38±0.02

41.67±0.11

100.13±0.5

F23

2.57±0.014

7.25±0.046

0.68±0.02

150.3±1.69

54.3±1.8

0.42±0.04

33.33±0.1

99.21±2.27

F24

2.58±0.031

7.24±0.057

0.53±0.04

151±1.20

51.3±2.3

0.30±0.07

33.33±0.08

98.99±1.03

min interval was followed. The in vitro drug release

Figure 5: Dissolution Profile
of Batch F17-F20

profiles of F17-F20 formulations containing
different concentration of croscarmellose sodium
are shown in Figure 5. The in vitro drug release
profiles of F21-F24 formulations containing
different concentration of crospovidone are shown
in Figure 6. In all batches more than 95% of the
Figure 4: Dissolution Profile
of Batch F13-F16

Figure 6: Dissolution Profile
of Batch F21-F24
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was selected for further study. Tablets were
prepared using physical mixture of
crospovidone and Musa paradisiaca L. (SP2)
powder according to formula given in Table 2.
Powder blends were evaluated for angle of
repose, bulk density, tapped density, and
Carr’s index. Tablets were evaluated for
thickness, diameter, hardness, friability, weight
variation, disintegration time, wetting time,
water absorption ratio, uniformity of contents
and in vitro dissolution study.

drug was releasing in 15 min. Crospovidone
showed the superior drug release as compared
to the other disintegrants.
Comparison of disintegrating property of M.
paradisiaca L. (SP2) with sodium starch glycolate,
croscarmellose sodium, and crospovidone is
shown in Figure 7. Tablets prepared with
Crospovidone shows lowest disintegration time
followed by croscarmellose sodium, sodium
starch glycolate and M. paradisiaca L. (SP2).
Tablets prepared with M. paradisiaca L. (SP2)
powder showed slightly higher disintegration time
as compared to other superdisintegrants.

c. Precompression and Postcompression
Evaluation
1. Evaluation of powder blend: The powder
mixtures were evaluated for angle of repose
ranged from 24.32 to 28.50°, bulk density
which ranged from 0.38 to 0.41 (g/cm 2),
tapped density ranged from 0.45 to 0.49 (g/
cm2), Carr’s index ranged from 14.89 to 16.32
%. All these results (Table 11) indicated that,
the powder mixture had satisfactory flow and
compressibility properties.

Figure 7: Comparison of Disintegrating
Property of Sodium Starch Glycolate,
Croscarmellose Sodium, Xrospovidone
and M. paradisiaca L. (SP2)

2. Evaluation of Tablets: Thickness of tablets
was found to be 2.65 to 2.82 mm for all the
formulations. Diameter of Tablets was found
to be 7.19 to 7.22 mm. Hardness of tablets of
each formulation was measured and was
found in the range of 2.5-3 kg/cm2. Percentage
weight loss (friability) of the tablets of each
formulation was measured and was found to

b. Batches with crospovidone and Musa
paradisiaca L. (SP2) powder: From the
previous results it is concluded that
crospovidone shows the highest drug release
and lowest disintegration time. Crospovidone

Table 11: Data for Powder Blend Evaluation of Batch F25-F28
Angle of repose (θ
θ)

Bulk density(gm/cm3)

Tapped density(gm/cm3)

Carr’s Index(Ic)

F25

24.60

0.40

0.47

14.89

F26

24.32

0.38

0.45

15.55

F27

27.42

0.39

0.45

15.33

F28

28.50

0.41

0.49

16.32

Formulation
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be less than 1% for all the formulations.
Tablets from each batch showed uniformity of
weight as per IP limits.

of drug in tablet was found in between 98.34% to
99.59%, as indicated in Table 12.
i) In Vitro Dissolution Study

Tablet containing 15 % of Musa paradisiaca
L. (SP2)powder and 3.5% of crospovidone (batch
F27) shows the highest drug release and lowest
disintegration time of 54 s. This batch (F27) was
chosen as optimized batch in the preliminary
study and factorial design was applied with
reference this batch. For preliminary optimized
batch ,the wetting time was found 0.54 to 0.21
min. The water absorption ratio was found 23.80
to 34.78. Drug contents of tablets from each batch
showed uniformity of content as the concentration

The in vitro drug release profiles of F26-F29
formulations containing different concentration of
physical mixture of crospovidone and Musa
paradisiaca L. (SP2)powder are shown in
Figure 8. Batch F27 shows the highest drug
release as compared to other batches.
d) Factorial Design
All the equations and graphs are obtained from
Design Expert 8 trial version. Tablets were

Table 12: Data for Evaluationof Tablets of Batch F25-F28
Parameters

F25

F26

F27

F28

Thickness (mm)

2.70±0.024

2.65±0.03

2.82±0.031

2.79±0.022

Diameter (mm)

7.21±0.022

7.19±0.024

7.22±0.04

7.20±0.21

Friability (%)

0.61±0.20

0.64±0.14

0.71± 0.05

0.69± 0.15

150.66±2.16

151±1.63

150.33±1.46

150.66±1.32

DT (sec.)

95.6±1.34

79±1.16

54±1.28

57±1.02

Wetting time (Min)

0.54±0.03

0.21±0.02

0.31±0.05

0.26±0.02

Water absorption ratio

30±0.13

23.80±0.18

25.0±0.07

34.78±0.15

Uniformity of content

100.27 ±1.63

98.34±1.37

98.90±2.14

101.59±1.7

Weight variation (mg)

Figure 8: Dissolution Profile of Batch F25-F28
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prepared according to the composition given in
Table 5. The prepared tablets were evaluated
for disintegration time and % CDR at 10 min
(Table 13).

how the response changes when 2 factors are
simultaneously changed. The polynomial terms
(X 12 and X 22 ) are included to investigate
nonlinearity.

Disintegration Time

Polynomial equation for disintegration time

As shown in equation, a statistical model
incorporating interactive and polynomial terms
was used to evaluate the responses.

Y1=155.1-7.9X1-11.8X2+0.6X1X2
+0.15X12-0.3X22

...(5)

The polynomial equations can be used to draw
conclusions after considering the magnitude of
coefficient and the mathematical sign it carries
(positive or negative). Concerning disintegration
time, the results of multiple linear regression
analysis showed that both the coefficients β1 and
β2 bear a negative sign. Therefore, increasing the
concentration of either M. paradisiaca L.
(SP2)powder or crospovidone is expected to

Y=β0+ β1X1+ β2X2+ β12X1X2+ β11X12+ β22X22
where Y are the dependent variables, namely,
disintegration time and % cumulative drug release
per; β0 is the arithmetic mean response of the 9
runs; and β1 and β2 are the estimated coefficients
for the factors X1 and X2, respectively. The main
effects (X1 and X2) represent the average result
of changing one factor at a time from its low to
high value. The interaction term (X1X2) shows

decrease the disintegration time. The ability of a

Table 13: 32 Factorial Design Layout
Batch

Factor

Response

X1

X2

Y1±SD

Y2±SD

OP1

-1

-1

79.67±1.53

83.67±1.96

OP2

-1

0

67±1

90.16±0.81

OP3

-1

+1

56.67±1.15

95.17±1.31

OP4

0

-1

65.66±2.08

89.56±0.89

OP5

0

0

59.33±1.53

95.61±1.58

OP6

0

+1

49.33±0.58

98.25±0.85

OP7

+1

-1

58.66±1.53

95.6±1.06

OP8

+1

0

56±1

96.27±1.03

OP9

+1

+1

53.33±0.58

97.62±0.8

Check point

-0.4

+0.6

56±1.53

95.28±1.02

Table 14: Results of Regression Analysis for Disintegration Time
β0
155.1

β1

β2

β12

β11

β22

-7.9

-11.8

0.6

0.15

-0.3
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disintegrant to draw water into the porous network

Table 15 shows the results of the analysis of

of a tablet is essential for effective disintegration.

variance (ANOVA). The high values of correlation

For crospovidone, water wicking and for M.

coefficient for disintegration time (Table 14)

paradisiaca L. (SP2) powder, swelling has been

indicate a good fit. The response surface plot for

thought to be the main mechanism of

the same is shown in Figure 9 and contour plot

disintegration. The water uptake and subsequent

for the same is in Figure 10.

disintegration are thus facilitated.
Figure 9: Response Surface Plot for Disintegration Time

Figure 10: Counter Plot for Disintegration Time
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Table 15: Results of ANOVA for Disintegration Time
DF
2

SS

MS

F

R2

p value

30.28

15.14

13.19

0.9946

0.0326

The polynomial equations used to draw
conclusions after considering the magnitude of
coefficient and the mathematical sign it carries
(positive or negative). Concerning % CDR, the
results of multiple linear regression analysis
showed that both the coefficients β1 and β2 bear
a positive sign. Therefore, increasing the
concentration of either M. paradisiaca L.
(SP2)powder or crospovidone is expected to
increases the % CDR.

Table 17 shows the results of the analysis of
variance (ANOVA). The high values of correlation
coefficient for % CDR (Table 16) indicate a good
fit.
The 3D Response Surface Plot and Contour
Plot of both variables are mentioned below which
are representing the effects of independent
variables on dependent variables. As the
concentration of M. paradisiaca L. (SP2)and

Polynomial equation for % cumulative drug
release.

crospovidone was increased there was increase
in the % CDR of the tablet. The response surface

Y2= 58.1+1.8X1+7.2X2

plot for the same is shown in Figure 11 and

-0.32X1X2

...(6)

contour plot for the same is in Figure 12.

Table 16: Results of Regression Analysis for % CDR
β0

β1

β2

β12

58.1

1.8

7.2

-0.32

Table 17: Results of ANOVA for % CDR
DF
1

SS

MS

F

R2

p value

22.47

22.47

14.99

0.9589

0.0117

Figure 11: Response Surface Plot for % CDR
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Figure 12: Contour Plot for % CDR

Indicates the results are as expected. Thus, the

Based on the foregoing, discussion batch OP6
(disintegration time: 49 sec and % cumulative

statistical model is mathematically valid.

drug release: 98.25 at 10 minutes) was selected

e) Comparative in-vitro dissolution study of
optimized formulation with marketed
formulation

as a promising batch. A checkpoint batch was
prepared at X1 = -0.4 level and X2= 0.6 level. The
values of disintegration and % cumulative drug

Comparative in vitro dissolution study of
optimized batch with marketed formulation is
given in Figure 13.

release expected from the model for this batch
were 55 s and 94%, respectively. Table 13.

Figure 13: Comparative In Vitro Drug Release Profile
of Optimized Batch (Op6) With Marketed Formulation

This article can be downloaded from http://www.ijlbpr.com/currentissue.php
177

Int. J. LifeSc. Bt & Pharm. Res. 2014

Meera Chandradatt Singh et al., 2014

Marketed Formulation (Banker et al. 1990)

b) Disintegration Time

Maxalt RPD 10 mg: Comparative in vitro

The optimized batch kept for stability study was

dissolution study of optimized batch with
result shows that 100% of drug was released in

evaluated for disintegration time at regular interval.
Results are shown in Table 19 which indicate that
there was no change in the disintegration time of

10 min from both optimized and marketed

tablet.

marketed formulation is given in Figure 13. The

formulation. Similarity factor was employed the

c) Drug Contents

result for similarity factor was 63. From the
dissolution study it is concluded that drug release

The optimized batch kept for stability study was

from OP6 batch is similar to that of marketed

evaluated for drug contents at regular interval.
Results are shown in table (Table 19) which
indicates that there was no change in the drug
content of tablet after three months.

formulation (Table 18).

Stability Studies
The Optimized formulation OP6 was kept for

d) In vitro Dissolution Study

stability study. This formulation was evaluated for

Dissolution profiles of formulation (OP6) after
stability study are shown in Figure 14. After stability
study of 3 months, it was observed that there was
no significant change in release profile of the
formulation. The dissolution profile of the
formulation considered at time zero and after 3
months of storage at 40°C/75% RH are
completely super imposable.

appearance, disintegration time, % CDR and drug
content at regular interval.
a) Appearance
The color of all the tablets was similar before and
after stability studies.

Table 18: Comparative % CDR of Optimized Batch and Maxalt RPD™ 10 mg
Formulation

% Cumulative Drug Release
0 min.

2 min.

4 min.

6 min.

8 min.

10 min.

12 min.

15 min.

OP6

0.0

63.65

88.42

92.67

96.61

98.65

97.64

98.25

Marketed

0.0

67.47

81.56

88.56

97.69

97.80

97.76

98.54

Table 19: Disintegration Time and Drug Content After Stability Study
Time(days)

Drug Content*

Disintegration time

0

99.42±0.19

49.3±2.3

30

100.42±0.19

48.6±1.6

60

98.34 ±0.98

48.6±1.3

90

99.02 ±0.74

46±1.53
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Figure 14: Dissolution Profile of OP6 Batch After Stability Study

CONCLUSION
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