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Metronidazole (Mz) (an anaerobic antibacterial agent) was incorporated into different
bioadhesive matrices including gels and films using carbopol 934p (4%), chitosan (3%) and
hydroxypropyl methyl cellulose (HPMC) (3%). Penetration enhancers including menthol (1%)
or oleic acid (OA) (5%, 10%) were incorporated in such formulations. The bioadhesive forces
of the prepared matrices were determined and expressed as detachment stresses (Dyne/cm?).
Permeability of Mz across ear rabbit skin and enhancement ratios (ER) were studied. The
effects of selected Mz formulations on the healing rate of experimentally induced periodontitis
in guinea pigs were estimated and histologically compared between treated and control groups.

The obtained results showed that the gel formulations containing carbopol 934p exhibited
maximum bioadhesive force with detachment stress equals to 66.98x10? dyne/cm? followed by
those containing chitosan (42.45x10° dyne/cm?) and HPMC (26.41x10? dyne/cm?). There was a
statistically significant difference (P< 0.05) between the detachment stresses of gel formulations
containing penetration enhancers and the corresponding ones without penetration enhancer.
HPMC based films had bioadhesive force (19.33, 16 and 13.67x10? dyne/cm?) higher than those
based on chitosan (5.33 and 7.33x10? dyne/cm?).

Also, it was noticed that the chitosan gel containing 1% menthol had the highest ER (5.13)
among other gel formulations. On the other hand, chitosan based film containing 5% OA has
the highest ER (1.73) among films. The effects of the selected formulations on the healing
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periodontal wound showed that bioadhesive chitosan gel containing menthol had accelerated
the periodontal wound healing more than chitosan based film containing oleic acid.

INTRODUCTION

Periodontal  diseases are conditions
including gingivitis and periodontitis that affect
the supporting structures of the teeth'. They are
accompanied with initial extension to and
accumulation of plaque at the gingival margin
that, in turn, induces an inflammatory
response’. Moreover, direct actions of both
plaque and the induced inflammatory response
within the deeper tissues, a space (pocket)
develops between the roots of the affected teeth
and the soft tissues’. Hence, these
environments are good for  bacterial
accumulation and flourishing. If the disease is
allowed to progress, increased tooth mobility
and ultimately tooth loss may result®.

The  microbiological  treatment  of
periodontitis is through either the use of
systemic antibiotics® or a localized delivery
system incorporating an antibiotic. In the
systemic use, large doses must be taken in
order to achieve sufficient concentrations in the
gingival crevicular fluid of the periodontal
pocket®. Such administration may not produce
an adequate concentration at the action site as
well as the problems associated with the side
effects of high doses of an antibiotic.

Alternatively  to  compensate  such
problems the local administration of the drug in
a controlled release delivery system is selection
of research. Appropriate materials for
bioadhesion are mainly hydrogel-forming
polymers may be used for such hypothesis.

Mz is a front-line chemotherapeutic agent
for treating infections by anaerobic bacteria
such as Porphyromonas gingivalis because of
the low minimum inhibitory concentration
(MIC) required’. Such drug has to be
formulated in mucoadhesive polymers to be
delivered via transmucosal route. The primary
disadvantage associated with oral transmucosal
delivery route is the low flux®. So that, the
effects of various penetration enhancers on
such delivery had been studied to improve the
absorption pattern of the drug molecules.

Hence, the aim of this study is the
preparation and evaluation of the prepared
bioadhesive matrices containing metronidazole

as localized systems for periodontitis treatment
to minimize the side effects emerged of
systemic one. Meanwhile, the study of the
effects of some penetration enhancers on the
drug delivery was of prime interest. The study
also has extended to evaluate the histological
effects of the prepared formulations on
periodontitis induced in guinea pigs.

EXPERIMENTAL

Materials

Metronidazole (Mz) was kindly supplied
by Memphis pharmaceutical Co., Cairo, Egypt,
Hydroxypropyl methyl cellulose (HPMC)
(Methocel K100 M) (Dow Chem. Co., Midland
MI, USA), Carbopol 934P (USP 400 cps BDH,
Ltd, England), Menthol (Sigma chemical Co.,
St. Louis, Mo., USA), Chitosan < 80 mesh
(Bioshell, USA), All other chemicals were of
analytical grade.

Equipment

UV Spectorophotometer (Shimadzu, UV-
150-02, Sersakusho, Ltd, Kyoto, Japan), pH
meter (Beckman Instrumentals fullerton, CA
92634), Rotary viscometer (Roto Visco,
Germany), Thermostatically controlled shaking
water bath (Grant instrument Cambridge Ltd.,
Barrington Cambridge B2, 5002, England),
Magnetic stirrers (Heidolph, U.S.A.), Light
microscope (Nikon, Japan), Digital camera (3x
optical zoom, 4x digital zoom, Olympus
Camedia D-540 Zoom, Olympus, Japan).

Methodology
Preparation of Mz Bioadhesive Matrices
A- Preparation of bioadhesive gel formula-
tions
The ingredients of the prepared Mz gel
formulations are shown in Table (1). HPMC
and carbopol 934P  bioadhesive  gel
formulations were prepared by the method
stated by Rowe et al.”. On the other hand,
chitosan gel formulations were prepared using
1% lactic acid instead of distilled water method
stated by Senel et al.'’. The dispersions were
set a side overnight to form a gel. The drug was
added after mixing with a part of vehicle to the

Table 1: Composition of the prepared bioadhesive formulations.

80



Ingredients Concentration (Yow/w)
Bioadhesive gels Bioadhesive films

Formula Fy Fo | Fs | Fa | Fs | Fe | F7 | Fg | Fo | Fo | Fu Fio
Mz 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 20
Chitosan 3 3 3 - - - - - - 3 - -
Carbopol 934p - - - 4 4 4 - - - - - -
HPMC - - - - - - 3 3 3 - 3 3
OA 5 10 | - 5 |10 5 |10 | - 5 5
Menthol - - 1 - 1 - - 1 - 1 -
Ethanol - - 20 - - 20 - - 20 - - -
Glycerol - - - - - - - - - | 10 | 10 10
TEA** 2.5

Solvent* to 100

* solvent is distilled water for all formulations except for chitosan ones solvents are 1% lactic acid and 1.5%
acetic acid for bioadhesive gels and films respectively.

**TEA was added to adjust pH to 6.8.

formed gel. In case of incorporating OA to the
gel formulations, it was emulsified with Tween
80 to form emulsion gel (emulgel)**. While in
ethanol (20%) was used to solubilize menthol.
The total weight was adjusted to 100 gram with
vehicle. Control formulations (Feon1, Feon2, Feons)
were prepared of chitosan, HPMC and
carpobol respectively containing the same
components without penetration enhancers.

B- Preparation of bioadhesive films

Table (1) shows the ingredients of
bioadhesive films expressed as percent of total
weight. Bioadhesive films with or without
enhancers were prepared by a solvent casting
method*?. Glycerin was added in concentration
of 10% as plasticizer. Mz was incorporated into
the formed gel after mixing with a part of
vehicle. The total weight was adjusted to 100
gm with the vehicle.

The resultant medicated gels were left
over night to allow deaeration. Thirty grams of
each gel were casted into glass petri dishes
(70.88 cm?) so that 0.42 g/1 cm® were dried in a
levelled oven maintained at 40°C until flexible
film formed. The film was cut into smaller
discs each one equivalent to 0.1 g Mz packed
in aluminium foil and stored in glass containers
maintained at room temperature. Control
formulations (Fcons, Feons) Were prepared of
chitosan and HPMC respectively containing the
same  components  without  penetration
enhancers.

Evaluation of bioadhesive forces

The bioadhesion strengths of the prepared
formulations were determined by measuring
the force required to detach the formulations
from mucous membrane (rabbit intestine) using
device in Figure (1)*.

Bioadhesive force-measuring device, (A)
modified balance; (B) weights; (C) glass
vial; (D) The bioadhesive tablet; (E) rabbit
intestine; (F) height-adjustable pan.

The minimal weight to detach gel from
mucosal tissue was noted as the bioadhesive
force. All detachment tests were carried out in
air. The mucoadhesive force or detachment
stress (Dyne/cm?) was determined using the
equation stated by Ch'ng et al.**

Detachment stress = m.g /A

Where m is the minimal weight (gm), g is the
acceleration due to gravity taken as 9.81 m/sec?
and A is the area of the mucosal tissue (area of
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contact) and is equal to m.r’ (r is the radius of
the glass vial).

In-vitro permeation across rabbit ear skin
A- Isolation of rabbit ear skin

Rabbit skin was excised post-sacrifice
from the inner part of rabbit ear (6 months old)
obtained from a local slaughters house, the hair
was removed by hand and the skin cleaned with
saline solution (0.9% wi/v). After that, the skin
was refrigerated (2-5°C) and used within three
days"™.

B- Permeation experiments

Permeation experiments were conducted
in modified Franz-type diffusion cell with an
exposed surface of 9.62 cm? The rabbit ear
skin was mounted on the mouth of donor half-
cell and the later was positioned in the middle
of 250 ml beaker serving as receptor
compartment. The permeability experiments
were conducted with 100 ml of phosphate
buffer pH 6.8 in the receiver chamber and 0.5
gram of gel in the donor chamber at 37°C +0.2.

C- Permeation parameters

The total permeability coefficient (P) is
calculated at steady state under sink conditions.
Experiment was run long enough so that the
steady state portions are 3 to 5 times larger
than lag times. The method reported by Yoneto
et al.'® was used to analyze permeation data
and determine  permeability  coefficients
through rabbit ear skin which used as
permeation  barrier.  The  permeability
coefficients (P) were calculated according to
the following equation and were expressed by
(gm/cm?.hr):

P = (dQ/dt) /A.C
Where:
A:  The diffusion area (7.07 cm?)
dQ/dt: The slope of the linear region for the
plot of Mz amount in the receiver
chamber versus time.

C: The donor concentration

The permeation enhancing activities were
expressed as enhancement ratios (ER) of
permeability’’:

Dug permeability with penetration enhancer

- Drug permeability without penetration enhancer
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Surface pH and swelling study of muco-
adhesive films

The surface pH of the prepared films were
determined using the method described by
Nafee et al.’® in which films were left to swell
for 2 hrs on the surface of an agar plate
prepared by dissolving 2% agar in warmed
isotonic phosphate buffer of pH 6.8 under
stirring and then pouring the solution into a
Petri dish till gelling at room temperature. The
surface pH was measured by means of a pH
meter which placed onto the surface of the
swollen films and allowing it to equilibrate for
1 min prior to recording the readings. A mean
of three readings was recorded.

Swelling study was conducted by the
method described by Nafee et al.'’®. After
determination of the original film diameter
(Xo), the samples were allowed to swell on the
surface of agar plate kept in an incubator
maintained at 37°C. The diameter of the
swollen film (X;) after time (t) was determined
at preset time intervals 1, 2, 3, 4 and 5 hr. The
percent swelling, (%S) was calculated using
the following equation:

% S =X; — Xof X, % 100
Where:
Xi: The diameter of the swollen film after time
(t)

Xo: The original film diameter at zero time.

Evaluation of the effects of Mz formulations
on the healing of experimentally induced
periodontitis in guinea pigs

Forty eight animals were classified into
three groups (one control and two treated) each
one containing sixteen animals. Each group
was subdivided into three subgroups, four
animals each, representing the healing at three
time points (3 days, 15 days and one month).

A- Induction of periodontitis

Periodontal disease (periodontitis) was
induced in all animals (36 guinea pigs) by
ligation method®™. This was accomplished by
placing a 3-0 sterilized silk suture around the
mandibular incisors. The ligature was knotted
on the buccal side of the tooth, resulting in a
subgingival  position lingually and in
supragingival position buccally. Ligatures were
left in place for two weeks. At the end of this
period the clinical manifestations of



periodontitis was observed including tooth
mobilization, flushing and redness of gingiva,
bleeding upon probing and formation of
periodontal pocket. After that the ligatures
were removed and application was started for
treated groups not for control group.

B- Application

After removal of ligatures, the daily
treatment was started. Each animal of treated
groups was firstly anesthetized by inhalation of
few drops of diethyl ether and after that 0.25 g
of mucoadhesive formulations, which were
equivalent to 58.13 mg/kg Mz per day (the
calculated dose of metronidazol in guinea
pigs), was applied. The gel was applied
according to the method reported by Reis de
Vasconcellos et al.® in which the gel was
injected using a syringe into periodontal
pocket. On the other hand, the bioadhesive film
equivalent to the calculated dose of
metronidazol in guinea pigs was fixed on the
gingiva by applying pressure using finger for 5
min. The application was repeated once daily
for each animal of treated groups until time of
sacrification by decapitation under ether-
induced anaesthesia.

C- Histological examination

After animals sacrifice, the anterior part of
the mandible of each animal were taken and
prepared for haematoxylin and eosin (H&E)
stain using a technique reported by Druy &
Wallington® and known as the paraffin
technique.

The slides regarding all animals' tissues
were inspected under light microscope. After
that, photomicrographic pictures of the slides
which clearly showing our findings were
captured using the digital camera mounted on
the eyepiece of the microscope.

To compare the efficacy of formulations
and to optimize the method for evaluation, a
subjective score was utilized to assess the
degree of healing. Five grades of healing were
recorded for each of the following: gingival
tissues, fibers of periodontal ligament and
alveolar bone by observing reduction of
granulation  tissue, detachment of the
periodontal ligament and resorption of bone.
The five grades were minimal (0), mild (+),
moderate (++), improved but incomplete (+++)
and nearly complete healing (++++).

RESULTS AND DISCUSSION

Determination of bioadhesive forces
1. Bioadhesive gel formulations

The  detachment stresses of  gel
formulations were 42.45, 66.98 and 26.41x10?
dyne/cm?® for Feng, Feonz @nd Feons respectively
(Table 2). It was observed that the
incorporation of OA (5% & 10%) resulted in
reducing detachment stresses of Fe.n; t0 26.41
and 30.09x10° dyne/cm’ for F, and F,
respectively. The same findings were obtained
upon using carbopol 934p and HPMC as
matrices for formulations.

Table 2: Detachment stresses of Mz bioadhe-
sive formulations.

Formulation *Detachment stress x10?
Code (dyne/cm?)
%] Feont 42.45+ 0.74
S
g8 R 26.41+0.32
b= ]
G El R 30.09+0.66
Fs 35.85+0.89
g’ %] Feon2 66.98+0.54
S
25| _F 41514153
8- >
SE| F 30.19+1.63
58
Fe 52.83+1.63
[ %) Feons 26.41+1.63
O .S
S s F; 21.70+0.89
a >
TE| F 16.98+0.00
Fo 18.87+1.63
é’ Feons 5.33+0.028
'LG_E Fio 7.33£0.016
>
g Feons 19.33+0.51
S
3 Fu 16.00 +0.09
m
Fi, 13.67+ 0.51

*Mean of three determinations +SD.
After incorporation of OA (5% and 10%)

the detachment stresses became 41.51 and
30.19x10? dyne/cm? for F, and Fsand 21.7 and

83



16.98x10° dyne/cm? for F; and Fg respectively.
In addition, it was found that the incorporation
of menthol (1%) to the gel formulations
reduced their detachment stresses to 35.85,
52.83 and 18.87x10? dyne/cm? for Fs, Fg and Fq
respectively.

Statistical analysis using student t-test
revealed that there is a statistically significant
difference (P< 0.05) between the detachment
stresses of gel formulations containing
penetration enhancers and the corresponding
ones without penetration enhancer. The
observed decrease in detachment stresses of gel
formulations which associate the incorporation
of menthol or OA may be attributed to
reduction in the hydration of bioadhesive
polymer. The adhesion of materials with
mucosae is the result of the following steps:
polymer hydration, wetting of mucosa,
diffusion into mucus and chemical bonding
with the glycoproteins®. It was reported that
polymer hydration is very important to enhance
the interpenetration process between polymer
and mucin®,

The results of polymeric bioadhesion
revealed that the formulations containing
carbopol 934p (anionic polymer) exhibited
maximum bioadhesive force followed by those
containing chitosan (cationic) and HPMC
(nonionic) (Table 2). These finding was in
agreement with those reported by Peppas and
Buri®* who found that strong anionic charge on
the polymer is one of the required
characteristics for mucoadhesion  where
nonionic polymers appear to undergo a smaller
degree of adhesion compared to anionic
polymers.

In addition, polyacrylic acids have
excellent mucoadhesive properties, probably
due to hydrogen bond formation with the
functional groups of mucus®. Moreover, it was
reported that some cationic high molecular
weight polymers, such as chitosan, have shown
to possess good adhesive properties®. An in-
vitro method for buccal adhesion study
reported that carbopol formulations have the
highest values of bioadhesion, followed by
hydroxypropylmethyl cellulose (HPMC) and
on the other hand, chitosan appeared to have
low bioadhesive values®’.

2. Mz bioadhesive films

Table (2) shows the detachment stresses

of the prepared Mz bioadhesive formulations. It
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was found that the detachment stresses of
chitosan films were 5.33 and 7.33x10°
dyne/cm2 for Fems and Fig respectively. For
HPMC films the detachment stresses of Fcons,
F,, and Fp, were 19.33, 16 and 13.67x10?
dyne/cm? respectively. It was concluded that
HPMC based films have bioadhesive force
higher than those based on chitosan. But for
both the bioadhesive forces of the prepared
films were relatively smaller than those of
bioadhesive gels. It may be attributed to that all
films contain water content less than that of
bioadhesive gels.

The hydration is required for a
mucoadhesive polymer to expand and to induce
mobility in the polymer chains in order to
enhance the interpenetration process between
polymer and mucin®. Therefore polymer
swelling in turn would be relatively small and
interaction between the polymer and the
mucous network reduced resulting in decrease
in bioadhesive force. The threshold of the
bioadhesive force for keeping the attachment
onto the human oral mucosa for 4 hrs is 4.50
dyne/cm?® %8, So that, it was concluded that all
the formulations could be attached for at least 4
hrs.

Permeation studies
1. Mz bioadhesive gel formulations

Release profiles of Mz from chitosan,
carbopol 934p and HPMC gel formulations
containing menthol or OA are illustrated in
Figures (2-4) respectively. For chitosan gel
formulations, it was found that the percent Mz
released from F,,; was raised from 2.6 to 5.64,
7.6 and 11.067% for formulations F;, F, and F;
respectively. The release profile of Mz from
carbopol 934p gels showed that Mz released
from Fon3 Was raised from 5 to 9.63, 12.917
and 6.537% for formulations Fgs, F, and Fs
respectively. Also it was observed that the
percent Mz released from HPMC gel Feon
raised from 9.11 to 10.3, 18.507 and 10.61%
for formulations Fg, F; and Fg respectively. On
the other hand, Lag time wasn't exhibited by
any one of the prepared formulations.
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Fig. 2: Release profiles of Mz from chitosan gel
formulations containing menthol or OA.
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Fig. 3: Release profiles of Mz from carbopol 934p
gel formulations containing menthol or
OA.
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Fig. 4: Release profiles of Mz from HPMC gel
formulations containing menthol or OA.

Table (3) shows the permeability
coefficients and enhancement ratios of the
prepared Mz formulations. It was observed that
the permeability coefficients of chitosan gel
formulations were 0.72, 1.2, 0.96 and 3.69
(x10° glcmhr) for Fem, Fi, F, and F
respectively. The permeability coefficients of
HPMC gel formulations were 1.26, 2.7, 1.44
and 1.45 (x10°® g/cm®hr) for Fems, F7, Fg and
Fo respectively. So that, it was revealed that the
permeability of the drug after incorporation of
menthol (1%) or OA (5, 10%) was enhanced
significantly (P< 0.05) for all polymers used.

Table 3: Permeability coefficients and enhan-
cement ratios of the prepared Mz
formulations.

Formula Enhancer *P X 210 3 (ER)
Code (% wiw) (g/cm®.hr)
_ 5| Feom - 0.72 +0.02 -
gE|_F OA(5) 1.20+0.03 | 1.67
g 2l F OA(10) | 0.96+0.05 | 1.33
< | F; | Menthol(1) | 3.69+0.04 | 5.13
= Feon2 - 0.66 + 0.01 -
Sol F OA(5) 1.92+0.02 | 2.9
o]
5 S| Fs OA(10) | 0.84+0.02 | 1.27
Fs | Menthol(1) | 1.32+0.03 | 2
g Feons - 1.26 £ 0.03 -
% El R OA(5) 2.70+0.02 | 2.14
LT E| R OA(10) | 1.44+0.06 | 1.14
o
< | Fy | Menthol(1) | 1.45+0.01 | 1.15
° Foond - 0.36 + 0.01 -
% w | Fio OA(5) 0.54+001 | 1.73
£ £ | Foas - 156+002 | -
L
S Fii | Menthol(1) | 1.08 +0.04 | 0.821
Fi OA(5) | 0.72+0.01 | 0.457

*Mean of three determinations +SD.

Also it was found for each polymer
formulations that the permeability coefficients
of the formulations containing 10% OA (F,, Fs
and Fg) were less than that of the corresponding
formulations containing 5% OA (Fi, F4 and F;).
So that it was revealed that increase OA
concentration  wasn't accompanied  with
increase in permeability.

This finding is in agreement with this
reported by Mortazavi and Aboofazeli® who
attributed this observation to that the presence
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of a large amount of this fatty acid could slow
down the partitioning of the drug out of the gel
base and skin, and hence result in the decrease
in permeability rate of the drug. Furthermore, it
was reported that OA is effective at relatively
low concentrations typically less than 10%%.
The observable enhancing effect of menthol is
in agreement with those reported by Liu et al.,
Kamal et al and Krishnaiah et al.***®,

The ER of different gel formulation was
listed in Table (3). The ERs of chitosan gel
formulations were found to be 1.67, 1.33 and
5.13 for F;, F, and F3 respectively. For
Carbopol 934p formulations F,;, Fs and Fg, the
ERs were 2.9, 1.27 and 2 respectively. The ERs
were found to 2.14, 1.14 and 1.15 for HPMC
formulations F;, Fg and Fq respectively.

It was revealed that the chitosan
formulation F; has the highest ER among other
formulations. It was reported that chitosan act
as buccal penetration enhancer®, So that, the
enhancing effect of menthol on the release of
Mz may be potentiated by that of chitosan.

2. Mz bioadhesive films

The percent drug released of Mz from the
prepared bioadhesive films were represented in
Figure (5). It was found that the percent drug
released were 5.65, 9.9, 20.34, 16.37 and 9.3%
for Feona, F1o, Feons, F11 and Fi, respectively. It
was revealed that the percent drug released
from bioadhesive films was affected by the
incorporation  of  penetration  enhancer.
Incorporation of 5% OA with chitosan (Fy)
result in increase in the percent Mz released
when compared with that of chitosan only
(Fcons). The status was completely different for
HPMC films. Oleic acid (5%) (F2) or menthol
(1%) (Fy1) incorporation led to decrease in the
percent released of Mz less than that of HPMC
only (Feons).

Table (3) shows the permeability
coefficients and ER of the prepared films. It
was observed that the permeability coefficients
of chitosan based films were 0.36 and 0.54
(x10 g/cm?.hr) for formulations Feon and Fyo
respectively. For HPMC based films Feqs, Fi1
and F, the permeability coefficients were 1.56,
1.08 and 0.72 (x10°° g/cm®.hr) respectively.

The ERs were 1.73, 0.821 and 0.454 for
formulations Fiy, Fi1 and Fp, respectively. It
was revealed that the incorporation of OA (5%)
and menthol (1%) reduce amount permeated of
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Mz for HPMC and on the other hand
incorporation of OA (5%) increase amount of
Mz permeated from chitosan based film. It is
obvious that chitosan based film containing 5%
OA (Fyo) has the highest ER.

35
——Fn s

—&—Fy
—4—Fp
——Fon s
——Fy

30+

254

% Drug Released

Time (hr)

Fig. 5: Release profiles of Mz from chitosan (Fyo)
and HPMC (F; and Fy,) based films.

Statistical analysis revealed that there are
a statistically insignificant difference (P> 0.05)
between permeabilities of F.n, and Fy and
statistically significant difference (P< 0.05)
between permeabilities of Feons and (Fyg, F1o).

These finding were in contrast to those
reported in various studies. It was reported that
oleic acid has been shown to enhance the
permeation of a number of drugs such as
insulin®, amino acids® and propranolol®
through oral mucosa. Also it was reported that
menthol enhances permeation of morphine
hydrochloride®, imipramine hydrochloride®®
and hydrocortisone™. It is well known that the
enhancing effect of chemical enhancers could
be dependent on the physicochemical
properties of drugs and the combination with
vehicle or ingredients in preparations®.
Decrease in percent Mz permeated due to
decrease in partition of enhancers into the ear
rabbit skin was suggested to be a possible
reason. The partition of penetration enhancers
could also be dependent on the ratio of film
formers, which can affect the affinity of
enhancers to the film preparations™.



The amount of Mz permeated still small
due to the fact that, the diffusion through the
rabbit skin is considered as multilayer diffusion
process™. Also presence of the complex and
thick keratinised layer of rabbit ear skin, which
early selected to mimic the nature of human
gingiva, should be taken into account®.

Surface pH and swelling behaviour of muco-
adhesive films

Surface pH evaluation of oral mucosal
dosage forms is an important characterization
study, as in-vivo studies by Bottenberg et al.*
demonstrated that an acidic or alkaline pH may
cause irritation to the oral mucosa. It was
therefore necessary to determine if any extreme
surface pH changes occurred during the drug
release period under investigation. The
bioadhesive films with surface pH within the
neutral conditions of the saliva, pH 5.8-7.1
throughout the test period are suitable for
application™.

Table (4) shows the surface pH of the
prepared bioadhesive films. The surface pH
values of the films were 5.33, 4.6, 6.37, 6.62
and 5 for Feom Fio, Feons, Fuz and Fy,
respectively. It was observed that the pH values
of chitosan based films were lower than that of
HPMC based film. This is in agreement with
Amasya et al.* which attribute this reduction
in pH to the incorporation of acid (acetic acid
(1.5%)) as wvehicle in chitosan films.
Furthermore the incorporation of oleic acid
(5%) may result in further reduction of pH
which may due to the acidic nature of oleic
acid. So that, Fen, F1o and Fi, may cause
irritation to oral mucosa.

Table 4: Surface pH of the prepared Mz
bioadhesive films.

Formula code *Surface pH
Fcon4 5.33 £0.169
Fio 4.6 £0.101
Feons 6.37 £0.147
Fi1 6.62 +0.288
Fi, 5.00+0.179

*Mean of three determinations =SD.

It was reported that the swelling properties
of the formulations depend largely on the
nature and amount of polymer present®.

Chitosan films undergo swelling over three
hours to reach 15.83 and 11.46 followed by
rapid erosion of the films to reach 14.5 and
8.33% for F;and F; respectively. These results
were in agreement with those of Nunthanid et
al.*” which reported that the swelling behavior
of the polymeric blending with chitosan have a
swelling index of 11.63%. Also, Wenling et
al.”® reported that the chitosan films swelled
greatly at the initial period and then decreased
in volume with increased time.

The initial high percentage hydration was
obtained for chitosan was attributed to its
hydrophilic nature as a result of the presence of
a free amino group in its structure. On the other
hand the HPMC films show significant
swelling without evident erosion over the
whole period of experiment to reach 20.8, 25
and 15.6% after 4 hr for Feos, Fii and Fyp
respectively. This finding was in agreement
with this mentioned by Cilurzo et al.*.

The effects of metronidazole formulations
on the healing of experimentally induced
periodontitis in guinea pigs

The time points were selected to capture
critical periods during the three phases of the
periodontal wound healing. It was reported that
day three time points correspond to the peak of
the inflammatory phase, the day fifteen time
point corresponds to the peak in granulation
tissue formation and the day thirty time point
(one  month) corresponds to the matrix
formation phase™.

Figure (6) shows photomicrographic
pictures of periodontal tissues of control group,
Fio treated group and F; treated group after
three days respectively. In the control group
formation of granulation tissue with marked
blood wvessel widening was observed.
Osteoclastic activity, resorption of bone and
marked tearing of periodontal ligament also
were observed. It was found that three days
after treatment with F; there were presence of
granulation tissue, resorption of bone and
tearing of periodontal ligament that were less
than that observed in the corresponding
animals of control group.

Figure (7) shows photomicrographic
pictures of periodontal tissues of control group,
Fio treated group and F; treated group after
fifteen days respectively. It was found that in
only some areas there are minimal granulation
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(A) (B)

©

Fig 6: Photomicrographic pictures of periodontal tissues of control group (A), Fi, treated group (B)

and F; treated group (C) after three days.

(D) (E)

(F)

Fig 7: Photomicrographic pictures of periodontal tissues of control group (D), F, treated group (E)
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and F treated group (F) after fifteen days.



tissue, resorption of bone and tearing of
periodontal ligament were still observed in the
control group. After fifteen days of Fy
treatment, marked decrease in tearing of
periodontal ligament fibers and bone resorption
are observed. The observed periodontal
ligament fibers organization is better than that
of corresponding animals of control group but
less than that of corresponding F; treated
animals.

Figure (8) shows photomicrographic
pictures of periodontal tissues of control group,
F1o treated group and F3 treated group after one
month respectively. The followings were
observed in the control group small areas of
bone resorption, large areas of bone deposition
and minimal tearing of periodontal ligament
with some areas of disorganization. After one
month treatment, good architecture of
periodontal fibers and well bone formation
were observed. Again, the observed periodontal
fibers organization is better than that of
corresponding animals of control group but less
than that of corresponding F3 treated animals.

Table (5) shows the scoring system for
comparing the healing of periodontium hard
tissues in control and treated animals. For

control group, it was found that the healing of
the tissues was minimal three days after
induction of periodontitis. Fifteen days after
induction of periodontitis, the periodontal
ligament organization and new alveolar bone
formation improved while the reduction of
granulation tissue still mild.

Further improvement was observed of
periodontium to become improved but
incomplete, nearly complete and improved but
incomplete for the periodontal ligament
organization, the reduction of granulation
tissue and new alveolar bone formation
respectively one month after induction of
periodontitis.

For F3 treated group, it was found that the
organization of periodontal ligament and
formation of new alveolar bone were mild
while the reduction of granulation tissue was
moderate three days after treatment. Complete
organization of periodontal ligaments was
observed and the granulation tissue was
completely disappeared fifteen days after
treatment. Continual formation of new alveolar
bone was observed to be nearly complete one
month after treatment.

(G)

(H)

U]

Fig 8: Photomicrographic pictures of periodontal tissues of control group (G), F10 treated group (H)

and F3 treated group (1) after one month.
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Table 5: Scoring system of periodontium hard tissues healing in control and treated animals.

. Control F; treated Fio treated
Parameter | Test period 3 10
group group group
- c Three days 0 + +
Se9
c &2
S GE) § .
S E 2 Fifteen days ++ ++++ +++
- Oa
8= g
° One month +++ HHH e+t
c S Three days 0 ++ +
S B
53 .
> 9 Fifteen days + ++++ +++
8 o
o a2
= One month ++++ ++++ +++
55 Three days 0 + +
o &
L E .
TS Fifteen days ++ +++ +H+
s 2
=3 One month +++ HHH+ 4+
Sum 16 34 27

For Fyo treated group, it was found that the
rate of healing was lower than F; treated group.
The healing of the tissues was observed to be
mild three days after treatment. Further
reduction of granulation tissue and formation
of new bone were improved but incomplete at
day fifteen of treatment without further
improvement after one month of treatment. On
the other hand, continual organization of
periodontal ligament was observed to be
complete  one month after treatment
respectively.

The sums of scores were 16, 34 and 27 for
control group, Fs; and Fy, treated groups
respectively. The differences in healing
between treated groups and control group and
between treated groups themselves were
significant (P< 0.05).

From the table it was concluded that the
rate periodontium hard tissues healing of
treated groups was more than that of control
group. For groups treated with Mz bioadhesive
formulations, the healing of the group treated
with F; was higher than that of the other Fy
treated group.

The results of the present study revealed
same sequence of bone healing in the test and
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control group but the osteoconductive new
bone formation was more accelerated in the
treated groups. For groups treated with Mz
bioadhesive formulations, the healing of the
group treated with F3 was higher than that of
the other Fyqtreated group.

The obtained data were greatly in
agreement to the nature of Mz where the
healing observed in treated groups over control
group may be attributed to the antibacterial
activity of Mz against anaerobic gram-negative
and gram-positive microorganisms®. In
addition to Mz, chitosan was used as wound
dressing without any drug to accelerate
periodontal  wound  healing  process®.
Moreover, Needleman and Samles® reported
that chitosan showed extremely good wetting
properties  allowing  remarkably  close
adaptation to tissue surface.

Although both formulations used for
treatment containing the same concentration of
Mz and chitosan, the healing efficacy was
different. This could be originating from the
difference in the dosage form or the nature of
penetration enhancer used. The difference in
healing may be due to that the bioadhesive
force of chitosan film was less than that for



chitosan bioadhesive gel plus the reduced water
content of film less than gel. This would result
in reduction in contact time and in turn
reduction in treatment efficacy. Moreover, it
was reported that gel as a dosage form is easily
introduced into the periodontal pocket with a
syringe which helps to ensure formulation
retention within the pocket™.

The healing of group treated with
bioadhesive gel containing menthol was higher
than that for group treated with bioadhesive
film containing oleic acid. This result was in
agreement with a clinical study mentioned that
menthol is more effective as penetration
enhancer than oleic acid®. Furthermore,
menthol exerts its effect via improvement in
the partitioning of the drug into the tissues®.
The reported cooling sensation of menthol is
due to its vasodilator effect followed by
analgesic effect”. It was reported that oleic
acid exerts its effect via lipid fluidization and
lipid phase separation®®, so that fatty acids need
timesgo penetrate though skin and interact with
lipid™.

Conclusion

Treatment of periodontitis could be
acclerated successfully by applications of local
metronidazole delivery systems. The effects of
bioadhesive gel containing 1% menthol, 20%
metronidazole in 3% chitosan matrix on the
healing of periodontal wound is greater than
that of bioadhesive film containing 5% oleic
acid, 20% metronidazole in 3% chitosan
matrix.
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