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ABSTRACT

SAMEER G. LATE
Development and optimization of novel fast disintegrating
tablet formulation using (3 cyclodextrin as a diluent
(Under the direction of AJAY K. BANGA)

Purpose. The objective of this dissertation was to
investigate novel application of P cyclodextrin, as a
diluent, to develop and optimize novel fast disintegrating
tablet formulation of granisetron hydrochloride and
piroxicam.
Methods. Granisetron hydrochloride was used to develop
and optimize novel fast disintegrating tablet formulation
using P cyclodextrin as a diluent. Compatibility of selected
tablet excipients was determined using thermal and nonthermal methods. Experiments were performed according to
Face centered central composite design to evaluate effects
of formulation parameters like concentration of diluent,
concentration of disintegrating agent and concentration of
direct compression aid agent, and their interactions on
xxi

xxii
disintegration time and hardness of the fast disintegrating
tablet formulation. Effects of disintegration promoting
agent and different lubricants on the optimized formulation
were evaluated by full factorial design.
Model poorly soluble compound, piroxicam, was used to
study influence of complexation of drug with P cyclodextrin
on the dissolution and tabletting properties of the
optimized fast disintegrating tablet formulation. PiroxicamP cyclodextrin complexes were prepared by different methods.
These complexes were further used to prepare fast
disintegrating tablets. Tablets prepared using physical
mixture of piroxicam with (3 cyclodextrin were used for
comparison purpose.
Stability of the optimized novel formulation was
evaluated at different temperature and humidity conditions.
Results. All the selected excipients were found
compatible with granisetron hydrochloride. Response surface
plots revealed that concentration of P cyclodextrin was the
most important formulation parameter in optimizing fast
disintegrating tablet formulation. At low concentration of p
cyclodextrin (below 30%), tablets disintegrated
predominantly by dissolution mechanism, while at high
concentration, tablet disintegration was due to swelling of

xxiii
the disintegrating agent because of the water uptake and
disintegration as result of force generated inside the
tablet. Concentration of lubricant significantly affected
the disintegration time and tablet hardness. Lubricant was
important for the preparation of intact tablets.
Tablets prepared using spray dried and freeze dried
inclusion complexes strongly affected disintegration time
and hardness of the optimized fast disintegrating tablets.
Fast disintegrating tablets were fairly stable at lower
humidities and temperatures till 37°C.
Conclusion. Novel application of P cyclodextrin, as a
diluent, enabled development and optimization of novel fast
disintegrating tablet formulations of granisetron
hydrochloride and piroxicam.

CHAPTER 1
INTRODUCTION

Despite significant advances in the inhalable,
injectable, transdermal, nasal and other routes of
administration, oral drug delivery remains the gold
standard and the preferred delivery route. Of all the
pharmaceutical products that are available in the market,
more than 50% are administered orally and accounted for
nearly 84% of the sales of the top 50 selling products in
2004. This dominance of oral products may be attributed to
advantages associated with oral dosage forms. Oral dosage
forms mainly comprise of tablets, capsules and solutions.
Tablet is the most popular dosage form amongst all the oral
dosage forms because it is a unit dosage form and it is
relatively easy to manufacture and to market. It also has
high patient compliance compared to other dosage forms.
However, there are some disadvantages associated with
tablet dosage form, e.g., conditions in the gastrointestinal tract are unfavorable for some drugs to get
absorbed. Some drugs undergo extensive first pass
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metabolism. One of the disadvantages of tablets is that
many patients find tablets difficult to swallow
(dysphagia). As a result, patients do not take medications
as prescribed. In one of studies, it has been estimated
that nearly 50% of the population is affected by this
problem of dysphagia, which results in high incidence of
non-compliance and ineffective therapy (Seager, 1998). In
some cases such as motion sickness, sudden episodes of
allergic attack or coughing and unavailability of water,
swallowing conventional tablets may become difficult.
Pediatric and geriatric patients are especially prone to
experience these difficulties.
These problems can be resolved by means of fast
disintegrating tablet formulation. Recent developments in
fast disintegrating tablet provide a convenient solution
for patients who have difficulties in swallowing tablets
and other dosage forms (Fu et al., 2004) . These tablets,
when placed on tongue, dissolve or disintegrate in the
mouth from a hard solid to smaller granules or gel
structure allowing easy swallowing by the patients. The
disintegration time varies from few seconds to a minute for
a good fast disintegrating tablet formulation. The key
properties of fast disintegrating tablet formulations are
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fast absorption of water into the core of tablets and
disintegration of associated particles into individual
components for fast dissolution (Fu et al., 2005). Fast
disintegrating tablet disintegrates and instantaneously
releases the drug in the saliva. Some drugs are absorbed
from the mouth, pharynx and esophagus as the saliva passes
down into stomach. The time required for this process is
estimated between 5- 10 minutes (Wilson et al., 1987). In
such cases, onset of action or the bioavailability of drugs
can be greatly enhanced as compared to conventional tablet
dosage form (Seager, 1998).
During the last decade, fast disintegrating tablet
technologies have drawn a great deal of attention because
of their unique advantages. These tablets dissolve or
disintegrate in the mouth without chewing and additional
water intake. Fast disintegrating tablet is still one type
of tablet formulation therefore it has all the advantages
of conventional tablet dosage form. These include good
stability, accurate dosing, easy manufacturing, small
packaging size and easy handling by patients. Apart from
these advantages, fast disintegrating tablet is easy to
administer and free of the risk of suffocation resulting
from physical obstruction of a dosage form such as other
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tablets and capsules. Fast disintegrating tablet can serve
as a life cycle management tool for the drugs that are at
the end of their patent life by providing a new dosage
form.
In our study, we proposed that P cyclodextrin is a
suitable diluent for preparing fast disintegrating tablet
formulation. Cyclodextrins are cyclic oligosaccharides
composed of 6, 7, or 8 dextrose units, commonly known as a, P~, and y- cyclodextrins, respectively. They tend to form
inclusion complexes because of its relatively lipophilic
interior and the hydrophilic exterior. This inclusion
complexation has been used to solubilize, stabilize and
decrease the volatility of drug molecules. It has also been
used to reduce irritancy and toxicity of drug molecules
(Stella et al., 1997). P Cyclodextrin has good compression
characteristics because of its good compressibility index
(Wade, 1994). It is considered to be a promising material
as a direct compression material because of its favorable
compactibility and dilution potentials. One may get harder
tablets with lower compression force using P cyclodextrin,
which is very essential for fast disintegrating tablet
formulations. Also, it may render other advantages such as
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taste masking of the drug and enhancing solubility of
poorly soluble compounds. However, very few studies have
tapped the potential of cyclodextrins as a diluent in
tablet dosage forms. Shangraw et al. reported systematic
studies of P cyclodextrin as a filler-binder additive
(Shangraw, 1992). They concluded that P cyclodextrin was
more compactable than either spray-dried lactose or
unmilled dicalcium phosphate, commonly used as direct
compression diluents/fillers. Interestingly, they also
found that P cyclodextrins have compactabilities approaching
to that of microcrystalline cellulose. ElShaboury also
evaluated P cyclodextrin as a direct compression agent
either singly or in blends with spray-dried lactose.

They

found that tablets produced with p cyclodextrin alone and
its combinations with spray-dried lactose had better
hardness (ElShaboury, 1990).
The model drug candidates selected for this work are
granisetron hydrochloride and piroxicam. Granisetron is a
centrally active, specific serotonin (5HT3) receptor
antagonist (Budavari, 1989). It is used to treat nausea and
vomiting induced by chemotherapy. Intravenous infusion of
40 (ag/kg of granisetron hydrochloride is effective to
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prevent nausea and vomiting for repetitive chemotherapeutic
regimens (Chaturvedula et al., 2005). Granisetron
hydrochloride is very potent and hydrophilic in nature;
however, its oral administration has been associated with
extensive first pass metabolism and hence has a low peroral
bioavailability (Clarke et al., 1994).

Also, dysphagia,

difficulty in swallowing, has often been associated with
radiation or chemotherapy, the common treatments for
cancer. These difficulties limit the usefulness of oral
delivery of granisetron hydrochloride. A potential
alternative approach to tackle these problems and deliver
granisetron hydrochloride orally could be the development
of fast disintegrating tablet formulation of granisetron
hydrochloride. Fast disintegrating tablet formulations
provide a convenient solution for patients who have
difficulties in swallowing tablets and other dosage forms
(Fu et al., 2004). It may also improve the bioavailability
or give faster onset of action of the drug granisetron
(Seager, 1998). Therefore, in the present work, granisetron
hydrochloride was selected as a model drug in developing

and optimizing novel fast disintegrating tablet formulation
using P cyclodextrin as a diluent.
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The second model drug candidate, piroxicam, is a nonsteroidal anti-inflammatory drug that also has analgesic
and antipyretic effects. Granisetron hydrochloride is a
model hydrophilic drug, while piroxicam is a model poorly
water-soluble compound. P Cyclodextrin is used to enhance
the solubility of poorly soluble compounds by complexation
with the drug (Hoerter and Dressman, 1997; Loftsson and
Brewster, 1996). Hence, one of the advantages of developing
fast disintegrating tablet using p cyclodextrin, as a
diluent, would be that it can be used to enhance the
solubility of poorly soluble compounds. Complexation of
poorly soluble compound with P cyclodextrin is essential to
increase the solubility of poorly soluble compound.
However, complexation of poorly soluble compound with P
cyclodextrin and subsequently formation of tablets using
the complexes may affect the tabletting properties of the
fast disintegrating tablet formulation. Hence, in this work
we investigated if complexation of piroxicam with P
cyclodextrin has any effect on tableting properties of the
optimized fast disintegrating tablet formulation. Since
inclusion complexes are prepared by different methods,
experiments consist of preparing inclusion complexes of

piroxicam with [3 cyclodextrin using different complexation
methods. The effects of method of preparation of inclusion
complex on tabletting properties of the formulation as well
as dissolution of piroxicam from the fast disintegrating
tablet formulations were evaluated.

Specific Aims

The focus of this dissertation is to develop and
optimize novel fast disintegrating tablet formulation using
P cyclodextrin as a diluent of two model drugs: granisetron
hydrochloride and piroxicam.
This will be accomplished by the following specific
aims:
1. To evaluate compatibility of granisetron hydrochloride
with selected tablet excipients using thermal and nonthermal methods.
2. To apply response surface approach to investigate main
and interaction effects of formulation parameters in
optimizing novel fast disintegrating tablet
formulation of granisetron hydrochloride using p
cyclodextrin as a diluent.
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3. To study influence of disintegration promoting agent
and lubricant on the optimized fast disintegrating
tablet formulation of granisetron hydrochloride.
4. To evaluate effects of moisture treatment, various
lubricants and disintegrating agents on the optimized
fast disintegrating tablet formulation of granisetron
hydrochloride.
5. To investigate influence of piroxicam-(3 cyclodextrin
complexation on the dissolution and tabletting
properties of fast disintegrating tablet formulation
of piroxicam.
6. To evaluate solid-state stability of fast
disintegrating tablet formulation of piroxicam
prepared using p cyclodextrin as a diluent.

CHAPTER 2
LITERATURE REVIEW

Oral Fast Disintegrating Dosage Forms

It has been estimated that by year 2008 more than 60
blockbuster molecules will go off patent and product sale
loss would account for nearly $50 billion in next few
years. Very high cost of developing a new chemical entity
and lack of many new molecules coming into the market, is
resulting in pharmaceutical companies coming under constant
pressure to optimize the full potential of a drug candidate
at an early stage of its life cycle. This can be
accomplished by incorporating drugs into different drug
delivery systems (Sastry et al., 2000). One of the
promising drug delivery technologies is fast disintegrating
tablet dosage form.
Drug delivery systems are designed in such a way that
they would give some benefits over the previously
administered dosage forms. Fast disintegrating tablets also
give some benefits over the other drug delivery systems. It
10
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is difficult for many patients to swallow tablets and hard
gelatin capsules. This difficulty in swallowing, commonly
referred as dysphagia, is prevalent among all the age
groups (Lindgren and Janzon, 1993). In one of the studies,
it has been shown that approximately 35% of the general
population, 30- 40 % of elderly institutionalized patients
and 18- 22% of all persons in long term care facilities
suffers from dysphagia (Sastry et al., 2000). Another study
estimated around 50% of the population suffering from
dysphagia (Seager, 1998). Tablet size was the most common
complaint for these patients followed by surface, form and
taste of tablets. This resulted in high incidence of noncompliance and ineffective therapy. In some cases such as
motion sickness, sudden episodes of allergic attack or
coughing, traveling patients, unavailability of water,
swallowing of conventional tablets may be difficult.
Geriatric or pediatric patients particularly experience
these difficulties (Sastry et al., 2000). Such problems can
be solved by means of fast disintegrating dosage form.
Fast disintegrating tablets in general are defined as
solid dosage form that disintegrates and dissolves in mouth
without water within 60 seconds or less (Pfister and Gosh,
2005). According to FDA's Center for Drug Evaluation and
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Research (CDER), fast disintegrating tablets as a new
dosage form in 1998 are defined as "A solid dosage form
containing medicinal substances, which disintegrates
rapidly usually within a matter of seconds, when placed on
the tongue"(FDA-Guidance for industry, 2007). The growing
importance of fast disintegrating dosage forms is
recognized by industry as well as academia. The global sale
for fast disintegrating tablets was estimated at $2.4
billion in 2004 and $3 billion in 2006 (Van Arnum, 2006).
Based on different technologies more than 50 commercial
products are available in the market. These products can
deliver drugs like desloratidine (antihistamine), piroxicam
(NSAID), risperidone (antipsychotic), rizatriptan
(antimigraine), famotidine (anti-ulcer), ondansetron (antiemetic) , selegiline (anti-parkinson) and roxithromycin
(antibiotic). This growing importance was underlined
recently when European Pharmacopoeia adopted the term
Orodispersible tablet and earlier this year FDA, issued a
draft guidance, Guidance for industry: Orally
Disintegrating Tablets. According to European
Pharmacopoeia, orodispersible tablet is "A tablet which
disperses and disintegrates in less than 3 minutes in the
mouth before swallowing". The draft guidance issued
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recently by FDA recommended, in addition to the original
definition, orally disintegrating tablets be considered
solid oral preparations that disintegrate rapidly in the
oral cavity with an in vitro disintegration time of
approximately 30 seconds or less, when based on the United
States Pharmacopoeia disintegration test method or
alternative (FDA-Guidance for industry, 2007). During the
last decade, fast disintegrating tablets have drawn a great
deal of attention as it offers significant advantages over
other drug delivery systems. The advantages are as
followed:
1.

Ease of administration to pediatric, geriatric
and psychiatric patients. Convenient
administration to patients who cannot swallow,
such as the mentally ill, disabled and
uncooperative, stroke victims, healthcare
facility and bedridden patients (Fix, 1998).

2.

It allows ease of termination of therapy (Wilson
et al., 1998).

3.

Fast disintegrating tablets give rapid
dissolution of drug and absorption, which may
produce rapid onset of action. Some drugs may get
absorbed from the mouth, pharynx and esophagus as
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the saliva passes down the stomach. This
pregastric absorption may provide improved
bioavailability. Pregastric absorption may also
reduce the dose of the drug if a significant
amount of the drug is lost through hepatic
metabolism. As a result of reduced dosage, it may
give improved clinical performance and reduction
of unwanted effects (Virely and Yarwood, 1990) .
4.

Fast disintegrating tablets being a solid dosage
form have all the advantages of solid dosage
forms, which include good stability, accurate
dosing, easy manufacturing, small packaging size
and ease of handling to patients (Fu et al.,
2004) .

5.

The highly beneficial feature of this dosage form
is the patients who are traveling and busy people
who do not have immediate access to water can
swallow this dosage form very easily (Fix, 1998).

6.

These dosage forms have the ability to provide
advantages of liguid medication in the form of
solid preparation. These advantages include easy
administration and free of the risk of
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suffocation resulting from physical obstruction
by a dosage form (Fu et al., 2004) .
7.

Fast disintegrating tablets are considered as a
new dosage form. Therefore, pharmaceutical
companies may get different advantages such as
line extension and life cycle management, patent
life extension, exclusivity of product promotion
and product differentiation (Fix, 1998).

Mechanism of Fast Disintegrating Dosage Forms
Fast disintegrating tablets are formulated in such a
way that they disperse, dissolve or disintegrate rapidly in
the mouth, enabling medication to be swallowed without
water. The key properties of fast disintegrating tablets
are fast absorption of water into the core of the tablets
and disintegration of associated particles into individual
components for fast dissolution (Fu et al., 2005). Fast
disintegrating tablets may avoid first-pass hepatic
metabolism because of absorption of drug across the oral
mucosa. This may potentially increase the rate and extent
of uptake and reduce the undesirable metabolites. The
potential for such pregastric absorption rests largely in
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the physicochemical properties of the drug molecule (Van
Arnum, 2007).

Developmental Challenges and Characteristics of Fast
Disintegrating Dosage Forms
Ease of administration. For better patient compliance,
fast disintegrating dosage forms should be easy to
administer and handle.
Fast disintegration. Fast disintegrating dosage forms
dissolve or disintegrate in the mouth and saliva of the
patient provides the disintegration fluid. Hence, fast
disintegrating dosage forms should disintegrate or dissolve
as quickly as possible, preferably less than a minute, with
a very small amount of water.
Taste of the drug molecule. Large numbers of drug
molecules are unpalatable and as fast disintegrating dosage
forms dissolve or disintegrate in patient's mouth, drug
molecule partially may come in contact with the taste buds.
Therefore, mouth feel and a pleasant taste inside the mouth
is very critical for fast disintegrating dosage forms.
Taste masking technologies can be used, if the drug
molecule has an undesirable taste. The taste masking
technology, if used, should provide drug without grittiness
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with good mouth feel. In some cases, certain flavors can be
added to give improved mouth feel perception (Brown, 2004).
Moisture sensitivity. Many highly soluble excipients
are used to formulate fast disintegrating dosage forms as
they are fast dissolving and provide good mouth feel.
However, these highly soluble excipients are susceptible to
moisture. This may be disadvantageous, as dosage forms
formulated with these excipients may not maintain the
physical integrity under normal conditions from humidity. A
good package design or other strategies may be needed to
protect fast disintegrating dosage forms from various
environmental conditions (Chang et al., 2000). This may
sometimes add up to the cost of the product.
Tablet strength and porosity. In order to allow fast
disintegrating dosage forms to dissolve in the mouth in a
quick time, the tablet porosity is maximized to ensure fast
water absorption into the dosage forms. This demands high
wettability excipients and highly porous structure in the
dosage form. Porosity is inversely proportional to
compression force. Therefore, it is important to find the
porosity that allows fast water absorption as well as
maintaining high mechanical strength. Dosage forms, which
are highly porous and soft, molded matrices or compressed
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into tablets with very low compression force produce soft,
friable and unsuitable for packaging in conventional
blister or bottle fast disintegrating dosage forms.
Therefore, fast disintegrating dosage forms should have
good mechanical strength without affecting the tablet
porosity or requiring special packaging to handle fragile
tablets.
Drug properties. Drug properties such as solubility,
crystal morphology, particle size, hygroscopicity,
compressibility and bulk density of a drug can affect the
final outcome of the fast disintegrating dosage form.
Hence, fast disintegrating dosage forms should be versatile
enough to accommodate problems posed by the drug.

Formulation Processes Used in the Manufacture of Fast
Disintegrating Dosage Forms.
Three methods or formulation processes are most widely
used for the manufacture of different technologies to
deliver drugs in fast disintegrating dosage forms. These
methods are freeze drying method, molding method and
compression method. Different marketed technologies,
therefore, are generally grouped according to the method
used to produce fast disintegrating dosage forms. These
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technologies have been extensively reviewed in the
literature (Fu et al., 2004; Sastry et al., 2000; Habib et
al., 2000). Each method is summarized in following section.
Freeze drying. Lyophilization (freeze drying) can be
used to prepare tablets that have very light and porous
structure into which saliva rapidly moves to disintegrate
lyophilized mass after it is placed in the mouth. The
freeze-dried product releases the incorporated drug
instantaneously as the highly porous structure dissolves or
disintegrates rapidly when placed on tongue.
The main advantage of freeze drying method is that the
entire process can be carried out at non-elevated
temperatures eliminating adverse thermal effect that may
affect the drug stability during processing. The freezedried dosage forms have relatively little shelf life
stability problems, as the product is stored in dry state.
The dissolution characteristics of the drug may get
enhanced as lyophilization process imparts a glassy
amorphous structure to excipients and the incorporated drug
molecules.
Freeze drying is relatively expensive and time
consuming manufacturing process. Other drawbacks include
fragility, which make the use of conventional packing
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difficult and poor stability during storage under stressful
conditions such as higher temperature and humidity (Habib
et al., 2000) .
The Zydis® technology is the well-known example of the
freeze-drying method. Gregory et al. (Gregory et al., 1983)
and Yarwood et al. (Yarwood et al., 1998) described, in
their patents issued, the Zydis® technology in which drug is
physically entrapped in a matrix which is composed of two
components. One is water-soluble mixture of saccharine
(e.g. mannitol) and the other is polymer (e.g. gelatin).
Quicksolv® is a porous solid form obtained by freezing the
matrix composition dissolved in first solvent. Then second
solvent was used to remove the first solvent (Gole, et al.,
1993). Corveleyn and Remon studied various formulations and
process parameters by using hydrochlorthiazide as a model
drug (Corveleyn and Remon, 1997). Lyoc® is a porous, solid
galenic form obtained by lyophilization of an oil-in-water
emulsion placed directly in blister pockets (Lafon, 1986).
Molding. Molded tablets are usually prepared from
water-soluble ingredients so that tablets disintegrate and
dissolve rapidly. The powder blend is moistened with a
hydro alcoholic solvent and is molded into tablet using
compression lower than what is used in conventional tablet
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compression. The solvent is then removed by air-drying.
Molded tablets have a porous structure because they are
usually compressed at the lower pressure than conventional
compressed tablets. This porous structure also enhances the
dissolution. Recently, molded tablets also have been
prepared directly from a molten matrix in which the drug is
dissolved or dispersed (heat molding) or by evaporating the
solvent from a drug solution or suspension at standard
pressure (no vacuum-lyophilization)

(Dobetti, 2001).

Because the dispersion matrix, in general, is made
from water-soluble sugars, molded tablets disintegrate more
rapidly and offer improved taste.
Molded tablets, however, do not have great mechanical
strength. Erosion and breakage of molded tablets often
occurs during tablet handling and when blister packets are
opened.
Takeda chemical industries (Osaka, Japan) have
developed compression-molded mixtures containing a drug and
a combination of starches and sugars with surfaces that
have been wetted with suitable amount of water (Makino et
al., 1993). The wetted mass is compression molded and
dried. The porous fast disintegrating tablets, the weight
of which can reach 1- 2 gm, have sufficient rapid
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disintegration time in the mouth. In a patent by Novartis
consumer health (Basel, Switzerland) the drug solution or
suspension was dispersed into molds. The solvent was
removed from the units usually by heating, pressure
reduction or microwave radiation (Humber-Droz et al.,
1997). Bi et al. studied the factors that affect tablet
properties in the wet compression method (Bi et al., 1998).
Lactose with various particle sizes was wetted and
compressed at low compression forces. The resulting wet
mass was dried in a circulating-air oven. The result
suggested that the tablet strength and disintegration time
were related to the amount of solid bridges formed between
lactose particles.
Compression method. The compression method is the most
widely used method for making fast disintegrating dosage
forms. Some researchers have focused on unique conventional
and novel granulation methods, such as wet granulation
(Bonadeo et al., 1998; Jain et al., 2001), dry granulation
(Eoga and Valia, 1999), melt granulation (Abdelbary et al.,
2004) and spray drying (Allen and Wang, 2001). Flash-heat
process was used to make shear form formulations to produce
floss like crystalline structure, like cotton candy, by
Fuisz technologies (Chantilly, VA) (Myers et al., 1999).
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However, direct compression method outshines all other
compression methods. Most technologies available in the
market to manufacture fast disintegrating dosage forms are
using direct compression method.
Direct compression is the easiest and cost effective
method to manufacture tablets (Medina and Kumar, 2006). It
has other advantages such as use of conventional equipment,
commonly available excipients and limited number of
processing steps. High doses can be accommodated in fast
disintegrating dosage forms as the final weight can easily
be exceeded to that of other manufacturing methods.
In direct compression method, disintegration and
solubilization of tablet is based on single or combined
action of disintegrants, water-soluble excipients and
effervescent agents. In general, disintegration time for
fast disintegrating dosage forms prepared with direct
compression method is satisfactory. However, tablet size
and hardness can affect the disintegrating efficiency of
the disintegrating agents. Large and hard tablets can take
longer time to disintegrate. As a result, products with
optimal disintegration properties often have a medium-small
size (weight) and/or low physical resistance (high
friability and low hardness). This may pose problems such
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as breakage of tablet edges during handling, the presence
of deleterious powder in the blistering phase and tablet
rupture during the opening of the blister alveolus. This
all result because of insufficient physical resistance
(Dobetti, 2001). Different formulation approaches were used
to manufacture fast disintegrating dosage forms by direct
compression method to achieve an optimal disintegration
time.
Effervescent disintegration pair which releases gas
upon contact with water with low compression was utilized
in Orasolv® technology (Cima labs, Inc.) (Wehling et al.,
1993). Durasolv® from the same company utilizes non-direct
compression filler and lubricant (Khankari et al., 2000).
In WOWTAB technology tablets were prepared by compressing
granules made with saccharides having low and high
moldability (Mizumoto et al., 2003). Ethypharm (Paris,
France) introduced Flashtab® technology in which
simultaneous presence of disintegrating agent and swelling
agent was claimed as the key factor for rapid
disintegration of the tablets (Cousin et al., 1995).
AdvaTab™ and Ziplets® are the technologies employed by
Eurand pharmaceuticals. In AdvaTab™ technology, proprietary
tablet composition in which the lubrication is dispensed
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onto each tablet by using spray drying during the
production process was used (Ohta et al., 1997). Water
insoluble inorganic excipients in combination with one or
more effective disintegrating agents were tried in Ziplets®
technology (Dobetti, 2003).
Some researchers have also tried some specific
treatments after the compaction of tablets to produce
harder tablets with optimum disintegration time. These
specific treatments involve sublimation (Heinemann and
Rothe, 1975), humidity treatment (Liu et al., 2002; Tatara
et al., 2001) and sintering (Lagoviyer et al., 2002).

Tablet Disintegration and Factors Involved in
Disintegration

In pharmaceutics, disintegration usually means the
process of solid form breaking up when it comes into
contact with aqueous fluid. In most cases, disintegration
is a disaggregation process of constituent particles before
dissolution happens. Tablets must disintegrate to afford
acceptable dissolution rates. Availability of a drug from
a tablet depends on tablet's ability to disintegrate fast
enough in existing dissolution media (Ingram and Lowenthal,
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1966). Drug absorption is affected by the pH of
gastrointestinal fluid, due to changes in drug solubility
and dissolution; also tablet disintegration may be
influenced by the pH in its environment. This is the case
when tablet contains such binders or disintegrants the
solubility of which is pH-dependent (Banker and Rhodes,
1996).

Mechanisms of Tablet Disintegration
Complete tablet disintegration is defined by USP XXV
as "the state in which any residue of the tablet, except
fragments of insoluble coating, remaining on the screen is
a soft mass having no palpably fine core". The importance
of tablet disintegration was recognized already back in
1879, when a patent recommended that tablets should be
perforated in order to achieve better penetration rates for
gastric fluid and to speed up the disintegration
(Lowenthal, 1972). In order to achieve the best formulation
for desired bioavailability we have to know the mechanisms
behind the disintegration process (Guyot-Hermann, 1992).
Disintegration has been investigated extensively for
the past few decades, but there is still no general
agreement on the factors or mechanisms involved. One of the
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earliest suggested disintegrating mechanism was that when
fluid enters a tablet, it results in the heat of wetting of
the ingredients which causes the entrapped air in the
tablet to expand and forces the tablet to disintegrate
(Lowenthal and Burruss, 1971). It has also been proposed
that disintegration is caused by the water absorption and
swelling of the disintegrant (Ingram and Lowenthal, 1966).
Nogami et al. (Nogami et al. 1966) concluded that
immersional wetting might be the controlling factor in
tablet disintegration. Wetting depends on many factors,
such as the disintegrant and the binder used, moisture
content and particle size of compressed powder and the
compression conditions. The pores of the tablets were
considered widely as a disintegrating factor, but the
tablets compressed to maximum density having a good
disintegration created question about the necessity of
pores for tablet disintegration (Lowenthal and Burruss,
1971). Irrespective of the mechanism; swelling, capillary
action, heat of wetting or disintegrating
particle/particle-forces, water uptake always seems to be
the first step (Bolhuis et al., 1982; Ferrari et al., 1996;
van Kamp et al., 1986c).
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Currently there are two main mechanisms proposed for
disintegration. Disintegration takes place by the
annihilation of the interparticle bonding (passive
mechanism) and by the development of separating stress due
to swelling of disintegrant by the fluid permeating into
the tablet (active mechanism) (Caramella et al., 1986;
Ferrari et al., 1996; Gissinger and Stamm, 1980).
Water uptake. In tablets, there usually exist three
different kinds of bonds: solid bridges, mechanical
interlocking and intermolecular forces. The last one is
believed to be the dominating bonding mechanism. When the
liquid with a suitable dielectric constant replaces the
air between the tablet particles, intermolecular bonds
weaken and annihilate. The liquid must penetrate into the
tablet in order to produce bond weakening (Ferrari et al.,
1996).
The penetration of a liquid into a porous structure
depends on the balance between capillary and viscous
forces. The liquid volume uptake with respect to time is
expressed by the Washburn equation:
V

2

= 2m y cos 9
k0

r)

where m is the hydraulic pore radius,

(1)
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y is the surface tension of the penetrating liquid,
9 is the contact angle between liquid and the pore
wall,
k0 is a constant depending on the pore shape, and h is
the liquid viscosity.
The liquid penetration is also dependent on other
factors, such as the choice of ingredients and their
hydrophillicity and tabletting conditions (Guyot-Hermann,
1992; van Kamp et al., 1986a; Nogami et al., 1966). There
are some limitations in using the washburn equation and the
numerical values are only suggestive, but the parameters
are well accepted to those that govern the water
uptake into the tablets (Faroongsarng and Peck, 1994;
Guyot-Hermann, 1992).
Some disintegrants have the ability to enhance the
liquid uptake by drawing liquid into the porous network of
tablet. In these tablets the pore structure has an
important role and any hydrophobicity of tablet ingredients
will affect it unfavorably. It is thus important for these
kinds of disintegrants to maintain the porous structure and
have a low interfacial tension toward aqueous fluids
(Banker and Rhodes, 1996). Disintegrant helps
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disintegration by creating a hydrophilic network around the
drug particles (Guyot-Hermann and Ringard, 1981).
Swelling of disintegrant. The most widely accepted
general mechanism of action for tablet disintegrants is
swelling. Almost all disintegrants swell to some extent
(Banker and Rhodes, 1996; Guyot-Hermann, 1992). There seems
to be a correlation between the disintegration time and
porosity of the tablet. Tablets with low packing fraction
have high porosity, so the disintegrant has sufficient
space to swell inside the tablets and no swelling force is
developed. At higher packing fractions, there is not enough
space to adjust the swollen disintegrant particles, so
tablets disintegrate more rapidly. If the packing fraction
is very high, fluid is unable to penetrate the tablet well
and the disintegration is again slow (Guyot-Hermann, 1992;
Lowenthal, 1972).

Disintegrating Agents (Disintegrants)
In many cases, the disintegrants have a major role in
the disintegration and dissolution process of fast
disintegrating dosage forms. The choice of a suitable type
and an optimal amount of disintegrants is critical for
ensuring a fast disintegration. The understanding of
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disintegrant properties and their effect on formulation has
significantly advanced during the last few years,
particularly regarding so-called superdisintegrants
(Dobetti, 2001) .
Disintegrants are added to tablet formulations in
order to enhance the disintegration. The purpose of
disintegrants is to counteract the action of tablet binder
and the compression force used (Visavarungroj and Remon,
1990). Two main mechanisms of action of disintegrants are
swelling in contact with disintegrating fluid and increase
in the capillary forces by a rapid uptake of aqueous fluid
(Lopes-Solis and Villafuerte-Robles, 2001). Caramella et
al. (Caramella et al., 1990) found that disintegration
efficiency is based on the force-equivalent concept. Force
equivalence expresses the capability of a disintegrant to
transform absorbed water into swelling force. The
optimization of tablet disintegration was defined by means
of the disintegrant critical concentration. Below this
concentration, the tablet disintegration is inversely
proportional to the disintegrant concentration. Above the
critical concentration, the disintegration time remains
approximately constant or even increases (Ringard and
Guyot-Hermann, 1988). Faroongsarng and Peck (Faroongsarng
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and Peck, 1994) showed that the hydrophilic nature of
excipients, like disintegrants, played a big role in water
uptake into the tablet.
Hydrophilic disintegrants. High hydrophilicity is
important for a fast liquid uptake into the tablet (GuyotHermann, 1992). Ingram and Lowenthal (Ingram and Lowenthal,
1966) stated that water absorption is a qualitative measure
of many disintegrants, but it does not give any
quantitative information of their effectiveness. However,
Khan and Rhodes (Khan and Rhodes, 1975) suggested that
disintegrants with the highest water uptake are generally
the most effective in tablet systems.
Starch was the first tablet disintegrant used, but
when the demand for faster disintegration and drug
dissolution increased, more efficient agents were searched.
At first, native starches were modified. The swelling
properties were improved by carboxymethylation, and the
integrity of the starch grains was kept by a cross-linkage.
The main products of this group are Primojel® and Explotab®.
They have a high swelling capacity so they are very
effective even at low concentrations (Guyot-Hermann, 1992).
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Crospovidone is a cross-linked polyvinylpyrolidone
(PVP), which is insoluble but highly hydrophilic due to its
high molecular weight and cross-linked structure. It does
not swell significantly, but it is also a very good
disintegrant at low concentration (Guyot-Hermann, 1992).
Cellulose and derivates are derived by various
physicochemical manipulations from the pulp of woody
plants. Carboxymethylated cellulose sodium (Carmellose
sodium) is soluble in water and because of the fibrillar
structure it is highly hydrophilic (Guyot-Hermann, 1992).
Sodium substitution causes higher hydrophillicity on
the material. Cross-linked sodium carboxy methylcellulose,
Ac-Di-Sol®, is nearly insoluble due to its cross-linkage.
Its high hydrophilicity results in fast fluid uptake into
the tablet structure (Guyot-Hermann, 1992). It rapidly
swells to 4- 8 times its original volume in contact with
fluid and its fibrous nature allows intraparticulate and
extraparticulate wicking of water even at low concentration
levels (Sunada and Bi, 2002). Because of their high
effectiveness, carboxymethyl starches, Ac-Di-Sol® and crosslinked PVP are listed as superdisintegrants
1992).

(Guyot-Hermann,
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Insoluble disintegrants. If the solubility of
disintegrant is high, the viscosity of the penetrating
fluid increases. This slows down fluid uptake and
consequently disintegration. Insolubility of disintegrants
may be increased by three methods. Cross-linkage is the
most effective one (Primojel®, Explotab®, Ac-Di-Sol®) . Other
methods are salting the material by an insoluble cation and
increasing the degree of polymerization (Ac-Di-Sol®) (GuyotHermann, 1992).

Effect of Diluents
The solubility of diluents in tablets affects both the
rate and mechanism of tablet disintegration. Water-soluble
fillers tend to dissolve rather than disintegrate, while
insoluble diluents produce rapid disintegration.
Investigations show that superdisintegrants have a greater
effect on disintegration time in an insoluble system than
in a soluble or partially soluble system. With soluble
compounds the viscosity of penetrating fluid increases and
pores of tablet widen rapidly. This reduces the
effectiveness of strongly swelling disintegrating agents
(Roche-Johnson et al., 1991; Chebli and Cartilier, 1998;
Mattsson et al., 2001). The soluble excipients will also
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compete for the locally available water thus inhibiting the
action of disintegrants (Gordon and Chowhan, 1987; LopesSolis and Villafuerte-Robles, 2001) .
Lactose is a common tablet diluent, which exists in
various grades differing in crystallinity and hydration and
consequently in solubility. Contradicting results have
been reported about the effect of lactose on the
disintegration of tablets when used as a major component.
Ferrari et al. (Ferrari et al., 1996) considered it to
hinder the development of disintegration force and to tend
to dissolve rather than disintegrate, while insoluble
materials produce rapidly disintegrating tablets with an
adequate amount of disintegrants. Similar conclusions were
made by Chebli and Cartilier (Chebli and Cartilier, 1998)
and Mattsson et al. (Mattsson et al., 2001) but they stated
that soluble a-lactose monohydrate and crystalline [3-lactose
act as passive disintegrants because of hydrogen bond
annihilation. Anhydrous a-lactose has no ability to
disintegrate at all in contact with disintegrating fluid.
The reason may be its transformation from anhydrous to
monohydrate form and reduction of the pore diameter during
the penetration process (van Kamp et al., 1986b). Chebli
and Cartilier (Chebli and Cartilier, 1998) observed that
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tablets made by spray-dried lactose disintegrate more
slowly than the tablets made by crystalline lactose
monohydrate. Spray-dried lactose is very soluble owing to
its amorphicity and has no solid planes on which the
swelling force of the disintegrant can be exerted. This
slows down the disintegration.

Effect of Binders
Besides the demand for fast disintegration, it is
desirable that the tablets have adequate tensile strength.
Normally this is adjusted by adding binder to the tablet
formulation. The bond promoting properties of binder may,
however, counteract rapid disintegration (Mattsson et al.,
2001). Binders can have a significant effect on
disintegration. If the binder concentration is high enough,
delayed drug release is obtained (Lowenthal, 1972).

Effect of Lubricants
Lubricating agents are added to tablets to prevent
sticking of the powder mass or the finished tablets to the
machinery. Most lubricants, especially the most effective
ones, are very hydrophobic and act by particle coating
(Banker and Rhodes, 1996). Lubricant particles are
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generally smaller than other particles in the mixture. When
the mixture is mixed, lubricant particles may adhere to the
surface of the other particles. The hydrophobic coating
thus formed inhibits the wetting and consequently tablet
disintegration. A common lubricant magnesium stearate, has
the tendency to develop a lot of smaller particles from
primary particles as a result of stress during mixing and
they coat the other particles more completely, strongly
hindering water penetration (Guyot-Hermann, 1992).
Lubricant has a strong negative effect on the water
uptake if tablet contains no disintegrant or even a lot of
slightly swelling disintegrants. On the contrary, the
disintegration time is hardly affected if there is some
strongly swelling disintegrant in the tablet (Bolhuis et
al., 1982).

Effect of Disintegrating Fluid
It has been noted that superdisintegrants can behave
differently in acidic and neutral dissolution media (Gordon
et al., 1993). Botzolakis and Augsburger (Botzolakis and
Augsburger, 1988) reported that when fluid is changed from
acidic to water, the liquid uptake and efficiency of
superdisintegrants is altered. Vadas et al. (Vadas et al.,
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1984) used Ac-Di-Sol® as disintegrant in spray-dried
lactose tablets and showed that the disintegrant was least
effective at pH 1.5 and almost equally efficient at pH 6.0
and 7.5. Also Visavarungroj and Remon (Visavarungroj and
Remon, 1990) reported that superdisintegrants tended to
promote faster dissolution in a neutral fluid than in an
acidic fluid.

Beta ((3) Cyclodextrin

Cyclodextrins are glucopyranose units and have a
torus-like macro ring shape like structure. They are
crystalline and relatively non-hygroscopic substances
(Fromming and Szejtli 1994). The most common natural
cyclodextrins a-, (3-, y- cyclodextrins, contain 6, 7, and 8
dextrose units, respectively (Stella and Rajewski, 1997).
Cyclodextrins have several well-established pharmaceutical
applications (Thompson, 1997). Cyclodextrins can be used to
enhance stability, as taste masking agent and as an osmotic
agent in controlled release osmotic pump dosage forms.
However, cyclodextrins are most commonly used to enhance
the solubility of poorly soluble compound, which may
increase its dissolution and subsequently absorption. There
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are more than 30 different pharmaceutical products
containing cyclodextrins are now in the market worldwide
(Loftsson et al., 2004). In recent years, oral
administration of cyclodextrins has received a considerable
amount of attention. Because of their favorable properties
like good binding properties, they can be used as a
manufacturing process aid agents like direct compression
filler, binder and channeling agent (Szejtli, 1994). A
review of current literature indicates that their use in
oral drug delivery is on the rise (Loftsson and Duchene,
2007). (3 Cyclodextrin, of all the cyclodextrins, is
considered as a promising direct compression excipient
because of its favorable compactibility, dilution potential
and low lubricant sensitivity (Pande and Shangraw, 1994).
In the development of a solid dosage form that contains
cyclodextrin it is important to determine if a physical
mixture of cyclodextrin with drug or inclusion complex of
cyclodextrin with drug is necessary. This is largely
dependent on the function of the cyclodextrin in the
formulation. If the cyclodextrin is functioning as a
tableting aid like filler, binder or as an osmotic agent,
incorporation of cyclodextrin as a physical mixture with
drug may be sufficient. If cyclodextrin is used to enhance
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solubility, improve stability or to taste mask the drug,
complexation of cyclodextrin with drug is essential (Miller
et al. 2007) .

Material Characteristics of (3 Cyclodextrin
Material characteristics are important for tableting
performance (Hancock et al., 2001). P Cyclodextrin has been
shown to undergo compression by brittle fracture mechanism.
Tasic et al. (Tasic et al., 1997) used scanning electron
microscopy to investigate the influence of P cyclodextrin on
the compression behavior of paracetamol. They found that
physical mixture of P cyclodextrin with paracetamol showed a
brittle fracture compression mechanism, which was similar
to the behavior of paracetamol. This suggested that P
cyclodextrin has a brittle fracture mechanism when it is
compressed. However, when p cyclodextrin was included as an
inclusion complex in the formulation with paracetamol the
compression behavior changed to plastic deformation.
Results of this also suggested that inclusion complexation
method may have an influence on the compression behavior of
the formulation.
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The average particle size of P cyclodextrin was -150 jam
and shape uniformity value was 3.5 as reported by MunozRuiz et al. (Munoz-Ruiz and Paronen 1997). They also
reported presence of 13.48% of water content in P
cyclodextrin typically.

Direct Compression of Formulations Containing P Cyclodextrin
Different views persist on the use of p cyclodextrin in
formulations prepared using direct compression method. The
main argument against the use of P cyclodextrin in the
direct compression of formulations is its marginal to poor
flow. Suitable flow rate in direct compression formulation
was achieved when the formulation consisted of 5% of
incorporated phenytoin-p cyclodextrin complex (Hegde and
Rhodes, 1985). However, the flow rate decreased
considerably when the level of complex was increased in the
formulation. At high level, the direct compression of
tablets or slugs was not possible without further
processing of the formulation.
Saleh (Saleh, 1993) showed P cyclodextrin performed as
a good direct compression material relative to other direct
compression excipients such microcrystalline cellulose,
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dicalcium phosphate dihydrate etc. They also reported good
flowability to (3 cyclodextrin, which was contradictory to
results of Hegde et al. (Hegde et al., 1985). However, they
suggested that P cyclodextrin has poor disintegration
properties. They suggested a need of disintegrating agent
to increase the disintegration of the tablet formulation
containing P cyclodextrin.
It has been also shown that P cyclodextrin is more
compressible than dicalcium phosphate and spray-dried
lactose and compressibility of P cyclodextrin is nearly
similar to that of microcrystalline cellulose (Shangraw et
al., 1992). Also, P cyclodextrin compacts require low level
of lubricant to minimize the ejection force. However, these
researchers suggested increased reliance on lubrication if
various excipients are added to formulation or compaction
is performed on a high-speed rotary press. Earlier studies
used single station instrumented press.

CHAPTER 3
THERMAL AND NON-THERMAL METHODS TO EVALUATE COMPATIBILITY
OF GRANISETRON HYDROCHLORIDE WITH TABLET EXCIPIENTS

Abstract

Purpose. Objective of this study was to assess the
compatibility of granisetron hydrochloride with selected
tablet excipients using thermal and non-thermal methods.
Methods. Physico-chemical compatibility of granisetron
hydrochloride with selected tablet excipients was assessed
using Differential Scanning Calorimetry (DSC) as a
screening technique. Effects of various formulation
processing stress factors were evaluated using different
sample treatments like physical mixing, co-grinding and
kneading. In order to investigate the possible
interactions, DSC curves of drug and the excipient were
compared at their 50% mixture. The 1: 1 weight ratio will
maximize the likelihood of observing any interaction. Nonthermal methods like Fourier Transform Infrared
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spectroscopy (FT-IR) and Thin Layer Chromatography (TLC)
were used as complementary techniques to adequately support
and assist in interpretation of DSC results.
Results.

On the basis of DSC studies, granisetron

hydrochloride was found to be compatible with hydroxypropyl
methylcellulose, ethyl cellulose, microcrystalline
cellulose, croscarmellose sodium, crospovidone, dextrose,
spray-dried lactose and talc. Some drug-excipient
interactions were observed with (3 cyclodextrin, 2hydroxypropyl P cyclodextrin, mannitol and magnesium
stearate in DSC studies. However, further evaluations of
these incompatible excipients with non-thermal methods, FTIR and TLC, showed that these excipients were compatible
with granisetron hydrochloride. Non-thermal methods were,
thus, of help in interpreting DSC results and excluding all
relevant pharmaceutical incompatibilities.
Conclusions.

The results confirmed that DSC could be

used for the rapid assessment of drug-excipient
compatibility or demonstration of drug-excipient
interaction or incompatibility.

However, DSC being a

thermal method, DSC results should be interpreted with
caution. Non-thermal methods such as FT-IR and TLC should
be taken into consideration, wherever possible, to further
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assess the results predicted by DSC studies alone to
support the conclusions.

Introduction

Most of the tablet formulations consist of drug and
excipients, except in cases where tablet formulations are
made up of drug entirely. Ideally, excipients used in
tablet formulations should not interact with the drug;
therefore it becomes necessary to find whether the
excipient has any interaction with the drug before
selecting an excipient for the formulation. The study of
drug-excipient compatibility is an important process in the
development of a stable solid dosage form. Interaction
between drug and excipient can give rise to changes in
bioavailability and stability, which in turn affects safety
and/or efficacy of the drug. If carried out at an early
stage, drug-excipient compatibility studies can be helpful
in selecting excipients that could increase probability of
developing a stable formulation. Therefore, during
formulation of new drugs or reformulation of existing
products, drug-excipient compatibility testing at an early
stage is an important step. There is a dearth of
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information on drug-excipient compatibility testing and any
universally accepted procedure, despite the high importance
of drug-excipient compatibility testing (Verma and Garg,
2005).
Conventional isothermal stress procedures involve
preparation of samples, storing the drug-excipient blends
with or without moisture at high temperature and
determining the drug content at definite time points using
a suitable stability-indicating method (Serajuddin et al.,
1999; Gu et al., 1990). But these procedures are very
expensive and time-consuming (Mura et al., 1995).

In

recent years, differential scanning calorimeter has been
extensively reported in literature as a useful alternative
method of predicting and/or investigating compatibility
(Tomassetti et al., 2005; Mura et al., 1998; Malan and De
Villiers, 1997). Good correlations were often obtained
between DSC results and those of stability tests (Boscolo
et al., 1990). DSC technique involves application of a
heating or cooling signal to a sample and a reference. The
difference between heat flow to a sample and to a reference
was monitored against time or temperature, when substance
undergoes any thermal event. During this thermal event,
like melting, glass transition, or crystallization, any
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associated energy changes can be evaluated (Araujo et al.,
2003). Thus, DSC allows rapid evaluation of possible
interactions between the formulation components according
to appearance, shift, or disappearance of endothermic or
exothermic peaks and/or variations in the corresponding
enthalpy (Lin and Han, 1992).
Unfortunately, interpretation of the thermal data is
not always plain and, to avoid misinterpretation and
misleading of DSC results, it must be emphasized that the
interactions observed at high temperatures may not always
be relevant under room conditions (Verma and Garg, 2005;
Mura et al., 1995). Moreover, the presence of solid-solid
interaction does not necessarily indicate pharmaceutical
incompatibility (Van Dooren and Duphar, 1983). Sometimes it
might be even advantageous e.g. more desirable form of drug
delivery (Mura et al., 1995). Therefore, it would be
prudent to use some non-thermal methods as complementary
techniques to assist and support the interpretation of
results obtained by the DSC technique, which is a thermal
method [Mura et al., 1998; Corvi Mora et al., 2006).
The purpose of the present study was to investigate
the possible interactions between the selected excipients
and granisetron hydrochloride as a part of an ongoing

project of developing fast disintegrating tablets of
granisetron hydrochloride. Granisetron hydrochloride is
used as an antiemetic drug in the cancer chemotherapy and
is very effective in the relief of nausea and vomiting
associated with cancer chemotherapy (Chaturvedula et al.,
2005). Effects of various formulation processing stress
factors were evaluated using different sample treatments
like physical mixing, co-grinding, and kneading. In order
to investigate the possible interactions, DSC curves of
drug and the excipient were compared with those of their
mixtures of different sample treatments at their 50% w/w
ratio.

Non-thermal methods like fourier transform infrare

spectroscopy and thin layer chromatography were used as
complementary techniques to adequately support and assist
in interpretation of DSC results.

Materials and Methods

Materials
Granisetron hydrochloride was purchased from Ultratec
India Ltd. (Bombay, India). The following chemicals and
excipients were obtained and used as they are. (3
Cyclodextrin and 2-hydroxypropyl P cyclodextrin (Wacker-

49
Chemie, GmBH, Germany), hydroxypropyl methylcellulose and
ethyl cellulose (Dow chemical company, Midland, MI),
microcrystalline cellulose, croscarmellose sodium and
lactose spray dried (SD) (FMC corporation, Newark, DE).
Copovidone (ISP Technologies, Inc., Wayne, NJ),
crospovidone (BASF, Ledgewood, NJ), dextrose and magnesium
stearate (Fisher scientific, Fair Lawn, NJ), mannitol
(Sigma-Aldrich co., St. Louis, MO), and Talc (Whittaker,
South Plainfield, NJ).

Preparation of Samples
The 1: 1 weight ratio of granisetron hydrochloride and
excipient was chosen because it maximizes the likelihood of
observing any interaction (Ford, 1993; Smith 1982). In
order to examine the effects of sample manipulation and
different surfaces of contact between drug and excipients,
mixed samples for DSC studies were prepared in three
different ways (physical mixture, co-ground mixture,
kneaded product). Granisetron hydrochloride and all the
excipients were passed through sieve number 40 before
preparation of the samples.
Physical mixtures of granisetron hydrochloride and
each excipient were prepared in a 1: 1 w/w ratio by gently
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mixing in a mortar with a spatula at room temperature. Coground mixtures were obtained by grinding a portion of each
physical mixture with a pestle for approximately 10 min.
Kneaded mixtures were prepared by slurring a portion of
each physical mixture with ethanol and grinding thoroughly
to obtain a paste which was dried under vacuum at room
temperature up to a constant weight; the solid was sieved
and used for further experiments. Uniformity of the
physical mixtures was verified by comparing thermograms
obtained from three samples, all taken from the same
mixture.

Differential Scanning Calorimetry (DSC) Thermograms
DSC thermograms were obtained using a TA DSC Q100
differential scanning calorimeter (TA Instruments, New
Castle, DE). Samples were scanned between 30 and 340 °C at a
heating rate of 10 °C min"1 under nitrogen purge with a flow
rate of about 50 ml min"1. The instrument was calibrated
using indium as a standard (melting point 156.4 °C). Samples
(2- 6 mg) were weighed and hermetically sealed in standard
aluminum pans.
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Fourier Transform Infra Red (FT-IR) Spectra
FT-IR spectra of drug and drug-excipient systems were
recorded on a Perkin Elmer 16 PC FT-IR (Perkin Elmer,
Waltham, MA USA). Samples were scanned in the range of 4000
- 650 cm-1 at a spectral resolution of 4.0 cm-1 and they were
scanned at an average of 16 scans. Spectrum software was
used for the analysis of all the spectra. Excipient spectra
were not subtracted from the spectra of the drug with
excipient.

Thin Layer Chromatography (TLC)
Thin layer chromatography was carried out to determine
the Rf values of drug and drug- excipient systems.
Respective sample was dissolved in a mixture of 1: 1
chloroform and methanol. Solution (20 fil) of the sample was
placed on thin layer chromatography plate. After separation
of compounds, plate was placed into an iodine chamber to
identify the spots. The Rf values were calculated using the
equation
Rf

=

Distance traveled by solute front
Distance traveled by solvent front

(2)
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Results and Discussions

Differential Scanning Calorimetry
The endotherms of granisetron hydrochloride of the 1:
1 physical mixture, co-ground mixture and kneaded mixture
of each excipient were compared with the endotherm of
granisetron hydrochloride alone to determine
incompatibility between drug and excipient. Some changes or
modifications in shape, peak temperature, area may arise
simply from mixing of the components (Van Dooren and
Duphar, 1983; Watson et al., 1964). Therefore, these
changes or modifications were not considered in determining
incompatibility of the excipient with drug. Appearance of
new peaks or disappearance of granisetron hydrochloride
endotherm or major shift in the peak temperature was major
criteria in determining incompatibility of respective
excipient with drug.
Selected DSC scans of drug and drug- excipient
mixtures of the various systems investigated are
illustrated in Figure 1- 12. The thermal behaviors of pure

drug, respective excipient and various systems of the drugexcipient mixtures investigated were compared in the DSC
thermograms.
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Table 1: Peak temperature values of granisetron
hydrochloride after mixing with excipients

Peak temperature (°C)
Excipients

Physical

Co-ground

Kneaded

mixture

mixture

mixture

293.27

290.85

288.95

Ethyl cellulose

292.93

290.64

300.38

Microcrystalline

289.25

291.44

288.54

291.39

292.76

290.76

Copovidone

300.67

297.24

298.98

Crospovidone

302.66

295.26

294.54

Hydroxypropyl
methyl cellulose

cellulose
Croscarmellose
sodium

(3 Cyclodextrin

_

a

_

a

_

a

295.50

287.34

286.10

Dextrose

288.72

288.58

291.29

Lactose SD

291.87

290.58

292.14

2-Hydroxypropyl
(3 cyclodextrin

Mannitol
Magnesium
stearate

_

a

281.55

_

a

285.59

_

a

283.53

Table 1 - continued
Talc

a

300.39

299.02

298.48

Endotherm of granisetron hydrochloride was not observed.

The values of peak transition temperature (Tpeak) of
granisetron after mixing with excipients are summarized in
Table 1. The values of enthalpy of granisetron after mixin
with excipients are summarized in Table 2.

In Figure 1-

12, trace (a) represents drug granisetron and trace (b)
represents the respective excipient. Traces (c, d, e) are
the thermograms of the 1: 1 physical mixture, co-ground
mixture and kneaded mixture of granisetron with each
excipient, respectively.
The DSC thermal curve of granisetron hydrochloride
(Figure 1- 12 a) showed a single endothermic peak at its
melting point. At a scan rate of 10°C min-1, the observed
peak temperature with the endotherm was 294.49° C and the
apparent heat of fusion was 511.4 J/g (Figure 1- 12 a ) .
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Table 2: Enthalpy values of granisetron hydrochloride after
mixing with excipients
Enthalpy (J/g)
Physical

Co-ground

Kneaded

mixture

mixture

mixture

155.7

123.0

98.95

Ethyl cellulose

124.7

141.4

281.2

Microcrystalline

92.87

101.3

107.4

85.56

106.3

73.04

Copovidone

174.1

106.0

134. 9

Crospovidone

157.5

131.3

130.3

Excipients

Hydroxypropyl
methyl cellulose

cellulose
Croscarmellose
sodium

P Cyclodextrin
2-Hydroxypropyl

_

a

_

a

_

a

101.4

20.94

5.22

Dextrose

26.06

46. 64

75.46

Lactose SD

31.69

46.89

49.25

Mannitol

_ a

P cyclodextrin

_

a

_

a
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Table 2 - continued
Magnesium

77.86

84.21

96.66

81.75

83.56

114.4

stearate
Talc

a

Endotherm of granisetron hydrochloride was not observed.

Grinding and kneading increased the surface of contact
between drug and excipient. Generally, an increase in
enthalpy (Table 2) of the overall thermal effect per unit
mass of granisetron hydrochloride was observed because of
increased surface of contact between drug and excipient by
grinding and kneading as compared to physical mixture.
Hydroxypropyl methylcellulose exhibited a shallow
broad endothermic in the 60- 90° C range in the DSC
thermogram (Figure 1 b ) , due to loss of water. The
combinations of granisetron hydrochloride with
hydroxypropyl methylcellulose, regardless of the method of
sample preparation, reflected presence of same
characteristic melting endotherm as the drug alone,
suggesting compatibility. Some modifications, such as
changes in shape or peak temperature, of granisetron
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hydrochloride melting peak were found with hydroxypropyl
methylcellulose, but these changes arose simply from mixing
of components (Van Dooren and Duphar, 1983; Watson et al.,
1964).
Ethyl cellulose was also found to be compatible with
granisetron hydrochloride as it may be deduced from the
thermograms in Figure 2.
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Figure 1: DSC curves of granisetron hydrochloride (1 a ) ,
hydroxypropyl methylcellulose (1 b) and 1:1 mixed systems
of granisetron hydrochloride with hydroxypropyl
methylcellulose (1 c - physical mixture, I d - co-ground
mixture, 1 e - kneaded mixture).
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Ethyl cellulose did not show any peak in its
thermogram (Figure 2 b ) . The 1: 1 combinations of
granisetron hydrochloride with ethyl cellulose (Figure 2 c,
2 d , 2 e) showed the characteristic endotherm of
granisetron hydrochloride in all the samples, indicating
the absence of incompatibility. Small changes in area or
peak temperature were observed but this could be attributed
to mixing of the components (Van Dooren and Duphar, 1983;
Watson et al., 1964).
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Figure 2: DSC curves of granisetron hydrochloride (2 a ) ,
ethyl cellulose (2 b) and 1:1 mixed systems of granisetron
hydrochloride with ethyl cellulose ( 2 c - physical mixture,
2 d - co-ground mixture, 2 e - kneaded mixture).

59
The thermogram of microcrystalline cellulose (Figure 3
b) showed an endothermic peak in the range of 60- 80° C due
to the loss of water. The DSC curves of 1: 1 drug-excipient
mixed systems (Figure 3 c , 3 d , 3 e) displayed a single
endothermic peak corresponding to granisetron
hydrochloride. This indicates the absence of
incompatibility.

Figure 3: DSC curves of granisetron hydrochloride (3 a ) ,
microcrystalline cellulose (3 b) and 1:1 mixed systems of
granisetron hydrochloride with microcrystalline cellulose
( 3 c - physical mixture, 3 d - co-ground mixture, 3 e kneaded mixture).
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The DSC curves of croscarmellose sodium, and
crospovidone exhibited endothermic peak due to loss of
water (Figure 4 b , 5 b ) . The DSC curve of croscarmellose
sodium also showed small exothermic peak (Figure 4 b ) ,
which can be due to recrystallization of the some of the
impurities associated with the excipient.
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Figure 4: DSC curves of granisetron hydrochloride (4 a ) ,
croscarmellose sodium (4 b) and 1:1 mixed systems of
granisetron hydrochloride with croscarmellose sodium ( 4 c physical mixture, 4 d - co-ground mixture, 4 e - kneaded
mixture).
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Cellulose and its derivatives like croscarmellose
sodium are obtained from the pulp of woody plants. This may
incorporate some impurities in the final product, which was
recrystallized in DSC curve of croscarmellose sodium. In
their 1: 1 combinations with granisetron hydrochloride, the
characteristic endotherm of the drug was always present,
negating any possibility of incompatibility with these
excipients.

Figure 5: DSC curves of granisetron hydrochloride (5 a ) ,
crospovidone (5 b) and 1:1 mixed systems of granisetron
hydrochloride with crospovidone ( 5 c - physical mixture, 5
d - co-ground mixture, 5 e - kneaded mixture).
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The DSC curves of cyclodextrins namely, P cyclodextrin
(Figure 6) and 2-hydroxypropyl P cyclodextrin (Figure 7 ) ,
showed some interesting results. Both excipients showed a
broad endotherm in the range 60- 100° C due to loss of
adsorbed moisture and they didn't show any melting
endotherm (Figure 6 b , 7 b ) .

IJX

Figure 6: DSC curves of granisetron hydrochloride ( 6 a ) , p
cyclodextrin (6 b) and 1:1 mixed systems of granisetron
hydrochloride with P cyclodextrin ( 6 c - physical mixture, 6
d - co-ground mixture, 6 e - kneaded mixture).
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The 1: 1 w/w combinations of p cyclodextrin showed
endothermic peak at around 254° C.

It also showed one extra

endothermic peak at around 276° C. It didn't show any
endotherm characteristic to the endotherm of the drug.
Emergence of these extra endothermic peaks suggested that a
strong solid-solid interaction has occurred. Therefore,
these binary mixtures were then further evaluated with FTIR and TLC studies to understand nature of the interaction.

Figure 7: DSC curves of granisetron hydrochloride (7 a ) , 2hydroxypropyl P cyclodextrin (7 b) and 1:1 mixed systems of
granisetron hydrochloride with 2- hydroxypropyl P
cyclodextrin ( 7 c - physical mixture, 7 d - co-ground
mixture, 7 e - kneaded mixture).
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Characteristic endothermic peak of drug was visible
with 1: 1 mixtures of drug with 2-hydroxypropyl P
cyclodextrin (Figure 7 ) . It also showed one extra peak,
which can be viewed as an interaction. Sample treatment
caused marked reduction in peak area too, kneading sample
showed highest reduction in peak area. Therefore, these
blends were further evaluated with FT-IR and TLC to
determine the true nature of the interaction.
The thermograms of dextrose and spray dried lactose
are represented in Figure 8 and 9, respectively.
Granisetron hydrochloride was found to be compatible with
dextrose and spray dried lactose as may be deduced from the
thermograms. The thermal curve of dextrose gave a sharp
endothermic peak at 163.77°C (Figure 8 b ) . The thermal
curve of spray dried lactose (Figure 9 b) showed two
distinct endotherm peaks corresponding at 144.35° C and
217.11° C. These endotherms were attributed to loss of
crystalline water and a-lactose monohydrate respectively
(Gilani et al., 2004) .
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Figure 8: DSC curves of granisetron hydrochloride (8 a ) ,
dextrose (8 b) and 1:1 mixed systems of granisetron
hydrochloride with dextrose ( 8 c - physical mixture, 8 d
co-ground mixture, 8 e - kneaded mixture).
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Figure 9: DSC curves of granisetron hydrochloride (9 a ) ,
spray-dried lactose (9 b) and 1:1 mixed systems of
granisetron hydrochloride with spray-dried lactose ( 9 c physical mixture, 9 d - co-ground mixture, 9 e - kneaded
mixture).

In their 1: 1 combinations with granisetron
hydrochloride, the characteristic endotherm of the drug was
always present. The results obtained in the case of spraydried lactose were in contrast with the observations of
Verma and Garg (Verma and Garg, 2005) for drug glipizide,
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This may indicate that glipizide is susceptible to strong
solid phase interaction with lactose because of its
physico-chemical nature.

This may not be true in our case

with granisetron hydrochloride. No extra peaks in the
thermal scans may indicate lack of incompatibility.
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Figure 10: DSC curves of granisetron hydrochloride (10 a ) ,
mannitol (10 b) and 1:1 mixed systems of granisetron
hydrochloride with mannitol (10 c - physical mixture, 10 d
- co-ground mixture, 10 e - kneaded mixture).
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Mannitol showed a sharp endothermic peak at 169.58° C
as depicted in Figure 10 b. But its 1: 1 mixtures with
granisetron hydrochloride showed disappearance of drug
endotherm (Figure 10 c, 10 d, 10 e ) . This can be considered
as a strong solid phase interaction. Further evaluations of
these systems were performed with FT-IR and TLC to confirm
the incompatibility.
The thermogram of magnesium stearate (Figure 11 b)
showed an endothermic peak at 106.26° C followed by a
shoulder peak at a higher temperature, probably due to the
presence of the corresponding palmitate salt impurity. The
DSC curves of 1: 1 w/w drug-excipient mixed systems (Figure
11 c, 11 d, 11 e) although displayed a single endothermic
peak due to melting of the drug, it was lowered by more
than 9° C in comparison with the melting points of the pure
components. It was considered as a general incompatibility
and was further evaluated with the help of FT-IR and TLC.
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Figure 11: DSC curves of granisetron hydrochloride (11 a ) ,
magnesium stearate (11 b) and 1:1 mixed systems of
granisetron hydrochloride with magnesium stearate (11 c physical mixture, 11 d - co-ground mixture, 11 e - kneaded
mixture).

Granisetron hydrochloride was also found to be
compatible with talc, as it may be deduced from the
thermograms in Figure 12. The thermal curve of talc did not
show any endothermic peak (Figure 12 b ) . In their 1: 1 w/w
combinations with granisetron hydrochloride characteristic
endotherm of the drug was always present, indicating
absence of incompatibility, although, some increase in peak
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area was observed, which can be attributed to mixing of
components.

TirFprraLTrfC'

Figure 12: DSC curves of granisetron hydrochloride (12 a)
talc (12 b) and 1:1 mixed systems of granisetron
hydrochloride with talc (12 c - physical mixture, 12 d co-ground mixture, 12 e - kneaded mixture).
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Fourier Transform Infrared Spectroscopy Study
The FT-IR scan of granisetron (Trace a of Figures 1316) showed characteristic bands at 3221 cm-1 due to
indazaole ring and at 2937 cm-1 due to the alkene group. It
also showed bands at 2446 cm"1 and 1644 cm-1 characteristic
to protonated tertiary amine group and C=0 stretch
respectively. It also showed a characteristic finger print
region in 1500 cm-1 - 1000 cm-1 range.
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Figure 13: FT-IR scans of granisetron hydrochloride (13 a ) ,
P cyclodextrin (13 b) and 1:1 mixed systems of granisetron
hydrochloride with p cyclodextrin (13 c - physical mixture,
13 d - co-ground mixture, 13 e - kneaded mixture).
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FT-IR spectra of different blends of the granisetron
hydrochloride with P cyclodextrin (Figure 13) retained all
characteristic bands of the drug indicating there was no
change in structure of the drug. It also did not show any
new bands indicating that P cyclodextrin was compatible. It
has been shown by several authors (Ventura et al., 2006;
Rawat and Jain, 2004) that cyclodextrins has a melting
endotherm in the range (250-260° C) where the extra peak
was. Therefore, the extra peak can safely be attributed to
an endothermic peak of an excipient, P cyclodextrin. This
may suggest that there was no incompatibility with p
cyclodextrin hydrochloride.
Similar kinds of results, as that of P cyclodextrin,
were observed in case of 2-hydroxypropyl P cyclodextrin
(Figure 14) indicating that extra endothermic peak from DSC
scan was an excipient peak. Cyclodextrins are good
complexing agents; therefore modification of thermal
behavior caused by the sample treatment may be due to the
complexing abilities of cyclodextrins.
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Figure 14: FT-IR scans of granisetron hydrochloride (14 a ) ,
2-hydroxypropyl P cyclodextrin (14 b) and 1:1 mixed systems
of granisetron hydrochloride with 2- hydroxypropyl P
cyclodextrin (14 c - physical mixture, 14 d - co-ground
mixture, 14 e - kneaded mixture).

Characteristic bands of granisetron hydrochloride were
seen in the FT-IR spectra of different mixtures of mannitol
with the drug. (Figure 15) suggesting there is no change in
the structure of drug in the presence of mannitol. Results
obtained in DSC studies could be explained on the basis of
amorphization of the drug. Amorphization involves formation
of crystalline microaggregates of the drug and their
considerable dispersion within the amorphous mannitol. This
kind of behavior has already been reported for other drugs
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such as triamterene (Arias et al., 1995), ofloxacin
(Okonogi et al., 1997), carbamazepine (Joshi et al., 2002)
and meloxicam (Nassab et al., 2006), with positive effect
on the drug solubility. Therefore, mannitol may be excluded
as an incompatible excipient.

ST

4000.

cmFigure 15: FT-IR scans of granisetron hydrochloride (15 a ) ,
mannitol (15 b) and 1:1 mixed systems of granisetron
hydrochloride with mannitol (15 c - physical mixture, 15 d
- co-ground mixture, 15 e - kneaded mixture).
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The FT-IR (Figure 16) spectra of drug: magnesium
stearate systems showed characteristic bands as that of the
drug itself except some minor changes were observed for
physical mixture and co-ground mixture in the finger print
region. A similar effect was observed for drug ketoprofen
(Mura et al., 1995; Botha and Lotter, 1989) and was
considered indicative of general incompatibility. These
researchers postulated the formation of a simple eutectic
mixture between magnesium stearate and drug. This may be
reasonably hypothesized in the case of granisetron
hydrochloride too.

i

40 00.

50C0

1

•

:000

15 00

1

1000

1

1

65 0.

Figure 16: FT-IR scans of granisetron hydrochloride (16 a ) ,
magnesium stearate (16 b) and 1:1 mixed systems of
granisetron hydrochloride with magnesium stearate (16 c physical mixture, 16 d - co-ground mixture, 16 e - kneaded
mixture).
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Thin Layer Chromatography Study
In TLC studies, Rf value of granisetron hydrochloride
alone was compared with the Rf value of granisetron of
different drug excipient systems (Table 3 ) .
No significant change in the Rf value of the drug was
observed with different systems of P cyclodextrin. This
further supported the claim that there was no change in the
drug structure when P cyclodextrin was mixed with
granisetron hydrochloride. This may indicate that there was
no pharmaceutical incompatibility with P cyclodextrin.
Similar kinds of results were seen with 2-hydroxypropyl P
cyclodextrin confirming compatibility between drug and
excipient. TLC studies further proved that mannitol was
compatible with the drug as there was no significant change
in the Rf value of the drug in different mixtures.
In case of magnesium stearate, there was no
significant change in the Rf values of these different
systems as compared to that of the drug itself (Table 3 ) .
This suggested that there was no change in the structure
and this is just a physical incompatibility.
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Table 3: Rf values Granisetron hydrochloride after mixing
with excipients in the TLC studies (PM - physical mixture,
CGM - co-ground mixture, KM - kneaded mixture)
Excipients
2Mannitol Magnesium
P
Cyclodextrin

Hydroxypropyl

Stearate

" P
Cyclodextrin
Granisetron

0.20

0.18

0.21

0.17

PM

0.21

0.19

0.19

0.18

Granisetron

0.22

0.20

0.21

0.19

CGM

0.22

0.20

0.21

0.16

Granisetron

0.15

0.18

0.18

0.18

KM

0.15

0.20

0.17

0.20

Granisetron

Granisetron

Granisetron

Conclusions

Compatibility of different excipients was investigated
with granisetron hydrochloride.

The results confirmed that

DSC could be used for the rapid assessment of drugexcipient compatibility or demonstration of drug-excipient

78
interaction or incompatibility.

However, DSC being a

thermal method, DSC results should be interpreted with
caution. Non-thermal methods such as FT-IR and TLC should
be taken into consideration, wherever possible, to further
assess the results predicted by DSC studies alone to
support the conclusions.

In the present study, FT-IR and

TLC were successfully employed to assess the results
obtained with DSC studies to ascertain compatibility of
granisetron hydrochloride with different excipients, which
could be used in the formulation of fast disintegrating
tablets of granisetron hydrochloride.
No definite cases of pharmaceutical incompatibility
were observed between granisetron hydrochloride and
majority of the excipients used in this study. However,
based on DSC results alone, an interaction was suspected
between granisetron hydrochloride and some of the
excipients such as cyclodextrins, mannitol, and magnesium
stearate. Results obtained with FT-IR and TLC studies ruled
out any interaction possibility with mannitol and
cyclodextrins. Eutectic formation can be a possible reason
with magnesium stearate results and has been reported with
other drug compounds.

CHAPTER 4
RESPONSE SURFACE METHODOLOGY TO OPTIMIZE NOVEL FAST
DISINTEGRATING TABLETS USING p CYCLODEXTRIN AS DILUENT

Abstract

Purpose. The objective of this work was to apply
response surface approach to investigate main and
interaction effects of formulation parameters in optimizing
novel fast disintegrating tablet formulation using P
cyclodextrin as a diluent.
Methods. Face centered central composite experimental
design was employed to optimize fast disintegrating tablet
formulation. The variables studied were concentrations of
diluent (P cyclodextrin, Xi) , superdisintegrant
(croscarmellose sodium, X2) , and direct compression aid
(spray dried lactose, X3) . Tablets were prepared by direct
compression method on B2 rotary tablet press using flat
plain-face punches. Tablets were characterized for weight
variation, thickness, disintegration time (Yi) and hardness
(Y2) .
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Results.

Disintegration time was strongly affected by

quadratic terms of P cyclodextrin, croscarmellose sodium and
spray dried lactose. The positive value of regression
coefficient for P cyclodextrin suggested that hardness
increased with increased amount of P cyclodextrin. In
general, disintegration of tablets has been reported to
slow down with increase in hardness. However, in present
study higher concentration of p cyclodextrin was found to
improve tablet hardness without increasing the
disintegration time. Thus, p cyclodextrin is proposed as a
suitable diluent to achieve fast disintegrating tablets
with sufficient hardness.
Conclusions.

Good correlation between the predicted

values and experimental data of the optimized formulation
validated prognostic ability of response surface
methodology in optimizing fast disintegrating tablets using
P cyclodextrin as a diluent.

Introduction

Many patients find it difficult to swallow tablets and
gelatin capsules; consequently, they do not take
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medications as prescribed. It is estimated that 50% of the
population is affected by this problem of dysphagia, which
results in high incidence of non-compliance and ineffective
therapy (Seager, 1998; Dobetti, 2001). Recent developments
in the fast disintegrating tablets provide a convenient
solution for patients who have difficulties in swallowing
tablets and other dosage forms (Fu et al., 2004). Fast
disintegrating tablet dissolves or disintegrates in the
saliva and then it is swallowed to stomach. The time
required for this process is estimated between 5- 10
minutes (Wilson et al. 1987). During this passage from
mouth to stomach drug may get absorbed through the membrane
of the buccal cavity, pharynx, and esophagus. This may
result in improved bioavailability and/ or faster onset of
action (Seager, 1998).
Diluent in direct compression formulation has a dual
role; it increases the bulk of the dosage form and also it
promotes the binding of the constituent particles of the
formulation. Hence, selection of diluent is important in
rapidly disintegrating tablets produced by direct
compression method (Bolhuis and Armstrong, 2006). Diluent
properties can significantly affect both the disintegration
time as well as hardness of the tablet. Solubility of the
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diluent in a formulation has shown to affect the rate and
mechanism of tablet disintegration. Water-soluble diluents
tend to dissolve rather than disintegrate, while water
insoluble diluents produce rapid disintegration. It has
also been shown that superdisintegrants have a greater
effect on disintegration time in an insoluble system than a
soluble or partially soluble system (Roche-Johnson et al.,
1991). Addition of one or more effective disintegrants
combined with suitable amount of a water insoluble material
produced fast disintegrating tablets with good physical
resistance, maintained optimal disintegration and tablet
hardness even at low compression force (Dobetti, 2003).
Compressibility and nature (ductile or brittle) of the
diluent can affect hardness of the tablets. Bi et al. has
shown that stronger fast disintegrating tablets can be
produced when low substituted hydroxypropyl cellulose was
compressed with microcrystalline cellulose (Bi et al.,
1996).
P Cyclodextrin is a cyclic oligosaccharide composed of
7 dextrose units joined through 1- 4 bonds, p Cyclodextrin
has good compression characteristics as it has good
compressibility index (Wade and Weller, 1994). It is
considered to be a promising direct compression material

83
because of its favorable compactibility and dilution
potential. Ghorab et al. has evaluated p cyclodextrin as a
diluent for tablets, either singly or in blends with spraydried lactose (Ghorab et al., 2004). One may get harder
tablets at lower compression force using (3 cyclodextrin,
which is very essential for fast disintegrating tablet
formulations. Also, it may render other advantages such as
taste masking of the drug and enhancing solubility of the
poorly soluble compounds.
In the present work, feasibility of preparing and
optimizing novel fast disintegrating tablet formulation
that has both sufficient hardness and a low disintegration
time using p cyclodextrin as a diluent was considered. The
influence of various factors, namely concentration of
diluent, concentration of disintegrating agent and
concentration of direct compression aid agent, to optimize
fast disintegrating tablet formulation based on P
cyclodextrin were investigated using response surface
methodology. Tablets were prepared by direct compression
method using B2 rotary tablet press with flat plain face
punches. Disintegration time was measured using a novel but
simple disintegration test apparatus. The optimal fast
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disintegrating tablet formulation based on the parameters,
which provide minimal disintegration time and maximal
hardness value was then determined.
An experimental design approach was used in the study,
in contrast to a one factor at a time classical
experimental approach. The advantages of using the
experimental design method included reduction in number of
experiments, identification of interaction between factors,
detection of the optimal response within the experimental
region and empirical modeling of the data (Upasani and
Banga, 2004). Response surface design provides empirical
models (linear as well as quadratic) that describe the
effect of processing variables on the response studied.
Experiments were performed according to a 3-factor, 3level face centered central composite design. This design
is suitable for exploring quadratic response surfaces and
it permits the development of a polynomial model.
Advantages of the central composite design are its
abilities to estimate second-order and third-order effects,
to detect inter-relationships between the factors, to model
the response data, and to locate response optima.
Disadvantages of this model as compared to a three-level
factorial design include the inability to estimate certain
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interactive terms (i.e. quadratic by quadratic). This is
usually considered as a minor disadvantage in comparison to
the advantage of small number of trials required to obtain
a second order or a third order model (Branchu et al.,
1999).
Chemotherapy and/ or radiation therapies are common
treatments for cancer. However, side effects such as nausea
and vomiting are very difficult for cancer patients to
tolerate (Rivadeneira et al., 1998). Dysphagia, difficulty
in swallowing, has also been often associated with
radiation and/ or chemotherapy (Donaldson, 1977). It is
very important to manage these side effects, which can
influence the quality of life of a cancer patient.
Granisetron [endo-1-methyl -N- (9-methyl-9-aza-bicyclo
[3.3.1] non-3-yl)- 1 H-indazole-3-carboxamide] is a
centrally active, specific serotonin (5HT3) receptor
antagonist (Budavari, 1989) used to treat the nausea and
vomiting induced by cancer chemotherapy. Granisetron
hydrochloride is very potent, hydrophilic in nature and has
high first pass hepatic metabolism (Clarke et al., 1994).
Antiemetic drugs with a 5-HT3-receptor antagonist effect,
like granisetron hydrochloride, were initially developed as
injectable formulations because patients with nausea and
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vomiting cannot receive oral preparations. Oral antiemetic
drug formulations such as granisetron hydrochloride tablets
were developed after the injectable formulations, as it was
easier to give drugs orally than by injection.
Fast disintegrating tablets of granisetron
hydrochloride would be the best alternative to conventional
tablets or injectable formulations for cancer patients as
they suffer from nausea and vomiting compounded with
difficulty in swallowing. Also, it may give higher
bioavailability if granisetron hydrochloride gets absorbed
through buccal or esophageal mucosa. Granisetron
hydrochloride is a low dose compound. Hence, the effect of
diluent will be more prominent in tablet formulation in
which low dose compound is incorporated. Therefore,
Granisetron hydrochloride was selected as the drug
candidate for the optimization of novel fast disintegrating
tablet formulation.

Materials and Methods

Experimental Design
The central composite design contains an imbedded
factorial or fractional factorial design with center points
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that is augmented with a group of star points that allow
estimation of curvature. In the face centered central
composite design, the star points are at the center of each
face of the factorial space. The second order regression
models were developed based on the regression analysis of
the statistically significant variables. The regression
models are of the form: Y = BQ + B1X1 + B2X2 + B3X3 + B4XiX2 +
B5X2X3 + B6XiX3 + B7X12 + B8X22 + B9X32, in which Y is the
measured response associated with each factor-level
combination; Xi, X2 and X3 are the factors studied; B0 is an
intercept; B1-B9 are the regression coefficients.
The polynomial equations from this optimization
technique were used to predict the disintegration time (Yi)
and hardness (Y2) values for the fast disintegrating tablet
formulations of granisetron hydrochloride within the
experimental region. Comparison of the predicted values for
Yi and Y2 with the experimental data was also used to test
the validity of the response surface models.

Materials
Granisetron hydrochloride was purchased from Ultratech
India Ltd. (Bombay, India). The following chemicals were
obtained and used as received. P Cyclodextrin and 2-
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hydroxypropyl (3 cyclodextrin and y cyclodextrin were
received as gift samples from Wacker-Chemie (GmBH,
Germany). Croscarmellose sodium, lactose monohydrate,
spray-dried (NF, USP grade) and mannitol (ACS grade) were
purchased from FMC Corporation (Newark, DE, USA) and SigmaAldrich co. (St. Louis, MO, USA), respectively.

Magnesium

stearate, monobasic potassium phosphate, dibasic sodium
phosphate, sodium chloride were purchased from Fisher
scientific (Pittsburgh, PA, USA).

Preparation of Tablets
Table 4 lists a typical 1% granisetron hydrochloride
fast disintegrating tablet formulation used in this study.
Direct compression method was used for the preparation of
tablets because of its ease of manufacture and low cost.
Drug and all the excipients except magnesium stearate were
passed manually through a # 20 mesh screen. The drug blend
was prepared by mixing them in a polyethylene bag for 10
minutes. Magnesium stearate was added to this blend and
mixed properly again for 2- 3 minutes. Blend was compressed
using 11 mm flat plain face tooling on B2 rotary tablet
press (Globe Pharma, New Brunswick, NJ) at 60 rpm. The
targeted tablet weight (die volume) was kept constant at
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around 200 mg and tablets were round with plain face and 11
mm in diameter.

Table 4: Typical granisetron hydrochloride fast
disintegrating tablet formulation
Sr.

Ingredients

% Tablet
weight

#

a

1

Granisetron hydrochloride

1

2

p Cyclodextrin

0/30/60

3

Spray-dried lactose

10 / 20 / 30

4

Croscarmellose sodium

5

Magnesium stearate

1

6

Mannitol

q.s. 100

a

0/3/6

Tablet weight = 200 mg

The independent factors and the dependent response
used in this study are listed in Table 5. All the
formulations were prepared according to the matrix of the
face centered central composite design; varying the levels
of the factors i.e. concentration of diluent (0, 30 and
60%), concentration of disintegrating agent (0, 3 and 6%),
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and concentration of direct compression aid agent (10, 20
and 30%) as shown in Table 6.

Compression force was kept

constant through out the study.

Table 5:
design

Variables

in

face

centered

central

Independent variable - Factor

composite

Levels
Low

Middle

High

(-D

(0)

(+D

Xi: P Cyclodextrin concentration

0 %

30 %

60 %

X2: Croscarmellose sodium

0 %

3 %

6 %

10 %

20 %

30 %

concentration
X3: Spray-dried lactose concentration

Dependent variable - Resp onse
Yi =

Disin tegration time (seconds)

Y2 = Hardness (kilo grams)
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Table 6: Matrix of the face centered central composite
design
Exp #

Xi

x2

x3

1

1

-1

1

2

1

0

0

3

0

0

1

4

0

0

-1

5

0

0

0

6

1

-1

-1

7

0

0

0

8

-1

-1

1

9

1

1

-1

10

1

1

-1

11

0

-1

0

12

-1

1

1

13

-1

0

0

14

1

1

1

15

-1

-1

-1

16

0

0

0

17

0

0

0
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Disintegration Test
Fast disintegrating tablets are supposed to
disintegrate or dissolve in the mouth by saliva. Amount of
saliva in the mouth is limited and no simulated tablet
disintegration test is found in United States Pharmacopeia.
Since it was difficult to apply the general disintegration
test to reflect the real conditions, a modified version of
the simple but novel disintegrating test apparatus
developed by Fu et al. (Fu et al., 2005) was used. The
device consisted of a cylindrical vessel in which 10-mesh
screen was placed in such way that only 2 ml of
disintegrating or dissolution medium would be placed below
the sieve (Figure 17). Disintegration test was carried out
using 3 ml of simulated saliva fluid (2.38 gm Na2HP04, 0.19
gm KH2P04 and 8.00 gm NaCl per liter of distilled water; pH
adjusted to 6.76 with phosphoric acid) so that 2 ml of the
media was below the sieve and 1 ml above the sieve. The
tablet was placed on the sieve and the whole assembly was
then placed on a shaker. The time at which all the
particles passed through the sieve was taken as a
disintegration time of the tablet. Six tablets were chosen
randomly from the composite samples for each of the
tableting runs and the average value was determined.
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Figure 17: Device used to determine the disintegration time
of fast disintegrating tablets.

Hardness Test
Hardness
tester

was

determined

by

using

Monsanto

hardness

(Tab-Machines Ltd., Mumbai, India). Ten tablets were

chosen randomly from the composite samples for each of the
tableting runs and the average value was determined.

Tablet Properties
Composite samples from the tableting runs were tested
for

weight

variation

and

thickness

to

determine

any

variability associated with the tablet press and method of
preparation of tablets. Tablet weight was determined using
Mettler
Columbus,

Toledo

weighing

OH). Thickness

balance
was

(Mettler-Toledo

determined

using

Inc.,

Digimatic

94
Caliper

(Mitutoyo

Corp., Tokyo,

Japan).

Ten

tablets

were

chosen randomly and the average value was determined.

Comparison of the Optimized Formulation with Marketed
Technologies
Tablets of different marketed technologies were
obtained from the respective manufacturing companies.
•

Orasolve® placebos and Durasolve® placebos - Cima Labs
Inc.

•

(Eden Prarie, MN).

Frosta® placebos - Akina Inc. (West Lafayette, IN).
Fast disintegrating tablets prepared by Durasolve

technology consist of nondirect compression sugars, an
effervescent agent, a wicking agent and a lubricant
(Khankari et al. 2001). Orasolve consist of a mixture of
microparticles and effervescent agent (Wehling et al.
1993). Frosta uses highly plastic granules, which consist
of a porous and plastic material, a water penetration
enhancer and a binder (Fu et al., 2004) .
These tablets were characterized, as they were
received from the manufacturer, for disintegration time,
hardness and tablet properties. Disintegration time,
hardness and tablet properties were determined by same
methods as mentioned earlier in respective tests.
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Water Uptake Studies
For water uptake studies, tablets were placed in
plastic weighing boats. Simulated saliva fluid (3 ml) was
added from the side of the weighing boats. Photographs of
water uptake by the tablets were taken by stereomicroscope
(Leica Microsystems Inc., Bannockburn, IL, Model- MZ6) at
10-second interval.

Results

Determination of Factors for the Experimental Design
During preliminary trial runs, manufacturing of direct
compression tablets or slugs was not achieved as compressed
tablets were not ejected from the die making tablet press
difficult to operate when formulations were composed of 80
- 95% of P cyclodextrin. When reduction in tablet hardness
was tried to solve the problem, intact formation of tablets
was not observed. This could be due to high compressibility
and/ or poor flowability of P cyclodextrin. Shangraw et al.
(Shangraw et al., 1992) in their study found that P
cyclodextrin had a poor flow and it was more compressible.
Hegde and Rhodes (Hegde and Rhodes, 1985) were able to
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achieve a suitable flow rate in direct compression of
tablets only at a low loading of a phenytoin-p cyclodextrin
complex.
Several other excipients such as dicalcium phosphate,
microcrystalline cellulose, mannitol and starch were tried
in conjunction with P cyclodextrin. Several other
formulation approaches such as addition of lubricant,
glidant, reduction in hardness and change in the speed of
tablet press were also tried in this study to prevent the
problems faced as described above. These problems were
solved when spray-dried lactose was added in the
formulation with decrease in P cyclodextrin concentration.
Hence, spray dried lactose was used in the experimental
design formulations as a direct compression aid. Mannitol
has been used in many of the marketed fast disintegrating
tablet formulations as filler and/ or sweetening agent.
Hence, Mannitol was used as a filler to make composition of
tablet formulation to 100%.
The independent factors, determined based on
preliminary studies and the dependent responses used in the
study are listed in Table 5. The matrix of the face
centered central composite design is depicted in Table 6.
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Each row in the matrix identifies an experiment and each
experiment provides a result (response). The levels of the
factors studied were chosen so that their relative
difference was adequate to have a measurable effect on the
response, along with the information that the selected
levels were within practical use. The constant and
regression coefficients were calculated using commercial
software (Statgraphics Plus, Version 5, Manugistics,
Rockville, MD) for each of the response.

Data Obtained from the Experimental Design and Fitting the
Data to the Model
All the tablet formulations were prepared according to
the matrix of the design (Table 6) and according to a
typical formula mentioned in Table 4. Tablet weight had
some variations (Table 7 ) ; these variations may be
attributed to the differences in the bulk density in the
formulations. However, all the formulations were in
agreement with the pharmacopoeial requirements regarding
the uniformity of weight. Tablet thickness was relatively
constant for all the formulations (Table 7 ) . This,
uniformity in tablet weight and thickness, suggested that
there was a low possibility of any variability associated
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with the tablet press or the method of preparation of
tablets. Table 7 also summarizes the values for responses:
Yi - disintegration time of fast disintegrating tablets, Y2 hardness of the fast disintegrating tablets.
This data was analyzed using a statistical package
(Statgraphics® Plus, Version 5) in order to generate
mathematical models for each of the responses. Second order
regression models were developed based on the regression of
statistically significant variables. The results of
multiple regression analysis for each response variable
were as follows:

Yx = 64.37 + 2.93 * Xi - 3.39 * X2 + 0.98 * X3 - 21.70 * Xi2
- 26.11 * X22 + 31.97 * X32

(3)

Y2 = 1.25 + 0.096 * Xx

(4)

The above equations indicate the quantitative effect
of processing variables (Xi, X2 and X3) and their
interactions on the responses Yi and Y2. The values of the
coefficients Xi to X3 are associated with
these variables on the response.

the effect of

Table 7: Results for each experimental run in face centered
central composite design
Exp.

Disintegration

Hardness

Weight

Thickness

#

time (sec) (+

(Kg) (+

(mg) (+

(mm) (+

SD) (Yi)

SD) (Y2)

SD)

SD)

50.2

2.2

225. 3

2.0

(26.5)

(0.7)

(13.7)

(0.0)

48.9

2.7

242.5

2.0

(15.2)

(0.4)

(7.4)

(0.0)

101.9

1.8

238.7

2.0

(44.1)

(0.5)

(7.7)

(0.0)

100.1

1.2

228.9

2.1

(56.7)

(0.4)

(9.3)

(0.0)

62.7

0.8

221.5

2.0

(22.2)

(0.2)

(12.4)

(0.0)

54.2

1.0

225.2

2.0

(7.7)

(0.3)

(4.7)

(0.0)

53.6

1.1

235.1

2.1

(17.1)

(0.4)

(7.4)

(0.0)

50.6

0.6

228.7

2.1

(9.9)

(0.1)

(5.2)

(0.0)

1

2

3

4

5

6

7

8

100
Table 7 - continued
9

10

11

12

13

14

15

16

17

48.8

0.3

231.0

2.1

(14.3)

(0.0)

(5.5)

(0.0)

42.8

1.1

221.6

2.1

(7.4)

(0.3)

(5.5)

(0.0)

54.8

0.9

209.2

2.0

(14.9)

(0.2)

(6.2)

(0.1)

37.5

0.5

203.8

2.0

(4.1)

(0.2)

(3.3)

(0.0)

45.8

0.3

212.4

2.1

(16.0)

(0.1)

(8.4)

(0.0)

55.2

1.4

225.9

2.1

(7.4)

(0.5)

(5.2)

(0.0)

39.4

0.3

202.3

2.1

(2.5)

(0.0)

(4.1)

(0.0)

31.1

0.8

198.1

2.0

(9.1)

(0.3)

(4.2)

(0.0)

58.0

1.4

234.4

2.0

(17.8)

(0.3)

(5.5)

(0.0)
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Coefficients with more than one factor (e.g. X1X2)
represent an interaction effect while those with higher
order terms (Xn2) denote quadratic relationships. A positive
sign signifies a synergistic effect while a negative sign
stands for an antagonistic effect. Only the coefficients
that were statistically significant (p < 0.05) were
retained in the equations except for the coefficients of Xi,
X2 and X3 in the model for disintegration time of tablets
(Yi). Although coefficients of Xi, X2 and X3 were not
statistically significant, they were still retained in the
equation of Yi because Xi2, X22 and X32 were statistically
significant. The confidence with which the regression
equations predicted responses for Yi and Y2 were 88.3%, and
83.9%, respectively. Lack of fit test (p value greater than
0.05 for both the models) indicated that models were fitted
adequately to represent the observed data at 95% confidence
level.

The standard error of estimate for Yi and Y2 was

9.81 and 0.41, respectively.
From the regression equations (3, 4) the factor Xi
appeared in the regression equations of Yi and Y2. Hence,
concentration of P cyclodextrin (Xi) was the main factor
having a positive impact on the disintegration and hardness
of the granisetron hydrochloride fast disintegrating tablet
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formulation. Disintegration time of fast disintegrating
tablets was significantly affected by the quadratic terms
of the variables Xi, X2 and X3; however it was independent
of any interaction amongst variables. This suggested that
there was a curvature in the response and there were
optimal values for these variables. The negative regression
coefficient for quadratic terms of variables Xi and X2
suggested that disintegration time increased (Yi) and after
maxima, it decreased. The positive regression coefficient
for quadratic term of variable X3 suggested that
disintegration time decreased and after minima, it
increased. The positive regression coefficient of variable
Xi (concentration of (3 cyclodextrin) suggested increase in
hardness (Y2) of the tablets with increased concentration of
P cyclodextrin.

Analysis of the Data - Disintegration Time of the Tablets
The relationship between the dependent and independent
variables was further illustrated using response surface
plots. A response surface plot allows visual observation of
the significance of regression equations by graphically
depicting maxima and minima. Response surface plot in
Figure 18 elicited the effect of concentration of (3
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cyclodextrin (Xi) and concentration of croscarmellose sodium
(X2) and their interaction on disintegration time of the
fast disintegrating tablets (Yi) . At low level of
croscarmellose sodium (X2) , disintegration time increased
from 16.7 seconds to 41.6 seconds with increased
concentration of (3 cyclodextrin from 0% to 30%. Above 30% of
p cyclodextrin, the disintegration time decreased from 41.6
seconds to 23.2 seconds. At medium level of croscarmellose
sodium (X2) , disintegration time increased from 39.7 seconds
to 64.4 seconds with increased concentration of p
cyclodextrin from 0% to 30%. Above 30% of P cyclodextrin,
the disintegration time decreased from 64.4 seconds to 45.6
seconds. At high level of croscarmellose sodium (X2) ,
disintegration time increased from 10.6 seconds to 34.9
seconds with increased concentration of P cyclodextrin from
0% to 30%. Above 30% of P cyclodextrin, the disintegration
time decreased from 34.9 seconds to 15.7 seconds.
Disintegration time increased with the increase in the
concentration of P cyclodextrin. It (Yi) reached maximum at
around 30% of P cyclodextrin and it decreased thereafter.
Similar kind of observation was observed with
crosscarmellose sodium. At high level of P cyclodextrin
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(Xi), disintegration time increased from 23.2 seconds to
45.6 seconds with the increase in the concentration of
croscarmellose sodium from 0% to 3%. Above 3% of
croscarmellose sodium, the disintegration time decreased
from 45.6 seconds to 15.7 seconds. Tablet disintegration
time increased with increase in the concentration of
croscarmellose sodium but at around 3% of croscarmellose
sodium, it started decreasing.
As the P cyclodextrin concentration increased till
around 30% and concentration of disintegrating agent,
croscarmellose sodium, increased to 3%, increase in the
disintegration time of the tablets was observed. This
suggested that P cyclodextrin has a poor disintegrating
property and tablets needed increasing concentration of
croscarmellose sodium to disintegrate the tablets as seen
in Figure 18. This seems to support the findings of Saleh
(Saleh, 1993), who suggested the need of a disintegrating
agent because of poor disintegrating property of P
cyclodextrin. Further increase in concentration of
croscarmellose sodium, increased disintegration of tablets
and decreased disintegration time.
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y

3 x2 (%)

Figure 18: Response surface plot eliciting the effect of Xi
(P cyclodextrin concentration) and X2 (croscarmellose sodium
concentration) on Yi (disintegration time of fast
disintegrating tablets).

Moreover, this was observed despite increased
concentration of P cyclodextrin. This was interesting
because superdisintegrants such as croscarmellose sodium
typically require only low concentration for optimum tablet
disintegration (Sunada and Bi, 2002). These agents are very
hygroscopic; therefore they have good ^wicking action', the
ability to draw liquid into the matrix. Croscarmellose
sodium swells to 4- 8 times its original volume in contact
with fluid and its fibrous nature allows intraparticulate
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and extraparticulate wicking of water (Gissinger and Stamm,
1980).

Because of this ability, they are very effective at

lower concentrations (typically 1- 3%). Lower concentration
of disintegrating agent (1- 3%) gave higher disintegration
time in this study. Consequently, relatively higher
concentration of disintegrating agent (3- 6%),
disintegration time decreased significantly. This could
possibly suggest that results obtained in this work were
not just because of poor disintegrating property of p
cyclodextrin but there were some other factors contributing
to this effect too. The possible reason would be change in
the mechanism of tablet disintegration from dissolution
mediated to disintegration mediated.
As pointed out earlier, based on preliminary runs,
spray-dried lactose was used to prepare tablets of
sufficient hardness without causing difficulty in operating
the tablet press. Spray-dried lactose, thus, was beneficial
in manufacturing of direct compression tablets. Therefore,
it was considered as a direct compression aid in this
study. Concentration of spray-dried lactose had a positive

effect on the disintegration time of the tablets till 20%.
Disintegration time decreased with increased concentration
of spray-dried lactose till 20% and it increased thereafter
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(Figure 19). Spray-dried lactose is sweet and highlysoluble excipient in the water (Wade and Weller, 1994). It
has been known that at high concentration, its
disintegration is dissolution mediated than disintegration
mediated (van Kamp et al., 1986b). Hence a possible
explanation for our results could be, at 10% and 20% of
spray-dried lactose, the disintegration of tablets would be
predominantly disintegration mediated rather than
dissolution mediated. The disintegration of the tablets
could be dissolution mediated as spray-dried lactose
concentration increased from 20 to 30% and hence required
more time.

Analysis of the Data - Hardness of the Tablets
Response surface plot in Figure 20 elicited the
effect of concentration of P cyclodextrin (Xi) and
concentration of croscarmellose sodium (X2) and their
interaction on hardness of the fast disintegrating tablets
(Y2) . It indicated that P cyclodextrin had a desirable
effect on hardness of tablets. Hardness of tablets
increased with increase in the concentration of P
cyclodextrin.
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Figure 19: Response surface plot eliciting the effect of Xi
(P cyclodextrin concentration) and X3 (spray-dried lactose
concentration) on Yi (disintegration time of fast
disintegrating tablets).

At 6% of croscarmellose sodium (X2) , hardness of the
tablets increased from 0.25 kg to 1.60 kg with increased
concentration of P cyclodextrin from 0 to 60%. Shangraw et
al. in their study (Shangraw et al., 1992) concluded that p
cyclodextrin was more compactable than either spray-dried
lactose or unmilled dicalcium phosphate, commonly used as
direct compression diluents/fillers. Interestingly, they
also found that P cyclodextrin has compactabilities
approaching to that of microcrystalline cellulose.
ElShaboury also found that tablets produced with p
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cyclodextrin alone and its combinations with spray-dried
lactose produced tablets with better hardness (ElShaboury,
1990). This suggests that better compactibility of P
cyclodextrin was a reason for increased tablet hardness
with increased concentration of P cyclodextrin.

There was

increase in tablet hardness as concentration of
croscarmellose sodium increased up to 3% and then it
decreased thereafter till 6% of croscarmellose sodium.
However, these changes were not significant as seen in
equation 4.

Figure 20: Response surface plot eliciting the effect of Xi
(P cyclodextrin concentration) and X2 (croscarmellose sodium
concentration) on Y2 (hardness of the fast disintegrating
tablets).
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Response surface plot in Figure 21 elicited the effect
of the concentration of P cyclodextrin
concentration of spray-dried lactose

(Xi) and the

(X3) and their

interaction on hardness of the fast disintegrating tablets
(Y2) . It also showed similar kinds of results as seen
earlier, tablet hardness increased with increased
concentration of P cyclodextrin as well as with increase in
concentration of lactose. Hardness increased with increased
concentration of spray-dried lactose, however it was not
significant.

30
x3(%)

Figure 21: Response surface plot eliciting the effect of Xi
(P cyclodextrin concentration) and X3 (spray-dried lactose
concentration) on Y 2 (hardness of the fast disintegrating
tablets) .
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Comparison of Optimized Formulation with Formulations
Prepared Using 2-Hydroxypropyl p Cyclodextrin and y
Cyclodextrin
In this work, hardness of the tablets increased with
increased concentration of P cyclodextrin. However,
disintegration time of tablets increased with increased
concentration of P cyclodextrin until around 30%.
Disintegration time decreased with further increase in the
concentration of P cyclodextrin till 60%.
In order to explain these results further, P
cyclodextrin from an optimized fast disintegrating tablet
formulation was replaced by highly soluble cyclodextrins
such as 2-hydroxypropyl p cyclodextrin or with y
cyclodextrin to see its effect on disintegration time and
hardness of the tablets. Formulations were composed of same
excipients at the same concentration. Concentration of
either of the cyclodextrins was also kept constant i.e.
60%. It was found that disintegration time of tablets
composed of highly soluble cyclodextrins was significantly
different than that of tablets made up of P cyclodextrin
(Figure 22).
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However, hardness of tablets composed of highly
soluble cyclodextrins was not significantly different than
that of tablets made up of P cyclodextrin (Figure 23).
Microscopic pictures of water uptake (Figure 24) by these
formulations also revealed that water uptake was faster for
tablets composed of P cyclodextrin than that of tablets made
up of 2-hydroxypropyl P cyclodextrin and y cyclodextrin.
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Figure 22: Comparison of disintegration time of the
optimized fast disintegrating tablets composed of P
cyclodextrin, 2-hydroxypropyl P cyclodextrin and y
cyclodextrin.
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Figure 23: Comparison of hardness of the optimized fast
disintegrating tablets composed of P cyclodextrin, 2hydroxypropyl P cyclodextrin and y cyclodextrin.

Fast disintegrating tablets prepared with P
cyclodextrin also showed some swelling at surface of the
tablets, while tablets made up of 2-hydroxypropyl P
cyclodextrin and y cyclodextrin did not show any swelling at
their surface. This was attributed to swelling of the
disintegrating agent, croscarmellose sodium. Hence, a
possible explanation for our results is that at low
concentration of P cyclodextrin, below 30%, the
disintegration of tablets may be predominantly dissolution
mediated i.e. disintegration is achieved by dissolution of
highly soluble components. Therefore, disintegration time
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of fast disintegrating tablets was high because of high
concentration of soluble components.

At high concentration

of P cyclodextrin, above 30%, the disintegration of tablets
may be predominantly disintegration mediated i.e. swelling
of disintegrating agent due to water uptake and
disintegration due to force generated inside the tablet.
Therefore, the disintegration time was low because
disintegrating agent can act more efficiently because of
high concentration of insoluble component, (3 cyclodextrin.
The values of Xi- X3 were substituted in the response
surface model for Yi, to obtain the theoretical values of Yi
for the 17 experiments. The theoretical (predicted) values
and the experimental (observed) values were in close
agreement as seen in Table 8. Similarly, the values of Xi X3 were substituted in the response surface model for Y2, to
obtain the theoretical values of Y2 for the 17 experiments.
The theoretical (predicted) values and the experimental
(observed) values were in close agreement (Table 9 ) . The
models were validated using three independent measurements
at three different levels for each of the factors, which
were not used in the previous experiments (matrix of the
design).
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Figure 24: Stereomicroscopic pictures of water uptake by
optimized fast disintegrating tablets composed of (3
cyclodextrin, 2-hydroxypropyl P cyclodextrin and y
cyclodextrin.
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Table 8: Observed, Predicted and Residual values for
Response Yi
Predicted Yi

Observed Y1

Residual Yi

(seconds)

(seconds)

(seconds)

1

58.0

50.2

7.8

2

45.6

48.9

- 3.3

3

97.3

101.9

- 4.6

4

95.3

100.1

- 4.8

5

64.4

62.7

1.7

6

52.4

54.2

- 1.8

7

64.4

53.6

10.8

8

49.3

50.6

- 1.3

9

43.4

48.8

- 5.4

10

46.4

42.8

3.6

11

41.6

54.8

- 13.2

12

41.7

37.5

4.2

13

39.7

45.8

- 6.1

14

49.0

55.2

- 6.2

15

47. 9

39.4

8.5

16

34.9

31.1

3.8

17

64.4

58.0

6.4

Exp #

Table 9: Observed, Predicted and Residual values for
Response Y 2

Exp #

Predicted Yi

Observed Yi

(seconds)

(seconds)

(seconds)

1

2.2

2.2

0.0

2

2.0

2.6

- 0.6

3

1.6

1.8

0.2

4

1.1

1.2

- 0.1

5

1.2

0.8

0.4

6

1.2

0.9

0.3

7

1.2

1.0

0.2

8

0.6

0.6

0.0

9

0.2

0.2

0.0

10

1.1

1.0

0.1

11

0.8

0.8

0.0

12

0.3

0.5

- 0.2

13

0.7

0.3

0.4

14

1.7

1.4

0.3

15

0.1

0.2

- 0.1

16

0. 6

0.8

- 0.2

17

1.2

1.4

- 0.2

Residual Yi
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Validation of the Model and Optimization of the Formulation
Contour plots (not shown) were used to determine the
optimum formulation parameters. Models predicted levels of
Xi = 60%, X2 = 6% and X3 = 20%, for the optimal formulation
having a maximal hardness value with minimum disintegrating
time, within the experimental region. An experiment was
performed based on these optimal levels. Good correlation
between the experimental data and predicted values was seen
for responses Yi and Y2 as shown in Table 10.

Table 10: Predicted and observed response for the optimized
formulation
Response

Predicted value

Observed value

Disintegration

16.0

17.1 (2.6)

1.42

1.50 (0.2)

time (Yi) (seconds)
Hardness (Y2)
(Kilograms)

119
Comparison of Optimized Formulation with Marketed
Technologies
The optimized formulation was compared with some of
the formulations of the marketed technologies. The results
of comparison of optimized formulation with marketed
technologies are shown in Table 11.
These results show that the optimized formulation was
comparable to the formulations of the marketed
technologies. Tablets of Durasolve technology showed lowest
disintegration time amongst all the formulations (Table
11). However, optimized formulation obtained in this study
gave harder tablets with comparable disintegration time.
There were differences in the tablet thickness and tablet
weight amongst the formulations used for comparison.
However, it still gave a good idea about the optimized
formulation obtained in this study to the marketed
technology with respect to hardness and disintegration
time.

Discussion

Disintegration usually means the process of solid form
breaking up when it comes into contact with aqueous fluid.
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In most cases, disintegration is a disaggregation process
of constituent particles before dissolution happens. There
are two most widely accepted mechanisms for tablet
disintegration.

Table 11: Comparison of the optimized formulation with some
marketed technologies

Sr.

Technology

Disintegration

Hardness

Weight

Thickness

time (sec) (+

(sec) (+

(sec)

(sec) (+

SD)

SD)

(+ SD)

SD)

20.6

0.25

300.0

4.1

(4.4)

(0.0)

(2.4)

(0.1)

9.1

0.7

103.8

3.0

(1.5)

(0.3)

(1.2)

(0.0)

32.2

1.0

103.6

2.5

(12.9)

(0.2)

(2.5)

(0.0)

Optimized

17.05

1.5

216.6

2.1

formulation

(2.62)

(0.3)

(1.6)

(0.0)

#

1

2

3

4

Orasolv®

Durasolv®

Frosta®
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Disintegration takes place by the annihilation of the
interparticle bonding and by the development of separating
stress due to swelling of disintegrant by the fluid
permeating into the tablet (Caramella et al., 1986; Ferrari
et al., 1996). However, whatever may be the mechanism
proposed, water uptake is always the first step (Ferrari et
al., 1996). Also, in general, disintegration time would
increase with the increase in hardness of tablets (Mattsson
et al., 2001) .
The results of tablet hardness in this study seemed
contradictory to results obtained with tablet
disintegration time. In this work, disintegration time of
tablets increased with increased concentration of P
cyclodextrin until around 30%. Disintegration time
decreased with further increase in the concentration of P
cyclodextrin till 60%, while hardness of the tablets
increased with increase in the concentration of P
cyclodextrin from 0 to 60%.

Dobetti et al reported similar

kinds of results in their patent (Dobetti, 2003). They
found that when they increased the concentration of
relatively insoluble components like dibasic calcium
phosphate, disintegration time decreased with increase in
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the concentration of insoluble components. According to the
patent, disintegration of a tablet depends on the quantity
of the disintegrant and insoluble excipients used. The
disintegration also depends on the relative weight ratio
between water insoluble and soluble excipients, if watersoluble excipients are used. Disintegrating agent may act
more efficiently when there is increased concentration of
insoluble excipients, and this has been suggested as an
explanation for decreased disintegration time. This in turn
may give lower disintegration time with increase in the
concentration of insoluble components. Hence, results
obtained in this work, could be explained on the basis of
exhibited insolubility by P cyclodextrin in comparison to
other excipients of the formulation. P Cyclodextrin has a
solubility of 1 part in 50 ml of water, which is relatively
lower than that of spray-dried lactose and mannitol, while
croscarmellose sodium is hygroscopic (Wade and Weller,
1994). At low level, below 30% of P cyclodextrin
concentration, concentration of soluble components was
more. These soluble components competed with each other for
small amount of water molecules those were present in the
disintegration media i.e. simulated saliva fluid. These

123
competitions may affect optimum disintegration efficiency
of the disintegrating agent, croscarmellose sodium,
exhibiting higher disintegration time. On the other hand,
when P cyclodextrin concentration was at high level, above
30%, concentration of soluble components was lower and
therefore less competition. This less competition may allow
disintegrating agent to uptake more water molecules and act
more efficiently providing lower disintegration time.
Theses results are in agreement with the general theory
that the soluble excipients compete for the locally
available water thus inhibiting the action of
disintegrating agent (Gordon and Chowhan, 1987; Lopes-Solis
and Villafuerte-Robles, 2001). The solubility of excipients
in tablet affects both the rate and mechanism of tablet
disintegration. Water-soluble excipients tend to dissolve
rather than disintegrate, while insoluble excipients
produce rapid disintegration. Several studies have shown
that superdisintegrants like croscarmellose sodium have a
greater effect on disintegration time in a system when
insoluble excipient concentration is more (Roche-Johnson et
al., 1991; Chebli and Cartilier, 1998; Mattsson et al.,
2001).
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Conclusions

Response surface methodology was used to generate a
highly significant mathematical model, which can adequately
describe or predict the optimization of novel fast
disintegrating tablets using P cyclodextrin as a diluent.
The formulation composition with 60% P cyclodextrin, 6%
croscarmellose sodium and 20% of spray-dried lactose
fulfilled a maximum requisite of an optimum formulation. A
statistical experimental design allowed collecting maximum
information with minimum number of experiments. The
combined use of a face centered central composite design
and mechanistic studies facilitated the identification of
factors and/or its interaction effects. It also proved
important in understanding the mechanisms involved, which
often would have not been detected from a one factor at a
time classical experimental approach. Good correlation
between the predicted values and experimental data of the
optimized formulation validated the prognostic ability of
the response surface methodology in optimizing the fast
disintegrating tablets using P cyclodextrin as a diluent.
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From the factors examined, (3 cyclodextrin had the
largest effect on the optimization of fast disintegrating
tablets. It had a strong influence on hardness of the
tablets. Disintegration time was strongly affected by the
quadratic terms of P cyclodextrin, croscarmellose sodium and
spray-dried lactose and they showed curvature in their
response. In general, disintegration of tablets has been
reported to slow down with increase in hardness. However,
in the present study higher concentration of P cyclodextrin
was found to improve the hardness of tablets without
increasing the disintegration time. Thus, P cyclodextrin is
proposed as a suitable diluent to achieve fast
disintegrating tablets with sufficient hardness. To obtain
an optimized formulation, detailed analysis of the
curvature in the response played a vital role.

Fast

disintegrating tablet formulation composed of P Cyclodextrin
concentration above 30% with 6% of croscarmellose sodium
and 20% of spray-dried lactose can produce harder tablets
with lower disintegration time.

CHAPTER 5
INFLUENCE OF DISINTEGRATION PROMOTING AGENT AND LUBRICANT
ON THE OPTIMIZED FAST DISINTEGRATING TABLET FORMULATION OF
GRANISETRON HYDROCHLORIDE

Abstract

Purpose.

To optimize and evaluate influence of

disintegration-promoting agent and lubricant on the
optimized P cyclodextrin-based fast-disintegrating tablet
formulation of granisetron hydrochloride.
Methods.

Tablets were manufactured by direct

compression method on B2 rotary tablet press. A two factor,
three levels (32) full factorial design was selected to
elicit the relationship between variables and responses.
Nine experimental runs were performed and statistical
models with interaction terms were derived to optimize and
evaluate influence of disintegration promoting agent and
lubricant on tablet disintegration and hardness. Magnesium
stearate, being commonly used lubricant, was used as a
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lubricant in this study. Calcium silicate (Rxcipients FM
1000®) was used as a disintegration-promoting agent.
Results.

Results of multiple linear regression

analysis revealed that concentration of disintegrationpromoting agent had no effect; however concentration of
lubricant was found to be important for tablet
disintegration and hardness. An optimized value of 1.5% of
magnesium stearate gave disintegration time of 23.4 seconds
and hardness of 1.42 kg.
Conclusions.

Factorial design was a useful tool to

optimize and evaluate influence of disintegration promoting
agent and lubricant on an optimized fast disintegrating
tablet formulation. Presence of lubricant was critical for
the preparation of fast disintegrating tablet formulations.

Introduction

Solid dosage forms like tablets and capsules are the
most popular and preferred drug delivery systems because
they have high patient compliance, relatively easy to
produce, easy to market, accurate dosing, good physical and
chemical stability (Marshall and Rudnic, 1990; Joshi and
Duriez, 2004). Tablet dosage form is mainly composed of the
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drug and excipients such as a diluent, a binder, a
lubricant, a disintegrant, and a glidant. Lubricant is an
important excipient to improve the quality and
manufacturing efficiency of tableting process (Miller and
York, 1988). Lubricants help in reducing the friction
between the powder bed and the die wall during compression
and ejection by interposing a film of low shear strength
between them (Peck et al., 1989). Thus, it facilitates
tableting of the formulation and ejection of the formed
tablets. Lubricant can be used to improve the fluidity,
filling properties and plasticity of the powders.
Lubricant also acts as antiadherent, which prevents
sticking of the powder to the punches and die (Medina and
Kumar, 2006). Lubricant also has profound influence on
disintegration time, hardness and dissolution. Therefore,
it is important to optimize concentration of lubricant in
the formulation.
Fast disintegrating tablets provide a convenient
solution for patients who have difficulties in swallowing
tablets and other dosage forms (Fu et al., 2004). The key
properties of fast disintegrating tablets are fast
absorption of water into the core of the tablets and
disintegration of associated particles into individual
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components for fast dissolution (Fu et al., 2005). Highly
porous systems or excipients may absorb water faster giving
faster disintegration of the tablets, which may in turn
decrease the disintegration time. This suggests that highly
porous systems or incorporation of porous excipients may
prove advantageous to fast disintegrating tablets. Calcium
silicate has many pores and a large pore volume with
characteristic porous structure. It has been used as an
industrial liquid absorber (Jain et al., 2005) and also as
a disintegration/ disaggregation-promoting agent
(Rxcipients FM 1000 application bulletin). It has been
shown that, in the presence of superdisintegrant or
combination of superdisintegrants, calcium silicate
(Rxcipients FM 1000®) lowers the disintegration time without
much effect on tablet hardness (Rxcipients FM 1000
application bulletin).
Traditional experimental methods involves significant
amount of time and efforts to get meaningful results for a
complex system. It is very much desirable to obtain an
acceptable formulation using minimum amount of time and
material. Factorial design is an efficient method of
finding the relative significance of number of variables
and their interaction on the response or outcome of the
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study.

The response surface method is a useful and

efficient tool to obtain an appropriate model with minimum
experiments. Optimization procedure involving factorial
designs and analysis of response surfaces is powerful,
efficient and also a systematic tool and has been used in
developing different oral dosage formulations (Bodea and
Leucuta, 1997; Gohel and Amin, 1998; Bhavsar et al., 2006).
In this work, factorial design was used to optimize
the concentrations of disintegration promoting agent and
the lubricant. 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 disintegration promoting
agent (Xi) and lubricant (X2) on tablet disintegration (Yj.)
and hardness (Y2). Magnesium stearate is the most commonly
used lubricant in solid dosage formulations. Therefore, in
this study lubricant optimization was carried out using
magnesium stearate.
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Materials and Methods

Experimental Design
A two factor, three levels (32) full factorial design
was used to optimize disintegration promoting agent and
lubricant concentration. This design provided an empirical
second order polynomial model. This model was used to
predict the effects of formulation variables on the
disintegration time and hardness of the fast disintegrating
tablet formulation.
The factorial design is a simplified representation in
analytical form of a given reality. In this mathematical
approach each experimental response Y can be represented by
a quadratic equation of the response surface: Y = B0 + B1X1
+ B2X2 + B3X1X2 + B4X12 + B5X22, in which Y is the measured
response associated with each factor-level combination; Xi,
and X2 are the factors studied; BQ is an intercept; B1-B5 are
the regression coefficients. The equation enables the study
of the effects of each factor and their interaction over
the considered responses.
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Table 12: Variables 32 full factorial design

Independent variable - Factor

Levels
Low

Middle

High

(-1)

(0)

( +D

Xi: Calcium silicate concentration

0 %

5 %

10 %

X2: Magnesium stearate concentration

0 %

1 %

2 %

Dependent variable - Resp onse
Yi =

Disin tegration time (seconds)

Y2 = Hardn ess (kilo grams)

The two factors as well as their levels and the
analyzed response are shown in Table 12. The matrix of the
factorial design is represented in Table 13. Each row in
the matrix identifies an experiment and each experiment
provides a result (response). The levels of the factors
studied were chosen so that their relative difference was
adequate to have a measurable effect on the response, along
with the information that the selected levels are within
practical use.

Statgraphics Plus, Version 5 (Manugistics,

Rockville, MD) was used for the response surface modeling
and the evaluation of the quality of the fit of the model.

Table 13: Matrix of the 3

full factorial design

Exp #

Xi

x2

1

-1

0

2

0

0

3

0

1

4

-1

1

5

1

1

6

1

-1

7

0

-1

8

1

0

9

-1

-1

The constant and regression coefficients were
calculated using the same software. The polynomial
equations derived from this optimization technique were
used to predict the disintegration time and the hardness
values for fast disintegrating tablet formulations of
granisetron hydrochloride in the experimental region.
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Materials
Granisetron hydrochloride was purchased from Ultratech
India Ltd. (Bombay, India). The following chemicals were
obtained and used as received, P Cyclodextrin (WackerChemie, GmBH, Germany), Croscarmellose sodium, Spray dried
lactose (FMC Corporation, Newark, DE). Mannitol was
purchased from Sigma-Aldrich co. (St. Louis, MO).
Magnesium stearate, monobasic potassium phosphate, dibasic
sodium phosphate, sodium chloride were purchased from
Fisher Scientific (Pittsburgh, PA, USA). Calcium silicate
(Rxcipients FM 1000®) was received as a gift sample from
Huber Corporation (Havre de Grace, MD).

Preparation of Tablets
Table 14 lists a typical 1% granisetron hydrochloride
fast-disintegrating tablet formulation used in this study.
Tablets of 200 +; 50 mg were made by direct compression of
mixtures on a B2 rotary tablet press (Globe Pharma, New
Brunswick, NJ) with flat plane face punches (punch diameter
= 11 mm) at 60 rpm.
Drug and all the excipients except the lubricant were
passed through a # 20 mesh screen. The drug blend was
prepared by mixing them manually in a polyethylene bag for
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10- 12 minutes.

The lubricant was added to this blend and

mixed properly again for 2 minutes. All formulations were
prepared according to the matrix of the full factorial
design, varying the levels of the factors i.e.
concentration of disintegration promoting agent (0, 5 and
10%), and concentration of lubricant (0, 1, and 2%), as
shown in Table 12.

Table 14: Typical granisetron hydrochloride fast
disintegrating tablet formulation
Sr.

Ingredients

% Tablet
weight

#

a

1

Granisetron hydrochloride

1

2

P Cyclodextrin

60

3

Spray-dried lactose

20

4

Croscarmellose sodium

6

5

Calcium silicate

0/5/10

6

Magnesium stearate

0/1/2

7

Mannitol

a

Tablet weight = 200 mg

q.s. 100
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Disintegration Test
As previously mentioned in chapter 4, a modified
version of the simple but novel disintegrating test
apparatus developed by Fu et al. (Fu et al., 2005) was used
(Figure 17). Disintegration test was carried out using 3 ml
of simulated saliva fluid (2.38 gm Na2HP04, 0.19 gm KH2P04
and 8.00 gm NaCl per liter of distilled water; pH adjusted
to 6.76 with phosphoric acid). Six tablets were chosen
randomly from the composite samples for each of the
tableting runs and the average value was determined.

Hardness Test
Monsanto hardness tester (Tab-Machines Ltd., Mumbai,
India) was used to determine tablet hardness. Ten tablets
were chosen randomly from the composite samples for each of
the tableting runs and the average value was determined.

Tablet Properties
Composite samples from the tableting runs were tested
for tablet thickness and weight variation to determine any
variability associated with the tablet press and method of
preparation of tablets. Thickness was determined using
Digimatic Caliper (Mitutoyo Corp., Tokyo, Japan). Ten
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tablets were chosen randomly and the average value was
determined. Uniformity of mass was determined by weighing
10 tablets on an analytical balance (Mettler-Toledo Inc.,
Columbus, OH).

Results and Discussion

Direct compression method was used because of its ease
of manufacture and lower cost (Medina and Kumar, 2006). In
previous work, the ability of (3 cyclodextrin as an effective
diluent to formulate fast-disintegrating tablets of
granisetron hydrochloride prepared by the direct
compression method was demonstrated. Central composite
design was used to optimize the fast disintegrating tablet
formulation having low disintegration time with moderate
hardness. Hardness of the tablets was increased with
increased concentration of (3 cyclodextrin. An optimized
formulation was composed of 60% p cyclodextrin, 6%
croscarmellose sodium, 1% magnesium stearate and 20% of
spray-dried lactose. Magnesium stearate concentration at 1%
was quite sufficient to prepare tablets, however we did not
evaluate if it might affect the compression ability of the
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formulation. Magnesium stearate decreases the wettability
of the matrix and thus, may increase the disintegration
time of an optimized formulation. Hence, concentration of
lubricant was selected as one of the independent variables
for the experimental design.

Calcium silicate, a

disintegration-promoting agent was selected as another
variable as it may decrease the disintegration time of the
optimized fast disintegrating tablets.

Data Obtained from the Experimental Design and Fitting the
Data to the Model
Average tablet weight of the formulations obtained of
all the experimental runs had a range of 205.2 mg to 219.3
mg (Figure 25) and found to meet the pharmacopoeial
requirements regarding the uniformity of weight. Slight
variations associated with the tablet weight could be due
to differences in the bulk density in the formulations.
Tablet thickness had a range of 2.00 mm to 2.03 mm and was
considered constant for all the formulations (Figure 26).
Uniformity in tablet weight and thickness suggested that
there is a low possibility of any variability associated
with the tablet press or the method of preparation of
tablets.
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Tablet Weight
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6

Formulations

Figure 25: Tablet weight of formulations 1-9 prepared
according to the matrix of the 32 full factorial design,
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Figure 26: Tablet thickness of formulations 1-9 prepared
according to the matrix of the 32 full factorial design.
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Lamination or capping was observed with formulations
6, 7 and 9 during the preparation of tablets. Therefore,
further analysis with respect to disintegration time,
hardness, and tableting properties for those formulations
was not carried out. Analysis of the design was not
possible without probable values for these formulations.
Therefore, for the analysis purpose a value of 0 was
assumed for the disintegration time and hardness value of
these formulations.
Figure 27 summarizes the values for response Yi~
disintegration time of fast disintegrating tablets. Figure
28 summarizes the value for response Y2- hardness of the
fast disintegrating tablets. This data was analyzed using a
statistical package (Statgraphics® Plus, Version 5) in
order to generate mathematical models for each of the
responses. Based on the results obtained from this analysis
and regression of statistically significant variables,
quadratic statistical models were generated. The results of
analysis for each response variable were as follows:

Yi = 17.15 + 13.11 * X2

(5)

Y2 = 1.29 + 0.59 * X2 - 0.66 * X22

(6)
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The above equations were derived by the best- fit
method to describe quantitative effect of process
variables (Xi and X2) and their interactions on the
responses Yi and Y2. The values of the coefficients Xi- X2
are associated with the effect of these variables on the
response. Coefficients with more than one factor represent
an interaction effect (e.g. XiX2) while those with higher
order (e.g. Xn2) terms denote quadratic relationships. A
positive sign signifies a synergistic effect while a
negative sign stands for an antagonistic effect. Only
statistically significant (p < 0.05) coefficients were
retained in the equations. The confidence with which the
regression equations predicted responses for Yi and Y2 were
98% and 96%, respectively. Lack of fit test (p value
greater than 0.05 for all the models) indicated that
models were fitted adequately to represent the observed
data at 95% confidence level.

The standard error of

estimate for Yi- Y2 was 2.65 and 0.19, respectively.

Disintegration Time (sec.)
16.7
15.2
29.7

fr
i

H

27.4

1 21.6

17.2

Figure 27: Disintegration time of formulations 1-9 prepa
according to the matrix of the 32 full factorial design.

Figure 28: Hardness of formulations 1-9 prepared accordi
to the matrix of the 32 full factorial design.
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Disintegration time and hardness values for all the 9
formulations varied from 0 to 29.7 sec (Figure 27) and 0 to
1.43 kg (Figure 28), respectively. These results indicate
that the selected variables have strong influence on
disintegration time and hardness of the fast disintegrating
tablets.

Table 15 summarizes Analysis of Variance for the

responses (ANOVA). It indicated that assumed regression
models were significant and valid for each of the responses
(p < 0.05). One can conclude, from all the regression
equations (5- 6 ) , that the factor X2 appears in both the
regression equations. Hence, concentration of magnesium
stearate (X2) (lubricant) was the main factor having an
antagonistic effect on the disintegration time of an
optimized formulation and synergistic effect on the
hardness of the optimized formulation. The equations (5- 6)
also indicate that disintegration time and hardness of fast
disintegrating tablets were independent of concentration of
calcium silicate and any interaction amongst variables (Xi
and X 2 ) . However, the effect of quadratic terms of the
variable X2 was relevant only on hardness of the tablets
(Y2). This suggests that there is a curvature in the
response.
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Table 15: Analysis of variance (ANOVA) for dependent
variables
Degree
Source of

Sum of

variation

squares

Mean
of

F-ratio

P-value

58.01

0.0001

6.36

0.033

square
freedom

Regression

1035.09

2

517.55

53.53

6

8.92

1088.63

8

Regression

2.08

2

1.04

Residuals

0.98

6

0.16

3.06

8

Residuals
Total
Y

b

Total

a

R2 = 98.07

b

R2 = 96.48

Quality of fit of the model for each response was
plotted in Figure 29. Fraction of the response explained by
the model was represented as R2, whereas fraction of the
response that can be predicated by the model was
represented as Q2. Goodness of fit of the model was
considered statistically excellent with R2 and Q2 values
approaching to unity. As it can be seen (Figure 29), R2 and

145
Q

values were close to the unity for response Yi. Hence,

model was found statistically excellent for the response Yi.
For response, Y2, response variation was nearly 96% with a
predictive ability of nearly 69%. Hence, model was
considered statistically acceptable for the response Y2.
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Figure 29: Quality of the fit of the model for each
response. Fraction of the variation explained by the model
= R2, fraction of the variation of the response that can be
predicted by the model = Q2.

Analysis of the Fitted Data
A response surface plot allows visual observation of
the significance of the regression equations by graphically
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depicting maxima and minima. The regression equations (56) is presented in the form of a response surface plots in
Figure 30 and figure 31 showing the influence of
independent variables Xi and X2 on the responses Yi and Y2,
respectively. As it can be seen from the plot,
concentration of calcium silicate (Xi) had no significant
effect on the disintegration time of the optimized fast
disintegrating tablet formulation (Figure 30). However,
disintegration time increased with increased concentration
of the lubricant, magnesium stearate (X2) .

X, (%)
Figure 30: Response surface plot showing the effect of Xi
(calcium silicate concentration) and X2 (magnesium stearate
concentration) on Yi (disintegration time of fast
disintegrating tablets).
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Disintegration time increased from 0 to 29.7 seconds
with increased concentration of magnesium stearate from 0
to 2% (Figure 30). These results are in agreement with the
results of Durig and Fassihi (Durig and Fassihi, 1997) and
Aoshima et al. (Aoshima et al., 2005).

This delayed

disintegration is due to the general agreed observation
that magnesium stearate forms a hydrophobic membrane on the
surface of the powder particles. Hence, disintegration time
will increase with the increased concentration of magnesium
stearate.
Concentration of calcium silicate (Xi) had no effect on
the hardness of an optimized fast disintegrating tablet
formulation (Figure 31). Concentration of magnesium
stearate (X2) had a positive impact on the hardness of an
optimized formulation. Hardness of the tablets increased
from 0 to 1.43 kg. when concentration of magnesium stearate
increased from 0% to 1.5% (Figure 31). Hardness decreased
from 1.43 to 1.13 kg. with the increase in the
concentration of magnesium stearate from 1.5% to 2.0%.
These results were quite interesting and contradictory to
the general notion that the tablet hardness is known to
decrease with increase in the magnesium stearate
concentration. Several authors (Shah and Mlodozeniec, 1977;
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Williams and Mcginity, 1989; Aoshima et al., 2005) have
demonstrated that because of high extensibility of
magnesium stearate, it spreads over the surface of the
powder particles. This in turn prevents bonding among
powder particles, giving low tensile strength and decrease
in tablet hardness with increase in the concentration of
magnesium stearate.

(kilograms) 0 . 4

Figure 31: Response surface plot showing the effect of Xi
(calcium silicate concentration) and X2 (magnesium stearate
concentration) on Y2 (hardness of fast disintegrating
tablets) .
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At this point, it is worth to point out that
lamination or capping of tablets was observed when
magnesium stearate was absent in the tablet formulation
(formulations 6, 7 and 9 ) . This observation suggested the
need or presence of lubricant for intact formation of the
fast disintegrating tablets. In general, energy consumption
is involved in the powder bed compaction, volume reduction
and the associated force-time-cycle. These highly complex
processes increase interparticulate attraction forces.
These events can be regarded as endothermal processes. Bond
formation, on the other hand, is an exothermal event.
When the mechanical stress is applied, hardness or
tensile strength of the tablets is influenced by different
factors such as, the elastic and plastic characteristics of
the material, changes in porosity, density and anisotropic
force distribution within the compact. In addition,
lubrication at appropriate levels can enhance and normalize
the relative transmission of forces within the die cavity
and greatly improves volume reduction (Durig and Fassihi,
1997). It has been shown that P cyclodextrin is highly
brittle material, which results in brittle fracture during
compaction (Tasic et al., 1997). Brittle material causes
formation of new surface due to fragmentation, extensive
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and strong interparticulate bonding and formation of solid
bridges during compaction (Hiestand and Smith, 1984). When
magnesium stearate was absent in the formulation, the cause
of lamination or capping thus can be attributed to the
brittle nature of the granules, pronounced anisotropic
force distribution within the compact and large residual
wall pressure. This lamination and capping may be a direct
effect of extensive elastic recovery in both axial and
radial directions and the development of large differential
stresses within the compacts. The increased hardness with
increased levels of magnesium stearate can partially be
explained on the basis of improved volume reduction, and
consolidation behavior. It may also be assisted by
formation of new surfaces and denser compacts by bringing
the particle surface areas into closer proximity, and an
increased ability to transmit the compression force
resulting in more cohesive compacts. It should be noted
that with a brittle material in the presence of a lubricant
film, bond formation could easily be established due to
penetration by point irregularities (Karehill and Nystrom,
1990; Karehill et al., 1993). Above 1.5%, of magnesium
stearate, there was decrease in the hardness of the
tablets. This can be attributed to negation of the enhanced
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volume reduction and ability to consolidate by greater
particle surface coating and subsequent interference in the
bonding, when an excess of lubricant was present.

Validation of the Model and Optimization of the Formulation
To validate the regression equations or model, a check
point of Xi = 0% and X2 = 1.5% was selected. The predicted
and observed values of disintegration time and hardness of
the tablets for the check point are depicted in Figure 32.
Observed values were in close agreement with the values
predicted by the model. Lubricant concentration showing
highest hardness and low disintegration time was chosen as
an optimum concentration.

Optimization was carried out

using two-dimensional contour plots of both the responses
(not shown). Optimum lubricant concentration was found to
be 1.5% from the contour plots of both responses. At an
optimum concentration, fast disintegrating tablets showed
disintegration time of 23.4 seconds with hardness value of
1.42 kg.
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Figure 32: Comparison of observed and predicted
disintegration time and hardness values for check point.

Conclusions

The application of full factorial design was useful in
evaluating influence of calcium silicate concentration and
lubricant (magnesium stearate) concentration on an
optimized fast disintegrating formulation of granisetron
hydrochloride. Presence of lubricant was critical for the
preparation of fast disintegrating tablets. Concentration
of the lubricant had an influence on disintegration time
and hardness of the optimized fast disintegrating tablet
formulation; however, calcium silicate concentration had no
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influence on the disintegration time and tablet hardness.
From the statistical design, 1.5% magnesium stearate
concentration was selected as an optimum concentration as
it gave optimum hardness value with low disintegration
time.

CHAPTER 6
EFFECTS OF MOISTURE TREATMENT, VARIOUS LUBRICANTS AND
DISINTEGRATING AGENTS ON THE OPTIMIZED FAST DISINTEGRATING
TABLET FORMULATION OF GRANISETRON HYDROCHLORIDE

Abstract

Purpose.

To evaluate effects of different formulation

variables such as moisture treatment, various lubricants
and disintegrating agents on the optimized P cyclodextrinbased fast-disintegrating tablet formulation of granisetron
hydrochloride.
Methods.

Direct compression method was used to

manufacture tablets on B2 rotary tablet press. Humidity
chamber with saturated salt solutions was used to analyze
effects of moisture treatment. Tablets were placed at 75%,
85% and 95% relative humidity and were dried after
predetermined time points for 8 hours. The Optimized
concentration of lubricant and disintegrating agents was
used to evaluate effects of different lubricants and
disintegrating promoting agents on the optimized tablet
154
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formulation. Tablets were prepared by increasing
compression force and its effect on disintegration time,
hardness and friability was also evaluated. Finally,
dissolution studies were carried out to determine the
effect of formulation on the release of the drug
granisetron hydrochloride.
Results.

Hardness was not affected at 75% relative

humidity. Moisture treatment at 85% and 95% increased
hardness of the tablets; however at the same time it
negatively affected its disintegration time. At an
optimized concentration, glycerol dibehenate and L-leucine
significantly affected disintegration time, while talc and
stearic acid had no significant effect. Tablet hardness was
significantly affected with L-leucine, while other
lubricants had no significant effect. Different
disintegrating agents had no significant effect.
Disintegration time increased as the hardness of the
tablets increased when increasing compression force was
used, while friability decreased. Dissolution studies
showed that there was no significant change in the release
of the drug from the fast disintegrating tablet
formulations.
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Conclusions.

Different formulation variables such as

moisture treatment, different lubricants and disintegrating
agents did not show any significant enhancement in
disintegration time and /or hardness. Optimized formulation
did not affect the dissolution behavior of the drug.

Introduction

Equilibration of tablets under high humidity and
drying of those tablets had shown increased tablet hardness
than that of initial tablet hardness (Chowhan and Palagyi,
1978). Tablet hardness increases when tablets gain and
subsequently loose moisture (Chowhan, 1979). Optimized fast
disintegrating tablet formulation of granisetron
hydrochloride obtained in earlier studies showed moderate
tablet hardness; therefore it would be prudent to see
effect of moisture treatment on tablet hardness in the
optimized formulation.
In earlier studies, optimized lubricant concentration
and disintegrating agents concentration was determined
using magnesium stearate and croscarmellose sodium.
However, other lubricants and disintegrating agents may
show changes in disintegration time and/or hardness.
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Therefore, effects of other hydrophobic lubricants like
talc, stearic acid, glycerol dibehenate and hydrophilic
lubricant like L-leucine on an optimized fast
disintegrating tablet formulation were evaluated at an
obtained optimized concentration. Also, effects of
different disintegrating agents such as povidone,
crospovidone and microcrystalline cellulose on the
optimized formulation were evaluated at an obtained
optimized concentration.
Tablets of different hardness values were prepared at
increasing compression force to evaluate effect of
compression force on the optimized formulation. Tablets
prepared at different hardness values were evaluated for
disintegration time and friability.
Different excipients in the formulation may affect the
dissolution behavior of the drug from the formulation.
Therefore, dissolution studies were carried out to evaluate
effect of formulation on the release or dissolution of drug
from the optimized formulation.
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Materials and Methods

Materials
Granisetron hydrochloride was purchased from Ultratech
India Ltd. (Bombay, India). The following chemicals were
obtained and used as received. (3 Cyclodextrin was received
as a gift sample from Wacker-Chemie (GmBH, Germany).
Croscarmellose sodium, spray dried lactose and
microcrystalline cellulose were purchased from FMC
Corporation, Newark, DE. The following chemicals were
obtained and used as received, L-leucine (Avacado Research
Chemicals Ltd., Heysham, Lancashire, UK), Talc (Whittaker,
South Plainfield, NJ), Stearic acid (J.T. Baker,
Phillipsburg, NJ), Glycerol dibehenate (Gattefosse, SaintPriest Cedex, France). Mannitol was purchased from SigmaAldrich co. (St. Louis, MO). Magnesium stearate, monobasic
potassium phosphate, dibasic sodium phosphate, sodium
chloride and hydrochloric acid were purchased from Fisher
Scientific (Pittsburgh, PA).

Preparation of Tablets
Table 16 lists a typical 1% granisetron hydrochloride
fast-disintegrating tablet formulation used in this study.
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Direct compression of mixtures on B2 rotary tablet press
(Globe Pharma, New Brunswick, NJ) with flat plain face
punches (punch diameter = 11 mm) at 60 rpm was used to
prepare tablets of 200 +; 50 mg. In case of different
lubricants, the particular lubricant with the same
concentration replaced magnesium stearate. In case of
different disintegrating agents, the particular
disintegrating agent with the same concentration replaced
croscarmellose sodium.

Table 16: Typical granisetron hydrochloride fast
disintegrating tablet formulation
Sr.

Ingredients

% Tablet
weight

#

a

1

Granisetron hydrochloride

1

2

P Cyclodextrin

60

3

Spray-dried lactose

20

4

Croscarmellose sodium

6

6

Magnesium stearate

1.5

7

Mannitol

q.s. 100

a

Tablet weight = 200 mg
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Drug and all the excipients except the lubricant were
passed through a # 20 mesh screen. The drug blend was
prepared by mixing them manually in a polyethylene bag for
10- 12 minutes.

The lubricant was added to this blend and

mixed properly again for 2 minutes.

Disintegration Test
As previously mentioned in chapter 4, a modified
version of the simple but novel disintegrating test
apparatus developed by Fu et al. (Fu et al., 2005) was used
(Figure 17). Disintegration test was carried out using 3 ml
of simulated saliva fluid (2.38 gm Na2HP04, 0.19 gm KH2P04
and 8.00 gm NaCl per liter of distilled water; pH adjusted
to 6.76 with phosphoric acid). Six tablets were chosen
randomly from the composite samples for each of the
tableting runs and the average value was determined.

Hardness Test
Monsanto hardness tester (Tab-Machines Ltd., Mumbai,
India) was used to determine tablet hardness. Ten tablets
were chosen randomly from the composite samples for each of
the tableting runs and the average value was determined.
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Tablet Properties
Composite samples from the tableting runs were tested
for tablet thickness and weight variation to determine any
variability associated with the tablet press and method of
preparation of tablets. Thickness was determined using
Digimatic Caliper (Mitutoyo Corp., Tokyo, Japan). Ten
tablets were chosen randomly and the average value was
determined. Uniformity of mass was determined by weighing
10 tablets on an analytical balance (Mettler-Toledo Inc.,
Columbus, OH).

Moisture Treatment
Drykeeper desiccator (Bel-Art Products, Inc.,
Pequannock, NJ) was used for moisture treatment studies.
The prepared tablets were placed in a desiccator at three
different humidity conditions. Saturated sodium chloride
solution, potassium chloride solution, potassium sulfate
solution were used to create 75%, 85%, and 95% relative
humidity, respectively. The tablets were sampled at 0, 2,
4, 6, 8 and 24 hours and dried for 8 hours at room
temperature. The tablet hardness and disintegration time
were then measured.
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Compression force profile
Tablet press available in the lab was not an
instrumented tablet press and it was not possible to
quantitate the compression force. Therefore, for
compression profile studies tablets with different hardness
values with increase in the compression force were prepared
to evaluate its effect on disintegration time and
friability of the tablets. Tablets were prepared according
to the method described as earlier.

Dissolution studies
Dissolution studies were carried out using Vankel VK
7000 (Vankel, Edison, NJ) dissolution apparatus.
Dissolution of the drug granisetron hydrochloride alone as
well as from fast disintegrating tablets were performed
according to the USP rotating paddle method (USP
dissolution apparatus II). Simulated gastric fluid without
pepsin (pH 1.2, 900 ml) was used as a dissolution media.
The temperature was maintained at 37 4- 0.5 °C and the
stirring speed was set 50 +_ 2 rpm. Aliquots of samples

(five replicates) were withdrawn at predetermined time
points for 2 hours, and filtered through 0.45 jam. Samples
were diluted and were assayed by HPLC method.
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HPLC Methodology
Granisetron hydrochloride was analyzed using an
Alliance HPLC system with Empower® software (Waters,
Milford, MA) consisting of a 2475 fluorescence detector and
an autosampler. A method developed by Chaturvedula et al.
(Chaturvedula et al., 2005) was used. An Spherisorb Cyano
analytical column with particle size of 10 |am was used
(Alltech, 4.6. (xm X 250 mm) and column temperature was
maintained at 30 °C. Flow rate of 1.2 ml/min and
acetonitrile/ 25 mM acetate buffer (55/45) was used as a
mobile phase. The fluorescence detection was done at 305 nm
and 350 nm as excitation and emission wavelengths,
respectively.

The gain of the detector was set at 1.

Results and Discussion

An optimized formulation obtained in earlier studies
was used for these studies to evaluate effects of different
formulation variables on the disintegration time and
hardness of the tablets.
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Effects of Different Lubricants on Disintegration Time and
Hardness of the Optimized Formulation
The optimum concentration (1.5%) of lubricant was used
to evaluate effects of different lubricants on the
disintegration time and the hardness of the optimized fast
disintegrating formulation.
Disintegration time of the tablets is displayed in
Figure 33, while hardness of the tablets is displayed in
Figure 34. Hydrophobic lubricants, glycerol dibehenate
increased disintegration time to 32.4 seconds. Talc and
stearic acid had no significant effect on disintegration
time of the tablets.

I D i s i n t e g r a t i o n time
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Magnesium
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Glycerol
dibehenate

l__leucine

Figure 33: Comparison of influence of different lubricants
on disintegration time of the optimized fast disintegrating
tablet formulation.
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on hardness of the optimized fast disintegrating tablet
formulation.

However hydrophilic lubricant, L-leucine, showed
decrease in disintegration time to 18.0 seconds. These
observed differences could be attributed to differences in
the penetration velocity of the disintegrating media
through the respective lubricant film.

Hydrophobic

lubricants like glycerol dibehenate, talc and stearic acid
did not affect hardness of the tablets as compared to
magnesium stearate. Hydrophilic lubricants like L-leucine
showed significant reduction in hardness of the tablets to
1.03 kg.

Tablet weight and thickness of all the

formulations in this study were constant (not shown). Based
on this study, magnesium stearate was chosen as a lubricant
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at 1.5% concentration as it gave optimum hardness value
with low disintegration time.

Effects of Different Disintegrating Agents on
Disintegration Time and Hardness of the Optimized
Formulation
The optimum concentration (6 %) of disintegrating
agent was used to evaluate effects of different
disintegrating agents on the disintegration time and the
hardness of the optimized fast disintegrating formulation.
Disintegration time of the tablets is displayed in
Figure 35, while hardness of the tablets is displayed in
Figure 36. Disintegration time of the tablet was not
significantly affected by crospovidone (Kollidone CL M®) or
povidone (Polyplasdone®) . Microcrystalline cellulose (Avicel
101®) showed increase in the disintegration time to 28.45
seconds, however this increase was not statistically
significant. Hardness of the tablets was not significantly
changed with any of the disintegrating agents. Tablet
weight and thickness of all the formulations in this study
were constant (not shown).
Based on this study, croscarmellose sodium was chosen
as a disintegrating agent at 6% concentration.
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Effects of Moisture Treatment on Disintegration time and
Hardness of the Optimized Formulation
Table 17 presents the effects of moisture treatment on
the disintegration time and hardness of the final optimized
formulation with 1.5% of magnesium stearate. The tablets
were placed at 3 different conditions of relative humidity
(RH).

Relative humidity of 75%, 85% and 95% were selected

based on the critical relative humidity of the components
present in the formulation. Mannitol and spray dried
lactose have a critical relative humidity values of 80% and
90% respectively (Wade and Weller, 1994). Tablet hardness
increases when tablet gain moisture and subsequently loose
it. Hence, 85% and 95% relative humidity were chosen so
that tablet can gain moisture. Relative humidity of 75% was
used as a control.
At 75% relative humidity, there was slight increase in
the disintegration time of the tablets till 8 hours of
moisture treatment. After 24 hours of moisture treatment,
disintegration time increased significantly to 35.2
seconds.

This could be explained on the basis of moisture

absorption by the disintegrating agent, croscarmellose
sodium. Superdisintegrants like croscarmellose sodium are
very hygroscopic and can absorb the moisture. This in turn
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could affect its disintegrating efficiency; prolonging the
disintegration time of the tablets. Moisture treatment at
75% relative humidity negatively affected hardness of the
tablets too. Moisture affects the bonding efficiency of the
powder particles and this could lead to reduction in the
hardness of the tablets.
At 85% relative humidity, disintegration time of the
tablets increased with increase in the duration of moisture
treatment. Decreased disintegration efficiency of the
disintegrating agent could be a possible reason in this
situation too. Moisture treatment at 85% relative humidity,
however, increased hardness of the tablets to 1.58 kg. This
was quite interesting and can be attributed to
recrystallization of mannitol particles. Mannitol has a
critical relative humidity of 80%. When relative humidity
is higher than the critical relative humidity, mannitol can
absorb the moisture from the environment and can form a
liquid layer on the particle surfaces because of its
dissolution. Liquid bridges between adjacent particles can
be formed when the adjacent liquid layers merge together.

After drying, solid bonds can be formed between these
particles because of formation of solid bridges. These
formed bonds can increase the hardness of the tablets as
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compared to tablet hardness before moisture treatment. Fu
et al. observed similar kind of results in their study (Fu
et al., 2006).

Table 17: Effect of moisture treatment on disintegration
time and hardness of the optimized fast disintegrating
tablet formulation

%RH

75

85

Time

Tablet

Disintegration

Hardness

(Hour)

Weight (mg +

Time

(kg + S.D.)

S.D. )

(seconds + S.D.)

0

236.5 (5.3)

26.0 (7.4)

1.40 (0.34)

2

237.9 (1.2)

27.5 (6.8)

1.33 (0.38)

4

233.1 (9.9)

25.2 (3.1)

1.33 (0.29)

6

235.4 (2.2)

25.7 (5.7)

1.25 (0.25)

8

232.1 (8.2)

26.7 (3.2)

1.33 (0.29)

24

236.8 (8.0)

35.2 (13.7)

1.25 (0.25)

0

236.5 (5.3)

26.0 (7.4)

1.40 (0.34)

2

235.5 (7.9)

28.2 (5.3)

1.42 (0.14)

4

236.6 (0.6)

31.9 (9.1)

1.50 (0.25)

6

237.3 (0.8)

29.9 (3.6)

1.50 (0.25)

8

236.8 (6.2)

33.2 (5.1)

1.58 (0.14)

24

239.5 (2.8)

36.1 (5.5)

1.58 (0.14)
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Table 17 - continued.

95

0

236.5 (5.3)

26.0 (7.4)

1.40 (0.34)

2

237.4 (1.3)

47.9 (10.3)

1.25 (0.0)

4

228.5 (4.1)

44.5 (7.5)

1.42 (0.14)

6

235.3 (5.4)

52.6 (13.6)

1.67 (0.14)

8

241.0 (2.0)

55.7 (4.5)

1.67 (0.14)

24

233.8 (1.7)

58.4 (6.9)

1.67 (0.14)

Moisture treatment at 95% relative humidity showed
similar kinds of results. Tablet hardness increased to 1.67
kg; it negatively affected disintegration time too. At 95%
relative humidity, mannitol and spray dried lactose both
could have formed solid bonds because of absorption of the
moisture. This could lead to more increase in the hardness.
The order of increase in the disintegration time was found
to be 95% > 85% > 75%.

Compression Force Profile
To evaluate the effect of compression force on tablet
properties, tablets were prepared at different hardness
values increasing the compression force. Compression force
was increased from formulation 1 to formulation 5. The
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tablets were evaluated for tablet weight, thickness,
disintegration time, hardness and friability. The results
are shown in Table 18.

Table 18: Effect of compression force on the optimized
formulation
Formulation
1

2

3

4

5

Tablet weight

251.42

248.25

244.68

246.02

232.58

(mg) (+ SD)

(4.49)

(1.30)

(1.70)

(2.96)

(9.09)

Thickness

2.22

2.05

1.91

1.80

1.69

(mm) (+ SD)

(0.04)

(0.03)

(0.02)

(0.03)

(0.06)

time

20.84

49.01

95.95

314.14

366.17

(sec) (+ SD)

(7.76)

(4.19)

(20.34)

(26.53)

(32.00)

Hardness

1.25

2.78

3.73

5.83

4.73

(kg) (+ SD)

(0.24)

(0.28)

(0.43)

(0.62)

(0.62)

% Friability

1.35

0.72

0.36

0.19

0.19

Disintegration

The results in Table 18 show that by increasing
compression force disintegration time increased and
friability decreased.

The results can be explained by the
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formation of more condensed compacts with increasing the
compression force. Hardness also increased with increasing
compression force, however at highest compression force
there was decrease in tablet hardness.

Dissolution Studies
Excipients in the dosage form may alter the
dissolution or release profile of the drug from the
formulation. Therefore, dissolution studies were performed
to evaluate effect of formulation excipients on the
dissolution of the drug granisetron hydrochloride from
optimized fast disintegrating tablet formulation.
The dissolution profile of the drug granisetron
hydrochloride and dissolution of drug from fast
disintegrating tablet formulation are depicted in Figure
37. Although there was no significant difference in the
dissolution profile of granisetron alone and from fast
disintegrating tablet formulation, slight increase in
dissolution of granisetron hydrochloride from fast
disintegrating tablet formulation can be attributed to drug
being readily available to dissolution media. The
granisetron hydrochloride powder was incorporated into a
capsule for dissolution studies. The dissolution of capsule
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may require some time and therefore, there was slight
decrease in dissolution of granisetron alone. However,
these differences were not significant statistically.
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Figure 37: Comparison of dissolution profile of granisetron
alone and granisetron from fast disintegrating tablet
formulation.

Conclusions

The formulation variables studied did not provide any
advantages in terms of decrease in disintegration time or
increase in hardness of fast disintegration tablet
formulation over the optimized formulation obtained in
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earlier studies. Therefore, in final formulation, magnesium
stearate was selected as lubricant and croscarmellose
sodium as disintegrating agent. Dissolution studies
demonstrated there was no change in the dissolution
behavior of drug granisetron hydrochloride from the fast
disintegrating tablet formulation suggesting there was no
effect of formulation excipients on the dissolution of
granisetron hydrochloride.

CHAPTER 7
COMPARATIVE EVALUATION OF FAST DISINTEGRATING TABLETS
PREPARED USING PIROXICAM / p CYCLODEXTRIN COMPLEXES

Abstract

Purpose. To evaluate effects of preparation methods of
inclusion complex on physico-chemical properties and
tableting properties of optimized fast disintegrating
tablet formulation containing piroxicam.
Methods. Inclusion complexes of piroxicam with P
cyclodextrin were prepared by co-precipitation, spray
drying and freeze-drying methods. Phase solubility studies
were carried out to determine the apparent stability
constant and complexation efficiency, which describe the
extent of formation of the complex. Physico-chemical
characterization of the solid inclusion complexes were
carried out using differential scanning calorimetry (DSC),
Fourier transform infrared (FT-IR) spectroscopy, X-ray
diffraction, and scanning electron microscopy (SEM).
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Inclusion complexes prepared by different methods were
further used to prepare tablets by direct compression
method. Tablets prepared by physical mixture were used for
the comparison purpose. Dissolution studies were performed
to evaluate effect of complexation on the solubility of
piroxicam.
Results.

Piroxicam-p cyclodextrin complexes prepared

using spray drying and freeze-drying methods were of
amorphous nature. Tablets prepared using spray dried and
freeze dried inclusion complexes strongly affected the
disintegration time and hardness of the optimized fast
disintegrating tablet formulation. However, the dissolution
of drug from the tablets prepared by spray dried and
freeze-dried inclusion complexes were higher than the
dissolution of drug from tablets prepared by physical
mixture.
Conclusions. Methods of preparation of inclusion
complex of piroxicam with p cyclodextrin affected the
physico-chemical properties of the complex and tableting
properties of the optimized fast disintegrating tablet
formulation.
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Introduction

Cyclodextrins are cyclic oligosaccharides composed of
6 or more dextrose units joined through 1-4 bonds. The most
common natural cyclodextrins a-, (3-, y- cyclodextrins,
contain 6, 7, and 8 dextrose units respectively (Stella and
Rajewski, 1997). Cyclodextrins have several wellestablished pharmaceutical applications (Thompson, 1997).
In recent years, oral administration of drug-cyclodextrin
complexes has received a considerable amount of attention.
Preparing and delivering drug-cyclodextrin complexes in
tablet dosage forms is of great interest in particular
(Suihko et al., 2000). P Cyclodextrin, of all the
cyclodextrins, is widely used cyclodextrin in oral drug
delivery. It is considered as a promising direct
compression excipient because of its favorable
compactibility, and dilution potential (Pande and Shangraw,
1994). Cyclodextrins are highly prone to plastic
deformation, which is beneficial for successful tablet
formulation (Munoz-Ruiz and Paronen, 1996). Commercially
available and physically modified (3 cyclodextrin also showed
similar observations. Pande and Shangraw reported
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importance of moisture content on the compactibility of (5
cyclodextrin (Pande and Shangraw, 1995).
Several techniques are frequently used for the
preparation of solid drug-cyclodextrin complexes. These
include kneading, co-precipitation, spray drying and
freeze-drying. Recently, drug-cyclodextrin complexes were
prepared by a method using supercritical carbon dioxide
(Van Hees et al., 1999). Among these techniques, spray
drying and freeze-drying have been considered as the better
techniques for the preparation of drug-cyclodextrin
complexes (Veiga et al., 1996; Mura et al., 1999). Mura et
al. showed that the performance of the drug-cyclodextrin
formulation is highly dependent on both the method of
preparation and the nature of the particular cyclodextrin
(Mura et al., 1999). Suihko et al. (Suihko et al., 2000)
showed that there was an increased resistance towards
plastic deformation and it may affect the tabletting
properties of the formulation. This may suggest that
methods of preparation of solid drug-cyclodextrin complexes
affect the tableting properties of the solid dosage
formulation. Surprisingly, only few studies have tried to
evaluate effect of methods of preparation on the tableting
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properties of the solid dosage formulations containing
drug-cyclodextrin complexes.
In our previous studies, we developed and optimized a
novel fast disintegrating tablet formulation using p
cyclodextrin as a diluent. One of the advantages of this
formulation would be that it could be used to enhance the
solubility of poorly soluble compounds. However, to enhance
the solubility of poorly soluble compounds, P cyclodextrin
needs to be complexed with the drug. This complexation of
drug with P cyclodextrin may affect the tableting properties
of the optimized fast disintegrating tablet formulation.
Therefore, the primary objective of this study was to
evaluate effect of drug-cyclodextrin complexation on
tableting properties of the optimized fast disintegrating
tablet formulation.

Drug-cyclodextrin complexes were

prepared by different methods and their effect on hardness
and disintegration time of the optimized fast
disintegrating tablet formulation were evaluated. To
evaluate effect of drug-cyclodextrin complexation on drug
solubility of the poorly soluble compound dissolution
studies were also carried out.
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Piroxicam was chosen as a model poorly soluble drug.
Piroxicam is used clinically in capsule form as a nonsteroidal anti-inflammatory drug (NSAID). It also has
analgesic and antipyretic properties. The molecular
structure of piroxicam is derived from a benzothiazine-1,2dioxyde-1,1 as shown in Figure 38 (Xiliang et al., 2003).

Solubility or dissolution of piroxicam is considered
to be a rate-limiting step in its oral absorption as
piroxicam is practically insoluble in aqueous solutions.
The inclusion complexes of piroxicam with P cyclodextrin
increase its aqueous solubility, dissolution rate and rate
of oral absorption, which makes such combination a suitable
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candidate for more efficacious formulations. Deroubiax et
al. also observed higher plasma concentration and reduced
gastrointestinal side effects, when they used inclusion
complex of piroxicam with (3 cyclodextrin in a molar ratio of
1: 2.5 (Deroubiax et al., 1995).

Materials and Methods

Materials
Piroxicam and mannitol was purchased from SigmaAldrich co. (St. Louis, MO). The following chemicals were
used as received. P Cyclodextrin was received as a gift
sample from Wacker-Chemie (GmBH, Germany). Croscarmellose
sodium, spray dried lactose were purchased from FMC
Corporation (Newark, DE). Monobasic potassium phosphate,
dibasic sodium phosphate, sodium chloride and magnesium
stearate were purchased from Fisher Scientific (Fair Lawn,
NJ) .

Phase solubility studies
The complexation of piroxicam with P cyclodextrin was
determined by phase solubility studies. Solubility
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measurements were performed by the method described by
Higuchi and Connors (Higuchi and Connors, 1965). Excess
amount of drug was added to 10 ml of phosphate buffer
solutions (pH 7.4) containing various molar concentrations
of P cyclodextrin. The suspensions were sonicated for 15
mins and were shaken for 3 days. After equilibrium was
attained, an aliquot was filtered through an anotop™ 0.2 |^m
membrane. The filtered solutions were diluted appropriately
and the amount of dissolved piroxicam was determined using
Alliance HPLC system at 220 nm. A plot of piroxicam
solubility at dissolution equilibrium as a function of P
cyclodextrin concentration gave a phase solubility diagram.
The apparent stability constant or association constant
(Ks) of the inclusion complex formed was then calculated
using equation 7.

Ks = Slope / [ (Y -Intercept) X (1-Slope)]

(7)

Loftsson et al. (Loftsson et al., 2005) suggested to
use complexation efficiency than apparent stability
constant to determine extent of complexation. Complexation
efficiency is less variable and more pragmatic than
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apparent stability constant. The complexation efficiency
was calculated using the following equation,

Complexation efficiency = Slope / 1 - Slope

(8)

HPLC Methodology
Piroxicam was analyzed using an Alliance HPLC system
with Empower® software (Waters, Milford, MA) consisting of
a PDA detector and an autosampler. A modified method
developed by Prabhu et al. (Prabhu et al., 2005) was used.
A C-8 analytical column with particle size of 5 |u.m was used
(Phenomenex Prodigy ODS 3 column, 4.6. \m X 250 mm) and
column temperature was maintained at 30 °C. Flow rate of 0.8
ml/min and acetonitrile/ lOmM phosphate buffer (55/45) was
used as a mobile phase. Wavelength of the detector was set
at 220 nm.

Preparation of Samples
Physical mixtures and inclusion complexes using coprecipitation, spray drying and freeze-drying methods were
prepared using a molar ratio of 1: 2.33 (Piroxicam: p
cyclodextrin). This ratio was chosen as it gives the same
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amount of P cyclodextrin in the final formulation as
determined in the optimized fast disintegrating tablet
formulation.

Preparation of physical mixture
The drug and p cyclodextrin were mixed and gently
grinded in a mortar and pestle to form a 1: 2.33 molar
ratio of drug to P cyclodextrin.

Preparation of inclusion complex using co-precipitation
method
A known amount of P cyclodextrin required to give the
desired molar ratio was dissolved in deionized water. A
known amount of piroxicam required to give the desired
molar ratio was dissolved in methanol. The two solutions
were heated at 65 °C and added together after the powders
were completely dissolved. The final solution was stirred
at room temperature for 48 hours. Finally, suspension was
kept at 0 °C and obtained precipitate was filtered, washed
and dried.
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Preparation of inclusion complex using spray-drying method
The required quantity of piroxicam and (3 cyclodextrin
to give the desired molar ratio was dissolved in
hydroalcoholic solution (4: 1 v/v). Spray-dried inclusion
complexes were obtained by spray drying the solution using
Buchi spray dryer (Model 191, Buchi Corp., New Castle, DE).
The following conditions were used for the spray drying of
the solution: inlet temperature 102 °C, outlet temperature
90 °C, flow rate of the solution 400 ml/hr, and air flow
rate 40 - 50 m3/h.

Preparation of inclusion complex using freeze-drying method
The required quantity of piroxicam and P cyclodextrin
to give the desired molar ratio was dissolved in 2.34%
aqueous ammonium solution. The solution was stirred for 15
minutes and frozen for 48 hours at -20 °C in a freezer. This
frozen solution was then finally lyophilized in a freezedryer (Freezone-6 Model 7752001, Labconco, Kansas city, MO)
for 24 hours.
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Characterization of the Complexes

Determination of drug content
P Cyclodextrin and its complexes are insoluble in
methanol but the free drug is soluble in low
concentrations. True complex formation and to determine
free drug content in the solid state, methanol was used.
A sample of 2 mg was shaken with methanol (20 ml) to
determine the free drug content in the complex. The
methanol supernatant was separated, dried and dissolved in
10 ml of acetonitrile. The supernatant was further analyzed
using HPLC. A small amount of dimethylsulfoxide was used to
wash the complex. This washed complex was diluted with
acetonitrile to determine the drug content in the complex. (3
Cyclodextrin sedimented after 12 hrs, the supernatant drug
solution was separated by centrifugation and analyzed by
HPLC.
Percentage of included compound will be determined by
following equation
(Complexed amount of piroxicam)
=

(Free amount + complexed amount) X 100

(9)
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Thermal analysis
DSC thermograms were obtained using a TA DSC Q100
differential scanning calorimeter (TA Instruments, New
Castle, DE). Samples were scanned between 0 and 250° C at a
heating rate of 5° C min-1 under nitrogen purge with a flow
rate of about 50 ml min-1. The instrument was calibrated
using indium as a standard (melting point 156.4° C ) . Samples
equivalent to 1 mg of piroxicam were weighed and
hermetically sealed in standard aluminum pans.

Fourier transform infrared spectroscopy (FT-IR)
Spectra were recorded using a Nicolet FT-IR - 380
spectrometer (Thermo Electron Corp., Waltham, MA) with an
ATR horizontal reflexion.

Powder samples were used for the

acquisition of spectra. The scan was performed with the
application of 64 scans at a resolution of 4.0 cm"1 over the
range of 4000- 400 cm-1 for each sample.

X-ray diffraction (XRD)
The powder X-ray diffraction patterns were carried out
using a Scintag Xi diffractometer (Scintag Inc., Sunnyvale,
CA) with monochromatic CuKcii radiation and peltier cooled
solid state detector. The voltage and current were at 45 kV
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and 40 mA. The diffraction patterns were recorded in the
range of 5° < 29 < 50° at 2° per minute scanning rate.

Scanning electron microscopy (SEM)
Scanning electron microscopy (SEM) was used to
evaluate quality and reality of the inclusion between
piroxicam and P cyclodextrin. SEM generates three
dimensional deep field pictures.
Dual stage field emission scanning electron microscope
(Topcon DS - 130F, Topcon, Tokyo, Japan) was used to
observe the surface morphology of the raw material and
inclusion complexes. Samples were mounted on a stainless
steel stub using double-sided carbon sticky tape. The
samples were coated with gold by using a sputter coater
(Emscope SC-500 Magnetron, Emscope, London, UK). Secondary
electron images were collected digitally by employing
primary beam accelerating voltage of 10 kV.

Sorption desorption isotherms
For the sorption isotherm, powder samples were weighed
accurately (100 - 150 mg) and dried in a vacuum oven at 45°
C for 24 hours. After drying, samples were transferred to a
tightly closed desiccator at relative humidity of 22% at
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room temperature. Samples were weighed again after 2 4 and
48 hours and placed in a second desiccator at relative
humidity of 33%. This procedure was repeated so that
samples will be exposed to 22, 33, 43, 55, 78, 86 and 98%
relative humidity.

Saturated salt solutions were used to

maintain the desired relative humidity in a desiccator.
For the desorption isotherm, similar procedure as that
of sorption isotherm was repeated. However, it was carried
out in a reverse manner i.e. starting at 98% relative
humidity.

Preparation of Tablets
Direct compression method was used for the
preparation of tablets. Drug and all the excipients except
magnesium stearate were passed manually through a # 20 mesh
screen. The drug blend was prepared by mixing them manually
for 10-12 minutes. Magnesium stearate was added to this
blend and mixed properly again for 2-3 minutes. Blend was
compressed using 11 mm flat plane face tooling on B2 rotary
tablet press (Globe Pharma, New Brunswick, NJ) at 60 rpm.
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Table 19: Formulations used to prepare fast disintegrating
tablets
% Tablet weight

a

Sr.
Ingredient
#

Physical
Co-ppt
mixture

1

Piroxicam

Spray

Freeze-

dried

dried

b

7.5

-

-

-

60

-

-

-

-

67.5

67.5

67.5

20

20

20

20

6

6

6

6

1.5

1.5

1.5

1.5

q.s.

q.s.

q.s.

q.s.

100

100

100

100

P
2
Cyclodextrin
Inclusion
3

complex (1:
2.33)
Spray dried

4
lactose
Croscarmellose
5
sodium
Magnesium
6
stearate

7

Mannitol

a
b

Tablet weight = 200 mg
Co-ppt stands for co-precipitated
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The targeted tablet weight was kept constant at around 200
mg. In the case of inclusion complex, combined weight of
drug and P cyclodextrin was replaced by inclusion complex.
Table 19 lists all the formulations used for the
preparations of different tablet formulations.

Tableting Properties
Tablets were characterized for thickness, weight
variation, disintegration time and hardness. Thickness was
determined by using a digital micrometer. Hardness was
measured using monsanto hardness tester. Ten tablets for
each of the measurements were used and average value was
then determined.
Disintegration time was measured by a novel but simple
method designed to simulate the in-vivo conditions (Figure
17). It was a modified version of the method developed by
Fu et al. (Fu et al., 2005). Six tablets were used and
average value was then determined.

Dissolution Studies
Vankel VK 7000 (Vankel, Edison, NJ) dissolution
apparatus was used for the dissolution studies. Dissolution
of the drug piroxicam from fast disintegrating tablets

193
prepared using inclusion complexes and physical mixtures
were performed according to the USP rotating paddle method
(USP XXIV dissolution apparatus II). Simulated gastric
fluid without pepsin (pH 1.2, 900 ml) was used as a
dissolution media. The medium was maintained at 37 j- 0.5° C,
which was previously filtered, degassed and the stirring
speed was set 5 0 + 2

rpm. Aliquots of samples (five

replicates) were withdrawn at predetermined time points for
3 hours, and filtered through 0.45 urn filter. Samples were
diluted and were assayed by HPLC method at 220 nm. Percent
dissolved drug at 15 mins and 90 mins were used to evaluate
the dissolution profiles.

Results

Phase Solubility Study
Phase solubility study was used to evaluate the effect
of |3 cyclodextrin on the aqueous solubility of piroxicam.
The phase solubility diagram is shown in Figure 39. The
aqueous solubility of piroxicam increased linearly as a
function of increasing (3 cyclodextrin concentration. It was
classified as an AL -type (Higuchi and Connors, 1965), which
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is characterized by linear increase in solubility. The
slope obtained from the phase solubility diagram was 0.04.
The association constant or apparent stability
constant of the inclusion complex determined was 51.41 M_1,
Complexation efficiency of the piroxicam-p cyclodextrin
inclusion complexes was 0.041.
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Figure 39: Phase solubility diagram of piroxicam with |3
cyclodextrin at pH - 7.4.

Determination of Drug Content
The HPLC determinations of the piroxicam content in
the products show highest loading efficiency in the freezedried and spray-dried complexes (Table 20). Co-precipitated
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complexes showed a medium efficiency, while no effect was
observed in the physical mixture. Drug was significantly
incorporated in the cyclodextrin in spray dried and freezedried complexes. A portion of physical mixture was present
in the co-precipitated inclusion complex.

Table 20: Inclusion yield of piroxicam P cyclodextrin
systems prepared by different methods (n = 3)
Method of

Complexed

Free

Total

inclusion

amount of

amount of

piroxicam

complexation

piroxicam

piroxicam

(%)

(%)

(+ SD)

( + SD)

content

Inclusion

(%)

yield

(%)

(+ SD)

(+ SD)

Physical

0.52

10.5

11.02

4.76

mixture

(0.06)

(1.02)

(1.29)

(1.37)

Co-

6.33

4.76

11.09

57.09

precipitation

(0.87)

(0.32)

(0.68)

(2.78)

Spray drying

9.17

1.96

11.13

82.35

(0.36)

(0.32)

(0.30)

(3.22)

10.70

0.37

11.07

96.47

(0.12)

(0.01)

(0.15)

(0.86)

Freeze-drying
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Thermal Analysis
Thermal analysis of drug and inclusion complexes was
carried out using differential scanning calorimetry.
Disappearance of the endothermic melting peak of
crystalline piroxicam suggested formation of a solid
complex. Reduction in the height or enthalpy of endothermic
melting peak of crystalline piroxicam suggested partial or
incomplete formation of a solid complex.
Pure Piroxicam exhibited an endothermic peak at 201.67°
C (Figure 40). The DSC thermogram of p cyclodextrin showed a
broad endothermic peak at around 120-140° C, corresponding
to release of crystalline water. The thermal curve of the
physical mixture showed characteristic endothermic melting
peak of piroxicam.
The characteristic endothermic melting peak of
piroxicam also presented in the thermogram of inclusion
complex prepared with co-precipitation method, which
reflected the presence of piroxicam crystals, which were
not incorporated in the P cyclodextrin in these
preparations. In contrast, complete disappearance of the
endothermic peak of piroxicam was observed in the complexes
prepared by spray drying and freeze-drying methods. This
shows formation of a solid complex in these systems.
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Figure 40: Differential scanning calorimetry thermograms of
piroxicam (A), P cyclodextrin (B), physical mixture (C), coprecipitated inclusion complex (D), spray-dried inclusion
complex (E), freeze-dried inclusion complex (F).

Fourier Transform Infrared Spectroscopy
Figure 41 shows the IR spectra of piroxicam, P
cyclodextrin, physical mixture and inclusion complexes
prepared by co-precipitation, spray dried and freeze-dried
inclusion complexes. Spectrum of the physical mixture can
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be considered as the result of the addition of piroxicam
and P cyclodextrin's spectra.
On the contrary, in the spectrum of inclusion
complexes, shifts, disappearances or attenuation of the
characteristic piroxicam bands reveal modification of the
environment of piroxicam. For example, the symmetric SO2
stretching band at 1349 cm"1 shifts to 1330 cm-1. The band at
1523 cm"1 belongs to the amido NH of piroxicam is no more
detectable at this wavelength in the complex. The CH
aromatic deformation band at 829 cm"1 for piroxicam and the
CH aliphatic deformation band at 1434 cm"1 for P
cyclodextrin were also changed to 855 cm-1 and to 1417 cm"1
respectively. These changes are probably related to the
interaction and the formation of intermolecular bonds
between the guest (piroxicam) and the host (P cyclodextrin).
These changes had been reported earlier (Van Hees et al.
1999) as evidence of the inclusion of piroxicam inside the P
cyclodextrin cavity. These changes were not observed in the
case of physical mixture.
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Figure 41: Fourier transform infrared spectra of piroxicam
(A), P cyclodextrin (B), physical mixture (C), coprecipitated inclusion complex (D), spray-dried inclusion
complex (E), freeze-dried inclusion complex (F).

X-Ray Diffraction (XRD)
X-ray diffraction gives characteristic fingerprint
patterns for each drug. Appearance of new patterns or
deviation from the original pattern indicates change in the
crystallinity of the drug, which may suggest complex
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formation (Hussein et al., 2007). The XRD diffractograms of
the pure piroxicam, (3 cyclodextrin, physical mixture and
inclusion complexes are shown in Figure 42. The XRD of
piroxicam shows characteristics pattern of the drug,
suggesting that the drug presented as a crystalline
material. P Cyclodextrin showed crystalline characteristics
too as it also showed several diffraction peaks. The
diffractograms observed in the physical mixture showed
diffractograms resulting from the combination of the
individual components. This also suggested that there was
no complex formation between the drug and P cyclodextrin in
physical mixture.
A significant reduction of the X-ray diffraction
pattern (Figure 42) of the drug was observed in all complex
formation methods. Freeze dried product showed highest
reduction in the patterns suggesting complete loss of
crystallinity. These suggest that there was an inclusion
complex formation between the components and the inclusion
complex was of amorphous nature. Co-precipitated and spraydried products also showed reduction in the x-ray
diffraction patterns, however the reduction was lower as
compared to freeze-dried product. This may also indicate
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that there was some amount of crystalline piroxicam
remaining in the product. This may also suggest that there
was no true inclusion complex formation or there was a
partial formation of the complex.
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Figure 42: X-ray diffractograms of piroxicam (A), p
cyclodextrin (B), physical mixture (C), co-precipitated
inclusion complex (D), freeze-dried inclusion complex (E),
spray-dried inclusion complex (F).
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This kind of behavior has also been seen with other
lipophilic drugs such as omeprazole (Figueiras at al.,
2007) and ibuprofen (Hussein et al., 2007).

Scanning Electron Microscopy
Morphological changes were investigated by scanning
electron microscopy and are represented in Figure 43. Pure
piroxicam appeared as a regular shaped crystals and (3
cyclodextrin with a parallelogram shape (Hussein et al.,
2007). The piroxicam-p cyclodextrin physical mixture showed
bulky particles ((3 cyclodextrin) with small characteristics
piroxicam crystals adhered to its surface. This may suggest
presence of crystalline drug. Similar kinds of results are
seen with physical mixtures of p cyclodextrin and other
poorly soluble drugs (Hussein et al., 2007; Figueiras at
al., 2007) .
In the co-precipitated products, it was possible to
detect the P cyclodextrin particles with piroxicam particles
agglomerated on its surface. However, in this case the
crystal sizes of piroxicam were smaller. This modification
of the co-precipitated products appearance when compared to
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physical mixtures was due to the effect of the coprecipitation method (Fernandes et al., 2002).

S(J:.£

-%.,».-,. r«

18 HI

f."If

- • . 1

'

*

! atiiC". 10.6? ii'ji

d
Figure 43: Scanning electron microphotographs of piroxicam
(a), p cyclodextrin (b), physical mixture (c), coprecipitated inclusion complex (d), spray-dried inclusion
complex (e), freeze-dried inclusion complex (f).
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In the spry-dried and freeze-dried products, a new
population of particles with a typical shape appeared,
which was not seen in the pure materials and the physical
mixture. The spray-dried systems showed amorphous and
homogenous aggregates of spherical particles characteristic
to spray-dried systems (Sinha et al., 2005) .
The freeze-dried product appeared in a typical
morphology of soft and fluffy structure. The characteristic
crystals of pure materials were not distinguishable in this
system too. The occurrence of the new form of the system
due to drastic changes in the particle shape in the case of
spray-dried and freeze-dried product may suggest formation
of new solid phase in the form of inclusion complex (Lee et
al., 2006).

Sorption Desorption Isotherms
Sorption - desorption of the individual
components, physical mixture and co-precipitated mixtures
are represented in Figure 44, while those of individual
components, spray-dried mixture and freeze-dried mixture
are represented in Figure 45. All the isotherms showed type
II and had an open hysteresis loops except the drug
piroxicam.
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Figure 44: The water sorption - desorption isotherms of
piroxicam, P cyclodextrin, physical mixture and coprecipitation inclusion complex.

This type isotherm is a characteristic of hydrophilic
polymers having both surface absorption and also absorption
in the solid phase (Umprayn and Mendes, 1987) . The physical
mixtures and co-precipitated mixtures absorbed water
intermediate to water absorption of piroxicam and P
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cyclodextrin at all the relative humidities. However, the
spray-dried and freeze-dried inclusion complexes absorbed
more water than that of P cyclodextrin and piroxicam at all
the relative humidities.
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piroxicam, (3 cyclodextrin, spray-dried mixture and freezedried inclusion complex.
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This suggested that there was lower moisture content
in the spray-dried and freeze-dried inclusion complexes; as
a result they became hygroscopic and absorbed more water.
Sorption-desorption isotherms of the spray-dried and
freeze-dried complexes have also shown greater water
content as compared to physical mixture or co-precipitated
mixtures during desorption phase. This suggested that water
was more tightly bound in the complexed material during
desorption phase.

Tableting Properties
The ability of P cyclodextrin as an effective diluent
to formulate fast disintegrating tablets was demonstrated
in our previous work. Direct compression was used to
manufacture fast disintegrating tablets, as this process is
easy to operate and cost effective (Medina and Kumar 2006).
An optimized formulation was composed of 60% P cyclodextrin,
6% croscarmellose sodium, 1.5% magnesium stearate and 20%
spray dried lactose. This optimized concentration was used
to prepare fast disintegrating tablets using different
inclusion complexes.
The characteristics of the fast disintegrating
tablets, which are weight variation, tablet thickness,
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hardness and disintegration time, prepared using different
inclusion complexes are shown in Table 21. All the
formulations contained same amount of piroxicam (7.5%) and (3
cyclodextrin (60%). The process of preparing the inclusion
complexes significantly affected the tabletting properties
of the fast disintegrating tablets.

Good uniformity of

weight and thickness was achieved for tablets prepared with
physical mixture and co-precipitated inclusion complex.
However, the disintegration time and hardness values of the
tablets prepared with co-precipitated inclusion complex
showed lower values than that of tablets prepared with
physical mixtures. Tablets prepared with spray-dried and
freeze dried complexes were very fragile and crumbled to
powder while collecting the tablets during tableting
process. This could partly be attributed to the method of
preparation of the inclusion complex. Freeze-drying and
spray drying involve preparing inclusion complexes in a
suitable solvent system and drying of these complexes using
high temperature. This high temperature may also remove
some of the water of crystallization of p cyclodextrin,
which helps in binding of the particle subsequently
producing stronger tablets (Pande and Shangraw, 1995).
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Tablets were not formed for spray-dried and freeze
dried complexes at the optimized parameters. Therefore, an
attempt was made to form tablets at higher compression
force. The characteristics of these tablets are shown in
Table 22. The compression force was selected in such a way
that it would produce intact tablets of freeze-dried
inclusion complex. At this compression force, tablets of
other inclusion complexes and physical mixtures were
prepared and tablet characteristics were compared.
A good degree of uniformity of weight was achieved for
all the formulations. However, thickness of freeze dried
and spray dried tablets was lower than that of tablets
prepared using co-precipitated inclusion complex and
physical mixture. This may suggest that freeze dried and
spray dried material needed more compression force to
manufacture the tablets.
Methods of preparation of inclusion complex
significantly influenced disintegration time and tablet
hardness of the fast disintegrating tablet formulation.
Disintegration time and hardness of fast disintegrating
tablets prepared using freeze dried complex was lowest than
that of other inclusion complexes and physical mixture.
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Table 21: Tableting properties of the optimized fast
disintegrating tablets prepared using different inclusion
complexes
Tablet
Thickness

Hardness

Disintegration

(mm)

(Kg.)

time (Sec.)

(+ SD)

(+ SD)

(+ SD)

238.38

2.10

1.4

29. 94

(8.15)

(0.05)

(0.27)

(7.33)

complex of co-

224.94

2.05

1.28

20.65

precipitation

(10.33)

(0.05)

(0.71)

(3.66)

_a

a

a

_a

_a

_a

_a

_a

Tablets
prepared using

weight
(mg)
(+ SD)

Physical
mixture

Inclusion

method
Inclusion
complex of
spray drying
method
Inclusion
complex of
freeze-drying
method
a

Analysis of tablets was not possible
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Table 22: Tableting properties of the optimized fast
disintegrating tablets prepared using different inclusion
complexes at higher compression force
Tablet
Thickness

Hardness

Disintegration

(mm)

(Kg.)

time (Sec.)

(+ SD)

(+ SD)

(+ SD)

208.56

1.95

2.48

62.08

(3.32)

(0.04)

(0.34)

(5.58)

complex of co-

205.87

1.92

2.10

54.52

precipitation

(4.14)

(0.03)

(0.27)

(6.74)

complex of

208.47

1.84

0.60

16.35

spray drying

(3.88)

(0.04)

(0.17)

(3.72)

complex of

205.02

1.78

0.33

11.48

freeze-drying

(3.18)

(0.05)

(0.12)

(2.74)

Tablets

weight

prepared using

(mg)
(+ SD)

Physical
mixture

Inclusion

method
Inclusion

method
Inclusion

method
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Tablets prepared using spray dried complexes showed
slightly increased hardness than that of tablets prepared
using freeze dried complex; however, it was still
significantly different (lower) than that of tablets
prepared using co-precipitated inclusion complex and
physical mixture. This again suggests that evaporation of
water crystallization from p cyclodextrin may be the
contributing factor for these changes. Disintegration time
of the tablets increased as the tablet hardness increased.

Dissolution Studies
The dissolution profile of the drug, physical mixture
and inclusion complexes are presented in Figure 46. In
vitro dissolution testing of pure piroxicam at pH 1.2
(Figure 46) showed poor dissolution of the drug, both after
15 or 90 min (Table 23). Significant differences were
observed between the dissolved drug amount in pure,
physical mixture and complexed forms (p < 0.05). After 15
minutes, the percentage dissolved of pure drug was nearly
1% and significantly higher when complexed with p
cyclodextrin.

213

Figure 46: Dissolution profile of piroxicam in simulated
gastric fluid at pH 1.2 in different binary systems.

Table 23: Dissolution parameter - percent piroxicam
dissolved after 15 and 90 minutes (DPi5min and DP90min)
DPl5min

(+ SD)
0.63 (0.31)

Piroxicam
Physical

mixture

Co-precipitated

(%)

mixture

Spray-dried

mixture

Freeze-dried

mixture

DP90min

(%)

(+ SD)
18.21 (31.97)

33.88

(4.19)

44.11

(18.68)

20.21

(6.15)

39.76

(11.60)

69.45

(5.46)

68.40

(4.13)

78.45

(3.00)

79.06

(4.07)
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Physical mixture showed significant enhancement in
dissolution rate as well as percentage of piroxicam
dissolved. This fact can be attributed to the wettabilityenhancing effect of P cyclodextrin (Arias et al., 2000).
This enhancement in the dissolution also has been
postulated due to in situ formation of the inclusion
complex as cyclodextrins can act locally on the
hydrodynamic layer surrounding the particles of the
piroxicam. Drug dissolution from the co-precipitation
material showed enhancement in the dissolution rate and
percentage drug dissolved; however, this enhancement was
lower than that of the inclusion complexes. The highest
enhancement of the drug dissolution was seen for the spraydried and freeze-dried products.

Discussion

The quality and stability of finished solid dosage
form product depends on the physico-chemical and
technological characteristics of the formulation components
such as flowability, packing, cohesion, compressibility
etc. These physico-chemical and technological
characteristics in turn are influenced by the solid-state
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properties of the material used in a tabletting process
(Lieberman and Lachman, 1981; Maggi et al., 1995; MunozRuiz and Paronen, 1997). The crystalline and amorphous
nature of the material and water content of the products
are two important factors amongst others for the production
of tablets with desired properties. Tablet characteristics
are influenced by the crystallinity of the material. Nakai
et al. (Nakai et al., 1977) showed decrease in the hardness
and increase in the disintegration time of microcrystalline
cellulose when they decreased the crystallinity of the
microcrystalline cellulose. In one of the other studies,
increase in tablet hardness was observed with decrease in
the crystallinity of lactose (Morita et al., 1984). The
moisture content can influence the compactibility of the
powder mass. The compactibility of microcrystalline
cellulose found to be decreased with a reduction in its
moisture content. It was proposed that moisture acts as an
internal lubricant and facilitates slippage and flow within
the microcrystals of microcrystalline cellulose. This was
supposed to be due to hydrogen bonding of the crystals.
Pande and Shangraw (Pande and Shangraw, 1995) have
shown in their study that moisture plays a critical role in
the performance of |3 cyclodextrin as filler. They also
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suggested that moisture content of about 14% appeared
optimum for maximum compactibility of P cyclodextrin. They
also suggested that removal of moisture at higher
temperatures than required could change their
compactabilities. This could reasonably be hypothesized for
the results obtained in this study too.
Lyophilization and spray-drying methods are well known
processes in which removal of water is carried out to dry
out the material. It has been shown that spray-dried and
lyophilization processes yield a product with relatively
very low residual water content (Rey, 1999; Masters, 1991).
In this study, we have used different methods to
prepare inclusion complexes such as co-precipitation,
spray-drying and freeze-drying. Fast disintegrating tablets
prepared using spray drying and freeze drying inclusion
complexes showed considerable reduction in the hardness of
the tablets. This reduction seems to be a direct effect of
reduction in the moisture content due to spray drying and
freeze drying processes. The moisture in P cyclodextrin is
associated as a crystal hydrate. This also means that
removal of moisture may convert crystalline P cyclodextrin
to amorphous P cyclodextrin. This was evident in the
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scanning electron microscopy pictures.

New kinds of

products were formed in the spray dried and freeze dried
processes, which were different from the morphology of
individual components. This was also confirmed in the x-ray
diffraction studies, where amorphous product with respect
to drug and p cyclodextrin was found in the spray dried and
freeze dried product. This may be also the cause of
reduction in the disintegration time. Tablets prepared with
spray-dried product showed slightly higher hardness value
as compared to freeze dried product. This can be attributed
to slightly smaller particle size and lower porosities of
the spray-dried products as seen in talbutamidehydroxypropyl P cyclodextrin complex (Suihko et al., 2000).

Conclusions

The inclusion complexes obtained by different
preparation methods had an influence on solid-state
characteristics, dissolution and tableting properties of
the product. The inclusion complexes prepared by freeze
dried and spray dried methods also influenced tableting
properties of the fast disintegrating tablet formulation.
The fast disintegrating tablets prepared using freeze dried
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or spray dried inclusion complexes strongly influenced the
disintegration time and tablet hardness in comparison with
tablets prepared using co-precipitated inclusion complex
and physical mixture. This study also demonstrated that
moisture content of (3 cyclodextrin is an important parameter
to consider when used as filler in a tablet formulation
containing drug and |3 cyclodextrin inclusion complexes
prepared using different methods.

CHAPTER 8
SOLID STATE STABILITY OF FAST DISINTEGRATING TABLETS OF
PIROXICAM PREPARED USING p CYCLODEXTRIN AS A DILUENT

Abstract

Purpose. To evaluate effects of accelerated
temperature and humidity storage conditions on the
optimized fast disintegrating tablet formulation prepared
using p cyclodextrin as a diluent and piroxicam as a model
drug.
Methods. Fast disintegrating tablets were prepared by
direct compression method using P cyclodextrin as a diluent.
To evaluate effects of temperature, the compressed tablets
were stored at 4, 25, 37, 45 and 55° C, and to evaluate
effects of humidity, tablets were stored at 37° C / 11% RH,
37° C /51% RH and 37° C / 91% RH. The samples were analyzed
for tableting properties, dissolution and thermal changes
over a period of 3 months. The fit factors fi

and

f2

calculated and used to compare the dissolution profiles.
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Results.

Significant moisture was lost at higher

temperatures of 45° C and 55° C. This had a significant
effect on the tablet hardness. The results showed increased
fi

and decreased f2 values at 37° C / 91% RH. Tablet samples

were fairly stable at other humidity and temperature
conditions.
Conclusions. The optimized fast disintegrating tablet
formulation was fairly stable at lower temperatures and
lower humidities. Higher temperature produced noticeable
changes in tablet hardness. Higher temperature should be
avoided while storing fast disintegrating tablets with P
cyclodextrin as a diluent. Dissolution was affected at
higher humidity condition.

Introduction

Cyclodextrins are glucopyranose units and have a
torus-like macro ring shape like structure. They are
crystalline and relatively non-hygroscopic substances
(Fromming and Szejtli, 1994). The most common natural
cyclodextrins a-, p-, y- cyclodextrins, contain 6, 7, and 8
dextrose units respectively (Stella and Rajewski, 1997).
Cyclodextrins have several well-established pharmaceutical
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applications (Thompson, 1997). Cyclodextrins can be used to
enhance stability, as taste masking agent and as an osmotic
agent in controlled release osmotic pump dosage forms.
However, cyclodextrins are most commonly used to enhance
the solubility of poorly soluble compounds, which may
increase their dissolution and subsequently absorption. In
recent years, oral administration of cyclodextrins has
received a considerable amount of attention. Because of
their favorable properties like good binding properties,
they can be used as a manufacturing process aid agent like
direct compression filler, binder and channeling agent
(Szejtli, 1994). A review of current literature indicates
that their use in oral drug delivery is on the rise.
Literature also lists more than 14-marketed products in
several countries and 2 products in US market, namely
Sporanox®, Garlessence® (Loftsson and Duchene, 2007). P
Cyclodextrin, of all the cyclodextrins,

is considered as a

promising direct compression excipient because of its
favorable compactibility, dilution potential and low
lubricant sensitivity (Pande and Shangraw, 1994). However,
in the literature the information on the stability of
preparations containing P cyclodextrin as a direct
compression material is very limited.
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Storage conditions and components of the formulation
can adversely affect the stability of the tablet
formulation.

Temperature and moisture are two most

important storage conditions affecting the physico-chemical
properties of the pharmaceutical solids, drug or
excipients. This may in turn affect the tabletting and
dissolution properties of the final formulation. Release of
drug from the formulation is a critical parameter for the
bioavailability of the drug product. Therefore, changes or
variations in the dissolution of drug from tablet
formulations may result in changes in the bioavailability
of the drug.
In our previous studies, we demonstrated the use of P
cyclodextrin in preparing fast disintegrating tablet
formulation. Earlier Pande and Shangraw (Pande and
Shangraw, 1994) reported that P cyclodextrin has comparable
compactibility and dilution potential as that of
microcrystalline cellulose. They also showed that moisture
content of 14% is needed for the maximum compactibility of P
cyclodextrin. This suggests that at higher temperatures, p
cyclodextrin may loose some of its moisture. This removal
of water at high temperature than required may cause
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significant changes in powder characteristics of P
cyclodextrin. This may in turn affect the tabletting
properties and dissolution profiles of the tablet
formulation. In order to overcome these changes in
tabletting properties and dissolution profiles, it is
necessary to determine the desirable storage conditions,
which will not affect the optimized tablet formulation.
Therefore, in this study fast disintegrating tablets of a
model poorly soluble drug, piroxicam, were prepared. These
tablets were stored at different conditions of temperature
and humidity.

The effects of these conditions on

tabletting and dissolution properties of the drug piroxicam
in fast disintegrating tablet formulation were evaluated.
The samples were characterized for changes in hardness,
disintegration time and dissolution behavior of the drug
from the tablet formulation. Differential scanning
calorimetry was used to determine thermal changes in the
drug.

Fit factors, reported in FDA guidance (FDA guidance

document, 1997), were used to compare the dissolution
profiles.

Materials and Methods

Materials
Piroxicam and mannitol was purchased from SigmaAldrich co. (St. Louis, MO). The following chemicals were
used as received. (3 Cyclodextrin was received as a gift
sample from Wacker-Chemie (GmBH, Germany). Croscarmellose
sodium and spray dried lactose were purchased from FMC
Corporation (Newark, DE). Monobasic potassium phosphate,
dibasic sodium phosphate, sodium chloride and magnesium
stearate were purchased from Fisher Scientific (Fair Lawn,
NJ) .

Preparation of Physical Mixture
Piroxicam and P cyclodextrin were mixed and gently
grinded in a mortar and pestle to form a 1: 2.33 molar
ratio of drug to p cyclodextrin.

Preparation of Tablets
Direct compression method was used to prepare tablets
of 200 +_ 50 mg on a B2 rotary tablet press (Globe Pharma,
New Brunswick NJ). Tablets were prepared according to the
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formula mentioned in Table 24 using flat plain face punches
(punch diameter = 11 mm) at 60 rpm. Physical mixture
equivalent to 15 mg of piroxicam was mixed with spray-dried
lactose, mannitol, and croscarmellose sodium manually for
10- 12 minutes. Magnesium stearate was added to this blend
and mixed properly again for 2 minutes.

Table 24: Formulation used to prepare fast disintegrating
tablets
Sr. #

Ingredient

1

Piroxicam

7.5

2

(3 Cyclodextrin

60

3

Spray dried lactose

20

4

Croscarmellose sodium

6

5

Magnesium stearate

1.5

6

Mannitol

q.s. 100

a

Tablet weight = 200 mg

% Tablet weight

a
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Stability Studies
Extreme conditions of temperature and humidity were
used to determine the stability of the fast disintegrating
tablet formulation. Amber colored glass containers, each
containing 25 tablets, were stored at 25, 37, 45, 55° C and
at 4° C in different ovens and refrigerator respectively.
Tablets were also stored in drykeeper desiccators (Bel-Art
Products, Inc. Pequannock, NJ) with extreme humidity
conditions of 11, 51, 91% RH at 37° C each. Saturated salt
solutions were used to maintain the humidity conditions.
Tablets were removed at each time point (1, 2, 3 months)
and characterized for tableting properties, moisture
sorption, thermal changes and dissolution changes of drug
piroxicam. Tableting properties consisted of hardness and
disintegration time of the tablets.

Moisture Sorption/ Desorption Studies
Batches of 20 tablets each were weighed accurately and
kept under different temperature and humidity conditions
for a 3-month stability study. At predetermined time
intervals during the 3-month study period, the tablets were
weighed on an analytical balance and the percent weight
gained was recorded.
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Differential Scanning Calorimetry (DSC) Study
Thermal changes of the drug piroxicam during different
temperature and humidity conditions were determined using
differential scanning calorimetry. Samples equivalent to 1
mg of piroxicam were weighed and hermetically sealed in
aluminium pans. DSC thermograms were obtained using a TA
DSC Q100 differential scanning calorimeter (TA Instruments,
New Castle, DE) . Samples were scanned between 0 and 250° C
at a heating rate of 5° C min-1 under nitrogen purge with a
flow rate of about 50 ml min"1.

Tableting Properties
Monsanto hardness tester was used to measure tablet
hardness. Ten tablets were used and average value was then
determined.
Disintegration time was measured by a modified version
of the method developed by Fu et al. (Fu et al., 2005). Six
tablets were used and average value was then determined.

Dissolution Studies
Dissolution of fast disintegrating tablets was
performed according to USP XXIV dissolution apparatus II
with 900 ml of simulated gastric fluid without pepsin as a

228
dissolution media. Vankel VK 7000 (Vankel, Edison, NJ)
dissolution apparatus was used for the dissolution studies.
The medium was maintained at 37 +_ 0.5° C and the stirring
speed was set at 50 + 2 rpm. Aliquots of samples (five
replicates) were withdrawn at predetermined time points for
3 hours, and filtered through 0.45 (am membrane. Samples were
diluted and were assayed by HPLC method at 220 nm.
Fit factors fi

(Eq. 10) and f2

(Eq. 11) were used to

compare the dissolution profile as these reduced the
complexity of comparing them (Khan et al., 2000). According
to the FDA guidance (FDA guidance document, 1997) values of
fi between zero and 15 and of f2 between 50 and 100 ensure
sameness or equivalence of the two dissolution profiles.

f1 =

Znt = 1 Ut " Ttl

(10)

Z Rt

f2 = 50 log {[ 1 + 1/n X Wt (Rt - T t ) 2 ]'0'5

x 100

(11)

Where, Rt - the percentage of dissolved product for a
reference batch at time point t.
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Tt - the percentage of dissolved product for a test
batch at time point t.
n - number of time points
Wt - optional weight factor

HPLC Methodology
Alliance HPLC system with Empower® software (Waters,
Milford, MA) consisting of a PDA detector and an
autosampler was used to analyze piroxicam. A method
consists of a C-8 analytical column with particle size of 5
jj,m (Phenomenex Prodigy ODS 3 column, 4.6 um X 250 mm) and
column temperature of 30 °C, which is a modified method
developed by Prabhu et al. (Prabhu et al., 2005).
Acetonitrile/ lOmM phosphate buffer (55/45) at 0.8 ml/min
flow rate was used as a mobile phase. Detection was carried
out at 220 nm wavelength.

Results and Discussion

Moisture Sorption/ Desorption
Moisture absorption was observed for tablets stored at
37° C/ 91% relative humidity. Tablets stored under different
conditions did not show any significant increase in weight

except at 37 C/ 91% RH. This suggested no significant
moisture sorption or desorption except at 37° C/ 91%
relative humidity. In fact, significant reduction in
weight, nearly 8% or more was observed when tablets were
stored at higher temperature, 45 and 55° C. The results ar
shown in Table 25.

Table 25: Percentage weight change of tablets stored at
different temperature and humidity conditions

0 Month

1 Month

2 Month

3 Month

4° C

0

-0.49

-0.71

-1.25

25° C

0

+ 1.25

+ 0.55

-0.06

37° C

0

-1.91

+ 0.84

-1.46

45° C

0

-8.01

-7.75

-8.24

55° C

0

-8.17

-8.00

-12.35

37° C /

0

-1.36

-0.16

+ 0.21

0

-1.97

-0.64

+ 0.30

0

-1.53

+ 1.74

+ 2.14

11% RH
37° C /
51% RH
37° C /
91% RH
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It has been suggested that (3 cyclodextrin at higher
temperature may loose moisture from its crystal hydrate
(Pande and Shangraw, 1995) and this could be the primary
reason for the loss of moisture from the tablets. Therefore
the observed reduction in the tablet weight can be
attributed to moisture loss from P cyclodextrin.

Differential Scanning Calorimetry
The AH values and the melting endotherm/peak shift for
piroxicam tablets stored under different temperature and
humidity conditions did not show any significant
differences for the entire study period of 3 months.
Representative peak temperature values obtained by DSC are
shown in Table 26. Representative enthalpy values obtained
by DSC studies are shown in Table 27.

Effect on Tableting Properties
The results obtained for tablet hardness are
represented in Table 28. Tablets stored at different
temperatures and humidities did not show any significant
effect on the tablet hardness except tablets stored at 45° C
and 55° C. Tablets stored at 45 and 55° C crumbled into
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powder. Moisture plays a critical role in the performance
of P cyclodextrin as filler. Moisture content of about 14%
appeared optimum for maximum compactibility of P
cyclodextrin. Removal of moisture at higher temperatures
than required could change tablets' compactabilities (Pande
and Shangraw, 1995).

Table 26: Peak temperature values obtained in DSC studies
for tablets stored at different temperatures and humidities
(° C)
0 Month

1 Month

2 Month

3 Month

4° C

201.95

203.68

201.44

201.75

25° C

201.95

203.49

204.23

201.94

37° C

201.95

202.83

200.58

201.86

45° C

201.95

202.34

201.04

201.84

55° C

201.95

202.78

201.43

203.26

37° C /

201.95

202.88

202.51

203.50

201.95

203.10

202.59

204.45

201.95

202.35

200.69

202.60

11% RH
37° C /
51% RH
37° C /
91% RH
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Table 27: Enthalpy values obtained in DSC studies for
tablets stored at different temperatures and humidities
(J/g)
0 Month

1 Month

2 Month

3 Month

4° C

22.27

39.06

16.08

12.77

25° C

22.27

37.47

22.76

32.32

37° C

22.27

25.93

30.22

19.91

45° C

22.27

26.91

14.01

20.09

55° C

22.27

30.52

15.15

27.59

22.27

24.15

18.93

20.08

22.27

28.96

25.27

25.08

22.27

26.28

13.73

28.88

37° C /
11% RH
37° C /
51% RH
37° C /
91% RH

Significant change in the tablet hardness at 45 and 55°
C may be a direct effect of removal of moisture. This
moisture removal was also seen in sorption desorption
studies of the optimized tablet formulation stored at 45
and 55° C.

Table 28: Effect of storage under different temperatures
and humidities on the tablet hardness (kg) of fast
disintegrating tablet formulation

4° C

25° C

37° C

45° C

0 Month

1 Month

2 Month

3 Month

1.00

1.05

1.03

1.05

(0.00)

(0.11)

(0.14)

(0.11)

1.00

1.03

0.98

0.98

(0.00)

(0.08)

(0.14)

(0.14)

1.00

1.08

1.05

1.08

(0.00)

(0.12)

(0.11)

(0.12)

a

a

a

a

a

a

1.00
(0.00)

55° C

1.00
(0.00)

a

37° C /

1.00

1.05

0.98

1.00

11% RH

(0.00)

(0.16)

(0.08)

(0.00)

37° C /

1.00

1.00

1.05

0.93

51% RH

(0.00)

(0.12)

(0.16)

(0.12)

37° C /

1.00

0.93

0.98

1.10

91% RH

(0.00)

(0.12)

(0.08)

(0.13)

Analysis of tablets were not possible as it turned into
powder
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Table 29: Effect of storage under different temperatures
and humidities on the disintegration time (second) of fast
disintegrating tablet formulation

4° C

25° C

37° C

45° C

0 Month

1 Month

2 Month

3 Month

19.25

18.76

19.09

22.34

(4.22)

(3.52)

(4.07)

(4.17)

19.25

23.35

22.66

21.43

(4.22)

(5.50)

(3.83)

(4.10)

19.25

26.38b

22.87

24.68b

(4.22)

(2.37)

(1.61)

(2.21)

a

a

a

a

a

a

19.25
(4.22)

55° C

19.25
(4.22)

37° C /

19.25

21.62

28.22b

33.45b

11% RH

(4.22)

(2.35)

(5.87)

(4.88)

37° C /

19.25

24.19b

24.38

46.14b

51% RH

(4.22)

(3.38)

(4.04)

(8.21)

37° C /

19.25

30.65b

45.47b

135.01b

91% RH

(4.22)

(4.99)

(4.06)

(25.95)

a

Analysis of tablets were not possible as it turned into
powder
b

Significant at 95%
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Table 29 clearly shows that disintegration time of
tablets was strongly affected at different humidity
conditions. Disintegration time increased with the increase
in percentage relative humidity as well as the time of the
storage at the particular humidity.

This increase in the

disintegration time may be attributed to the deterioration
effect of the disintegrating agent, croscarmellose sodium,
as it may have absorbed the moisture. These results agree
with results of Sarisuta and Parrot (Sarisuta and Parrot,
1988).

Dissolution Studies
Tablets stored at 45 and 55° C were deformed and turned
into powders. Therefore, the dissolution studies of samples
stored at 45 and 55° C were carried out using powder
equivalent to average weight of a single tablet for that
particular batch. The dissolution profiles for all the time
points for the temperature studied are shown in Figures 47,
48 and 49.

The dissolution profile for different humidity

conditions for all the time points are shown in Figures 50
and 51. It was difficult to compare graphs quantitatively
because of fluctuations. Therefore, the fit parameters
and f2 were employed for the comparison purpose. These

fi
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values are shown in Table 30 and 31. The most significant
changes in parameters were observed at 37° C/ 91% relative
humidity. The fi values obtained at 37° C/ 91% relative
humidity were more than 15 at all the time points. This
suggests that the dissolution profiles were significantly
different than that of dissolution profile at initial time
point at 37° C/ 91% relative humidity.
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Figure 47: Effect of storage under different temperature
conditions at 1 month on the dissolution of piroxicam from
fast disintegrating tablet formulation.
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Figure 48: Effect of storage under different temperature
conditions at 2 months on the dissolution of piroxicam from
fast disintegrating tablet formulation.
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Figure 49: Effect of storage under different temperature
conditions at 3 months on the dissolution of piroxicam from
fast disintegrating tablet formulation.
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Figure 50: Effect of storage under different humidity
conditions (11% and 51%) on the dissolution of piroxicam
from fast disintegrating tablet formulation.
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Figure 51: Effect of storage at 37°C/ 91% relative
humidity condition on the dissolution of piroxicam from
fast disintegrating tablet formulation.

Table 30: Fit factor f:

1 Month

2 Month

3 Month

4° C

4.68

10.01

6.74

25° C

6.60

10.25

9.19

37° C

8.84

13.22

6.07

45° C

5.68

8.94

7.10

55° C

8.14

8.40

8.86

37° C / 11% RH

12.13

10.89

8.55

37° C / 51% RH

13.49

9.03

8.51

37° C / 91% RH

18.11

20.26

25.88

Table 31: Fit factor

f2

1 Month

2 Month

3 Month

4° C

70.59

63.98

67.39

25° C

69.82

63.07

64.06

37° C

64.43

51.66

65.82

45° C

68.71

63.22

67.06
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Table 31 - continued.
55° C

64.82

65.33

61.55

37° C / 11% RH

60.60

61.42

63.29

37° C / 51% RH

57.11

62.28

61.98

37° C / 91% RH

50.79

50.45

45.58

Similarly, f2 values observed at 37° C/ 91% relative
humidity were nearly 50 or less than 50, suggesting the
dissolution profiles were different than that of the
initial dissolution profile. These changes in the fi

and f2

values with time are due to the increased crystal growth
and/or the conversion of piroxicam of to its hydrated form
(Sarisuta et al., 1999).

Conclusions

Tablet samples stored at different temperature
conditions did not show any significant effect on the
dissolution behavior of piroxicam from the fast
disintegrating tablet formulation except tablets stored at
37° C/ 91% relative humidity. However, samples stored at 45
and 55° C significantly affected the tablet hardness of the
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fast disintegrating tablet formulation. Tablet stored at
high humidity, 37° C/ 91% relative humidity significantly
affected the dissolution behavior of the drug from the fast
disintegrating tablet formulation.

CHAPTER 9
SUMMARY AND CONCLUSIONS

Feasibility of using p cyclodextrin as an effective
diluent in preparing and optimizing fast disintegrating
table formulation has been demonstrated in this study. This
was accomplished by preparing and optimizing fast
disintegrating tablet formulation using granisetron
hydrochloride as a model drug. Excipient compatibility
studies were performed to find out the suitable excipients
for the formulations studied. Response surface methodology
was used to optimize the fast disintegrating tablet
formulation. Response surface methodology was used because
it can determine the interaction between the different
formulation parameters and also it can help in determining
the optimum concentrations of the formulation parameters.
Complexation of drug with p cyclodextrin is essential to
enhance the solubility and subsequently dissolution
behavior of the drug. Therefore, another model drug,
piroxicam, which is water insoluble and can complex with P
cyclodextrin, was chosen. Effects of different methods of
243
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preparing inclusion complexes with P cyclodextrin on the
optimized fast disintegrating tablet formulation were
evaluated using piroxicam. In addition, stability studies
were performed to find out the suitable storage conditions
so that tableting properties and dissolution behavior of
the fast disintegrating tablet formulation would remain
unaffected.
Fast disintegrating tablets are mainly manufactured by
three different methods, lyophilization, molding and direct
compression method. Direct compression is most widely and
commonly used method because of its ease of manufacture and
low cost. Fast disintegrating tablets manufactured using
direct compression method also have good tablet strength;
however, they require longer time to disintegrate. Fast
disintegrating tablets with good strength and low
disintegration time can be manufactured with P cyclodextrin
as a diluent as it has very good compressibility
properties. Therefore, P cyclodextrin was used as diluent to
manufacture fast disintegrating tablets using direct
compression method. Granisetron hydrochloride has a very
low dose and hence it was chosen as a model drug so that
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the effect of diluent will be more prominent in the
formulation.
Differential scanning calorimetry was used as a
thermal method to assess the compatibility of granisetron
hydrochloride with commonly used tablet excipients. In this
study, mannitol, P cyclodextrin, 2-hydroxypropyl-p
cyclodextrin and magnesium stearate were found to be
incompatible with granisetron hydrochloride. However,
further analysis of these excipients with non-thermal
methods like fourier transform infrared spectroscopy and
thin layer chromatography revealed that these excipients
were compatible with granisetron hydrochloride.
Face centered central composite design was used to
investigate the effects of formulation parameters,
concentration of diluent, concentration of disintegrating
agent and concentration of direct compression aid on
disintegration time and hardness of the fast disintegrating
tablet formulations. The response surface model by the
experimental design suggested concentration of P
cyclodextrin was the main contributing factor in optimizing
fast disintegrating tablet formulation. Experimental design
approach also helped to decipher the mechanisms involved
with the optimized fast disintegrating tablet formulation
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using P cyclodextrin as a diluent. At low concentration of (3
cyclodextrin, tablet disintegrated predominantly by
dissolution mechanism, whereas, at high concentration of P
cyclodextrin, tablets disintegration was mainly because of
breaking of the tablets due to swelling of the
disintegrating agent. (3 Cyclodextrin has good
compressibility properties and hence tablet hardness
increased with increased concentration of P cyclodextrin.
Effects of concentration of disintegration promoting
agent and concentration of lubricant on the optimized fast
disintegrating tablet formulation were evaluated in the
subsequent study. Concentration of disintegration promoting
agent had no significant effect on the disintegration time
and tablet hardness. However, concentration of lubricant
had a significant effect on the disintegration time and
tablet hardness. Concentration of lubricant was also found
important for the intact formation of fast disintegrating
tablets prepared using p cyclodextrin as a diluent.
Complexation of drug with P cyclodextrin is necessary
to enhance the solubility of the poorly soluble drug.
Therefore, influence of methods of preparing inclusion
complex on the optimized fast disintegrating tablet
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formulation was evaluated using a model poorly soluble drug
piroxicam. Inclusion complexes were prepared by different
methods and their effect on dissolution and tableting
properties were evaluated. It was seen that inclusion
complexes prepared with spray-dried and freeze-dried
methods significantly affected the tablet properties of the
optimized formulation. This could possibly be due to the
removal of moisture from the crystal hydrates of p
cyclodextrin. However, there was significant increase in
the dissolution of piroxicam from spray-dried and freezedried inclusion complexes.
In the study to investigate solid state stability of
fast disintegrating tablets, it was seen that low
temperature and low humidities did not affect either
tableting properties or the dissolution of piroxicam from
optimized fast disintegrating tablet formulation for the
period of 3 months.

Tablets stored at high temperatures,

45 and 55° C, significantly affected the tableting
properties of the optimized formulation. Tablets stored at
37° C and 91% relative humidity did not affect the tableting
properties of the optimized formulation. However,
dissolution of piroxicam from the optimized formulation was
significantly affected.
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The good compressibility properties and dilution
potential with comparatively

ow cost make P cyclodextrin an

ideal diluent. Novel use of P cyclodextrin as a diluent in
preparing and optimizing fast disintegrating tablet
formulation may pave a way to increased use of p
cyclodextrin as a diluent in
dosage form.

he manufacture of solid
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