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Abstract

In the present study controlled release effervescent buccal discs of buspirone hydrochloride
(BS) were designed using HPMC as rate controlling and bioadhesive polymer by direct
compression method. Sodium bicarbonate and citric acid were used in varying amounts as
effervescence forming agents. Carbon dioxide evolved due to reaction of sodium bicarbonate
and citric acid was explored for its potential as buccal permeation enhancer. The designed
buccal discs were evaluated for physical characteristics and in vitro drug release studies.
Bioadhesive behavior of designed buccal discs was assessed using texture analyzer. In vivo
animal studies were performed in rabbits to study bioavailability of BS in the designed buccal
discs and to establish permeation enhancement ability of carbon dioxide. It was observed that
effervescent buccal discs have faster drug release compared to non-effervescent buccal discs
in vitro and effervescent buccal discs demonstrated significant increase in bioavailability of drug
when compared to non-effervescent formulation. Hence, effervescent buccal discs can be used
as an alternative to improve the drug permeation resulting in better bioavailability. However,
the amount of acid and base used for generation of carbon dioxide should be selected with
care as this may damage the integrity of bioadhesive dosage form.
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Introduction

Drug delivery via buccal route has long been advocated as a

potential route for delivery of many therapeutic drug

molecules. It serves as a promising option for delivery of

drugs having biopharmaceutical characteristics that are less

suitable for oral administration (Sudhakar et al., 2006).

Buccal route has been successfully exploited for the delivery

of drugs undergoing extensive first pass metabolism (Hussain

et al., 1987), and/or showing erratic gastric absorption and

degradation in harsh environment prevalent in the GIT (Şenel

et al., 1998). This route has also been exploited for delivery of

drugs with large molecular structures (protein and peptides)

(Veuillez et al., 2001; Ayensu et al., 2012). Buccal route has

advantages such as ease of application and removal of dosage

form, and special devices are not required for delivering

therapeutic molecules via this route. However, this route is

less suitable for delivery of drugs with large doses due to

limited area available for absorption and dosage form used for

buccal delivery of drugs sometimes hinder with routine

activities like eating and drinking. Moreover, some of the

drugs administered using this route may finally end up in

stomach due to swallowing of saliva. A major limitation in

delivery of drugs via buccal route is availability of limited

surface area for drug absorption and poor drug permeability

due to barrier function of buccal mucosa (Sudhakar et al.,

2006).

Permeation enhancers have been reported in the literature

(Şenel et al., 1997; Tsutsumi et al., 1998; Lee & Kellaway,

2000; Nicolazzo et al., 2005a,b; Oh et al., 2011) that alter the

characteristics of mucosal membranes resulting in better

permeability of drugs across buccal membrane. Most of the

permeation enhancers reported cause irritation and obnoxious

taste thereby reducing compatibility of drug delivery systems

(Şenel & Hıncal, 2001). Hence, newer agents are being

explored for permeation enhancement.

Carbon dioxide gas has been reported in literature as a

permeation enhancer using both in vitro (Eichman &

Robinson, 1998) and in vivo studies (Darwish et al.,

2006a,b; Wang & Tang, 2008; Tadros, 2010). Increase in

drug permeation across rabbit ileum has been reported in vitro

when permeation experiment was performed by bubbling

carbon dioxide (Eichman & Robinson, 1998). Fentanyl

effervescent buccal tablets also resulted in rapid and signifi-

cantly higher amount of drug in systemic circulation

compared to non-effervescent buccal tablets in human

volunteers (Darwish et al., 2006a,b). Enhanced permeation
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of Insulin using effervescent formulations in ex vivo studies

have also been reported (Sadeghi et al., 2009).

Variety of dosage forms like tablets (Boyapally et al., 2010,

Kanjanabat & Pongjanyakul, 2011), discs (Yehia et al., 2008;

Jaipal et al., 2013), patches (Abu-Huwaij et al., 2011; Kaur &

Kaur, 2012; Govindasamy et al., 2013) and gels (Das et al.,

2012; Bueno et al., 2013) have been reported in the literature

for buccal delivery of drugs. Buccal discs are flat, thin solid

unit non-flexible compacts; and are similar to buccal tablets.

Buccal discs are designed to minimize the discomfort caused

due to bulky tablet buccal dosage forms. Several buccal discs

have been extensively reported for successful delivery of

therapeutic drug molecules (Han et al., 1999; El-Samaligy

et al., 2004; Yehia et al., 2008; Jaipal et al., 2013; Sander

et al., 2013).

This work describes design and evaluation of controlled

release effervescent buccal discs of buspirone hydrochloride

(BS) for probable increase in bioavailability. The designed

discs were evaluated for in vitro drug release mechanism and

in vivo pharmacokinetic behavior. Impact of carbon dioxide

on drug permeation was also studied during in vivo

pharmacokinetic studies in New Zealand white rabbits by

comparing effervescent discs with non-effervescent discs.

BS was selected for preparation of buccal discs, due to its

very low oral bioavailability (approximately 4%) due to

extensive first pass metabolism and erratic oral drug absorp-

tion (Lilja et al., 1998, Mahmood & Sahajwalla, 1999).

BS is an anxiolytic agent belonging to azaspirodecanediones

class (Ortiz et al., 1987; Sramek et al., 1997, 2002) and is a par-

tial agonist for the serotonin 5-HT1A receptors and is an

antagonist for the dopamine D2 auto receptors and has weak

affinity to 5-HT2 receptors (Loane & Politis, 2012).

Materials and methods

Buspirone hydrochloride was provided as a gift sample by

Astron Research Limited, Gujarat, India. HPMC 15K,

microcrystalline cellulose (Avicel PH101) was purchased

from FMC Biopolymer, India. Sodium bicarbonate, citric

acid, lactose and magnesium stearate used were of laboratory

grade. HPLC grade acetonitrile was purchased from Merck

India Limited, India and deionized water used for in vitro and

analytical studies was obtained using a Millipore� water

purification system (Milli-Q, Millipore, MA). Nylon mem-

brane filters of pore diameter 0.22 mm were purchased from

Millipore� India. Other reagents and chemicals used were of

analytical grade. Solid phase extraction cartridges (HyperSep

Retain PEP 30 mg, 1 mL capacity) were purchased from

Thermo Fisher Scientific India Pvt. Ltd. New Delhi, India.

Instrumentation and Chromatographic conditions

In vitro sample analysis was performed using validated

liquid chromatographic method. The liquid chromatographic

system employed was Shimadzu HPLC (Shimadzu, Kyoto,

Japan) with solvent delivery system of two pumps (Model LC

10AT VP Shimadzu, Kyoto, Japan), auto injector (Model SIL

HT A, Shimadzu, Kyoto, Japan) and a UV-VIS detector (Model

SPD 10A VP, Shimadzu, Kyoto, Japan). Data collection and

integration was accomplished using LC Solutions

software. Column oven (Model CTO-10AS, Shimadzu,

Kyoto, Japan) was also used to maintain column temperature

at 25 �C. Chromatographic separation was performed using a

C8 column (LiChroCART�; 250 mm� 4.6 mm ID, 5 mm)

maintained at 25 �C using mobile phase flow rate of 1 mL/min.

Drug was monitored at 238 nm with an injection volume of

50 mL. The mobile phase constituted of acetonitrile and

0.025 M phosphate buffer pH 3.0 (25:75 v/v). The buffer pH

was adjusted with orthophosphoric acid (0.1 M). The buffer

solution was passed through 0.22 mm filters prior to use.

Liquid chromatographic method used for estimation of BS

in plasma employed same chromatographic conditions as

discussed above. Sumatriptan was used as an internal standard

(IS) while estimating the drug content in in vivo samples.

BS and IS in rabbit plasma were detected at 9.19 and 13.00

minutes of retention time respectively with tailing factor less

than 2.0.

Preparation of effervescent buccal discs

Bioadhesive buccal discs of BS with 10 mg (13.33%w/w of

tablet weight) drug loading were prepared by direct compres-

sion method. Composition of all the designed formulations is

presented in Table 1. All the ingredients were passed through

sieve (18#) and mixed in geometric ratio; finally magnesium

stearate (2%w/w) was added as lubricant. The resulting mix

was compressed using a 8 station tablet compression machine

(Rimik Mini Press, Karnavati Engineering Ltd, Gujarat, India).

Formulations were prepared with varying amounts of sodium

bicarbonate and citric acid (Table 1). Final weight (75 mg) of

the designed discs was kept constant for all the batches by

adding appropriate amount of lactose, a soluble excipient as

substitute to soluble sodium bicarbonate and citric acid.

Tablets were stored away from moisture for further studies.

Evaluation of buccal discs

Physical characterization

Randomly selected twenty buccal discs were evaluated for

weight variation using an electronic digital weighing balance

Table 1. Composition of designed buccal discs (75 mg) and results of physical characterization.

B. No.a
HPMC
(%w/w)

Sodium Bicarbonate
(%w/w)

Citric acid
(%w/w)

Lactose
(%w/w) Assay (%) Friability (%) Thickness (mm) Bioadhesion (N)

F1 26.67 0.00 0.00 51.33 98.76 ± 0.57 0.61 2.47 ± 0.02 0.867 ± 0.17
F2 26.67 28.00 0.00 23.33 100.56 ± 0.48 0.43 2.49 ± 0.01 0.812 ± 0.36
F3 26.67 0.00 9.33 42.00 99.63 ± 0.74 0.19 2.51 ± 0.02 0.784 ± 0.13
F4 26.67 16.00 5.33 30.00 98.89 ± 0.83 0.32 2.51 ± 0.03 0.689 ± 0.11
F5 26.67 24.00 8.00 19.33 98.16 ± 0.41 0.57 2.50 ± 0.04 0.694 ± 0.08
F6 26.67 28.00 9.33 14.00 99.01 ± 0.29 0.51 2.52 ± 0.03 0.671 ± 0.18

a2% (w/w) magnesium stearate, 6.67% (w/w) of MCC and 13.33% (w/w) of drug was added in all the batches.
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(Mettler Toledo TA 250D, Mettler-Toledo India Private

Limited, Mumbai, India). Mean weight of buccal discs and

percentage deviation was calculated as per USP29 for all the

batches. The mean thickness of ten buccal discs was measured

in millimeter using a Vernier Caliper (Mitutoyo Digimatic

Caliper, Kanagawa, Japan) and percent standard deviation was

calculated. Friability of the discs was assessed using friability

test apparatus (Campbell Electronics, Mumbai, India) for

twenty discs using the standard procedure mentioned in

USP29-NF24 (25 rpm for 4 minutes). The percentage loss on

friability was calculated. Disintegration test of buccal discs

was performed using a tablet disintegration test apparatus.

Drug content

Randomly selected buccal discs (10) were crushed using

mortar and pestle. Powder equivalent to 2 mg of BS was

weighed accurately and BS was extracted using 10 mL of

solvent system (acetonitrile and Phosphate buffer pH 3.0;

1:3 v/v). The resultant mix was centrifuged at 3000 rpm

(Remi-R8C laboratory centrifuge) and 1 mL of supernatant

was collected and suitably diluted for the determination of

drug content by liquid chromatographic method mentioned in

the previous section.

In vitro drug release studies and kinetics

In vitro drug release studies were performed using in-house

modified USP type-I dissolution apparatus as reported earlier

(Charde et al., 2008, Jaipal et al., 2013). Briefly, the method

uses 50 mL capacity screw cap tubes arranged on a dissol-

ution vessel using in-house designed aluminum holder. Single

unit of buccal disc was loaded in the basket attached to the

instrument shaft and allowed to immerse in the prearranged

screw cap tubes containing 50 mL phosphate buffer of pH 6.8

(USP 31 NF 26) maintained at 37 �C. The instrument was

operated at 25 rpm and samples were collected at various time

intervals of 0.5, 1, 2, 3, 4 and 5 h. The samples collected were

analyzed for drug content using HPLC method described in

previous section. All the drug release studies were performed

in triplicates.

Drug release rate from hydrophilic matrix systems depends

on swelling behavior, diffusion and erosion properties of the

polymer, shape of the matrices and dissolution characteristics

of the drug (Korsmeyer et al., 1983b). Molecular weight

(Baveja et al., 1988), dose and solubility of the drug, type and

quantity of the fillers and the polymer characteristics also

influence the mechanism of the drug release (Korsmeyer

et al., 1983b). Drug release data obtained from the release

studies was fitted in to various mathematical equations to

predict the release kinetics from the designed effervescent and

non-effervescent buccal disc of BS and to assess the impact of

process excipients on release behavior as well. Release data of

buccal discs was fitted in zero order, first order and Higuchi’s

kinetic equations for determination of release kinetics and for

prediction of release mechanism Korsemeyer –Peppas model

(1) was used (Korsmeyer et al., 1983a,b).

Mt

M1
¼ Ktn ð1Þ

Where, Mt/M1 is fraction of drug released at any time t, K

is the diffusion rate constant and n is the release exponent

indicative of mechanism of drug release. If the ‘‘n’’ value

obtained is 0.89, it corresponds to zero order drug release

(case II transport), the drug release rate is independent of time

and the rate controlling factors are polymer relaxation and

erosion. If ‘‘n’’ takes a value of 0.45, then fickian diffusion

will be rate controlling factor. If the ‘‘n’’ value lies between

0.45 and 0.89, both diffusion and polymer relaxation and

erosion play a role in drug release.

In vitro bioadhesion studies

Bioadhesion studies of designed buccal discs were performed

using texture analyzer (Stable Micro Systems TA-XT Plus,

Surrey, UK) (Wong et al., 1999; Eouani et al., 2001). Freshly

excised porcine buccal mucosa was obtained from the local

slaughterhouse. The tissue was placed in simulated salivary

fluid and stored at �20 �C till further usage. The thawed

mucosal membrane was fixed at the base of instrument using

a teflon hollow disc and screws in temperature controlled bath

containing simulated salivary fluid with pH 6.8 as described

elsewhere (Gohel et al., 2009). The simulated salivary fluid

comprised of sodium chloride (0.8% w/v), potassium phos-

phate monobasic (0.019% w/v) and sodium phosphate dibasic

(0.238% w/v). Designed buccal disc was attached to the base

of movable probe (SMSP/10) using a double sided adhesive

tape. The probe was lowered at a speed of 0.5 mm/sec. Upon

contact of buccal disc with mucosal membrane, a contact

force of 0.01 N was applied for 300 seconds. The probe was

then dragged in opposite direction and the force required to

detach the buccal disc from the mucosal surface was recorded.

All the studies were performed in triplicates.

In vivo pharmacokinetic study

The efficiency of effervescent buccal discs to deliver BS into

systemic blood circulation was evaluated in rabbits. Male

New Zealand white rabbits were provided by Central Animal

Facility of the Institute with mean weight of 1.65 ± 0.15 kg.

The study was conducted with an approval (Protocol approval

number: IAEC/RES/16/04) and as per guidelines prescribed

by Institutional Animal Ethics Committee, and under the

supervision of registered veterinarian. Animals were issued

10 days prior to experimentation for acclimatization and were

kept on standard pellet diet and water ad libitum. Animals

were fasted 4–6 h prior to experimentation.

Rabbits were divided into three groups of three rabbits

each. To the first group 1 mL solution of BS in water for

injection (10 mg/mL) was administered intravenously. The

second and the third groups were administered non-efferves-

cent (F1) and effervescent (F5) buccal bioadhesive controlled

release discs of BS respectively in the buccal position of oral

cavity after light anesthetization of animals by an i.m

injection of 1:5 mixtures of xylazine (1.5 mg/kg) and

ketamine (9.0 mg/kg). Following induction of anesthesia,

blood samples (1.0 mL) were withdrawn from marginal ear

vein of rabbits. Samples were withdrawn before dosing and

0.25, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 6.0, 8.0, 12.0, 18.0, 24.0 h

post dosing. The light plane of anesthesia was maintained

by an intramuscular (i.m) injection of one third of initial
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dose of xyalzine and ketamine as needed. Blood samples were

collected in 1.5 mL centrifuge tubes containing 100 mL of

EDTA solution (1.0 mg/mL) and centrifuged at 4000 rpm for

4 minutes at 4 �C (Eppendorf centrifuge-5702R). The super-

natant obtained was collected and stored at �20 �C till further

processing for analysis.

Preparation and processing of in vivo plasma samples

Stored plasma samples were thawed at ambient temperature

(25 ± 2 �C) for at least 60 minutes. SPE cartridges were

conditioned (1 mL methanol, 2500 rpm) and equilibrated

(25 mM potassium dihydrogen orthophosphate, 2500 rpm)

before loading the sample. Sample was loaded and centri-

fuged at 2000 rpm to remove interfering components and

matrix, washing step was performed using 3% v/v methanol

(1 mL, 2500 rpm) to remove the remaining interfering com-

ponents and finally elution was carried out using 0.025 M

phosphate buffer pH 3.0 and acetonitrile (75:25, 1 mL,

3000 rpm) solvent system. The separation was performed

using a centrifuge (Remi) and the elutions were collected in

5 mL disposable tubes.

The processed plasma samples were estimated for drug

content using liquid chromatographic method mentioned

earlier. The plasma concentration versus time data of BS

obtained during various sets of studies was subjected to non-

compartmental analysis using WinNonlin Standard edition,

Version 2.1 (WinNonlin Scientific Consultants, Pharsight,

CA) to obtain various pharmacokinetic parameters. Results of

in vivo studies were statistically evaluated using unpaired t-

test at 5% level of significance.

Result and Discussion

Physical characteristics of buccal discs

Designed controlled release buccal discs demonstrated

permissible limit (less than 10% for solid unit dosage forms

weighing less than 130 mg according to USP) of percent

deviation for weight variation (0.17 to 0.63%). Friability

(weight loss of not more than 1% according to USP29-NF24)

values were in acceptable range for all the batches (Table 1).

Thickness values ranged from 2.47 to 2.52 mm for all the

batches of designed buccal discs (Table 1). Assay values of

designed formulations were found to be acceptable with a

range of 98.16 to 100.56% (according to USP29-NF24

acceptable limit is 85 to 115% for solid unit dosage forms

weighing less than 130 mg) (Table 1). Hence, the designed

buccal discs prepared demonstrated good physical character-

istics indicating the suitability of the process and excipients

used. All the designed buccal discs remained intact without

fragmentation for at least 6 h in the disintegration test

apparatus indicating appropriate use of quantities of citric

acid and sodium bicarbonate.

In vitro drug release studies

In vitro drug release studies from designed buccal discs

clearly demonstrated faster drug release rate in formulations

containing sodium bicarbonate and citric acid as efferves-

cence forming agents. The formulation containing only citric

acid (F3) demonstrated faster drug release rate as compared to

the formulations containing only sodium bicarbonate (F2) and

lower concentration of effervescence forming agents (F4)

(Figure 1). This result clearly indicates that the drug release

from HPMC matrices was directly influenced by citric acid

either by creating acidic microenvironment pH favoring

dissolution of weakly basic drug BS (Alkhatib et al., 2008)

or by weakening the gel strength of HPMC (Espinoza et al.,

2000; Martı́nez González & Villafuerte Robles, 2003;

Pygall et al., 2009).

Drug release from HPMC matrices is usually due to

swelling and erosion of polymer matrix. Upon contact with

in vitro release media, a gel layer forms on the surface of

Figure 1. Drug release profiles from the
designed buccal discs (n¼ 3).

DOI: 10.3109/10717544.2014.917388 Evaluation studies of buspirone hydrochloride 455



HPMC matrices. This surface gel layer is followed by glassy

layer of swollen polymer in the middle whereas the core

remains dry. However, with passage of time, the core of

matrix also gets hydrated. The drug release from this swollen

matrix is due to disentanglement of surface polymeric chains

resulting in erosion and due to diffusion of media into the

discs through the swollen matrix (Tajarobi et al., 2009; Chen

et al., 2010; Pajander et al., 2012; Asare-Addo et al., 2013).

Due to solubilization of components of matrix, the number of

pores and pore diameter in swollen matrix increases thereby

resulting in further drug release.

In the present study, effervescent buccal discs exhibited

faster drug release in comparison with non-effervescent

buccal discs. Moreover, the release rate increased as the

amount of effervescence forming agents increased in the

designed buccal discs. This can be attributed to formation of

more pores in the HPMC disc due to rapid escape of carbon

dioxide evolved during the reaction of sodium bicarbonate

and citric acid. Lactose used as diluent in the buccal discs

might have also enhanced the formation of channels for

escape of carbon dioxide gas and the drug. The formation of

more pores in the effervescent buccal discs might have

resulted in the increased hydration rate of HPMC, thereby

resulting in lesser strength of gel formed at the surface. This

in turn would have resulted in faster erosion of polymer layer

resulting in faster drug release.

The drug release mechanism was found to be non-fickian

anomalous type for the batches F1 to F6 based upon n-value

(0.45 to 0.89) obtained from Korsmeyer–Peppas model

(Table 2) indicating diffusion, polymer relaxation and erosion

as predominant mechanism of drug release.

In vitro bioadhesion

In vitro bioadhesion studies were performed using texture

analyzer on porcine buccal mucosa. The force required for

detachment of the buccal disc from the biological membrane

was recorded. Bioadhesive strength of all the designed discs

was found to be good. HPMC buccal discs without efferves-

cent agents demonstrated higher force of detachment and

hence better bioadhesion as compared to effervescent formu-

lations (Table 1). This can be ascribed to formation of porous

and hydrated gel that erodes rapidly in case of effervescent

buccal discs. This in turn would have resulted in poorer

interaction between polymeric chains and glycoprotein chains

of mucin. The release of carbon dioxide gas might also have

hindered with the process of bioadhesion. Literature report

suggests that a bioadhesive force higher than 4.5� 10�5

N/cm2 ensures attachment of delivery system to buccal

mucosa for 4 h (Choi & Kim, 2000; Choi et al., 2000). All the

formulations were found to have acceptable bioadhesive

strength.

In vivo pharmacokinetic study

In vivo pharmacokinetic study as carried out for BS admin-

istered intravenously and for designed effervescent and

non-effervescent buccal discs. The drug was detectable

within 15 minutes of buccal administration indicating rapid

absorption of released drug.

In vivo pharmacokinetic parameters obtained during the

study are tabulated in Table 3. Effervescent buccal discs

resulted in higher Cmax and AUC0–1 when compared to

non-effervescent buccal discs. Absolute bioavailability

[calculated using (2)] of effervescent HPMC buccal discs

was significantly more (p50.05) when compared to that of

non-effervescent HPMC buccal discs.

F ¼ ðDosei:vÞ � ðAUC0�tbuccal
Þ

ðDosebuccalÞ � ðAUC0�ti :vÞ
ð2Þ

Moreover, the maximum plasma concentration was

achieved at an earlier time in case of effervescent buccal

discs further indicating increase in rate of permeation due to

release of carbon dioxide. These results clearly indicate

usefulness of effervescent systems for permeation enhance-

ment (Figure 2).

Table 2. Mathematical treatment of drug release data for prediction of drug release kinetics and drug release mechanism from designed HPMC buccal
discs.

Zero order First order Higuchi Korsmeyer-Peppas

B. No R2 k0 (mg%/h) R2 k1 (h�1) R2 kH (h�0.5) R2 kKP (h�n) n

F1 0.909 13.488 0.981 0.199 0.974 25.557 0.993 21.964 0.633
F2 0.833 15.194 0.957 0.246 0.984 29.152 0.988 27.578 0.549
F3 0.866 23.879 0.994 0.588 0.976 45.564 0.985 41.239 0.588
F4 0.724 19.659 0.956 0.416 0.989 38.188 0.991 39.712 0.465
F5 0.702 30.001 0.980 0.874 0.991 52.442 0.995 54.714 0.452
F6 0.691 39.896 0.995 1.167 0.989 60.700 0.993 62.298 0.455

Table 3. Pharmacokinetic parameters of BS when administered intravenously and via buccal route.

Pharmacokinetic parameters 10 mg BS solution via i.v 10 mg non-effervescent buccal disc (F1) 10 mg effervescent buccal disc (F5)

AUC0–1 (ng h/mL)a 5153.90 ± 430.81 1662.27 ± 745.26 2687.07 ± 912.32
F – 0.32 ± 0.11 0. 55 ± 0.06
C max (ng/mL)a 1384.68 ± 467.21 219.22 ± 36.47 329.31 ± 31.78
t max (h) – 3.00 2.50
T1/2

a (h) 2.53 ± 0.12 4.78 ± 0.26 5.76 ± 0.23

aValues are mean ± SD. n¼ 3.
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The possible mechanisms for enhanced permeation is

structural alteration of buccal epithelial membrane by

creation of new or widening of pre-existing pores leading to

paracellular transport or by solvent drag due to increased

pressure gradient by carbon dioxide (Eichman & Robinson,

1998). The unionized species of BS are likely to be

transported by transcellular pathways due to their hydropho-

bic nature. Carbon dioxide increases hydrophobicity of

mucosal membrane due to higher partitioning in mucosal

membrane resulting in better flux for absorption of unionized

drug. Reports suggests that carbon dioxide has direct effect on

structural integrity of mucosal membrane with no indication

of cell membrane damage for prolonged time, the damage to

the epithelial barrier properties was reestablished within

20 minutes, relatively a very short period of time (Eichman &

Robinson, 1998).

Conclusion

Effervescent and non-effervescent buccal disc of BS using

HPMC were successfully prepared using direct compression

method. Drug release rate from effervescent buccal discs was

directly proportional to amount of effervescence forming

agent. In vivo pharmacokinetic studies revealed that efferves-

cent HPMC buccal discs give significantly higher bioavail-

ability when compared to that of non-effervescent buccal

discs. Hence, effervescent buccal discs can be used as an

alternative to improve the drug permeation resulting in better

bioavailability.
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