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ABSTRACT

Objective: Plant use to treat pathologies is increasingly common in Africa. Our study focuses on a recipe (active ingredient) of traditional medicine
that has proven itself in treating dental caries and oral pathologies. This study aims to formulate and evaluate the quality of effervescent tablets
based on the recipe (active ingredient) for treating dental caries and oral hygiene.

Methods: A physicochemical and pharmacotechnical characterization of the recipe (RMC, pH, Hausner index, Carr index, flow rate) was carried out.
Five stoichiometric ratios of the citric acid/sodium bicarbonate combination were used (1:3.32; 1:3.11; 1:3; 1:2.93; 1:2.87). The tablets were
obtained after wet granulation. Pharmacotechnical tests were carried out according to the European Pharmacopoeia 10th Ed to determine the most
optimal formulation that could promote rapid release of the active ingredient.

Results: The recipe constituting the active ingredient has properties with an apparent density of 0.50, and a density after tamping of 0.65. The
compressibility index is 23.61, and the Hausner index is 1.30. These fairly weak rheological properties required improvement through granulation.
A total of 5 formulations were obtained. Formulations F2 to F5 had a disintegration time of less than 5 min. The friability rate was less than 4.60%,
0.86%, 0.91%, 0.75%, and 1.22 for the formulations respectively F1 to F5 and the hardness 95N, 81.8N, 118N, 103.6N, 89.8N. The stoichiometric
ratio of 1:3.11 gave us the most optimal formulation with a disintegration time of 156 sec, a friability rate of 0.86%, and a pH of 5.13.

Conclusion: These results demonstrate the feasibility of a solid form to be redispersed for use in oral hygiene.

Keywords: Oral disease, Recipe, Formulation, Effervescent mouthwash tablet

© 2025 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/)

DOI: https://dx.doi.org/10.22159/ijap.2025v17i6.53815 Journal homepage: https://innovareacademics.in/journals/index.php/ijap

INTRODUCTION

Oral diseases and conditions, although largely preventable, represent a
significant burden of disease in many countries and have lifelong
effects, causing discomfort, pain, disfigurement, and even death,
affecting nearly 3.5 billion people [1]. Dental caries is an oral disease
that occurs when plaque that forms on the surface of the teeth
converts free sugars present in food and beverages into acids that,
over time, destroy the tooth [2, 3]. Untreated caries in permanent teeth
is the most common disease, according to the Global Burden of Disease
2019 report [4]. Aside from dental caries, several factors could
contribute to developing other infectious oral diseases. These factors
are often linked to a deterioration in the general condition (malignant
diseases, prematurity, Human immunodeficiency virus infection),
hormonal imbalance (diabetes, pregnancy, hypothyroidism), favorable
local factors, or even heavy therapies (long-term antibiotic therapy) or
immunosuppressive (immunosuppressant’s). In people suffering from
cancer, the main causes of oral infectious diseases are the alteration of
the salivation process, ulcers in neutropenic patients, and iatrogenic
stomatitis of drug origin.

Therapies that control the excess of a specific tissue reaction use
drugs composed of anti-inflammatories, analgesics, and
antimicrobials (antibiotic, antifungal) [5, 6]. Most drugs in these
therapeutic groups are synthesized molecules [7]. One of the galenic
forms used in the treatment of oral and dental pathologies is
mouthwashes. The stability of its liquid galenic forms is very often
questioned [8, 9]. An alternative could be the formulation of solid
forms that can improve not only stability but also compliance. In
traditional medicine, several studies have proven the effectiveness
of plants in the treatment of oral and dental diseases [10]. This study
was initiated to promote this traditional medicine. Indeed, a
traditional medicine practitioner developed a recipe to treat oral
diseases. According to the traditional practitioner's instructions, the

treatment consisted of taking a pinch of the recipe in the mouth for a
few moments before swallowing the powder or using it as a gargle.
To improve the traditional form of use of the recipe, but also to
develop a stable dosage form that could promote good monitoring of
patient treatment, the choice was made for a solid dosage form.

Among the different solid forms that can promote local action and
can be used by gargling after dispersion or solubilization in a
solvent, we distinguish dispersible, soluble, and effervescent tablets.

The choice was therefore made for effervescent forms. This choice is
justified by the accelerated release of the active ingredient due to the
presence of effervescent agents (Citric acid/Tartaric acid/Sodium
bicarbonate/Sodium carbonate) [11]. In addition, the excipients
used are accessible. The solution obtained after dissolution will be
gargled before being swallowed. The recipe powder was
characterized to determine the pharmacotechnical properties and
define the formulation strategy. Once the formulations were made,
the tablets were subjected to quality control to verify whether the
requirements of the pharmacopoeia were met.

MATERIALS AND METHODS
Physicochemical and pharmacotechnical studies of powder

The physicochemical and pharmacotechnical tests of the powder of the
recipe were carried out according to the prescriptions of the 10t edition
of the European Pharmacopoeia [12]. These tests make it possible to
determine the powder's physicochemical and pharmacotechnical
characteristics and will help define tablet formulation strategies.

Macroscopic observation

The powder's organoleptic characteristics (color, odor, texture, and
taste) were determined by macroscopic observation using the
appropriate sense organs.
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Determination of pH

The pH of the powder was determined by making a 10% solution of
distilled water of the powder from the recipe and using an electrode
pH meter (WTW pH meter 3210). The experiment was carried out in
triplicate.

Residual moisture contents (RMC)

The determination of THR was carried out using a Mettler Toledo
HS153 halogen desiccator. A mass of 1 g of the recipe powder was
weighed and placed in the desiccator previously set at a temperature
of 105 °C and time of 15 min. After the beep signalling the end of the
process, the powder was removed, and the percentage of humidity
was noted. The process was carried out in triplicate.

Apparent solubility

The solubility test of the recipe was determined in the following
solvents: distilled water, 96° ethanol, methanol, and chloroform,
following the procedure described in the European Pharmacopoeia
10th Ed [12].

Particle size distribution

A stack of sieves of sizes ranging from 100 pm to 900 um was
arranged with a receptacle. A quantity of 100 g of the recipe powder
was placed in the upper sieve (900 pm). The sieves were shaken for
20 min at 50 vibrations per minute. The sieves were carefully
removed without material loss and weighed [12].

D average = YFDm/100

-Da: Average diameter of the powder; F: frequencies; Da: Average
diameters of the sieves

Rheological properties of the powder

The methodology used was adapted to that proposed by the
European Pharmacopoeia 10" Ed [12]. The measurement of the
angle of repose, the Carr index, the Hausner index, and the flow time
through an orifice are the tests carried out to determine the
rheological capacities of the powder.

A mass (M) of 50 g of the recipe powder was weighed and
transferred into a graduated cylinder of 250 ml. The apparent
volume (AV) occupied by the powder of the recipe was measured,
and the apparent density (AD) was calculated according to the
formula [13].

AD = M/AV

The powder was mechanically compacted until a constant volume
called the tapped volume (TV) was obtained. The tapped density
(TD) was calculated using the following formula.

TD = M/TV

The compressibility index and Hausner ratio were calculated from
the measured AD and TD values.

Compressibility index = ((TD — AD)/TD)x100
Hausner’s Report = TD/AD
Flow time

A mass of 50g of the powder was weighed; the test determines the
time it takes for the powder to pass through the orifice of a funnel.

The angle of repose was determined by using 100 g of the recipe
passed through a funnel held 3 cm from the top of the powder pile.
The height and diameter of the powder cone from the following
formula:

Angle of repose = tan~th/r
Testing of tablet formulations

The Drug Development Laboratory (LADME) of Joseph KI ZERBO
University and the Health Sciences Research Institute (IRSS) of
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Burkina Faso provided the active ingredients and excipients of
European pharmacopoeia quality.

Determination of the effective dose

The interview with the traditional health practitioner revealed that a
pinch of two fingers (middle and index) is required once a day for
treatment in adults. On this basis, we chose 10 people, including 5
men and 5 women. The choice took into account height and weight
in order to take into account the different possible corpulences. Each
volunteer took a pinch in triplicate and the average of the three
values was taken for each volunteer. The average mass of the doses
was determined and considered as the daily dose.

Justification of the dosage form

Treating oral diseases requires local or systemic action. In this
case, the use of mouthwash is one of the first resorts. However,
studies have shown the instability of some liquid oral
preparations, calling into question their effectiveness and
therefore their compliance [8, 9]. An alternative would therefore
be to produce a solid form that can be dissolved extemporarily for
use. One of the galenic forms that could be produced is the
effervescent form. Indeed, the powder in the recipe is a mixture of
poorly soluble plant powders. It is necessary to find a formulation
whose composition promotes the dissolution of the active
ingredient to improve its dissolution and therefore have a better
effect. Effervescent agents (citric acid, tartaric acid, sodium
bicarbonate, or sodium carbonate) are known for their ease in
increasing the solubility of poorly soluble compounds. In addition,
the powder in a dispersed form will allow longer contact with the
oral cavity, thus better treating oral diseases.

A similar study was already investigated by Singh et al, who
manufactured a solid preparation for oral hygiene in the form of an
effervescent tablet for mouthwash using Azadirachta indica and
curcumin [14].

Formulation strategy

There are several reasons for choosing to perform wet granulation.
The rheological properties of the powder do not favor direct
compression, so wet granulation could improve the flow of the
powder and therefore a uniform distribution of the mass of the
tablets. Better wet granulation improves the quality of the
compression [15]. Indeed, the water added to the mixture to be
compressed allows the binder to dissolve and coat the particles of
the powder mixture. Strong bonds are formed within the tablet
during the drying phase. These bonds, therefore, allow the tablets to
acquire greater mechanical strength than that obtained by other
compression methods [16].

The formulation strategy is based on improving the rheological
properties of the powder to facilitate compression. Three criteria are
sought for compression: good compressibility, flow, and wettability.
The powder in the recipe did not meet any of the required
properties. Therefore, wet granulation was used to improve flow
and compressibility.

Polyvinyl pyrrolidone (PVP) was used as a binding agent to promote
the bonding between the powder particles and form granules. Wheat
starch is used as a disintegrant to promote microdisintegration of
the granules. Lactose 200 mesh is the diluent used to complete the
volume, and magnesium stearate is used as a lubricant. The
combination of citric acid and bicarbonate was used in different
proportions to obtain the formulation, allowing rapid disintegration
of the tablets.

1 g Citric acid (MM = 210) reacts with 1.2 g sodium bicarbonate (MM
=84) [11]:

The molar ratios used are inspired by the study of Rani et al. [17]
with some modifications. Five molar ratios of effervescent agents
(citric acid and sodium bicarbonate) were used, namely
1:3.32,1:3.11,1:3,1:2.93,1:2.87. The weight ratio of citric acid and
sodium bicarbonate in these five formulations was 3:4, 4:5, 5:6, 6:7
and 7:8 for formulations 01 to 05, respectively.
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Table 1: Composition quantitative et qualitative des formulations

Formulations _ Compositions (%) Granulation
Active Citric Sodium PVP Wheat Lactose 200 Magnesium liquid(ml)
ingredient acid bicarbonate starch mesh stearate

Fo1 45.4 8.56 11.44 4 8 21.6 1 SQ

F02 45.4 8.92 11.08 4 8 21.6 1 SQ

F03 45.4 9.08 10.92 4 8 21.6 1 SQ

Fo4 45.4 9.2 10.8 4 8 21.6 1 SQ

F05 45.4 9.32 10.68 4 8 21.6 1 SQ

SQ: Sufficient quantity

Granules preparation Initial Weight — Final Weight % 100

ot = et .

A mixture of the formulation components was carried out in a Initial Weight

mortar and pestle, except citric acid and sodium bicarbonate [17]. Tablet dimensions

Citric acid and bicarbonate were added separately to the mixture
and initially divided into two to reduce effervescence when adding
the granulation liquid. The water mixture was made to obtain grains
that were neither too wet, nor too crumbly, nor too hard and,
without clogging the 1.6 mm mesh opening grid of the oscillating
granulator (ARWEKA AR 402). The granules were dried at 45 °C in
an oven (memmert) for twelve hours, and the moisture content of
the grains was measured to ensure that the water content was less
than 5%. A screening was carried out to obtain grains of the same
particle size. The flow time was carried out to confirm the
improvement of the rheological properties of the grains and move
on to compression.

Tablets fabrication

The tablets were made in the drug development laboratory of Joseph
KI ZERBO University. The mixture of granules and lubricant was
carried out in the mortar equipped with a spatula to obtain a
homogeneous mixture with a uniform lubricant distribution. A
manual rotary tablet press was used, and the lower and upper punch
adjustments made it possible to adapt the compression chamber to
the volume of granules necessary to have the tablets of the desired
mass and hardness.

Pharmacotechnical testing of tablets

The requirements of the 10t edition of the European Pharmacopoeia
carried out the physicochemical tests of the tablets.

Macroscopic characteristics

The macroscopic and organoleptic characteristics of the tablets
obtained were described. It is about the appearance, the
homogeneity of the color, the taste, and the smell of the tablets.

Mass uniformity

Twenty (20) tablets were randomly selected and weighed, and the
average mass was determined. The test meets the European
Pharmacopoeia requirements when the individual mass of 2 at most
of the 20 °Cp cannot deviate from the average mass by 5% of the
tolerated deviation. Still, the mass of no unit can deviate by more
than 10%.

Hardness

The hardness of the tablets was determined on ten (10) tablets using
a device consisting of two jaws facing each other, one moving
towards the other. The tablet was placed between the jaws, taking
into account its shape. The force exerted causing the tablet to break
is considered the tablet’s hardness and is expressed in Newton [12].

Friability

The friability test was performed with 10 tablets units using a
horizontally fixed rotating drum (PHARMA TEST) rotating at 25+1
rpm. The drum was rotated 100 times, and the tablets were
removed. All loose dust from the tablets was removed before
accurately weighing the tablets. A maximum loss in mass (obtained
from a single test or the average of 3 tests) not exceeding 1.0% is
considered acceptable [12].

The measurement of the diameter and thickness of the tablets was
carried out using the caliper.

Disintegration/Effervescence test

One (1) tablet in a beaker containing 200 ml of distilled water at 25
°C was used. The tablet is considered to disintegrate when it is either
dissolved or dispersed in water with a total absence of particle
agglomerate. The test was repeated on 5 other tablets. The tablets
comply with the test if each of the 6 tablets used disintegrates in the
prescribed manner with in 5 min or 300 sec.

Determination of the pH of the effervescent solution

The pH of the solution was determined with one tablet in 200 ml of
distilled water at 251 °C using a pH meter immediately after
completing the dissolution time. This experiment was repeated 3
times for each formulation.

Data analysis

The physicochemical and pharmacotechnical characteristics,
including organoleptic properties, moisture content, angle of repose,
Hausner ratio, and particle size distribution, described descriptively.
The results were compared with the requirements of the European
Pharmacopoeia 10t Edition. In parallel, the effect of differences in
the ratio of citric acid to sodium bicarbonate as effervescent agents
was analyzed by statistical analysis using GraphPad Prism software
version 10.3.1. One-way ANOVA followed by Dunnett's comparisons
test was performed. Differences were considered significant if P (p-
value) was less than 0.05.

RESULTS

Physicochemical and pharmacotechnical properties of recipe
powder

Table 2 provides information on the physicochemical and
pharmacotechnical characteristics of the prepared powder, which
constitutes the active ingredient in the formulations.

Macroscopic and organoleptic observations showed that the powder
was gray, with a bitter taste, odorless, and fine in texture. Residual
moisture content was less than 10% at acidic pH. The particle size
distribution of the powder showed a predominance of particles
between 0.1 and 0.25 mm in size. The particle diameter was 0.148 mm
(148 pm), and they are therefore classified as fine particles. The
characterization of the powder's rheological properties demonstrated
its flow difficulties. Therefore, taking into account the particle size and
rheological results (angle of repose, compressibility index, and
Hausner ratio), the prepared powder was suitable for wet granulation.

Tablet quality control tests

Following the formulation strategies implemented, tablet quality
control tests were carried out. These tests focused first on the flow
capacity of the granules carried out and secondly on the average
mass of the tablets, the disintegration or effervescence time, their pH
in solution, the hardness, the reliability, and the size of the tablets.
The results from these tests are recorded in the table.
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Table 2: Physicochemical and pharmacotechnical properties

Physicochemical and rheological properties Powder Interpretation Specifications Eur Pharm 10t Ed
pH 5.58+0,01 Acid

RMC 6.18%=+0,03 Adequate <10%
Solubility (Water) Slightly soluble - -

Particle size 148 pm Fines particles -

Bulk density 0.50+0.00 Weak -

Taped density 0.65+0.00 Weak -
Compressibility index 23.61+0.35 Poor 1-15%
Hausner ratio 1.30+0.00 Poor 1.00-1.18
Flow time Infinity - 4-10g/s
Angle of repose (a) 62.5°+0.50 Fair 25-35°

Data expressed as mean+SD, n=3.

Table 3: Pharmacotechnical properties of the tablets (***p<0.05 Vs F1)

Formulation Standard (Ph Eur 10t) FO1 F02 F03 F04 FO5
Evaluation of the characteristics of the effervescent tablets

Organoleptic Light brown, Smooth appearance, Tart taste

Granule flow time (sec) <10 <10 <10 <10 <10

RMC (%) <10% 3.06 4.15 4.27 3.5 4.28

Mass uniformity (mg) <5% 513.2+13.68 508.2£10.29 451+29.33 480.5+19.5 521.8+17.59

Hardness (N) - 95+14.14ns 81.8+6.76™ 118+26.83 103.6+4.72rs 89.8 £9.4 s

Friability (%) <1% 4.60+0.01 0.86+0.02 0.91+0.06 0.75+0.03 1.22 +0.09

Diameter (mm) - 111 111 111 111 111

Thickness (mm) - 4.28 4.28 4.28 4.28 4.28

Evaluation of the characteristics of the effervescent tablets after reconstitution

Organoleptic
pH 5-6 5.89+0.12
Disintegration time < 300s 307

Preparation: Dispersion; Taste: Bitter and tangy; Color: Dark orange; Aroma: Smell of henna

5.13x0.3™ 4.27+0.16™ 4.39£0.04™ 4.19+0.06™"
156 263™ 209™ 261

n=3; Data expressed as mean+SD; sec: second

The test results show that the tablets of the different formulations
have a mass that varies between 450 and 521 mg; only the F3
formulation respects the 5% margin tolerated in the European
Pharmacopoeia 10t Ed. The hardness of the tablets was between
81.8 and 118N. Friability is a parameter that starts from the
compressive force and, therefore, from the hardness. In the case of
our formulations, we note a friability rate higher than the
requirements of the European Pharmacopoeia 10th Ed with the F1
and F5 formulations. For measuring the pH of the tablets after
disintegration, it was found that the formulations had a pH that
varied depending on the proportion of the acid-base couple. A
significant difference was noted between the pH of formulation
F1/F2 and formulations F3 to F5. The size of the tablets is
practically identical, which shows the homogeneity of the tablet
masses. The disintegration time of the tablets of the formulations
F3 to F5 respects the standards of the European Pharmacopoeia,
which requires total disintegration within 5 min or 300 sec. There
is a significant difference between the disintegration time of the
tablets of formulation 2 and formulations F03, F04, and FO05, the
time of which complies with the standards of the European
Pharmacopoeia.

DISCUSSION

Powder characterization tests help define the formulation strategy of
the galenic form and constitute parameters for powder recognition
[18-21]. In producing improved traditional medicines, the exact
identification and quality of raw materials are essential because they
contribute to the safety and quality of the finished product [19, 22].
Thus, the color, taste, texture, and odor are all characteristics that
allow a powder to be recognized and, above all to avoid any confusion
during large-scale preparation [16]. The raw powder in the recipe was
gray and had a slightly bitter taste characteristic of the presence of
tannin. Its pH was 5.8. The macroscopic and organoleptic
characteristics of the powder constitute identification parameters,
allowing recognition and avoiding falsification. However, the
characteristics of the powder, depend on the particles obtained during
grinding and conservation of the medicinal plant.

Among the parameters that can vary, we note the residual humidity
rate, which is less than 10%; the recipe can, therefore, be stored for
a long time without contamination and proliferation of molds or
yeasts [23]. The recipe powder is slightly soluble in water. This
result is justified because the recipe is a mixture of vegetable
powder without prior treatment.

The powder particle size analysis shows a homogeneous and
uniform distribution with a strong predominance of particles less
than 0.25 mm and an average size of 0.148 mm. According to the
terminology of the European Pharmacopoeia [23], it is uniform and
classified as a powder of fine particle size. The particle size is a
parameter that influences the solubility and rheological properties
of the powder [19]. The rheological qualities of the powder were
tested using 3 methods. Indeed, the results of the compressibility
index and the Hausner ratio allow us to qualify the flowability of the
powder as poor. One of the reasons that can justify the poor flow
properties of the powder is the particle size. Indeed, several studies
have proven particle size's impact on powders' flow properties.
Several techniques have been used to solve the flow problem.
Among the methods used, we can cite dry or wet granulation [16],
high-shear wet granulation, crystal-co-agglomeration [24], or
spherical crystallization [25]. Others to improve flow properties use
flow regulators such as colloidal silica [26-28] or talc [29].

The technique used in our case to improve the flow properties of the
powder is wet granulation. This technique was used to reduce the
number of excipients in the formulation.

Granules obtained by wet process, in general, improve not only the
flow properties of the powder and compression [16].

After obtaining the granules, screening was conducted to obtain the
same size and homogeneity. The flow time of the grains justifies this
method. Indeed, the flow time of the grains through the funnel
orifice was less than 10 sec. Another important parameter in the
quality of the granules before the compression phase is the residual
humidity rate. Indeed, effervescent granules are hygroscopic [17],
and a change in hygroscopic parameters can alter the flow of
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granules [30]. The formulations produced had a relatively low water
content. The moisture content of the granules varies between 3.08
and 4.28. According to some authors, the moisture content
requirements of the granules are approximately 3 to 5% [31, 32].
Based on these requirements, the granules have an acceptable
moisture content. This low moisture content is not conducive to the
proliferation of microorganisms that could contaminate the
formulations and promotes good preservation.

A total of 5 formulations of 500 mg tablets were produced. The
formulation strategy that was developed allowed the use of some
excipients, including the flow regulator, to be limited. However, for
its swelling properties, starch was used as a disintegrant and PVP as
a binder. Magnesium stearate was used as a lubricant to facilitate the
compression of the granules. The citric acid and sodium bicarbonate
couple was used as an effervescent agent due to their solubility and
ability to mask the powder's bitter taste.

The tablets of each formulation were subjected to quality control
tests after preparation.

According to the European Pharmacopoeia 10th Ed., the maximum
permissible deviation from the average mass percentage for 250 mg
tablets is 5% [12]. Tablet mass should therefore be between 475 mg
and 525 mg. Variations in tablet mass percentage were within this
acceptable limit, except for formulation F3. This parameter
demonstrates that the tablets have the desired mass. Furthermore,
this parameter could be used in stability studies, as any increase in
mass during storage indicates moisture absorption, highlighting
inappropriate tablet packaging conditions [16].

A hardness test was conducted to assess the tablet’s fracture toughness.
Tablet hardness ranged from 81.8 to 118 N. There was no significant
difference (p<0.05) between formulation F3, which had the highest
hardness, and formulations F1, F4, and F5. This variation may be
explained by the use of a hand press, which could result in a variation in
compression force during the process. Indeed, a hand press was used;
therefore, the compression force applied to produce the tablets may not
be uniform at each process. The European Pharmacopoeia does not
specify tablet hardness requirements. However, it is important that this
parameter not be set too high, as this could prevent the release of the
active ingredient and thus delay the drug's effect.

The friability test determines a tablet's resistance to mechanical
disturbances to maintain its shape[33]. Formulations F2, F3 and F4
had a friability rate meeting the requirements (1%) of the European
Pharmacopoeia 10th Ed. These formulations will therefore have
good resistance to shocks due to transport or storage. The use of the
binding agent and the choice of the compression method
(granulation) could therefore be responsible for this result. Indeed,
studies have demonstrated good resistance to crumbling and good
cohesion of the particles during compression following the use of
binding agents such as PVP, but also compression by granulation.
PVP is a hydrophilic polymer with good binding properties and an
ability to form films, thus allowing good adhesion of particles and
granules. This low percentage of loss was also made possible by
granulation, which improves the cohesion characteristics of the
grains and therefore better compactibility [16]. The bonds formed
during the granulation process allow the tablet to acquire better
mechanical strength by dissolving the binder and coating the
particles in the mixture [34]. The formulations F1 and F5 had a
friability rate above the requirements (1%) of the European
Pharmacopoeia 10% Ed. The hardness of the tablets of these
formulations could justify this. The formulation F2, despite a
hardness significantly identical to the formulations F1 and F5, has a
reliability rate that meets the requirements. The non-uniformity of
the compression forces of the different tablets explains this. Given
this observation, we can, therefore, justify the complementarity
between the hardness and friability of the tablets. According to some
authors, hardness alone cannot provide information on the physical
resistance of the tablet [35]; a combination of the two tests is
necessary. These crumbling rates of less than 1% also indicate good
cohesion of the particles during compression, and therefore, justify
the use of the binder and the granulation technique. Wet granulation
improves the compressibility, fluidity, and hardness properties [36,
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37]. In their study, several authors, including Ouedraogo et al, have
proven the advantages of compression by wet granulation.

The pH of the effervescent preparation is one of the parameters
affecting consumer acceptance and, therefore important in
treatment compliance. The difference in the ratio of citric acid and
sodium bicarbonate as effervescent had a significant impact on the
pH of the preparation. The pH of the suspension tablets for the five
formulations varied between 4 and 5. The acid-base ratios used
favor this balance. A significant difference (p<0.05) was noted
between the pH of formulation F1/F2 and that of formulations F3 to
F5. The decrease in the pH of the formulation was inversely
proportional to the increase in the citric acid/sodium bicarbonate
ratio. Increasing the proportion of acid increases the concentration
of unreacted [H3°*] ions in the solution [38], which is explained by
the pH of the formulations being lower than 6. The resulting acidity
increases the patients' taste perceptions [39]. The relationship
between the proportions of citric acid and bicarbonate is closely
linked to the pH of effervescent forms [40]. According to some
authors [41], an acidic pH irritates the stomach, while a basic pH can
promote a bitter taste in the preparation.

The parameter promoting the release of the active ingredient
responsible for the activity was evaluated using the disintegration
test, which defines the time after which the entire solid form
disperses into particles in water. According to the recommendations
of the European Pharmacopoeia, 10th ed., tablets pass the test if
each of the 6 units disintegrates in less than 5 min or 300 sec. The
results of statistical analysis by one-way ANOVA test showed a
significant difference (p<0.05) in the dispersion time of five
formulations. The dispersion time of formulation 2 was significantly
different from that of formulations 1, 3, 4 and 5 according to
Dunnett's comparison test (p<0.05). Formula 2 with a citric
acid/sodium bicarbonate ratio (1:3.11) produced the best
disintegration time, which was 156 sec. A rapid disintegration time
accelerates the release of the active ingredients in the formula and
thus promotes better therapeutic action. Indeed, the presence of the
acid-base pair in the formulation promotes the rapid disintegration of
the tablets. The production of carbon dioxide results from this
chemical reaction between sodium bicarbonate and citric acid in the
presence of water. Studies have shown that the more effervescent the
mixture used, the better the carbon dioxide production [42]. His
carbon dioxide acts as a disintegrant for the effervescent tablets [43].
The higher proportion of base to acid in formulation 2 resulted in a
more pronounced effervescent reaction, hence the rapid dispersion
and dissolution of the tablets observed. Giyatmi and Lingga, in their
study on the effect of citric acid and sodium bicarbonate concentration
on the quality of effervescent red ginger extract, observed practically
the same results [44]. The acid-base ratio of formulation 2 showed that
the citric acid and sodium bicarbonate had completely reacted.

This phenomenon was observed with formulation F2, where the
bicarbonate content was high. Furthermore, this result could be due
to the hygroscopic properties of the bicarbonate, which is higher in
proportion, allowing it to absorb water more easily and react more
quickly than the other formulations. Furthermore, the
characteristics of the excipients also promote water penetration. The
hydrophilic nature of PVP as a binder facilitates the penetration of
water into the tablet pores, and the tablet dissolution process begins
with this penetration. This penetration causes an effervescent
reaction between the acid and the carbonate, releasing carbon
dioxide to dissolve the effervescent tablets [43].

The disintegration of the dosage form produces a dispersion that
will have a local action after use as a mouthwash. Its systemic action
is thought to be due to the high carbonate salt content. Upon
ingestion of the drug solution, gastric pH is temporarily elevated,
accelerating gastric emptying and promoting drug absorption with
increased bioavailability [45].

The cavities in the granules that make up the tablet al so facilitate
the disintegration process. It has been shown that liquids penetrate
more efficiently and facilitate the disintegration of the granules due
to the high porosity caused by the presence of citric acid and sodium
bicarbonate [43].
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Conversely, increasing the acid content lengthens the solubility time
[46]. Decreasing sodium bicarbonate results in reduced porosity and
carbonation rate [35, 45]. This observation was made with
formulations F3, F4 and F5, with a significant increase in
disintegration time compared to formulation F2.

From the results of the pH and disintegration time analysis, it
appears that these two parameters reveal a clinical importance both
in improving compliance with the treatment of oral pathologies but
also in the effectiveness of the treatment by patients.

This study allowed us to develop a formulation that complies with
pharmacopoeia standards, promoting better therapeutic action of
the drug.

The next step would be to work on parameters likely to improve
treatment compliance. Indeed, the taste of the tablets produced is
tangy and slightly bitter; for good dosage compliance and therefore
treatment, their taste should be improved [47-49]. In this sense, we
can draw inspiration from the formulation D. L. Aulifa et al,, who
used sucrose as a sweetener and diluent in their formulation. This
excipient could complete the mass of the galenic form and therefore
overcome the slightly bitter taste left by the drug after taking it [50].

CONCLUSION

This work led to the development and characterization of
effervescent tablets containing the formula, aimed at improving the
use of a traditional recipe used for the treatment of oral and dental
conditions. This dosage form was chosen based on the rheological
properties of the powder. The Carr and Hausner index associated
with the flow rate revealed poor compressibility and flow of the
powder. The improvement of rheological properties by wet
granulation made it possible to produce tablets that mainly met the
specifications of the European Pharmacopoeia 10th Ed. The molar
ratios influenced the disintegration time, which was more favorable
when the proportion of citric acid decreased with the increase of
sodium bicarbonate. Formulation 2, whose ratio is 1:3.11, presented
the best disintegration time, i. e., 156 sec, and a friability rate of less
than 1%. Its pH was 5.13. This formulation appears to meet the
desired formulation objectives. On the one hand, it could therefore
provide a basis for the continuation of formulations aimed at
improving taste and color. These parameters are essential for
treatment compliance. On the other hand, a one-year stability study
would confirm that formulation F2 is the most optimal and that it
maintains these characteristics throughout its shelf life. Given that it
is an effervescent tablet, it is recommended to store it away from
moisture to preserve the integrity of the solid form.
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