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Abstract: Periodontal pain is a public health problem derived from different conditions, including periodontal diseases, prosthetic complications, and even
extractions performed by dentist. There are various treatments to control acute dental pain, being the administration of analgesics, such as Lysine Clonixinate (LC),
a common practice. Unfortunately, higher and repeated dosages are usually required. The purpose of this work was to develop a prolonged release pharmaceutical
form as an alternative treatment for dental pain. Hence, we conceived a film based on guar gum and loaded different concentrations of LC. We evaluated the film's
appearance, brittleness, strength, and flexibility, and then chose one formulation for adequate characteristics. Subsequently, we assessed the morphology, thermal
behavior, and swelling properties of the films (LC-free and —loaded). Finally, we performed the release studies of LC from the films in vitro using a simulated saliva
medium and employed several mathematical models to evaluate the release kinetics. Guar gum is a natural polymer obtained from the endosperm of Cyamopsis
tetragonolobus that presents properties such as biosafety, biocompatibility, and biodegradability. Thus, it represents a potential excipient for use in pharmaceutical
formulations. Moreover, our results revealed that the LC-loaded film presented a high adherence, suitable swelling behavior, high LC content, and a prolonged drug

release. Therefore, the LC-loaded film may be considered a potential option to be applied as an alternative to treat dental pain.

((ey words: Natural polymers; Guar gum; Polymeric film; Periodontal diseases; Lysine clonixinate; Solving-casting.
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Introduction

Periodontal pain is a condition generated by diseases
such as periodontal disease (gingivitis, periodontitis),
pericoronitis, and dental surgical procedures (1). Accor-
ding to the FDI World Dental Federation, periodontal
diseases affect 50% of the world population; thus, it is
a public health problem. This disease affects the gums,
causing inflammation and damaging the bones and sup-
porting tissue (2). The usual treatment for this type of
condition includes analgesics, anesthetics, and antibio-
tics (1). An analgesic commonly used in periodontal
disease is Lysine Clonixinate (LC) due to its high safety
and efficacy. However, its frequency of administration
varies from 3-4 dosages a day with a dose of 125-250

mg (3). Thus, new dosage forms for its administration
are needed.

In this context, films are an excellent option since
they are flexible, thin, easy to handle; moreover, they
possess high drug loading capacity and longer residence
time (4). Different natural and synthetic materials can be
applied for the development of these films (5,6). Guar
gum (GQ) is a polymer of natural origin used in cosme-
tics, food, and pharmaceutical formulations. It is mainly
used as a stabilizing thickener and provides a controlled
release to solid pharmaceutical forms (7). This poly-
mer is obtained from the endosperm of the Cyamopsis
tetragonolobus seeds and is composed of mannose and
galactose (8). GG presents good biodegradability and
low toxicity, making it an excellent candidate for drug
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delivery developments (9). Furthermore, it is rich in
hydroxyl groups, responsible for the viscosity and thic-
kness of the polymer solutions. Likewise, this property
permits the formation of non-covalent bonds with bio-
logical tissues such as epithelial and mucous, giving rise
to adhesion, another expected feature in materials with
potential application in drug delivery systems (4,10,11).
On the other hand, Polyvinylpyrrolidone (PVP) is a po-
lymer used to formulate drug delivery systems due to
its ease of film formation and stabilizer capacity (owing
to the specific conformation of the chains). Moreover,
it is a biocompatible and non-toxic polymer used in the
pharmaceutical area to develop numerous administra-
tion systems (12). In this work, we developed an LC-
loaded polymeric film based on GG and PVP to reduce
the frequency of administration, intending to administer
it on a single occasion. We characterized the film by se-
veral techniques such as scanning electron microscopy
(SEM), thermogravimetric analysis (TGA), swelling
capacity, among others. Interestingly, the film presented
a swelling that gave rise to a prolonged-release profile
reaching 20 h. According to our promising results, we
propose this film as an adjunct treatment without ne-
glecting antibiotics, scaling curettage, and root planing.

Materials and Methods

For the preparation of the films, LC was obtained
from Maver. GG and Propylene Glycol were purchased
from Cosmopolita Drugstore (Mexico). PVP (Kollidon
30) was acquired from BASF (USA).

For the preparation of the Simulated Saliva Medium
(SSM), citric acid was obtained from Barsa. Dibasic So-
dium Phosphate and Monobasic Potassium Phosphate
were acquired from J.T.Baker (USA). Calcium Car-
bonate was purchased from Paris Drugstore (Mexico).
Calcium Chloride, Potassium Chloride, and Sodium
Chloride were acquired from Cosmopolita Drugstore
(Mexico).

Preparation of the film

The film (described as M) was obtained by the sol-
ving-casting method, based on the solvent evaporation.
The first step consisted of elaborating a gel of the GG
and PVP K30 polymers with different percentages of
propylene glycol (Table 1). Propylene glycol was dis-
solved in an aqueous medium maintaining constant stir-
ring at 40 °C. Subsequently, GG and PVP K30 were in-
corporated. Finally, the mixture was deposited in Teflon
molds of 12 cm in diameter; each mold was placed in an
oven at 35 £ 5 °C to eliminate the water. Based on physi-
cal characteristics, only one formulation was chosen to
load LC (abbreviated as M-LC) (Table 2). Subsequent
analyzes were only carried out with formulation 10E
(M-LC) because it contained a higher dose of LC.

Physical evaluation of films

All polymeric films were visually evaluated, taking
into account their appearance, brittleness, strength,
flexibility. For the appearance, the opacity or transpa-
rency of the films was considered. Moreover, the fragi-
lity and resistance were evaluated by manipulating the
films.

Determination of dimensions

A batch of 5 films was fabricated for each formula-
tion with LC; 10A, 10B, 10C, 10D, and 10E (M-LC), all
under the same conditions. After drying, the diameter
and thickness of the films were measured (Digital Cali-
per, HER-411, Steren).

Morphological analysis by SEM

The microstructure of the selected films (M, M-LC)
was analyzed by SEM (Carl ZEISS Crossbeam 550 FIB
SEM Instrument, Bengaluru, Karnataka) to determine
the surface roughness and corroborate thickness. The
samples were coated with a thin layer of gold by plas-
ma-assisted deposition using the JEOL Fine Coat ION
JFC-1100 equipment.

Index of swelling

In order to evaluate the swelling capacity, 1 cm? of
the M-LC formulation previously weighed was placed
in a test tube (also previously weighed). The samples
were placed in 500 uL of SSM (Table 3), and the ana-
lysis of swelling was carried out at times: 15, 30, 45,
60, 75, 90, 105, 120, 135, 150, 165, and 180 min. Each
sample was analyzed in triplicate. Subsequently, the
SSM tubes were discarded, and each one was weighed.
Afterward, the swelling percentage was calculated using
the following formula:

Index of swelling (%) = ;;__ *100
Where w, is the weight of the wet films and w | is the
weight of the dry films.

Thermal analysis

Thermal properties were determined using a thermo-
gravimetric analyzer (Hi-res TGA 2950, New Castle,
USA). The samples were analyzed from room tempera-
ture to 500 °C with a heating flow of 10 °C/min under a
nitrogen atmosphere.

Quantification of dose uniformity

A dose uniformity test was carried out to guarantee
that the film has the required drug content. Samples
were placed in 500 mL of SSM, maintaining constant
agitation for 24 h to simulate the mouth conditions.
Subsequently, a sample was taken, and its absorbance
was measured at A = 320.0 nm (DLAB SP-UV 1000,
Beijing, China).

Dissolution profile

Samples of 1 cm? of M and M-LC were placed in
beakers with 80 mL of SSM solution; each film was
fixed to the inner wall of the beaker in a water bath with
shaking at 37 + 5 °C (13). Three mL was taken at dif-
ferent times (15, 30, 45, 120, 150, 180, 360, 600, and
720 min). The LC released in the SMM was quantified
by UV-visible spectrophotometry at 320 nm (DLAB
SP-UV 1000, Beijing, China).

Drug release models

The data analysis of the release profile was carried
out in the DDSolver software to know the drug exit me-
chanism from the film.
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Results

Preparation of the films and physical evaluation

First, we used different percentages of excipients for
the film's development; the results are shown in Table 1.
According to our results, the least opaque, more resis-
tant, flexible, and with the best appearance formulation
was the batch 10. Therefore, we chose this batch to be
employed as the administration form.

After the film selection, we fabricated several films
with different concentrations of LC; the results are exhi-
bited in Table 2.

Determination of film dimensions

We measured the dimensions of the films 10A to
10E to analyze the variations on thickness due to the
LC incorporation (see Table 3). The thickness of the
film's formulations did not vary, while the diameter of
the films was affected concerning the LC content from
77 to 100 mm. Based on this behavior, we selected the
10E film as the best candidate due to the higher concen-
tration of LC. This film was named as M-LC.

Morphological analysis by SEM
We assessed the morphology of the films M and

Table 1. Formulation of films with GG, PVP K30, and propylene glycol.

M-LC by SEM. As can be observed, the M-LC (Fig. la
and Ic) presented pores in the middle and cracks. The
morphology of M also presented pores in the transversal
cut, but the surface did not present cracks (Fig. 1b and

1d).

Swelling index

We determined the swelling index in SSM (Table
4). Figure 2 depicts the behavior of M and M-LC ana-
lyzed for three hours. In the case of M, we observed a
decrease in swelling after 135 min, while M-LC had a
continuous increase.

Thermogravimetric analysis

The thermograms of the excipients used and the films
(M and M-LC) are presented in Figure 3. As shown, the
GG thermogram (line A) only showed a weight loss
between 250-320 °C. The thermogram corresponding to
the PVP (line C) revealed two significant weight losses,
the first one between 380-454 °C, and the second one in
the range of 550-630 °C. For propylene glycol (line C),
a significant weight loss started at 190 °C and comple-
tely decomposed at nearly 225 °C. For LC (line D), the
initial temperature of the mass loss was approximately
180 °C, ending at 280 °C. On the other hand, M (Line

Batch fj)‘;jvr/v(v})“m (1)225/1‘(30 };:?vlv’/yvlv(;ne glyeol Physical characteristics

1 1.0 0.5 0.5 Homogeneous, opaque, fragile

2 1.0 0.5 1.0 Homogeneous, opaque, fragile

3 1.0 0.5 1.5 Homogeneous, opaque, fragile

4 1.0 0.5 2.0 Homogeneous, opaque, fragile

5 1.0 0.5 2.5 Homogeneous, opaque, fragile

6 1.0 0.5 3.0 Homogeneous, opaque, resistant (++), supple (+)
7 1.0 0.5 3.5 Homogeneous, opaque, resistant (++), supple (+)
8 1.0 0.5 4.0 Homogeneous, opaque, resistant (++), supple (++)
9 1.0 0.5 4.5 Homogeneous, opaque, resistant (++), supple (++)
10 1.0 0.5 5.0 Homogeneous, opaque, resistant (++), supple (++)

The characteristics were evaluated according to a qualitative scale where the levels correspond to Low (+), Medium (++), and High (+++).

Table 2. Formulation of M-LC at different concentrations of LC.

Propylene

Batch Guar Gum - PVP K30 glycol LC (mg) Physical characteristics
%o (W/w) %o (W/W)

Yo (W/W)
10A 1.0 0.5 5.0 200.0 Homogeneous, translucent, resistant (++), supple (+)
10B 1.0 0.5 5.0 400.0 Homogeneous, translucent, resistant (+++), supple (+)
10C 1.0 0.5 5.0 600.0 Homogeneous, translucent, resistant (+++), supple (+++)
10D 1.0 0.5 5.0 800.0 Homogeneous, supple (++), adherent (++)
10E 1.0 0.5 5.0 1000.0 Homogeneous, supple (++), adherent (++)

The characteristics were evaluated according to a qualitative scale where the levels correspond to Low (+), Medium (++), and High (+++).

Table 3. Films dimensions with different formulations with LC.

Films 10A 10B 10C 10D 10E

Dose (mg) 200 400 600 800 1000

Average thickness (mm) 0.56 0.56 0.56 0.5 0.44

Thickness deviation 0.15 0.19 0.11 0.12 0.09

Average diameter (mm) 77.62 82.04 92.48 100.64 89.62

Diameter deviation 3.70 3.98 3.59 1.31 1.96
Cell Mol Biol (Noisy le Grand) 2021 | Volume 67 | Issue 1 91
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Figure 1. Morphological analysis by SEM. a) Image of M-LC,
view of the films after carrying out a cross-section with a thickness
of 155.9 um (magnification 122 X, the measuring bar is equiva-
lent to 100 um), b) Image of M, view of the films after carrying
out a cross-section with a thickness of 179.4 um (magnification
148 X, the measuring bar is equivalent to 100 pm), c¢) Image of
M-LC surface(magnification 100 X, the measuring bar is equiva-
lent to 100 pm), and d) Image of M surface (magnification 55 X,
the measuring bar is equivalent to 200 pm).
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Figure 2. Percentage of swelling of the films as a function of time,
corresponding to (A) M and (B) the M-LC. (mean + SD, n = 3).

E) presented thermal events close to 170 °C, 274 °C,
368 °C, and 412 °C; meanwhile, M-LC (line F) exhi-
bited weight losses to 106 °C, 244 °C, 282 °C, 311 °C,
and 420 °C, respectively.

Quantification of dose uniformity

Table 5 indicates the doses corresponding to the
M-LC samples. These amounts were between 90 to 98%,
which complies with the proposed required percentage
that corresponds to 85-115%.

Dissolution profile of LC
The dissolution profile of LC is shown in Fig. 4. We
found that 25% of the drug was released during the first

Table 4. Composition of Simulated Saliva Medium (14).

Weight loss (%)

0 T T T T 1 T T 1
0 100 200 300 400 500 600 700 800
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Figure 3. TGA analysis. (A) GG, (B) PVP K30, (C) Propylene
glycol, (D) LC, (E) M, and (F) M-LC.
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Figure 4. Percentage of LC release as a function of time corre-
sponding to M-LC (mean + SD, n = 3).
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Figure 5. Adjustment of the M-LC release profile.

hour; after this time, a gradual release was observed.
After 12 h of the test, about 80% of LC was released.

Drug release models

In order to predict the release behavior of LC from
the films, we adjusted the drug release data by several
mathematical models (Table 6). According to our re-

Composition g/L Composition g/LL
Potassium chloride 0.720 Sodium phosphate dibasic 0.866
Calcium chloride 0.220 Potassium thiocyanate 0.060
Sodium chloride 0.600 Citric acid 0.030
Potassium phosphate monobasic 0.680
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Table 5. Dose uniformity of LC calculated from absorbance obtained at A=320.0 nm.

Sample 1 Sample 2 Sample 3 Average Deviation

Content 924.42 mg 905.67 mg 981.54 mg 93721 mg -

% of LC 92.42 % 90.56 % 98.15 % 93.72 % 3.95
Table 6. Comparison between the model fit of the data obtained for the films with LC
Model Equation No. of parameters  R? adjusts AIC MSC
Zero Order F=F,+Kt 10 0.6275 80.1248  0.5778
First Order F=100(1-e") 10 0.9040 67.1121  1.8790
Higuchi F=K t" 10 0.9627 57.6766  2.8226
Korsmeyer-Peppas F=K, t" 10 0.9611 58.8993  2.7003
Hixson-Crowell F=100*(1(1-K,_ t)°) 10 0.8626 70.7013  1.5201

s 18
Weibull F= 100*(1_‘?_[?-;1.- ) 10 0.9435 63.3068  2.2596

Where AIC (Akaike Information Criterion) and MSC (Model Selection Criterion) are parameters to adjust each model; F is the
fraction of drug released at a given time; F is the initial fraction of drug in solution resulting from sudden release; a is the scale

parameter that defines the time scale of the process; T; is the location parameter that represents the delay time before the start of

the dissolution or release process, and in most cases, it will be close to zero; K, K|, K, K are release rate constants; R* is the

squared correlation coefficient.

sults, the Higuchi model was adequate to describe drug
release (Figure 5).

Discussion

The correlation between the morphology of a drug
delivery system and the drug release from the films is
a critical aspect in evaluating new dosages forms. The
M-LC film presented a more dense morphology com-
pared with M (Fig. 1.a and Fig.1.b, respectively). This
behavior is related to the presence of the LC, which trig-
gers a compact structure. Furthermore, the surface of the
M-LC presented cracks and a certain level of roughness
(Fig. 1.¢). Conversely, we observed a porous structure in
the surface of M films (Fig. 1.d). The absence of poro-
sity in M-LC surface is related to the high percentage of
LC loaded. These observations are consistent with pre-
vious studies describing that PVP forms pore in films,
and their size is according to PVP weight and concen-
tration. In contrast, GG films presented a smooth and
homogeneous surface, although with fractures (13,15).
Therefore, by combining both polymers, our films had
amorphous pores, which allow water diffusion through
them and exploit the subsequent swelling, diffusion, and
release (16).

On the other hand, the wettability of the surface and
the penetration of water are other crucial aspects of
the film's dosage behavior. In this context, both films
showed a considerable swelling percentage, presen-
ting the maximum value between 200 and 600%. The
high swelling behavior of both films could be explai-
ned by the high hydrophilicity of both principal com-
ponents (GG and PVP K30) (4,17), which would faci-
litate the penetration of water. Likewise, the hydroxyl
groups from mannose, galactose, and propylene glycol
could increase molecular interactions through hydrogen
bridge-type bonds (18). However, due to these condi-
tions, it was only possible to control the films' swel-
ling for approximately three hours because, after this
time, the films gave rise to an adherent gel. Additional-

ly, since both polymers are soluble in water, the films
began to solubilize after the initial three hours. This is
an important parameter since the final form of the films
was dense and compact, which reduces the mobility of
the molecules. In this regard, when the films were in
contact with the SSM, the water diffused into the sys-
tem, inducing the chains relaxing, incrementing the
system volume, causing swelling and the subsequently
drug release from the matrix by diffusion (19).

In order to analyze the thermal properties of the ex-
cipients and the films, we carried out TGA. We obser-
ved a weight loss for GG consistent with the literature
(20). Similarly, the substantial weight losses for PVP
were also in agreement with previous studies. These
mass losses correspond to the loss of moisture from the
sample (between 380-454 °C) (21) and the decompo-
sition of the polymer (between 550-630 °C) (22). We
observed a significant loss for propylene glycol between
190-225 °C; according to Toxqui et al. (23), polyols
have thermal events between 160-240°C, close to that
obtained experimentally. For LC, an enormous weight
difference was observed between 170-250 °C close to
the drug's melting point, which is between 208-214 °C
(24). Finally, the thermograms corresponding to M and
M-LC films exhibited numerous thermal events that
can be attributed to the interactions and cohesion forces
between the excipients in their formulation.

We quantified the drug by spectrophotometry tech-
nique to evaluate the uniformity in the contents of LC in
the films. According to the United States Pharmacopeia,
the required percentage of drug present in an area of 1
cm? has to be 85-115% (25). Remarkably, we obtained
values between 90 and 98%; thus, all the tested samples
complied with the required quantity.

Moreover, we evaluated the dissolution profile in
SSM to know the amount of LC released in similar
conditions to the periodontal tissue. The low release
rate observed in the first three hours could be related
to the film's swelling and erosion in the time, in agree-
ment with the observed result in the swelling test. After
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Figure 6. Films usage diagram. The administration of LC in our
film would make it possible to reduce the frequency of administra-
tion and guarantee an effect on the oral cavity.

this time, higher swelling and continuous drug release
were triggered to obtain a percentage of release close to
100% after 12 h. Subsequently, we adjusted our data to
different mathematical models to evaluate the possible
release mechanism of LC. The Higuchi model exhibited
the R? values closest to 0.99, the lower Akaike Informa-
tion Criterion, and the higher Model Selection Criterion
(26); thus, the behavior of our film followed this model.
The Higuchi model assumes that drug release is based
on some assumptions such as 1) the concentration of
the drug at time zero must be greater than its solubility,
2) the pharmaceutical formulation must be a thin film,
3) the size of the drug particles is much less than the
thickness of the film, 4) it does not swell or dissolves,
and 5) the diffusion of the drug is constant (16,27). This
model describes the release of water-soluble drugs from
a matrix, based on a pseudo-steady-state, assuming pro-
portionality between the amount of drug released and
the square root of time (28). Therefore, our results indi-
cate that the combination of excipients and their inte-
raction promoted a gradual and prolonged release (19).
This characteristic makes the M-LC a potential dosage
strategy due to the prolonged-release performed (29).

Finally, the results obtained in the SEM images
indicated a highly homogeneous structure. Hence, we
conclude that the polymeric chains were compactly
ordered, explaining the drug release delay. The morpho-
logy, the swelling, and the profile release confirmed the
prolonged release, which would represent an advantage
in long-term treatments. Furthermore, the films pres-
ented high adherence, which could be useful in terms
of the collocation in the buccal zone. We present a gra-
phical resume of the mechanism and the advantages of
the M-LC as an LC administration form in Figure 6.

Tests related to the quality of M-LC film demonstra-
ted that the film dimensions were equivalent between
each of the units and their expected content. The SEM
analysis revealed that the M-LC films were more uni-
form than the films without the drug, which explains the
swelling and release profile. The mechanism of release
was defined by the Higuchi model, where the diffusion
is the principal phenomena.

A limited amount of formulations exist for the local
treatment of dental diseases. Therefore, based on the
present results, our novel film could be considered a
potential option for dental conditions since it presented

a high adherence, suitable swelling behavior, high LC
content, and prolonged drug release. However, toxico-
logical evaluations and further analyses are required to
support this assumption.
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