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Introduction

Administration of drugs via buccal route bypasses the side effects 
associated with other systemic routes. The buccal mucosa has excellent 
accessibility, large surface area, highly vascularized, relatively immobile 
and has reduced enzymatic activity as compared to intestinal, rectal 
and nasal mucosa and is less sensitive toward damage and irritation 
than the nasal mucosa. Further, direct access to the systemic circulation 
through internal jugular vein prevents hepatic first pass metabolism 
of drugs. Other advantages include painless administration, easy drug 
withdrawal, variability, and versatility in dosage forms (unidirectional or 
multidirectional release systems) for local or systemic actions.[1] Buccal 
drug delivery systems utilize bioadhesive property of water-soluble 
polymers which on hydration becomes adhesive and stick to the mucosa.[2]

Existing buccal tablets, capsules, gel, wafer, and lozenges undergo 
involuntary swallowing and continuous dilution of the dissolved drug by 

the salivary flow, produce difficulty in drinking and eating or speaking, 
and drug release is not unidirectional. Unlike other buccal dosage forms, 
discs are small, flexible, so cause less discomfort to patients. Patches 
are laminated, consisting of a backing layer and a drug containing layer 
that has mucoadhesive property and from where the drug released in 
a controlled manner.[3,4] Raloxifene hydrochloride (R-HCl) is a poorly 
water soluble drug and FDA-approved selective estrogen receptor 
modulator for the prevention and treatment of osteoporosis.[2]

The aim of this study was to develop mucoadhesive microspheres based 
delivery system that would enhance solubility and bioavailability of 
the R-HCl. Microspheres had shown the ability to improve solubility, 
minimize dose dumping, improve patient compliance and also 
reduce variation in dose-related dissolution profiles.[2,5,6] Therefore, 
microspheres based buccoadhesive discs were prepared and evaluated 
for enhancing bioavailability of R-HCl.
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Materials and Methods

R-HCl (Dr. Reddys Lab, India), γ-cyclodextrin (γ-CD), and 
hydroxypropyl methylcellulose (HPMC) K15M (Lupin Research Park, 
India) were obtained as gift samples. Carbopol 974 was purchased 
from Loba Chemie Pvt. Ltd. (India). Polyvinyl pyrrolidone and 
magnesium stearate were procured from G.S Chemical Testing Lab and 
Allied Industry, and Himalaya Drug Co. (India), respectively. Other 
chemicals and solvents were of analytical grade and used as received.

Preparation of microsphere based buccoadhesive 
discs of R-HCl

Microspheres formulated in the previous studies by Jha et al., (2011) 
were used for the formulation of buccoadhesives disc.[2] The discs 
were prepared by direct compression method using the formula 
given in Table 1. The microspheres and excipients were sieved (mesh 
size #72) and mixed homogeneously.  Then, the mixture was manually 
compressed by single punch tablet machine (Cadmach Machinery, India) 
at 25 pressure using punch diameter 6 mm. The prepared discs were 
coated on three sides with 5% w/v ethyl cellulose (a solution prepared 
in acetone) as a backing layer to allow drug release from one side only. 
The weight gain by discs after coating was maintained about 2%.

Evaluation of the prepared buccoadhesive discs

Drug content
The discs from each batch were taken separately in a beaker containing 
250 ml of simulated salivary fluid (phosphate buffer pH 6.8 mixed 
with 0.5% v/v polysorbate 80). The beaker was kept for 24 h under 
constant stirring. 10 ml of the samples was withdrawn and centrifuged 
at 15,000 rpm for 5 min and filtered. The filtrate was diluted with fresh 
media and analyzed at 285 nm using ultraviolet-spectrophotometer 
(Shimadzu-8400, Japan) for drug content (n = 3).

Hardness
Monsanto hardness tester was employed to measure the hardness of 
tablets of each batch. It was expressed as kg/cm2.

Disc friability
Six discs of each batch were accurately weighed and placed in Roche 
Friabilator (Cintex, Mumbai), operated at 25 rpm, for 4 min and 
then reweighed. The percentage friability for each disc was calculated 
using following equation;

F = (W1−W2/W1) × 100

Where, F represents the percentage weight loss and W1 and W2 are 
the initial and final weight of the discs.

Weight uniformity
Five discs were randomly selected and accurately weighed and average 
weight was calculated. The variation of the individual weight from the 
average weight was reported.

Thickness
The thickness was measured using digital screw gauge at different 
places, and the average was calculated.

Drug release and release kinetics

The release of R-HCl from discs adhered to the bottom of dissolution 
vessel of a modified paddle USP apparatus II was conducted in 500 ml 
of simulated salivary fluid maintained at 37 ± 0.5°C and 50 rpm. 
After predetermined time intervals, 2 ml sample was withdrawn, 
filtered through a Millipore filter of 0.45 µm pore size and replaced 
with equal volume of fresh media to maintain sink condition. The 
samples were assayed as discussed earlier. The release data were 
kinetically analyzed using different kinetic models (zero-order, first-
order, Higuchi, and Peppas models) for understanding the mechanism 
of R-HCl release.

Further, mean dissolution time (MDT) was calculated to identify 
the mechanism of drug release using n (release exponent), K (rate 
constant), and N (sampling time) values derived from following 
Peppas model.

MDT = (N/n + 1). K−(1/2)

Furthermore, contribution of Fickian (diffusional) release and Case 
II erosional release for the first 60% of drug release curves was 
quantified according to Heuristic model;

M
t
/M∞ = K1t

m + K2t
2m

Where, K1 is Fickian kinetic constant and K2 is the relaxational/
erosional kinetic constant. The coefficient m is purely Fickian 
diffusion exponent. Fickian release fraction (F) was calculated from 
the following equation.[7]
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Table 1: Formulation composition of buccoadhesive disc containing R-HCl loaded microspheres

Batch code Composition of microspheres Microspheres 
taken (% w/w)

Polyvinyl 
pyrrolidone (% w/w)

Magnesium 
stearate (% w/w)Batch 

code
R‑HCl (mg) γ‑CD (mg) Carbopol 

971 (mg)
HPMC 

K4M (mg)

D1 F2 40 40 90 30 92.5 5 2.5

D2 F3 40 40 60 60 92.5 5 2.5

D3 F4 40 40 30 90 92.5 5 2.5

D4 F5 40 40 - 120 92.5 5 2.5

D5 F7 40 - 60 60 92.5 5 2.5

R-HCl: Raloxifene hydrochloride, γ-CD: γ-cyclodextrin, HPMC: Hydroxypropyl methylcellulose
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Swelling study

For swelling study, three discs from each formulation were placed 
in Petri dish containing simulated salivary fluid.[8] Periodically, discs 
were withdrawn from Petri dish and weighed after blotting of surface 
water with filter paper. The swelling index of the disc was calculated 
from the following formula:

( )
( )= ×

Partially swollen disc weight –  Dry disc weight
Swelling index 100

Dry disc weight

Ex vivo mucoadhesion study

Mucoadhesion performance
The chicken buccal mucosa was obtained from the local slaughterhouse. 
The mucosal membrane was cleaned and then washed consecutively with 
Millipore water and phosphate buffer. The mucosal membrane was fixed 
on the side of the beaker with adhesive. Discs were attached to buccal 
tissue by applying light force with a fingertip for 20 s. 200 ml phosphate 
buffer was added to beaker maintained at 37°C and 150 rpm. The time for 
the disc to detach from the mucosa was recorded as mucoadhesion time.[8]

Mucoadhesion strength
The piece of chicken buccal membrane was tangled to the open mouth 
of the glass vial, containing isotonic phosphate buffer pH 6.8.[9] The 
glass vial was tightly fitted in the center of glass beaker filled with 
phosphate buffer (pH 6.8, 37 ± 1°C). The disc was stuck to the lower 
side of the rubber stopper with adhesive. The mass (gram) required to 
detach disc from the mucosal surface provided mucoadhesive strength. 
The mucoadhesive strength of disc was calculated as follows;[10]

( )
×Mucoadhesive strength  9.81

Force of adhesion N
1000

( )− =2 Force of adhesion
Bond strength N cm  

Disc surface area

Permeability of R-HCl

Permeation of R-HCl through the chicken buccal membrane was 
studied using glass tubes opened from both ends.[11] Each disc was 
pressed on the mucosa of the buccal membrane for 30 s; membranes 
were stretched over an open end of the glass tube and tightened by 
rubber band forming donor chamber containing 2 ml simulated saliva 
fluid. The tube was suspended so that membrane was just below the 
surface of 100 ml simulated saliva contained in a covered beaker and 

magnetically stirred at 150 rpm in a water bath maintained at 37 ± 
0.5°C. The diffusional surface area was 1.765 cm2. 3 ml of samples 
were withdrawn at specified intervals and replaced by equal volumes 
of fresh media. The sample was quantitated for R-HCl and cumulative 
percent drug permeated/cm2 was calculated.

Results and Discussion

Physical characteristics

Prepared buccoadhesive discs were evaluated for all physical 
parameters such as hardness, friability, thickness, weight variation, 
and drug contents (Table 2). Drug content for discs was found to 
be 98.45-101.05% w/w, and the difference among batches was 
insignificant. The hardness of disc was found to be 4.67-5.13 kg/cm2. 
The average weight of tablets was found about 98.58 ± 0.35 mg, and 
weight variation was insignificant. The thickness of disc was found to 
be 2.04-2.12 mm which complies with the specification of the buccal 
formulation. Weight loss during friability test was <1%, which is 
acceptable. These results indicated that prepared discs could withstand 
mechanical shocks during handling and transportation.

Drug release

The drug release profiles from different formulations are shown in 
Figure 1.

The observed variations in drug release profiles could be attributed 
to the changes in the physicochemical properties of discs during 
dissolution. Biphasic release pattern with initial burst release and then 
slow release was observed in formulation D3 and D4 which may be 
due to the presence of a higher ratio of the HPMC leading to increased 

Table 2: Physical parameters of R-HCl loaded microsphere based buccoadhesive discs

Batch code Drug content (%) Hardness (kg/cm2) Friability (%) Thickness (mm) Weight variation (%)

D1 98.67±0.34 4.13±0.65 0.92±0.14 2.08±0.02 0.89±0.11

D2 99.38±0.54 4.47±0.87 0.87±0.11 2.10±0.06 1.11±0.32

D3 100.34±0.12 4.93±1.01 0.85±0.12 2.06±0.07 0.78±0.21

D4 101.05±0.06 5.65±0.45 0.61±0.31 2.12±0.04 1.12±0.37

D5 98.45±0.97 4.02±0.78 0.98±0.13 2.04±0.01 1.56±0.65

All data are represented as mean±SD (n=3). SD: Standard deviation, R-HCl: Raloxifene hydrochloride

Figure 1: In vitro drug release profiles of raloxifene hydrochloride from 
mucoadhesive discs. Vertical bars represent mean ± standard deviation, n = 3
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surface area and the hydration behaviors of the disc due to the presence 
of HPMC. Swelling and erosion of polymer in contact with dissolution 
media created additional diffusional pathways affecting drug release.

Incorporation of γ-CD significantly increased the solubility which led an 
increment in dissolution rate of discs (D5 have higher MDT because of 
the absence of γ-CD).[2] MDT of discs was found inversely proportional 
to the ratio of HPMC and carbopol in the formulation (Figure 2).

To elucidate the possible release mechanism, various mathematical 
models were used (Table 3). The in vitro release data are in favor 

of zero-order release kinetic for all discs. n value was between 
0.45 and 0.89, indicating anomalous (non-Fickian) diffusion 
where drug release is controlled by a combination of diffusion 
and polymer relaxation. Figure 3 revealed the contribution of 

Table 3: Kinetic analysis of release data of R-HCl from buccoadhesive 
discs

Batch 
code

Zero‑order 
model

First‑order 
model

Higuchi 
model

Peppas 
model

K R2 K R2 K R2 K R2

D1 0.0856 0.992 0.0022 0.965 3.1715 0.956 0.005 0.980

D2 0.1033 0.995 0.002 0.944 3.8308 0.937 0.009 0.991

D3 0.1294 0.987 0.0021 0.945 4.5505 0.977 0.008 0.987

D4 0.1632 0.986 0.0021 0.907 5.0369 0.987 0.012 0.997

D5 0.0604 0.9883 0.002 0.955 2.5362 9211 0.005 0.9821

R-HCl: Raloxifene hydrochloride

Table 4: Kinetic analysis of the drug release from R-HCl containing 
buccoadhesive discs

Batch code Kinetic parameters

K N R2 K1 K2

D1 0.0056 0.684 0.9801 0.0104 0.0009

D2 0.0092 0.6433 0.9918 0.0133 0.0015

D3 0.0088 0.6817 0.9875 0.0143 0.0018

D4 0.012 0.6815 0.9978 0.0152 0.0025

D5 0.0052 0.6824 0.9821 0.0088 0.0006

R-HCl: Raloxifene hydrochlorideFigure 2: Mean dissolution time of buccoadhesive discs

Figure 3: The percentage contributions of the Fickian diffusion (FF) and the erosion mechanisms (RF) from discs; (a) D1, (b) D2, (c) D3, (d) D4, and (e) D5. 
Vertical bars represent mean ± standard deviation
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polymer relaxation was predominant than diffusion in the late 
phase of drug release.

The values of the K1 and the K2 were calculated (Table 4). Initially, 
Fickian diffusion was dominant, but after a while polymer erosion 
started and gradually became a predominant mechanism for rest of 
dissolution time.[12] Discs with higher HPMC:carbopol ratio (D4) 
showed the greatest degree of erosion, followed by discs with a lower 
amount of HPMC:carbopol ratio (D3, D2, and D1, respectively).

Swelling studies

The swelling of discs in simulated saliva is given in Figure 4. D5 had 
high swelling followed by the D1, D2, D3, and D4. Swelling index of 
buccoadhesive discs increased with increase in the percentage of carbopol. 
Therefore, it was expected that carbopol could retain more water due 
to its cross-linked structure than linear HPMC. Initially, discs quickly 
eroded due to swelling of HPMC followed by slower erosion because 
of remaining Carbopol. D3 showed the slowest swelling of all batches.

Mucoadhesion test

The results for mucoadhesive properties (mucoadhesive time, 
mucoadhesive strength, and bond strength) have been shown in 

Figure 4: Swelling index of microsphere based discs. Vertical bars represent 
mean ± standard deviation, n = 3

Figure 5: Mucoadhesive time of formulated buccoadhesive discs. Mean 
± standard deviation (n = 3). (a) P < 0.05 compared to D1; (b) P < 0.05 
compared to D2 and D3; (c) P < 0.05 compared to D4

Figure 6: The mucoadhesive strength of buccoadhesive discs, mean ± 
standard deviation (n = 3). (a) P < 0.05 compared to D1, (b) P < 0.05 
compared to D2 and D3, (c) P < 0.05 compared to the D4, (d) P < 0.05 
compared to D5

Figure 7: Bond strength of buccoadhesive discs, mean ± standard deviation 
(n = 3). (a) P < 0.05 compared to D1, (b) P < 0.05 compared to the D2 and 
D3, (c) P < 0.05 compared to the D4

Figure 8: Drug permeation plots of different buccoadhesive discs. Vertical 
bars represent mean ± standard deviation
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Figures 5-7. The mucoadhesive strength varied from 0.06 to 0.16 N. The 
D5 possessed highest mucosal residence time of 15.68 h followed by the 
D1, D2, D3, and D4. The discs containing more carbopol than HPMC 
showed longer mucoadhesion time due to the formation of gel-like 
structure.[8] Results of this study indicated that concentration of carbopol 
and HPMC is an integral factor in residence time of buccoadhesive discs.

Permeation study

Batches D2 and D3 provided the optimum adhesion time and strength 
with better drug release profile. Hence, they were used for further 
permeation studies. D5 was also used to identify the effect of γ-CD 
on the permeation of R-HCl. The results indicated that R-HCl could 
permeate chicken buccal membrane easily (Figure 8). The rate of 
permeation of D2 and D3 has been higher than D5 under a similar set 
of conditions. These results comply with drug release profiles of discs. 
D3 exhibited highest drug permeation and therefore was selected as 
a final optimized batch.

Conclusion

The microsphere based discs provided controlled drug release with 
sufficient mucoadhesive properties indicating their potential for 
delivery of R-HCl through the buccal mucosa. Batch D3 provided 
the optimum mucoadhesion, improved drug release with good 
permeation, which can be further established by in vivo studies.
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