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a  b  s  t  r  a  c  t

The  objective  of the  present  investigation  was to develop  unidirectional,  bilayered,  buccoadhesive  tablets
of curcumin  using  a  natural  buccoadhesive  polymer  cashew  nut  tree gum  along  with  ethyl  cellulose
as  an  impermeable  backing  layer.  A  batch  prepared  with  20%  polymer  concentration,  0.1% penetration
enhancer,  40  mg  backing  layer,  compressed  at 2 tons/cm2 for 10 s  was  identified  as  an  ideal  batch  based
on  its  buccal  residence  time  and optimum  mucoadhesive  strength  of 13.99  g. The  formulated  tablets  were
eywords:
nacardium occidentale
uccoadhesive
nidirectional
ilayer device

stable  with  respect  to  their  physicochemical  and  in  vitro  drug  release  behaviour  over  a period  of  60  days  at
different  temperatures  and  relative  humidities.  The  kinetics  of  drug  release  was  found  to be non-Fickian
or anomalous  diffusion.  The  results  suggest  that  cashewnut  tree  gum  can  be  used  as  a polymer  to  produce
buccoadhesive  tablets  of  curcumin  with  potential  to  bypass  the  first  pass  metabolism  and  improve  the
bioavailability  of  curcumin.

© 2012 Elsevier Ltd. All rights reserved.

urcumin

. Introduction

Buccal delivery of drug, as an alternative to the oral route of
rug administration, is a subject of growing interest because of

ts numerous advantages such as good accessibility, robustness of
pithelium, facile removal of dosage form in case of need, relatively
ow enzymatic activity, prevent drug degradation in gastroin-
estinal tract and avoid hepatic first-pass metabolism (Burgalassi,
anichi, Saettone, Jacobden, & Rassing, 1996; Harris & Robinson,
992; Nagai & Machida, 1993). Buccal route provides potential
outes for typically large, hydrophilic, unstable proteins, oligonu-
leotides and polysaccharides as well as small drug molecules.
mong the various transmucosal sites available, mucosa of the
uccal cavity was found to be the most convenient and easily
vailable site for delivery of therapeutic agents for both local
nd systemic delivery as retentive dosage forms, because it has
xpanse of smooth muscle which is relatively immobile, abun-
ant vascularization, rapid recovery time after exposure to stress
nd the near absence of Langerhans cells (Sudhakar, Kuotsu, &
andyopadhyay, 2006). Attempts have been made to formulate
arious buccal mucoadhesive dosage forms, including tablets (Ali,
har, & Ahuja, 1998), films (Kohda et al., 1997; Satishbabu &

rinivasan, 2008; Semalty, Semalty, & Kumar, 2008), patches (Nair

 Chien, 1996), disks (Parodi, Russo, Caviglioli, Cafaggi, & Bignardi,
996) and gels (Shin, Bum, & Choi, 2000). A suitable buccal drug

∗ Corresponding author. Tel.: +91 423 2443393/9443089812;
ax: +91 423 2442937.

E-mail address: gowthamsang@gmail.com (K. Gowthamarajan).

144-8617/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2012.01.072
delivery system should possess good bioadhesive properties, so
that it can be retained in the oral cavity for desired duration.
Bioadhesive polymers have been used extensively for use in buccal
drug delivery systems. These include synthetic polymers such as
polyacrylic acid, polycyanoacrylate, hydroxypropyl methyl cellu-
lose, polymethacrylate, etc. (Ching, Park, Kelly, & Robinson, 1985;
Gandhi & Robinson, 1992; Leung & Joseph, 1990). Since synthetic
polymers pose a variety of problems when used as drug carri-
ers, polymers from natural source have been used in past (Alur,
Pather, Mitra, & Johnston, 1999; Lehr, Bouwstra, Etienne, & Hans,
1992; Sanzgiri, Topp, Benedetti, & Stella, 1994). The natural poly-
mers offer certain specific advantages over synthetic polymers such
as easy availability, bioacceptability, biocompatibility, biodegrad-
ability, non-toxicity and pollution free processing (Ifat, Karsten, &
Fredmen, 2001). These polymers are hydrophilic macromolecules
containing numerous hydrogen-bond forming groups (Mikos &
Peppas, 1986). The development of newer excipients for potential
use as buccoadhesive polymers continues to be of interest. In addi-
tion, it should release the drug in a unidirectional way towards
the mucosa, in controlled and predictable manner, to elicit the
required therapeutic response (Patel & Bhupender, 2007). This uni-
directional drug release can be achieved by using bilayer devices
(Parodi et al., 1996).

Cashew nut tree gum is obtained from the incised trunk of the
tree Anacardium occidentale (Family: Ancardiaceae). The gum is
a complex polysaccharide comprising galactose, arabinose, rham-

nose, glucose, glucurine acid and other sugar residues. It is used
primarily in industrial application for binding books, as adhe-
sives for envelopes, labels, stamps and posters. It is also used as
an additive in the manufacture of chewing gum because of its

dx.doi.org/10.1016/j.carbpol.2012.01.072
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:gowthamsang@gmail.com
dx.doi.org/10.1016/j.carbpol.2012.01.072
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hickening power. It is used as a jellying agent in canned food and
ellies for fruits jam (Azeez, 2005; de Paula, Heatley, & Budd, 1998;
e Paula & Rodrigues, 1995). Literature survey reveals that cashew
ut tree gum had been studied as binder (Okoye, Onyekweli,
hwoavworhua, & Kunle, 2009; Onunkwo & Okoye, 1997). Gelling
roperty of cashew gum in aceclofenac gel also had been studied
Kumar, Patil, Patil, & Paschapur, 2009). In our previously published
ork, we have investigated utility of cashewnut tree gum as a

inder in the formulation of paracetamol tablets (Gowthamarajan,
umar, Gaikwad, & Suresh, 2011).

Curcumin is a phenolic phytochemical obtained from turmeric
Curcuma longa L.). It has antioxidant, anti-inflammatory, anti-
pasmodic, anticoagulant, anticarcinogenic, immunomodulatory
ctivities. It has been found that the therapeutic effectiveness of
urcumin is often limited due to its poor absorption from the gas-
rointestinal tract. When taken orally, only traces appear in blood
hereas most of the dose is excreted through the faeces (38–75%).

he physicochemical properties of curcumin, its half-life of 1.39 h,
nd its low molecular weight of 368.39 makes it a suitable candidate
or administration by buccal route (Sharma, Gescher, & Steward,
005). The overall goal associated with the present study was  to
emonstrate utility of A. occidentale gum to serve as sustained
elease and mucoadhesive tablet excipient.

. Materials and methods

.1. Materials

Curcumin was  a kind gift from Sanjivani Pharmaceutical Ltd.
Pune, India). Cashewnut tree gum was collected from various
laces of Andhra Pradesh (India). Ethyl cellulose was purchased
rom Pioma Chemicals (Mumbai, India). Avicel PH 101 was  pur-
hased from Signet Chemicals (Mumbai, India). Sodium lauryl
ulphate was purchased from Alkem Pharma (Mumbai, India).
ydroxy propyl methyl cellulose (HPMC K4M) and menthol were
urchased from S.D. Fine Chemical Ltd. (Mumbai, India). All other
eagents and chemicals used were of analytical reagent grade.

.2. Isolation of water-soluble fraction of cashew nut tree gum

The water-soluble fraction of cashew nut tree gum was collected
s described previously (Gowthamarajan et al., 2011). The collected
rude cashew nut tree gum (100 g) was ground by using mortar
nd pestle. The ground gum was dissolved in water (300 ml). The
olution was filtered through several folds of muslin cloth and the
ltrate was collected. To the filtrate, alcohol (90%, v/v) was added in
:1 ratio and precipitate was obtained. The precipitate was  filtered
nd dried in a hot air oven at 45 ◦C. 100 g of powder obtained was
issolved in 100 ml  of water, filtered through several folds of muslin
loth. Then the filtrate was  centrifuged at 3000 rpm for 10 min  and
he supernatant fluid was collected, evaporated and dried to obtain
olid mass, which was ground. This mass was passed through sieve
o. 80 and stored in an airtight container for further studies.

.3. Characterization of gum

The gum was characterized for surface analysis, purity, pH, sur-
ace tension and porosity. The surface analysis was determined
y scanning electron microscope (SEM, Hitachi S-2400, Japan).
he gum was evaporated with carbon and then sputtered with
old to make the sample electrically connected. Carbon was  lay-

red to a thickness of approximately 10 nm and gold was  layered
o approximately 25 nm.  The pH of the gum solution (1%, w/v)
as determined using digital pH meter (pH system 361, Systron-

cs, Mumbai). The surface tension of the gum solution (0.1%, w/v
 Polymers 88 (2012) 1177– 1183

solution) was  determined by drop count method, using stalag-
mometer. The bulk density of the sample was calculated by mass
of sample/bulk volume of sample. A given quantity of sample was
transferred to a measuring cylinder and was tapped mechanically,
using a bulk density apparatus (Electrolab, Mumbai, India) until
a constant volume was  obtained, which was referred a bulk vol-
ume. True density of sample was  determined by using the liquid
displacement method and acetone was  used as the liquid for dis-
placement. The percentage porosity of the gum was calculated as,
porosity = (bulk density − true density)/bulk density. All the exper-
iments were made in triplicate.

2.4. Determination of water absorption

Water absorption characteristics of the gum were carried out on
1% agar gel plates. The gum was compressed into discs of 100 mg
weight using hydraulic press. The prepared discs were placed on
the surface of agar gel plates and incubated at 37 ◦C until constant
weight was obtained. The initial and final weights of discs were
noted and the mean of three determinations was taken to represent
the uptake volume (Ahuja, Dogra, & Agarwal, 1995).

2.5. Determination of swelling index of gum

A specified quantity of the gum (1 g), previously reduced to the
required fineness, was  introduced into a 50 ml  glass stoppered mea-
suring cylinder. Water (25 ml)  was  added and the mixture was
shaken thoroughly every 10 min  for 1 h. It was allowed to stand for
3 h at room temperature. The volume in ml  occupied by the gum,
including any sticky hydrogel, was measured. The experiment was
carried out in triplicate and the mean value was  calculated (Desai
& Kumar, 2004).

2.6. In vitro disintegration of the gum

Pellets of the gum (100 mg)  were prepared in a hydraulic press
and its disintegration pattern was observed by immersing the pel-
lets in glass Petri dish, containing 25 ml  phosphate buffer of pH
6.8 at room temperature. The morphological changes of each pellet
were observed over a period of 4 h (Mahmood & Hung, 1995).

2.7. Evaluation of buccal residence time and buccal acceptance

The placebo tablets prepared were stuck to the buccal cavity
(behind the upper lip) of nine healthy human volunteers and obser-
vations were made every hour until the device lost its integrity.
During the study, the volunteers were allowed to perform normal
activities and their response to the presence of buccal tablets, such
as discomfort, taste, salivation, dryness, irritation, redness, and dis-
integration, were evaluated up to 14 days using placebo tablets
containing 10%, 15%, 20%, and 25% (w/w) of gum (Desai & Kumar,
2004). All the volunteers gave written consent and the study pro-
tocol was  approved by ethical committee of the institution.

2.8. Formulation of unidirectional, bilayered, buccoadhesive
tablet of curcumin

Unidirectional, bilayered, buccoadhesive tablets of curcumin,
using cashew nut tree gum as mucoadhesive polymer were pre-
pared by double compression technique in a hydraulic press
(Table 1). Initially, a backing layer was made using ethyl cellulose,
onto which, the drug containing granules were placed and recom-

pressed to get bilayer tablets. The granules were prepared by wet
granulation method using warm water as granulating agent. The
desired quantities of curcumin, cashew nut tree gum, sodium lau-
ryl sulphate and microcrystalline cellulose PH 101 were dry mixed
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Table 1
Formulation of different batches of curcumin buccal tablets using cashew nut tree
gum.

Batch code

F1 F2 F3 F4

Drug 100 100 100 100
Cashewnut tree gum 20 30 40 50
Sodium lauryl sulphate 0.2 0.2 0.2 0.2
Avicel pH 101 77.8 67.8 57.8 47.8
Menthol 1 1 1 1
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Magnesium stearate 1 1 1 1
Total (mg/tablet) (Drug containing layer) 200 200 200 200
Ethyl cellulose (mg/tablet)(Backing layer) 40 40 40 40

or 5 min  using mortar and pestle and then moistened with appro-
riate amount of warm water and mixed thoroughly. Massing was
ontinued for 5 min  and the wet mass was granulated by passing it
anually through a mesh 16 sieve and dried in a hot air oven for

0 min  at 60 ◦C. Dried granules were sieved through a mesh 16/22
ieve and granules were collected which were passed through 22
ieve. Menthol and magnesium stearate were added to dried gran-
les. Finally, the required quantity of the drug containing granules
ere placed on the precompressed backing layer in a hydraulic
and press and recompressed into tablets of 10 mm diameter.
he hardness of the tablets was determined using a Monsanto
ardness tester (Cadmach, Ahmedabad, India). The percentage of

riability of the tablets was determined using Roche tablet friabi-
ator (Indian Equipment Corporation, Mumbai, India) operated at
5 rpm for 4 min. The weight variation test of the tablets was per-
ormed by following the official method given in USP (United States
harmacopeia-24, 2000).

.9. Effect of concentration of gum

Four different batches (F1 to F4) of curcumin buccoadhesive
ablets corresponding to different (10%, 15%, 20% and 25%, w/w)
oncentration of gum were prepared, keeping compressional time
10 s), compressional force (2 tons/cm2), concentration of back-
ng layer (40 mg  ethyl cellulose) and concentration of penetration
nhancer (0.1%, w/w, SLS) as constant. The effect of concentration of
um on weight and thickness of tablet, hardness, friability, mucoad-
esive strength, swelling index and drug content was  investigated.

.10. Evaluation of mucoadhesive strength

Mucoadhesive strength was determined by using a modified
hysical balance (Desai & Kumar, 2004; Gupta, Garg, & Khar, 1992;
hanna, Agarwal, & Ahuja, 1996). The left pan of the physical bal-
nce was removed and a weight hanger of 2 cm length with a
ottom platform having 1.4 cm diameter, was hanged with copper
ings. A stainless steel block of 3.8 cm diameter and 2 cm height was
abricated with an upward protrusion of 2 cm height and 1.5 cm
iameter on one of its face. This was kept inside the glass con-
ainer, which was then placed below the left hand set up of the
alance. On the right pan, 150 ml  plastic beaker was  placed to col-

ect water from the burette. The total set up was  then balanced so
hat the left hand side was exactly 3 g heavier than the right. The
wo sides of the balance were first balanced with a 3 g weight on
he right hand side. Goat intestinal membrane, excised and washed,
as tied tightly with the mucosal side upwards, over the protru-

ion in the stainless steel block. The block was  then lowered into
he glass container, which was then filled with phosphate buffer of

H 6.8 and kept at 37 ± 1 ◦C such that the buffer reaches the surface
f the mucosal membrane and keeps it moist. This was  then kept
elow the left hand side of the balance. The backing layer was  stuck
o the lower surface of the hanging platform on the left hand side
 Polymers 88 (2012) 1177– 1183 1179

and the balance beam was raised such that the left side was  exactly
3 g heavier than the right, as an initial applied force. This lowered
the hanging platform along with the tablet over the mucosa. The
balance was kept in this position for 3 min  and then the nozzle of
the burette was  opened to produce as slow and constant rate of
water flow. After the tablet was separated from the mucosal sur-
face, the water flow was  stopped and the bioadhesive strength of
the tablet was  calculated, using the formula, bioadhesive strength
(g) = weight of water collected in the beaker − 3 g.

After each measurement, the tissue was gently washed with
phosphate buffer of pH 6.8 and left for 5 min  before the next mea-
surement. One membrane was used for 3 such measurements. The
average mucoadhesive strength and standard deviation were then
calculated.

2.11. Swelling studies of the buccal tablets

Buccal tablets were weighed individually (W1) and placed in
Petri dish containing 4 ml  of phosphate buffer (pH 6.8). At the end
of 2 h, the tablets were removed from the Petri dish and excess
surface water was  removed carefully using filter paper and swollen
tablets were reweighed (W2). The swelling index (SI) was calculated
according to formula:

SI = W2 − W1

W1
× 100

The experiment was carried out in triplicate and mean value was
calculated (Desai & Kumar, 2004).

2.12. Drug content and in vitro drug release studies

The drug content of the prepared buccoadhesive tablets was
determined by UV spectrophotometry. Five tablets from the batch
were taken and powdered and a quantity equivalent to 100 mg  of
the drug was  dissolved in a mixture of phosphate buffer (pH 6.8)
and 3% Tween 80 and analysed at 426 nm against a blank.

USP dissolution apparatus with paddle was used for the in vitro
dissolution studies of buccoadhesive tablets with a simple modifi-
cation. A two-end open glass cylinder of 3 cm diameter and 10 cm
length was  taken. The prepared buccoadhesive tablet was placed by
applying a moderate pressure onto a moistened membrane hav-
ing a thickness of ∼500 �m and this was  then tied to one end
of the cylinder, taking care to place the tablet inside the cylin-
der. This cylinder was  then placed on the surface of dissolution
medium (900 ml  of phosphate buffer pH 6.8 containing 3% Tween
80) maintained at 37 ± 0.5 ◦C at 100 rpm for 8 h. At specified time
intervals, 5 ml  samples were withdrawn and immediately replaced
with an equal quantity of fresh buffer. The samples were filtered
and analysed after appropriate dilution by UV spectrophotometry
at 426 nm.

2.13. Comparative study

To evaluate the efficacy of the cashew nut tree gum, compar-
ative study was  carried out with a batch prepared with HPMC as
standard mucoadhesive polymer. Two  batches of the buccal tablets
were prepared using 20% cashew nut tree gum and 20% HPMC keep-
ing other parameters constant. These batches were then evaluated
for in vitro release studies.

2.14. Stability studies
Stability of a formulation can be defined as the time from date
on manufacture of the formulation until its chemical or biological
activity is not less than a predetermined level of labelled potency
and its physical characteristics have not changed appreciably or
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Fig. 1. Microphotograph depicting SEM cashew nut tree gum.

eleteriously. The ideal batches of the formulated buccoadhesive
ablets containing 100 mg  curcumin were packed in polyethylene
ags and then kept in stability chamber at 25 ◦C/60% RH, 40 ◦C/75%
H and room temperature. Samples were withdrawn at 15, 30 and
0 days and evaluated for their physical appearance, drug content
nd in vitro drug release at specified intervals of time. T50 was also
alculated by using dissolution studies (Kulkarni, Gowthamarajan,

 Suresh, 2004).

. Results and discussion

The gum was purified using water as solvent and alcohol 90%
v/v) as non-solvent. The yield was 70% (w/w). Water-soluble por-
ion was separated from the purified gum. The water-soluble gum
as used as mucoadhesive polymer for developing buccoadhesive

ablets. The water-soluble gum was characterized for surface char-
cters by SEM, purity, pH, porosity, surface tension to assess the
um as excipient for developing buccal tablets. The SEM micropho-
ograph showed that the gum was smooth and crystalline in nature
s shown in Fig. 1. The test for purity revealed the presence of
arbohydrates and glycosidic sugars indicating the presence of the
olysaccharide. The pH of gum solution (1%, w/v) was 4.39, this falls
ithin natural pH of Acacia senegal with a range of 3.8–4.9 (Azeez,

005), which indicates that it would not cause irritation to the
pithelium and mucous membrane of the buccal cavity. The poros-
ty and surface tension of the gum were 69.5% and 12.652 dyn/cm,
espectively. The high porosity and lower surface tension probably
nabled good wetting and swelling of polymer and entanglement of
olymer and mucin chains. The water absorption of gum was found
o be 72.35 ± 3.54%, over 4 h periods. It is known that the adhesive
nd cohesive property of any mucoadhesive polymer is generally
nfluenced by its swelling nature. The higher water uptake may  help
n establishing a quicker and stronger interpenetration of polymer
hains into the mucous and improves its contact time. The swelling
ndex of the gum was found to be 11.5 ± 0.36 ml, indicating good

ater absorbing capacity of the polysaccharide and hence its capa-
ility to form hydrated three dimensional networks from which
rug release might follow by diffusion. The polymer pellets did
ot show any disintegration in the in vitro disintegration test in
hosphate buffer of pH 6.8 over a period of 4 h and retained its

ntegrity. The non-disintegrating behaviour is helpful in maintain-

ng the compactness of the buccal tablets during its stay in the oral
avity and would lead to improved patient acceptance and comfort.
he characterized gum was selected as an excipient for preparing
uccoadhesive tablets to find out its mucoadhesive characteristic.
Fig. 2. Buccal residence time of different batches of buccal tablets.

The gum was  selected from natural sources as mucoadhesive poly-
mer  due to its distinguished characters such as low cost, abundant
availability, ease if isolation, mucoadhesion, surface tension and
porosity.

The residence time of any buccal formulation is an important cri-
terion for its acceptance or rejection. An ideal buccoadhesive device
should not cause any local irritation, salivation, redness, unpleasant
taste, etc., and should stay in buccal cavity without interfering with
normal buccal activities. The results of buccal residence time of the
different batches of placebo buccal tablets, prepared using different
concentrations of polysaccharide, revealed that the mean residence
time increases as the polymer concentration increases (Fig. 2). This
may  be due to the higher mucoadhesive strength obtained at higher
concentrations of the polymer. As the polymer content of the for-
mulation increases the degree of swelling increases, which in turn
allows the formation of a greater number of interpenetrating chains
between the polymer and the mucous. This physical interaction
results in a linear increase of adhesion with polymer concentra-
tion and increase in the residence time. Thus above 20% (w/w) of
the polymer content, the residence time did not increase signifi-
cantly (p > 0.05) and hence, 20% (w/w)  of polymer concentration
was considered optimal for the buccal acceptance evaluation. The
result of buccal acceptance study of the placebo tablets (contain-
ing 20%, w/w,  polymer) showed that 7 out of 9 volunteers favoured
the buccal administration and only two  felt slight irritation (Fig. 3).
Based on the above evaluation, it can be safely concluded that the
formulated buccal tablets are suitable for buccal administration
of the drugs and the polymer has sufficient in vivo mucoadhesive
property, required for the development of buccoadhesive dosage
forms. The effect of polymer concentration on the physicochemi-
cal properties of the formulated buccal tablets is given in Table 2.
There was no significant (p > 0.05) effect on the average weight,
thickness and drug content. The hardness of batch F2 was  not sig-
nificant (p > 0.05) in comparison to F1. However, the hardness of
F3 and F4 was highly significant (p < 0.01) and extremely signif-
icant (p < 0.001) in comparison to F1, respectively. The friability
of the formulated tablets was  within limits. The swelling index
of F1 was  found to be 68.615 ± 2.050%. There was no significant
variation (p > 0.05) in swelling index of F2, but at higher concentra-
tion of polymer (20% and 25%, w/w) the increase in swelling index
was found to be extremely significant (p < 0.001). The swelling

behaviour of a buccal adhesive system is an important property
for uniform and prolonged release of drug and effective bioadhe-
siveness (Peppas & Bury, 1985). The swelling index study indicated
that rate of swelling was directly proportional to polymer content.
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Fig. 3. Comparative results o

ilayered tablets containing 25% of polymer exhibited the high-
st swelling index (81.728 ± 1.8355). The agar plate model used in
his study simulates the secreting fluid around the buccal mucosa
hich is required for adhesion, swelling and release of the drug

rom tablets (Emami, Varshosaz, & Saljoughian, 2008). Mucoadhe-
ion may  be defined as the adhesion between a polymer and mucus.
n general, mucoadhesion is considered to occur in 3 major stages:

etting, interpenetration, and mechanical interlocking between
ucus and polymer. The strength of mucoadhesion is affected by

arious factors such as molecular weight of polymers, contact time
ith mucus, swelling rate of the polymer, and biological membrane
sed in the study (Park & Robinson, 1987). In this study, goat intesti-
al membrane was used as biological membrane for mucoadhesion.

t was observed that mucoadhesive strength of the buccal tablets
ncreased with increase in concentration of the polymer and was
xtremely significant (p < 0.001) in comparison to F1. The maxi-
um mucoadhesive strength was noted with F4 (15.409 ± 0.187 g)
hereas it was minimum with F1 (7.758 ± 0.538 g). The reason

or higher mucoadhesion with higher cashew nut tree gum con-
ent may  be due to formation of secondary bioadhesion bonds
ith mucin and its capability to undergo extensive interpenetra-

ion with mucus layer (Ilango, Kavimani, Mullaicharam, & Jayakar,
997). The in vitro drug release studies of various batches with
ifferent concentration of polymer showed that an increase in poly-
er  concentration reduced the drug release throughout (Fig. 4).
owever, there was no significant difference (p > 0.05) in release
rofile of batches prepared with 10% (w/w) polymer (F1) in com-
arison to 15% (F2) and 20% (w/w) (F3) polymer. The amount of
rug released at the end of 8 h was 97.20 ± 0.24%, 96.35 ± 0.31%
nd 95.89 ± 0.30% for batch F1, F2 and F3, respectively. The release

f drug from batch prepared with 25% (w/w) polymer concentra-
ion was extremely significant (p < 0.001) in comparison to other
atches. This might be attributed to higher concentration of the
olymer which upon swelling reduces the diffusion of the drug

able 2
ffect of concentration of polymer on different physicochemical parameters (mean ± S.D.

S. No. Evaluation Batch code (Polymer concen

F1 (10%) 

1 Average weight (mg) 240.527 ± 0.501 

2  Average thickness (mm)  1.999 ± 0.035 

3  Hardness (Kg/cm2) 3.149 ± 0.098 

4 Friability (%) 0.159 ± 0.012 

5  Mucoadhesive strength (g) 7.758 ± 0.538 

6 Drug  content (%) 95.845 ± 0.468 

7  Swelling index (%) 68.615 ± 2.050 
Fig. 4. In vitro dissolution profile of curcumin buccal tablets prepared with different
concentration of cashew nut tree gum (10%, 15%, 20% and 25%, w/w).

from the matrix of buccal tablets. A batch prepared with 20% poly-
mer  concentration, 0.1% penetration enhancer, 40 mg  backing layer,
compressed at 2 tons/cm2 for 10 s was  identified as an ideal batch
based on its buccal residence time and optimum mucoadhesive
strength of 13.99 g. Comparative in vitro dissolution profile of cur-
cumin using 20% (w/w)  cashew nut tree gum (20% CTG) and 20%
(w/w) hydroxy propyl methylcellulose (20% HPMC) is shown in
Fig. 5. The results indicate that buccal tablets prepared with cashew
nut tree gum showed faster release (96.8%) compared to HPMC
(86.18%) at the end of 8 h. The dissolution data of the optimized
batches of buccal tablets, prepared using the polysaccharide, were
subjected to data fitting according to Korsmeyer–Peppas equation
that deals with drug release from polymeric system (Costa & Lobo,

2001). The value of release exponent (n) was found to be 0.847.
This indicates an anomalous release pattern (n > 0.5). Stability stud-
ies of formulated curcumin buccal tablets with 20% polymer were

, n = 3).

tration %w/w)

F2 (15%) F3 (20%) F4 (25%)

240.710 ± 0.397 240.849 ± 0.454 240.821 ± 0.565
2.021 ± 0.012 2.031 ± 0.028 2.056 ± 0.036
3.339 ± 0.159 3.615 ± 0.014 3.787 ± 0.067
0.155 ± 0.012 0.115 ± 0.003 0.119 ± 0.003

11.292 ± 0.256 13.996 ± 0.238 15.409 ± 0.187
96.983 ± 0.662 97.628 ± 0.641 96.265 ± 0.988
70.642 ± 0.630 76.672 ± 1.265 81.728 ± 1.835
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Fig. 5. Comparative in vitro dissolution profile of curcumin buccal tablets using 20%
(w/w) cashew nut tree gum (20% CTG) and 20% (w/w) hydroxypropyl methylcellu-
lose  (20% HPMC).

carried out at 25 ◦C/60% RH and 40 ◦C/75% RH. All tablet formu-
lations were subjected to various evaluation parameters and the
results obtained were within the range. The results are given in
Table 3. The weight variation test indicates that all the tablets were
uniform weight. The tablet thickness values ranged from 1.983
to 2.093 mm,  hardness of all the tablets was within the range of
3.482–3.833 kg/cm2. The loss in total weight in friability test was
in the range of 0.11–0.14%. The percentage drug content for dif-
ferent formulation varied from 95.654 to 97.928%. There was  no
significant change in release characteristics and physicochemical
properties of the tablets used in the release study. Based on the
results it can be concluded that the formulated buccoadhesive
tablets were stable over a period of 60 days.

4. Conclusion

These results demonstrate that the novel, natural gum, A. occi-
dentale, may  not only be used to sustain the release of curcumin
from a unidirectional-release buccal tablet, but also demonstrate
that the tablets are sufficiently mucoadhesive for clinical appli-
cation. The mucoadhesive buccal tablets evaluated represent an
improved transbuccal delivery system for conventional drug sub-
stances. The mechanism of bioadhesion may  potentially result from
chain interpenetration and physical entanglement of gum with the
mucus layer. The rate of release of the drug substance as well as the
bioadhesive bond strength of the formulation can be modulated by
varying the amount of gum included in the tablet. The mucoad-
hesive buccal tablets evaluated in the present study were easy to
formulate, inexpensive, provide easy application and convenient
removal from the mucosal surface. Therefore, such tablet formula-
tions containing a polysaccharide bioadhesive gum, A. occidentale,
may  represent an improved buccal delivery system for a variety of
low molecular weight drug substances.
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