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Preparation and in vitro evaluation of methylene blue films
for treatment of oral mucosal diseases
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vitro for the application in oral mucosal diseases.

Methods:The mucoadhesive buccal films of methylene blue were prepared by solvent casting
technique using maltodextrin and pullulan at different ratios. Mechanical properties and
disintegration time of the films were evaluated and sample sizes were chosen as described in
pharmacopeias.

Results:After statistical evaluation using student’s t test, it is found that polymer type and
concentrations affected both of the disintegration time and mechanical properties (p<0.05).
The disintegration time of all the prepared formulations were less than 180 sec. and all
formulations showed moderate mechanical strength (0.110 + 0.034 to 0.783 + 0.128 kgf).

Conclusions:From the experimental data of our study it can be concluded that optimized
formulations of MB loaded buccal films can be an adjunct to the therapy to complete
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eradication of the diseases in future.

Introduction

Methylene blue (MB) is one of the first ever totally synthetic
drugs used in medicine. MB (3, 7-bis (dimethylamino)-phenaza-
thionium chloride tetramethylthionine chloride) is a heterocyclic
aromatic compound with the C, H,,CIN,S, 3H,0 molecular for-
mula. It is has a deep blue color and its 10 mg/mL formulation
for intravenous injection. Owing to incompatibility with other
strong oxidizing or reducing agents, injectable solutions of MB
contains small amounts of sodium hydroxide or hydrogen chlo-
ride to adjust the pH to 3—4.5. (1).

MB is commonly used as dye for different type of applications
at the outset. One of the most important applications of MB
takes place in the treatment of malaria after the observation
of the harmful effects of MB on microorganisms (2). Moreover,
due to its similarity of reduction potential to oxygen and ability
of being reduced by members of the electron transport chain,
MB can be used as an antidote in treatment of symptomatic
methemoglobinemia (1).

Several clinical uses of MB were also reported in previous
studies. For instance, MB can be used as topical agent (at a
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0.1% solution) in conjunction with polychromatic light to pho-
toinactivate viruses such as herpes simplex (3). MB is also
used experimentally to increase vascular tone and myocardial
function in patients with septic or anaphylactic shock (4).

Oral lichen planus is a chronic inflammatory oral mucosal
disease and Candida albicans is detected in 37% of oral lichen
planus lesions approximately. Candida albicans might play dif-
ferent roles in different mechanisms in two groups of patients
suffering from oral premalignant lesions and oral cancers (5).
The antibacterial characteristics of MB and the use in the ther-
apy of oral lichen planus was attributed to its photodynamic
properties such as its strong absorption at wavelengths longer
than 620 nm, where light penetration into tissue is optimal. Be-
cause of the well-known low toxicity, photoactive antimicrobial
potential and acceptance in the medical field of MB is investi-
gated in order to evaluate the destruction capacity of oral can-
dida albicans and found to be effective (6).

Intraoral drug delivery is an important administration type for
local treatment of different oral diseases. The target sites for lo-
cal drug delivery in the oral cavity include the buccal, sublingual
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and periodontal region. Moreover, these oromucosal regions
can be used for the treatment of systemic diseases as drug
molecules are directly transferred into systemic circulation. The
classical intraoral formulation has been the lozenge. However,
during the past decade, tablets, gels and films were also stud-
ied (7).

In local treatment of oral mucosal diseases, application of
drugs as solutions or oromucosal drug delivery systems takes
part generally (7). Considering the MB is a dye, application of
this drug as solution results in coloration of mouth and other
application pathways. Hence, other types of drug delivery sys-
tems containing MB such as buccal films must be preferred to
treat the local diseases in oral mucosa.

Buccal films are novel drug delivery systems which can re-
lease drug in the desired duration of action (8). Different poly-
mers are used to formulate the buccal films and these polymers
adjust the drug release and bioadhesion for mucosal attach-
ment. Flexible films/patches have been prepared either by sol-
vent casting or hot melt extrusion technique to deliver drugs
directly to a mucosal membrane (9).
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The aim of this work was to develop and characterize the
buccal film of MB using natural polysaccharide pullulan and
maltodextrin and to evaluate films for its buccal delivery for the
local treatment of oral mucosal diseases. The mucoadhesive
buccal films of MB were prepared by solvent casting technique.

Methods

MB (Sigma, USA), Maltodextrin (dextrose equivalent 13.0-
17.0) (Aldrich, USA), and Pullulan (Xi'an Sonwu Biotech, Chi-
na) were used. All other chemicals were of analytical grade.

Preparation of MB Buccal Films

In preformulation studies, two film-forming polymers were
used, namely, maltodextrin and pullulan. Propylene Glycol
(PG), Polyethylene Glycol 400 (PEG 400) and Glycerol were
used as plasticizer. The films were prepared by solvent-casting
technique. The film-forming materials and MB were mixed in
distilled water for 2 h at 2000 rpm with a mechanic stirrer (Hei-
dolph, Germany). The plasticizer was added to this solution and
stirred for another 1 h. The dispersion was used after at least
24 h of rest to remove all the entrapped air bubbles. The dis-
persion was cast onto glass petri dishes and then kept for dry-

Table 1. Prepared film formulations and their characteristics

Maltodextrin Pullulan  Propylene Glycol Methylene Disintegration Mechanical Strength
Ratio (%) Ratio (%) Ratio (%) Blue (%) (sec) (kgf)
F1 B 1 10 1 26 +6 0.617 + 0.041
F2 & 2 10 1 BaEN 0.683 £ 0.074
F3 1 1 10 1 9+2 0.130 £ 0.019
F4 2 2 10 1 304 0.594 +0.108
F5 2 & 10 1 43+ 11 0.396 + 0.049
F6 2 1 10 1 202 0.371 £ 0.089
F7 B B 10 1 47 +4 0.749 + 0.071
F8 1 & 10 1 164 0.130 + 0.058
F9 1 2 10 1 82 0.176 + 0.033
F10 1 & 15 1 SHESS 0.157 £ 0.057
F11 2 1 15 1 46 £ 15 0.186 + 0.061
F12 B 1 15 1 42 +2 0.486 + 0.092
8 1 1 15 1 18+ 1 0.160 + 0.046
F14 3 3 15 1 27+3 0.419 +0.104
F15 2 2 15 1 180 + 83 0.293 + 0.059
F16 & 2 15 1 834 0.388 + 0.079
F17 2 3 15 1 34+6 0.267 + 0.087
F18 1 2 15 1 275 0.149 + 0.040
F19 2 1 5 1 3318 0.783 £ 0.128
F20 1 2 5) 1 82 0.191 £ 0.027
F21 & & 5 1 9+3 0.611 £ 0.073
F22 2 & 5 1 16 +£2 0.780 + 0.081
F23 1 1 5) 1 83 0.110 £ 0.034
F24 & 2 5 1 12+ 4 0.639 +0.108
F25 3 1 B 1 11+£3 0.362 + 0.059
F26 2 2 5) 1 29+6 0.627 + 0.084
F27 1 & 5 1 9+2 0.158 + 0.047
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ing in vacuum oven (Heidolph, Germany) at 60°C for 2 h. The
resultant film was cut into the dimensions including the desired
amount of MB. Films having cuts, air bubbles, or imperfections
were excluded from the study.

Following the ascertainment of the suitable polymer and
plasticizer type and concentrations, 1%, 2% and 3% concen-
trations of pullulan and maltodextrin and 5%, 10% and 15%
concentrations of propylene glycol were used and analyzed in
order to determine all the effects of the substances within the
film structure (Table 1).

Characterization of MB Films
In vitro Disintegration Time

The test was performed using the USP disintegration testing
apparatus (Sotax, Switzerland). The film size required for dose
delivery (2x2 cm) was placed in the tubes. Test was performed
using distilled water as disintegration media. The time required
for the film disintegration was noted as in vitro disintegration
time. Six replicates were done in accordance with the pharma-
copeia (10).

Measurement of Mechanical Strength

Mechanical strength of the films were evaluated using a Uni-
versal Testing Instrument with a 10 N load cell (Tinius Olsen
H5KS, USA). Film strip in 2 cm?, free from air bubbles or physi-
cal imperfections, were held between two clamps. During mea-
surement, the strips were pulled by the top clamp at a rate of
1.0 mm/s. The force was measured when the films broke. Re-
sults of unbroken film samples were excluded in calculations.
Measurements were run in six replicates for each film (11).

Application Stability of Films

Stability of buccal films in biological fluids is an important fac-
tor for determination of both suitability of formulation for appli-
cation and possible side effects in buccal mucosa. Films were
evaluated in terms of the stability in artificial saliva. For this
purpose, films were wetted using artificial saliva and physical
imperfections were recorded (n=6).

Statistical analysis

Data are expressed as the mean + SEM. Statistical analysis
was performed using Student’s t-test with GraphPad prism soft-
ware. Populations were selected in accordance with pharmaco-
peia and standard methods (10, 12). The level of probability at
0.05 was used as the level of significance.

Results
Preformulation Studies

In the preformulation studies; distilled water was used for the
formation buccal films considering lack of toxicity. At first, pul-
lulan (2%) and maltodextrin (2%) were dissolved in 16 mL of
water and 4 mL of PEG 400 and poured into molds. Molds were
left at room temperature for 12 hours to remove air bubbles.
After obtaining clear solution, the prepared formulation was al-
lowed to dry at 60 °C in the oven. At each hour, drying samples
were evaluated for forming of the appropriate film and optimum
time of drying was obtained as 2 h. Acquired films of mentioned
formulation was found opaque and brittle which is not accept-
able for buccal application. With the purpose of determining
the reason of this interaction, 500 mg of pullulan or the same
amount of maltodextrin was dissolved separately in 9 ml of dis-
tilled water and 1 mL of PEG 400 was added to both solutions.
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Pullulan and PEG 400 were formed an opaque and brittle film
after evaporation. Owing to the obtained results, PEG 400 was
withdrawn from the study and it is concluded other plasticizers
for the preparation of pullulan films may be appropriate.

From this point of view, glycerol and propylene glycol were in-
vestigated as plasticizer in pullulan-maltodextrin films. Pullulan
(2%) and maltodextrin (2%) was dissolved in 9 mL of water and
1 mL of both plasticizers were added separately and kept at 60
°C for 2 hours. When glycerol was used as plasticizer, transpar-
ent but sticky film was formed which was not also acceptable.
However, the utilization of propylene glycol as plasticizer re-
sulted in films having adequate properties. As a consequence,
propylene glycol was chosen as plasticizer.

Characterization of MB Films

Totally 27 film formulations were prepared and their disinte-
gration and mechanical strengths were evaluated using com-
pendia methods (Table 1) (10, 12, 13).

Disintegration of Films

One of the most important quality control parameters for oro-
mucosal drug delivery systems is disintegration time. There is
no formal disintegration test method for buccal films. But ac-
cording to United States Pharmacopoeia, the buccal tablets
must disintegrate in 4 h. Hence, United States Pharmacopoeia
Disintegration Test for buccal tablets is used as reference (10).
The experiment was carried out in distilled water using the dis-
integration tester (Sotax, Switzerland) (2,3). It was very difficult
to observe the disintegration of active substance-free films not
allowing the clearly record of disintegration times. But, MB also
solved this problem due to its color (Figure 1).
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Figure 1. Effect of polymer type and concentration on disintegration
time (15% PG (a), 10% PG (b) ve 5% PG (c). (n=6)

As a result of the examination of prepared films, it was found
that all the prepared film formulations meet the requirements
in pharmacopeia described as “all the formulations must dis-
integrate within 4 h” (Figure 2) (10). Higher concentration of
each polymer caused retardation in the disintegration time. For
instance, when the pullulan concentration increased from 1%
to 3% in films with 3% maltodextrin and 10% propylene glycol,
the disintegration time of films were recorded as 47 * 4 sec.
which was 26 = 6 sec. (p<0.05) (Table 1). Moreover, the in-
crease in the maltodextrin concentration from 1% to 3% in films
with 3% pullulan and 10% propylene glycol the disintegration
time changed from 16 + 4 sec. to 47 + 4 sec. Increase in the
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Figure 2. Effect of polymer type and concentration on mechanical
properties of films (15% PG (a), 10% PG (b) ve 5% PG (c). (n= 3)



112

total concentration of maltodextrin and pullulan also increased
the disintegration time (p<0.05).

In the presence of the same total concentration of polymers;
higher pullulan ratios had shorter disintegration time than the
same concentration of maltodextrin (26 + 6 sec. for F1 and 16
+ 4 sec. for F8), which may have relation with its lower viscosity
(14). Disintegration time was also found to be increased with
the increase in the amount of plasticizer used (p<0.05). This
coincides with our previous study results which also showed
that as the concentration of propylene glycol increases the dis-
integration time increases (15).

As an important parameter to show the durability of the films,
mechanical strength of the films were evaluated. Increase in
the pullulan concentration resulted in the higher mechanical
strength (0.617 = 0.041 kgf for F1 and 0.749 + 0.071 kgf for
F7) (p<0.05) (Table 1). Maltodextrin and propylene glycol con-
centration is also affected the mechanical strength in the same
manner but in low pullulan concentrations the effect of malto-
dextrin was not significantly different (p>0.05) (0.130 £ 0.019
kgf for F3 and 0.130 + 0.058 kgf for F8) (Figure 2). Unfortunate-
ly, the test method for determining mechanical strength was not
suitable for all film types such as sticky and brittle films pre-
pared using PEG 400 or glycerol. Since the lack of a standard
method or threshold for sufficient mechanical strength of thin
film preparations for oral use, the aforementioned test could not
be applied to all film formulations (16).

Application Stability of Films

After application of artificial saliva on buccal films, films were
observed for the possible physical changes. However no phys-
ical imperfections were recorded which shows that buccal films
are stable in artificial saliva.

Discussion

By the determination of the appropriate polymers in prefor-
mulation studies, the effect of polymer type and concentrations
were investigated. In vitro disintegration time of all the prepared
films showed a disintegration time less than 3 minutes. The
results were comparable with the previous studies (17). It is
found that higher polymer ratios significantly increase the disin-
tegration time (p<0.05). This situation may be based upon low
polymer concentrations causing increased surface wetting and
water penetration which resulted in faster disintegration. It is
in accordance to Li et al. who also found that the disintegration
time is significantly decreased by decreasing the molecular
weight of the film forming polymer (18).

Among different pullulan-maltodextrin ratios used, the high-
er total polymer ratios increased the disintegration time. The
reason that maltodextrin and pullulan are oligosaccharides
it increases the erosion of the polymer causing rapid dis-
integration. The higher fraction of these polymers which has
viscosity facilitates lower penetration of water into the film
structure leading to increased disintegration time (17).

Mechanical strength results showed that all the films
have moderate strength values and increasing polymer con-
centration is a factor for the increase in strength of films. It
was observed that combination of polymers lead to the
increase in the strength and formation of more elastic. This
may be attributed to increased moisture content of pullu-
lan and maltodextrin films which could exert increased plasti-
cizing effects on polymeric glass structure in compliance with
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the results obtained by Sallam et al. who prepared salbutamol
sulphate films and observed that the increase in pullulan and
maltodextrin ratios brought about an increase in the mechani-
cal strength (17). Also, Khanzadi et al. found that the mixture of
some sort of polymers and pullulan possess improved mechan-
ical strength compared to the pure pullulan film (19).

Conclusion

According to the results, the use pullulan and maltodextrin
at a rate of 1-3% to formulate MB films is appropriate. From
the experimental data of our study, it can be concluded that
optimized formulations of MB loaded buccal films can be an
adjunct to the therapy to complete eradication of the diseases
in future.
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