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Introduction

Several dosage forms are available or studied for the 
delivery of drugs at the level of buccal mucosa. Mouth 
cavity is an easily accessible site for local delivery of 
active compounds. Mouth tissues can be chosen for the 
application of conventional or modified drug release 
formulations (1,2). Solutions, tablets, gels, inserts, and 
devices fixed on the teeth are some examples. When 
a sustained drug release is required, polymer-based 
matrices or capsule-type delivery systems have been 
proposed.

Generally speaking, inflammatory diseases of the oral 
mucosa are called stomato-mucosites, including cheeks, 
lips, palate, and gingival inflammations. Mouth mucosa 
moreover hosts many residential or transitorily micro-
organisms (bacteria, mycetes, viruses) that can cause or 
be involved actively in some mouth diseases.

Aphthae are among the more frequent ulcerations of 
the oral mucosa, specifically of tongue, lips, and palate. 
They are small lesions of the mucosa formed by little 
ulcers or abrasion areas surrounded by inflamed mar-
gins. The aphthous ulcer can be an isolated phenom-
enon, which spontaneously regresses in 10–14 days 
(minor aphthae), or appears cyclically (recurrent aph-
thosis). The etiology of these lesions is largely unknown, 

being associated to irritating foods, alcoholic drinks, 
smoke, anxious and stress conditions, minor traumas, 
and lowering of immunitary defences. Therapy is essen-
tially directed to relieve the symptoms and favor ulcer 
healing. To this aim, antibacterial agents, corticoster-
oids, and non-steroidal anti-inflammatory drugs are 
used; supplements of vitamins B and ansiolytic drugs 
can be also useful. The application of local anesthetics 
helps in reducing the associated pain.

To prolong the activity of these drugs, bioadhe-
sive tablets, gels, and ointments have been devel-
oped (3–6). A bioadhesive patch (Dentipatch®, Noven 
Pharmaceuticals, USA) is commercially available (2). 
Bioadhesion of locally or systemically-planned delivery 
systems can ensure a number of advantages, including 
a localized drug release and improved bioavailability, 
a longer duration of drug action with a concomitant 
reduction of the number of applications, and reduced or 
localized side-effects (2,7).

Most mucoadhesive formulations use high molecular 
weight natural or synthetic polymers; in particular, cati-
onic polymers show a greater ability to compenetrate 
through and form hydrogen bonds with the negatively 
charged mucous layer and, among them, chitosan and 
chitosan salts have been described and even used in 
therapy (8–11).
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Abstract
Hydrogels for the buccal application of the anesthetic drug lidocaine hydrochloride (LDC) were prepared 
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Chitosan (CH) belongs to the class of cationic bio-
adhesive polymers (12). Biodegradability and absence 
of toxicity increase the use of CH and derivatives in the 
pharmaceutical technology (13–16). Moreover, it can 
form hydrogels and films, is hydrophilic, and can be 
sterilized at high temperatures.

In the therapy of mouth mucosal diseases, a longer 
permanence of the drug in the target area is impor-
tant to antagonize the washing-out effect of saliva. CH 
hydrogels have been shown to prolong both the reten-
tion times on the oral mucosa and the drug release 
(17–19). The sustaining effect of CH on drug release time 
has been ascribed to its capacity of forming a gel at a low 
pH value, causing a time-dependent hydration and the 
diffusion of a dispersed drug (20).

This paper describes the preparation and charac-
terization of hydrogels made of chitosan glutamate 
(CHG). CHG is among the most investigated solu-
ble salts of CH for drug delivery systems production, 
mainly microparticles (21–25). It is characterized by 
high muco-adhesive and swelling properties, and a 
low pH-sensitivity (25,27). Recently, Maltese et al. 
(28) described an ophthalmic formulation based on 
CHG as a viscosurgical device during cataract surgery. 
However, no study at present has investigated the use 
of CHG for the production of buccal formulations.

Lidocaine hydrochloride (LDC) was loaded in the 
hydrogels; this drug is a local anesthetic, topically used 
to relieve the pain or itch associated with systemic or 
skin pathologies. In particular, LDC-loaded hydrogels 
can be proposed for the treatment of aphthae or other 
painful mouth diseases.

To this aim, we tested the effects of the CHG hydrogel 
composition by means of in vitro drug release studies. In 
particular, addition of different percentages of glycerin 
in the formulation was evaluated as a way to modulate 
the viscosity and technological properties of hydrogels. 
The anesthetic activity was assessed in vivo after appli-
cation on the buccal mucosa, compared to semi-solid 
commercial formulations containing the same concen-
tration of LDC.

Material and methods

Materials

CHG (Protasan UP G 213) was purchased from FMC 
Biopolymer (Drammen, Norway). According to the 
supplier certificate of analysis, viscosity was 131 mPa·s 
(measured at room temperature); pH was 4.8; deacetyla-
tion degree was 85%. The content of glutamic acid was 
about 43%, that one of proteins was about 0.2%. LDC 
was purchased from Galeno s.r.l. (Comeana, Italy); Ph. 
Eur. grade glycerin was purchased from Carlo Erba 

(Milan, Italy). The commercial reference drug products 
were a lipophilic ointment containing 5.65% lidocaine 
HCl, corresponding to 5% free base (Ortodermina®; 
Sofar S.p.a., Milan, Italy) and a polyethylene glycol-
based hydrogel containing 5% lidocaine (Xylocaina®; 
Astra Zeneca S.p.a., Basiglio, Italy).

Hydrogel preparation

After a preliminary screening, eight hydrogels were pre-
pared (Table 1) by varying the amount of polymer and 
glycerin and keeping constant the amount of drug (5% 
in weight), in order to allow an easier comparison with 
the reference commercial products. Deionized water 
was used as medium.

The ingredients were weighed into small amber glass 
bottles, to reach the wished weight percent with respect 
to the volume of water ( 30 ml). Samples were mechani-
cally stirred for 6 h at room temperature and the closed 
bottles were then stored in a refrigerator for 15 h, to allow 
the complete hydration of the system.

Each hydrogel was then split in two aliquots, one of 
which was kept at room temperature for viscosity meas-
urements and the other one was stored at 4 ± 1°C and 
used for drug release tests. Both assays were performed 
immediately after the preparation of the hydrogels and 
then after 3, 7, and 12 months of respective storage.

Viscosity measurement

Viscosity was measured at room temperature by a Mettler 
RM 260 Rheomat viscosimeter and was expressed as 
mPa.s. Viscosity of the hydrogel samples stored at room 
temperature was measured at different times after prep-
aration (see above), while in the samples stored in the 
refrigerator the viscosity was only checked after 1 year. 
Results are resumed in Table 2.

In vitro drug release studies

A dialysis system was used to monitor the diffusion of LDC 
from the prepared hydrogels as well as from the commer-
cial drug products. A HD-PE cylinder (diameter 2. 5 cm, 
height  1 cm, capacity  4 ml) closed at one end and previously 

Table1.  Composition of CHG-LDC hydrogels.

Batch % CHG % LDC % Glycerine Water (ml)

A1 2.5 5 10 30

A2 2.5 5 5 30

B1 5 5 10 30

B2 5 5 5 30

B3 5 5 0 30

B4 5 5 25 30

C2 4 5 5 30

D1 1 5 10 30
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weighed was filled with each hydrogel and weighed again 
to know the exact amount of hydrogel (~ 4 g). The free end 
of the cylinder was wrapped with a Spectra-Por cellulose 
dialysis membrane (cut-off 3500 Da). The cylinder was 
then immersed in a glass beaker containing  30 ml of 0.2 M 
phosphate buffer solution, pH 6.6 (Italian Pharmacopoeia 
IX Ed.) under slow magnetic stirring (150 rpm) at 37 ± 1°C. 
At predetermined time intervals, 1-ml aliquots of the 
solution were withdrawn and immediately replaced with 
the same volume of fresh buffer solution. Each aqueous 
sample was analyzed by a Shimadzu UV-1601 spectropho-
tometer at 262 nm. Each release test was performed 3–4 
times. Based on LDC aqueous solubility, the whole test 
was operated under steady-state conditions.

Hydrogel stability

All hydrogels were periodically submitted to a visual 
inspection to check their macroscopic stability during 
the different storage conditions.

Biocompatibility assessment of CHG hydrolgels

The potential damaging effects on mouth mucosal cells 
was tested by a microscopic examination of the cells 
after contact with the produced hydrogels (27). Gels 
were incubated for 1 h at 37°C with buccal cells, obtained 
by scraping the mouth mucosa of both male and female 
healthy donors (n = 4; aged 28–35 years). Samples from 
the mucosa of the different volunteers were mixed 
before the test to avoid high individual variations. At the 
end, morphology of cells adhered to the hydrogels was 
evaluated by light microscopy.

In vivo anesthetic activity determination

The pharmacological activity of the hydrogels was 
assessed in healthy volunteers (n = 7 of both gender; 
aged 26–42 years) who signed a written consent to the 
test. The protocol received the approval by the ethical 
committee of the University of Catania.

Fifty milligrams of hydrogels or the commercial 
hydrogel (Xylocaina® gel) were applied by means of a 
little plastic spatula in the lower mouth vestibule. Each 
subject was then requested to fill in a form to register 
some parameters, like the diffusion of bitter taste from 
the site of application to other areas of the tongue or 
mouth; the rate of comparison of the local anesthetic 
activity and its duration; etc. Each volunteer assayed 4 
or 5 among the prepared hydrogels and the reference 
commercial product; at least 6 h were left between two 
consecutive tests.

Statistical analysis of the above in vivo data was carried 
out using the Analysis of Variance test between the com-
mercial formulation and each hydrogel. Student’s t-test 
was instead used to compare the various hydrogels.

Results and discussion

Hydrogel stability

The hydrogel samples stored at 4 ± 1°C did not undergo 
any macroscopic change after 1 year. Gels remained in 
fact transparent and uncolored, as soon after their prepa-
ration. Most samples stored at room temperature, on the 
contrary, were prone to alter, becoming turbid or forming 
solid particles in suspension. This phenomenon can of 
course in part be ascribed to the formation of yeasts and 
moulds, since no preserving agent was included in these 
formulations. However, the tendency to degradation for 
these samples was noted 3 months after the preparation.

In vitro drug release

The release profile of LDC from the prepared hydrogels 
was studied in vitro by a dialysis method, at 37°C and for 
24 h, a time well above the potential time of contact of 
the hydrogels with the application site in vivo.

Among the formulation variables tested, increasing 
the polymer concentration from 1 to 5% linearly reduced 
the drug diffusion in the external medium. This was 
measured for both the glycerin percentages used, i.e. 5 
and 10% (Figures 1 and 2).

Conversely, a higher glycerin percent increased the 
drug release, particularly at a polymer concentration of 
5 or 10% (w/w) (Figure 3). A further increase of glycerin 
percent (at least up to 25% by weight) did not improve 
LDC release, whereas in the absence of glycerin the 
same release profile observed for the 5% CHG formula-
tion was seen (cf. batches B2 vs B3) (Figure 3).

With respect to the two reference commercial prod-
ucts, the CHG-based hydrogels showed a drug release 
rate respectively lower than the gel (Xylocaina® gel 
Astra), but considerably more rapid than the ointment 
(Ortodermina®) (Figure 4).

Table 2.  Viscosity (mPas.s) of LDC-loaded CHG hydrogels stored 
at room temperature (23 ± 2°C) or in a refrigerator (4 ± 1°C) up to 
12 months.

Batch

Room temperature 4 ± 1°C

t = 0 t = 3 m t = 7 m t = 12 m t = 12 m

B1 173,000 126,000 125,000 114,000 198,000

B2 123,000 144,000 132,700 133,000 192,000

B3 88,000 94,600 — 125,000 127,000

B4 100,100 97,800 113,000 121,500 114,000

A1 75,000 96,700 — 135,000 124,000

A2 74,000 66,000 — 58,000 85,000

C2 70,000 66,000 — 55,000 78,000

D1 73,000 52,000    59,700 93,500 123,200
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In particular, Xylocaina® gel gave an almost com-
plete drug release after 24 h, whereas the CHG hydro-
gels (two of which, namely B1 and B2, are reported in 
Figure 4 as an example) displayed slower and only par-
tial release profiles of the carried LDC. The behavior of 
the lipophilic ointment (Ortodermina®) was of course 
expected, because of its low affinity for the receiving 
aqueous medium.

The different release profiles observed for the CHG 
hydrogels, compared to the reference commercial gel, 
instead give interesting technological perspectives, sug-
gesting the possibility of modulating the drug release 
rate by changing, for instance, simply the percentage of 
glycerin in the formulation.

The drug release curves did not seem to be directly 
correlated with the viscosity measured for the differ-
ent hydrogels. For instance, Figure 4 shows a similar 
drug dissolution curve for two systems (B1 and B4) that 

have different viscosity values (respectively 173,000 and 
100,100 mPa.s) (Table 2).

Also the amount of glycerin in the composition of the 
hydrogels did not give a linear trend in terms of viscosity. 
In fact, if in the hydrogels containing 5% CHG (B1–B3), 
the addition of glycerin caused a progressive increase 
of viscosity, for the corresponding hydrogels produced 
with 2.5% CHG (A1 and A2) changes in the percent of 
glycerin (5 or 10% in weight, respectively) did not affect 
the viscosity (cf. Table 2). As a general trend, storage at 
room temperature led to a reduction of hydrogel viscos-
ity; this could be due to a rearrangement of inter-poly-
meric chains in the systems, but also to the hydrolytic 
instability of the polymer with a progressive reduction 
of the molecular weight. Conversely, after storage at 
4°C the viscosity showed slightly higher values than at 
the beginning, suggesting both a greater stability of the 
polymeric network and the formation of stronger inter-
actions between the CHG chains.

0 2 4 6 8 10 20 24

0

10

20

30

40

50

60

70

80

90

100 D1 (1% CHG)
A1 (2.5% CHG)
B1 (5% CHG)

%
 re

le
as

ed
 L

D
C

time (h)

Figure 2.  LDC release profile from hydrogels prepared with different 
amounts of CHG (glycerin: 10% by weight) (n = 3).
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Figure 3.  LDC release profile from hydrogels prepared with a fixed 
percentage of CHG (5% by weight) and different glycerin amounts 
(n = 3 or 4).
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Figure 4.  Comparison among LDC in vitro release profiles from two 
CHG hydrogels and the two reference commercial products (n = 3 or 4).
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Figure 1.  LDC release profile from hydrogels prepared with different 
amounts of CHG (glycerin: 5% by weight) (n = 4).
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Drug release profiles from the hydrogels showed small 
changes, although statistically significant (p < 0.05), after 
several months of storage at 4°C. Figure 5 reports as an 
example the data relative to the hydrogels prepared with 
5% CHG, but a similar behavior was observed also for 
the remaining formulations. Only the batch D1, con-
taining 1% CHG and 10% glycerin, displayed different 
drug release values after storage, probably as a conse-
quence of a reduced physical homogeneity among the 
ingredients.

Buccal biocompatibility of CHG hydrogels

Light microscopy examination of buccal cells, after con-
tact with plain or LDC-loaded hydrogels, indicated no 
morphological change (not shown), suggesting a good 
local tolerability of these systems at least upon reduced 
contact times. Analogous results have been reported by 
Genta et al. (27) for CHG films.

In vivo pharmacological activity

The local anesthetic activity of some prepared hydro-
gels was assessed in vivo on healthy volunteers, by 
applying  50 mg of each hydrogel in the mouth vestibule 
and registering the duration of the anesthetic activ-
ity and the feeling reported by each subject (diffusion 
and intensity of the bitter taste, tactile sensitivity, etc.). 
Results, reported in Table 3, were compared with those 
obtained applying the commercial gel formulation 
(Xylocaina® gel).

All the tested hydrogels produced a mean local 
anesthetic activity lasting 20–30 min. The ANOVA test 
suggested that variance was not statistically different 
(F > 0.1) from the results obtained with the commercial 

product Xylocaina® (≈ 19 min). These findings are not 
surprising considering the high random factor given by 
testing human data. The registered values were homo-
geneous, as shown by the low standard deviations 
(Table 3); this is an interesting finding for an in vivo 
assay performed on a limited number of subjects, thus 
allowing a good evaluation of the results.

It is noteworthy that, except for formulations B1 vs B3 
(p < 0.5), the hydrogels gave significantly statistically dif-
ferent (p < 0.05 or < 0.01) in vivo activities between each 
other. The highly significant differences in the activity 
measured among the hydrogels indicate that the used 
production variables, namely the percentages of CHG 
and of glycerin, had a strong effect on the technological 
properties of these formulations.

The feelings reported by the subjects on the duration 
and diffusion of the anesthetic effect of the drug seemed 
to correlate with the viscosity of the hydrogels for formu-
lations containing the same CHG percentage. Hydrogels 
B4 and D1, that contain the highest amount of glycerin 
(25% by weight) and the lowest concentration of poly-
mer (1% by weight), respectively, along with a reduced 
viscosity (Table 2), displayed a shorter duration of the 
local anesthetic activity (Table 3). This peculiar compo-
sition could have caused a quicker flushing action by the 
salivary flow of the gel, and thus of the drug, from the 
application site.

Finally, it is noteworthy that the pharmacological data 
obtained in vivo are only in part related to the in vitro 
drug release curves. For instance, hydrogels B1 and B3 
gave a similar duration of anesthetic activity (Table 3), 
and both were characterized by a similar drug release 
profile in the first 4 h of the test (Figure 3); conversely, 
formulations B1 and B4, that showed super-imposable 
drug release curves (Figure 3), gave a very dissimilar 
duration of the anesthetic activity. Of course, the experi-
mental conditions used in the two in vitro release and in 
vivo pharmacological tests can justify such differences.

In conclusion, this study suggests the possibility of 
producing hydrogels for a controlled local release of 
LDC using chitosan glutamate, with the addition of a 
variable amount of a gelifying agent, such as glycerin. 
LDC-loaded muco-adhesive hydrogels can be of aid in 
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Figure 5.  Changes in the in vitro LDC release profiles from hydro-
gel B1 (5% CHG, 10% glycerin) at different storage times at 4 ± 1°C 
(n = 3).

Table 3.  Duration of the local anesthetic activity (minutes) in vivo. 
Numbers 1–7 refer to the evaluators. Analysis of Variance was applied 
between Xylocaina® gel and each hydrogel, while the Student’s t-test 
was used to compare the various hydrogels.

Hydrogel 1 2 3 4 5 6 7 Mean ± SD

B1 28 25 21 27 23   24.8 2.86

B3 27  24 28 27   26.5 1.73

B4 10 15    15 11 12.5 2.63

D1  18 22 16   20 18.7 2.58

A2 24 19  30 26 25  24.7 3.96

Xylocaina® 25 20 15  15   18.7 4.79
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reducing the pain symptoms that characterize aphthosis 
and other mouth diseases.
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