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This study aims to determine the effect of variations in chitosan
concentration as a polymer on the physical characteristics, mucoadhesive
properties, and dissolution profiles of mucoadhesive tablets in carrier
microspheres. Mucoadhesive tablets are made using the direct felt method.
In making mucoadhesive tablets, three different concentrations of E.
palmifolia extract compared to chitosan are used, including F1 (1:1), F2
(1:2), and F3 (1:3). Eleutherine palmifolia (L.) Merr is used as the active
ingredient and chitosan is used as a polymer. Evaluation of the physical
characteristics of mucoadhesive tablets includes tests for uniformity of
content, size, hardness, brittleness, and crushing time. In addition,
mucoadhesive properties are also evaluated, including expandability tests,
wash-off tests, and dissolution tests. The measurement of content
uniformity showed no significant difference from the three formulas with
no significant difference (p > 0.606). The uniformity test results of size,
hardness, brittleness, crushing time, and the wash-off test showed a
significant difference by the significant difference in each test sequentially
of 0.012, 0.018, 0.028, 0.000, and 0.004. Dissolution tests were carried out
with simulated gastric fluid (SGF) pH 1.2 and simulated intestinal fluid
(SIF) pH 6.8 dissolution media using a type 2 dissolution tester (paddle),
and dissolution level measurements were carried out with UV-Vis
spectrophotometer at a maximum wavelength of 340.5 nm. The dissolution
values of the three mucoadhesive tablet formulas in simulated gastric fluid
(SGF) pH 1.2 media and the median simulated intestinal fluid (SIF) pH 6.8
showed significant differences (p < 0.000).
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Introduction

Eleutherine palmifolia (L.) Merr (E. palmifolia) is
one type of plant that has also been proven to
have anti-cancer effects. The results of previous
studies stated that ethanol extract of E. palmifolia
exerted cytotoxic effects against HT29 colonic
carcinoma with LCso of 3,125 mg/mL [1]. E.
palmifolia ethyl acetate extract also inhibited the
circulation of T47D breast cancer cells and cell
apoptosis with 1Cso of 147.124 pg/mL. In
addition, ethanol extract in previous studies was
also able to inhibit the growth of HeLa cervical
cancer cells with IC50 of 40.36 ug/mL [2].

The ability of E. palmifolia plants as a cancer drug
indicates that there is a cytotoxic potential of E.

(B)

and dissolution profiles of
mucoadhesive tablets in
carrier microspheres
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palmifolia extract against cancer cells due to the
presence of secondary metabolite compounds of
naphtoquinone derivative compounds such as
eleutherinoside A, eleuthoside B, Isoeleutherine,
eleutherin and eleutherol [3]. In addition, E.
palmifolia is also known to contain isoliquirigenin
compounds from the flavonoid group, and
oxyresveratrol from the phenol group has anti-
cancer activity against Hela 2 cervical cancer
cells.

One form of E. palmifolia development is made in
pharmaceutical preparations, namely
mucoadhesive tablet preparations with a
microspheres carrier system.
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Mucoadhesive tablets can bind to mucosal
surfaces and cause a longer drug residence time
at the absorption site 4. Microspheres are drug
delivery systems consisting of polymers and
molecularly dispersed drug particles with a
diameter of about 1-1000 micrometers [5]. This
mucoadhesive tablet with a microsphere carrier
can produce a long and constant therapeutic
effect. The drug material more easily penetrates
the target organ and has a gradual drug-release
effect to reduce the frequency of use and improve
patient compliance [6]. Polymers are the main
component in the manufacture of mucoadhesive
tablets with carriers of microspheres. In this
study, Chitosan polymer was used. The reason for
choosing a Chitosan polymer is because this
has good biocompatibility and
biodegradability and is non-toxic [7]. Chitosan
also has mucoadhesive properties in the
gastrointestinal tract to extend the drug's release
time [8].
influences the value of entrapment efficiency and
the mucoadhesive properties of the resulting
tablets.

The most optimal concentration of Chitosan
polymer in mucoadhesive tablet preparations

polymer

Chitosan concentration significantly

with carriers of microspheres is a 1:1 ratio of

active  ingredients and  chitosan.  This
concentration can produce an entrapment
efficiency  value of 76.74%. However,

mucoadhesive properties are best demonstrated
by a formula with a ratio of active ingredients and
chitosan 1:3 with a mucoadhesive percentage
value of 85% [9].

In another study, the optimal concentration of
Chitosan polymer was the ratio of active
ingredients and Chitosan 1:2 with an entrapment
efficiency value of 95% [10]. In addition, other
studies show that the ratio of active ingredients
and chitosan 1:3 is the optimal ratio, resulting in
an entrapment efficiency value of 81.19% [11].
Based on the description above, this study was
carried out to make mucoadhesive tablets of E.
palmifolia extract in a microspheres carrier
system with variations in the concentration of
active ingredients and polymers, namely F1 (1:
1), F2 (1: 2), and F3 (1: 3), and then evaluated the

physical characteristics, mucoadhesive
properties, and dissolution tests of each formula
to determine the effect of variations in chitosan
concentration as a polymer on physical
characteristics, mucoadhesive properties and

tablet dissolution rate.

Materials and Methods

The ingredients used in this study were E.
palmifolia extract. The E. palmifolia samples were
purchased from vendors in East Kalimantan and
identified at the Materia Medica in Batu, East
Java, Indonesia, with the accession number
074/342A/102.7/2018. The specimens were
then stored in the pharmacognosy Laboratory of
the Pharmacy Department, Maulana Malik
Ibrahim, State Islamic University of Malang. The
other materials used in this suty are as follow:

Chitosan (PT. Himedia, Jakarta, Indonesia),
acetone (PT. Smart Lab, Bogor, Indonesia),
paraffin liquid (PT. Bratachem, Surabaya,

Indonesia), span 80 (PT. Bratachem, Surabaya,
Indonesia), petroleum ether (PT. Smart Lab,
Bogor, Indonesia), Avicel (PT. Bratachem,
Surabaya, Indonesia), Mg Stearate (PT.
Bratachem, Surabaya, Indonesia), Talk (PT.
Bratachem, Surabaya, Indonesia), Aerosil (PT.
Bratachem, Surabaya, Indonesia), Media
dissolution simulated gastric fluid (SGF), pH 1.2
prepared from HCl P and NaCl pro analysis
(Merck, Jakarta, Indonesia), simulated intestinal
fluid (SIF), pH 6.8 prepared from KH,PO,
(potassium dihydroxide phosphate), NaOH
(sodium hydroxide), and pro analysis (Merck,
Jakarta, Indonesia).

Microspheres preparation

The delivery system of E. palmifolia extract
microspheres is made in three formulas with
variations in the concentration of Chitosan
polymer in each formula. The total number of
microspheres made in one formula is 117.669
grams, so the concentration of the active
ingredient in each formula is 0.637%, and the
concentration of Chitosan profit of each formula

is 0.637%, 1.275%, and 1.912%, respectively.
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Table 1: Formulation of microspheres extract of E. palmifolia-chitosan

Material Formula Concentration (%)*

F1(1:1) F2 (1:2) F3 (1:3)

E. palmifolia extract 0.637 0.637 0.637

Chitosan 0.637 1.275 1.912

Acetone 16.113 16.113 16.113

Liquid Paraffin 64.248 64.248 64.248

Span 80 0.772 0.772 0.772

Petroleum ether 17.591 16.954 16.317

*0p (weight/weight)
Microspheres are made using the solvent centrifuged at 2500 rpm for 45 minutes. In this

evaporation method. The finished microspheres
are then calculated for entrapment efficiency and
formulated ingredients  in
mucoadhesive tablets. The formula design of
microsphere delivery systems is presented in
Table 1.

into active

Calculation of entrapment efficiency (EE) and

equivalence of microspheres with active

ingredients

The percent of EE value determines how much
the drug can get trapped in the microsphere
system. The percent EE value is also used to
calculate microspheres equivalent to 0.05 g of
active ingredient. The percent conversion of EE
values is carried out using UV-Vis instruments at
the maximum wavelengths. To calculate EE
microspheres, samples were made with a
concentration of 5000 ppm by weighing several
microspheres equivalent to 0.05 g of E. palmifolia,
and then put into a 10 mL measuring flask and
added aquades to the limit mark. After that, the
sample is inserted into a centrifuge tube and

centrifugation process, deposits of E. palmifolia
extracts trapped in the microsphere system and
supernatants containing E. palmifolia extracts
that are not trapped in the microsphere system
are produced. The supernatant obtained was then
diluted up to 10 times, and the concentration of
water-free drugs that were not trapped in the
delivery system of microspheres was measured.

The EE value is then -calculated
Ct — Cf

YWEE=—+— x 100

Ct . Where, Ct is the amount
of used drugs, and Cf is the amount of medicinal
material in the water phase. The calculation
results of the EE and the equivalence of
microspheres with 0.05 g of active ingredient are

listed in Table 2.

using

Formulation of mucoadhesive tablets of E.
palmifolia extract with carrier microspheres.

Microspheres of the three formulas above are
made in tablet preparations to make felts
directly. Formula tablets mucoadhesive are
summarized in Table 3.

Table 2: Calculation of entrapment efficiency and equality value with 0.05 g of active ingredient

Formula % EE = SD* The amount of microspheres
equivalent to 0.05 g of active
ingredient (g)*
Formula 1 (Comparations of Active 95.707 £ 0.06 0.076
Ingredients and Chitosan 1:1)
Formula 2 (Comparations of Active 96.967 £ 0.05 0.129
Ingredients and Chitosan 1:2)
Formula 3 (Comparat1ons of Active 98.031 + 0.07 0.184
Ingredients and Chitosan 1:3)

*Average of 3 replications (*SD (Standard Deviation) value)
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Table 3: Formulation of mucoadhesive tablets microspheres E. palmifolia extract

Bahan Formula Concentration (%)*
F1 F2 F3
Microspheres from 0.076 g (10 %) - -
Formula 1 (1:1)
Microspheres from - 0.129¢ -
Formula 2 (1:2) (10 %)
Microspheres from - - 0.184 g
Formula 3 (1:3) (10 %)
Aerocil 1% 4% 4%
Mg Stearate 1% 1% 1%
Talcum 5% 2% 2%
Avicel ad 100 % Ad 100 % Ad 100 %
*0% (weight/weight)

Formulation of mucoadhesive tablets

The tablets had a mass of 500 mg. The method
used was directly felt. This method was chosen
because it does not damage the delivery system
of microspheres created [12]. Avicel and Aerosil
were sifted using a 40 mesh and mixed until
homogeneous. The mixture was then added to mg
stearate and glycan talc lubricants, and then
stirred until homogeneous. These excipients were
subpoenaed with microspheres that had been
created. This mixture was then fed into a single-
punch tablet printer, and then printed.

Evaluation of physical characteristics of tablets
Test content uniformity

The uniformity test of the content was carried out
by selecting no less than 30 tablets. For coated or
uncoated tablets, the content of 10 tablets was
determined one by one by analysis method using
a UV-Vis spectrophotometer at a wavelength of
340.5 nm [13].

Size uniformity test

The Size Uniformity Test was carried out by
measuring the thickness and diameter of the
tablet using the Erweka hardness tester type 185
[14].

Hardness test

Tablet hardness tests demonstrated the tablet's
shock
production, packing, and distribution. A total of

resistance to  mechanical during

10 tablets were randomly taken and measured
hardness using the Erweka hardness tester type
TBH 125 [14].

Tablet fragility test

Fragility tests were performed on 20 tablets that
were randomly taken, weighed the initial weight
of the tablets, and then tested with a tool
friability tester for 4 minutes at a speed of 25
rpm, after which the final weight of the tablet was
weighed, replication was carried out three times
[14].

Disintegration test

A total of 6 tablets in each formula were placed in
each tube with 900 mL media at a temperature of
37+0.5 °C. Simultaneously with the start of the
test equipment, the stopwatch was turned on. It
took time to shatter through mesh 10 when the
tablet was destroyed [14].

Mucoadhesive physical test
Expandability test

This test is done by inserting each tablet into a
centrifugation tube, weighing the tube containing
the tablet (Wo), inserting pH 6.8 phosphate as
much as 10 mL into this tube, inflating the tablet,
and checking the power to expand every 15, 30,
60, 90, and 120 minutes by weighing the weight
of the tablet after expanding [12].

Wash off test
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Test Wash Off aims to determine the number of
mucoadhesive microspheres that can stick to the
skin mucosa for 2 hours. This test used the
intestinal mucosa of mice. Average percent
microspheres: Those still attached are calculated
at 30-minute intervals for 2 hours [8].

Dissolution test

The dissolution test uses type 2 dissolution test
equipment (paddle type). The test was conducted
under two conditions: medium simulated gastric
fluid (SGF) pH 1.2 and medium simulated
intestinal fluid (SIF) pH 6.8. A dissolution
medium of 900 mL is inserted into the dissolution
flask, and the paddle stirrer is set at a speed of 50
rpm, with the distance of the paddle stirrer from
the base being 2.5 cm. The experimental
temperature was maintained in the temperature
range of 37 = 0.5 °C. Samples of 0.5 mL were
taken at minutes 15, 30, 45, 60, 90, 120, 180, 240,
300, 360, 420, and 480 14.

The sample taken is replaced with a new
dissolution medium in the same amount as the
retrieval volume so that the volume of the
dissolution medium is fixed. The sample was
measured with a UV-Vis spectrophotometer at
340.5 nm.

Results and Discussion

Evaluation of physical characteristics of

E.Palmifolia extract mucoadhesive tablets

Evaluation of physical characteristics of
mucoadhesive tablets of E. palmifolia extract
carried out includes tests for uniformity of
content, size, brittleness, and
disintegration. The results of each test can be

seen in Table 4.

hardness,

Content uniformity

The content uniformity test is carried out to
determine the degree of uniformity of the active
substance in the preparation made [14]. Based on
the results obtained from the three formulas, it is
known that none of the tablets contains more
than 115% or less than 85% of the number of
active ingredients used, so it can be concluded
that the three formulas meet the requirements
for uniformity of content according to the
The
uniformity of the active ingredient content in the
preparation affects the effect caused by a
preparation. If a preparation has a uniform
content, it can be ascertained that the effect
caused by the preparation is also uniform.

Indonesian Pharmacopoeia edition 3.

Table 4: Evaluation results in physical characteristics of mucoadhesive tablets of E.palmifolia extract

Evaluation Type Results + SD* Requirements Results
F1 F2 F3
The level of the active substance is at )
Content 97.92 98.18 99.77 Fulfill the
) , least 85% and not more than 115% of ,
Uniformity (%) +4.48 +3.64 +4.01 , Requirements
the level written on the label.
Size Uniformi
tze “niformity The diameter of the tablet is not more
, 4,20 4,30 4,20 . S )
Thickness (mm) than three times the tablet's thickness Fulfill the
+0.07 +0.07 +0.08 , . .
and not less than 4/3 times the tablet's Requirements
Diameter (mm) 1205+ | 12.03+ | 12042 thickness
0.01 0.01 0.01
6.17 = 590 5.70 = Fulfill the
H K 4-
ardness (Kg) 1.02 0.88 0.76 8 Requirements
0.43 + 0.52 + 0.56 + Fulfill the
Friability (9 1
riability (%) 0.05 0.04 0.07 ) Requirements
Disintegration 1.54 + 0.83 % 0.52 <30 Fulfill the
Time (Minute) 0.02 0.33 0.18 Requirements

*Average of 3 replications (*SD (Standard Deviation) value)
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The data obtained were then analyzed
statistically, and it was found that the difference
in chitosan concentration in the formula did not
significantly affect the uniformity of tablet
content, indicated by no significant difference (p

>0.606).
Size uniformity

Based on the measurements that have been
made, it was obtained that from the ten tablets
measured, no tablet diameter is more than three
times the thickness of the tablet and not less than
4/3 the thickness of the tablet, so it can be said
that the three tablet formulas
requirements for uniformity of tablet size,
namely the diameter of the tablet is not more
than three times the thickness of the tablet and
not less than 4/3 times the thickness of the tablet
13. The difference in chitosan concentration in
each formula gives a significant difference in the
thickness and diameter of the tablet, indicated by
significance values of 0.01 and 0.001. Increased
chitosan concentration causes the thickness and
diameter of the tablet to continue to decrease.

meet the

Violence

According to the results of measurements made
on ten tablets in each formula, it is known that all
three formulas meet the requirements for tablet
hardness, which is between 4-8 Kg. The
increasing concentration of microspheres in the
formula causes the hardness of the tablets to
decrease. The decrease in the hardness of the
tablet is caused because the active ingredients of
the microspheres used have a small particle size
(micronized), causing the material to tend to
have a sizeable electrostatic force and can
increase friction between particles and other
materials. This will lead to a decrease in the
compactness level of the tablet, which will also
decrease its hardness level [15]. The difference in
chitosan concentration in each formula gives a
significant difference in the hardness of the
tablets, indicated by a significant difference (p <
0.018).

Friability

The brittleness test aims to determine the
during the
production, packing, and distribution process
[14]. The average percent
mucoadhesive tablets in this study from formulas
1 to 3 was 0.43, 0.52, and 0.56%, respectively, so
it can be concluded that the formula meets the
requirements of the tablet fragility test that the
brittleness of the tablet must be below 1%. The
degree of brittleness of tablets is greatly
influenced by the degree of hardness of tablets.
The greater the hardness value of the tablet, the
fragility level of the tablet will also decrease, and
vice versa. The smaller the hardness value of the
tablet, the more the brittleness level of the tablet
will increase [16]. The difference in chitosan
concentration in each formula gives a significant
difference in the fragility of the tablet, which is
indicated by a significant difference (p < 0.028).

resistance of tablets to shocks

brittleness of

Disintegration

Based on the research conducted, it was found
that every six tablets of each formula had a
crushing time of 1.54, 0.83, and 0.52 minutes, so
it can be concluded that the three formulas have
met the crushing time requirements set in the
Indonesian Pharmacopoeia Edition III of 1979,
which is < 30 minutes. The results of the crushing
time test of mucoadhesive tablets show that the
addition of chitosan concentration as a polymer
can affect the crushing time of the preparation,
where the higher the concentration of chitosan
added in the preparation, the faster the crushing
time of the preparation.

Adding chitosan to the slow-release tablet
formula can help the tablet absorb water to
expand and disintegrate [17]. The difference in
chitosan concentration in each formula gives a
significant difference in the crushing time of the
tablet, indicated by a significant difference (p <
0.000).

Physical characterization of mucoadhesive tablet
E. palmifolia
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Table 5: Results of fluffy power test of mucoadhesive tablets of extract E. palmifolia

Swelling Index Average (%) at + Minutes SD*

15 30 60 120
2594 +2.6 28.14 25 30.23£2.3 32.00 £ 2.2
25.49 + 3.6 26.88+ 2.5 29.97 +45 3396+ 2.5
22.60 £ 4.5 28.94 + 6.8 32.30+5.1 35.71+ 2.6
*Average of 3 replications (*SD (Standard Deviation) value)
Table 6: Hasil Uji Wash Off tablet mucoadhesive E. palmifolia
Formula Average of Microsphere attached at the minutes to (%) + SD*
0 30 60 90 120
1 1000 84.52+17.0 80.08 + 14.8 69.83 £11.0 48.74 + 10.5
2 1000 90.87 £ 11 87.20 £9.87 79.83 £13.6 69.09 £ 2.89
3 1000 94.72 + 6.0 86.62 + 7.56 81.66 + 4.95 79.30 £ 4.83

*Average of 3 replications (*SD (Standard Deviation) value)

Expandability test

The expanding power test was carried out using a
phosphate dapar medium of pH 6.8. This is
because tablets are intended as mucoadhesive
preparations in the intestine.

The expanding power of the tablet is observed
based on the change in weight at a specific time
interval of 2 hours. The results of the expanding
power test are provided in Table 5.

Based on the study's results, it is known that the
increase in the concentration of microspheres is
directly proportional to the increase in the
expanding power of the tablet. This is because the
microspheres used consist of chitosan polymers.
Theoretically, in mucoadhesive tablets, the
process of development or swelling occurs due to
good contact between the polymer and the
membrane through wetting. Wetting is the initial
process in the adhesion stage on mucoadhesive
tablets. During the wetting process, the polymer
in the mucoadhesive tablet will absorb mucosal
fluid. The absorption of this mucosal fluid will
cause the tablet to expand or swell [8]. Chitosan
polymer is a cationic polymer that can interact
with mucosa through wetting or absorption of
mucosal fluid. The process of liquid absorption by
chitosan will open the pores of the tablet, causing
the tablet to experience a process of expanding or
swelling [18].

The higher the content of Chitosan polymer in a
tablet, the power or ability to expand it will

increase. Statistical tests show that the difference
in chitosan concentration used in each formula
does not provide a significant difference (p <
0.188).

Uji wash off

The wash-off test aims to determine the number
of mucoadhesive microspheres that can stick to
the skin mucosa for 2 hours. This test used the
intestinal mucosa of mice. The average percent of
microspheres still attached was calculated at 30-
minute intervals for 2 hours. The percent of
microspheres still attached is listed in Table 6.
Based on these results, it is known that an
increase in chitosan concentration leads to an
increase in the ability of microspheres to attach
to the mucosa. The ability of microspheres to
adhere is influenced by the concentration of
chitosan polymers in the formula. Chitosan is a
mucoadhesive polymer. Mucoadhesive means the
ability to attach to mucosal tissue [12 Chitosan can
bind to mucous tissues through ionic interactions
between primary amino groups in chitosan with
sialic acid and sulfonic acid in the mucosa. In
addition, hydroxyl groups and amino groups in
chitosan can interact with mucosa through
hydrogen bonds. With more chitosan polymer
content in a material, the ability of microspheres
to attach to mucosal tissue is increased [18].
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Figure 1: Dissolution profile of average release of 6 tested tablets from each mucoadhesive tablet formula: (a) in
simulated gastric fluid (SGF) media ph 1.2 and (b) in simulated intestinal fluid (SIF) media ph 6.8. f1
(mucoadhesive tablets with a ratio of active ingredients and chitosan 1: 1), f2 (mucoadhesive tablets with a ratio
of active ingredients and chitosan (1: 2), and f3 (mucoadhesive tablets with a ratio of active ingredients and
chitosan 1: 3). The standard used to determine dissolution levels is 1,4-naphthoquinone

Table 7: Result of dissolution efficiency 480 (DE480) tablet mucoadhesive E. palmifolia extract

Formula Average + SD* DE480 (%)
Simulated gastric fluid (SGF) pH 1.2 Simulated Intestinal fluid (SGF) pH 6.8
1 39.98 +1.66 17.36 £ 0.44
2 60.20 + 4.78 27.33+0.58
3 75.19 + 25.01 33.84 +1.87

*Average of 3 replications (*SD (Standard Deviation) value)

Statistical analysis shows that the difference in
chitosan concentration used in each formula
provides a significant difference (p < 0.004).

Dissolution rate of mucoadhesive tablets of E.
palmifolia extract

Test Dissolution uses the type 2 ERVeka Solution
Tester tool with the paddle method. Tests were
conducted at pH 1.2 and 6.8 with a temperature
of 37 °C. Sampling was equalized for each test,
and absorption was observed using a UV-Vis

spectrophotometer at wavelength  340.5.
Dissolution test results are demonstrated in
Figure 1.

The dissolution graph shows the discharge
profile immediately in the initial minutes and
discharges at a lower rate in the following
minutes. This can be seen in Figure 1, which
shows that the release of the drug increases
rapidly until the 15t minute, and then the release
rises slowly until the 480th minute. Formula 2
and 3, which are microspheres-carrying systems,
experienced a rapid increase in discharge at 15

minutes and then increased slowly until the end
of testing 17. The three mucoadhesive tablet
formulas gave different release test results. The
lowest release was experienced by formula 1; the
dissolution profile graph looks the same from
minute 15 to minute 45, and at minute 60, there
begins to be a difference in the release chart. In
this case, formula 3 shows higher levels of
released drugs than formula 2. The difference in
dissolution profile is due to variations in the
chitosan concentration as a polymer added to
each formula. In this case, the higher the
concentration of chitosan added, the higher the
dissolution rate produced. Mucoadhesive tablets
made in the form of microspheres delivery
systems have a stable dissolution profile. That is,
the dissolution rate continues to increase, but the
increase is low with each minute of sample
measurement. This is because the preparation
uses a microsphere delivery system that can
control the release of active ingredients from the
dosage form [6]. The difference
concentration in each formula gives a significant

in chitosan
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difference in dissolution time, indicated by a
significant difference (p < 0.000).

In addition to the examination of the release rate
profile, the dissolution efficiency (DE) percentage
is also calculated to determine the level of active
ingredients that can be dissolved during the test
time. The results of the calculation of the
percentage of DE for 480 are indicated in Table 7.
Based on Table 7, it can be seen that the
difference in chitosan concentration in each
formula differences in  extract
concentrations of E. palmifolia, which dissolved
during the test time. The increase in chitosan
concentration led to an increase in dissolution for
480 minutes in either SGF or SIF media. The
amount of dissolution for 480 minutes in SIF
media is higher than in SIF media because the
polymer used, chitosan, has properties readily
soluble in concentrated acid solvents such as HCL
The highest DE value is found in Formula 3. This
is because Formula 3 has a carrier concentration
in microspheres. Chitosan is the most common,
so the wetting of the particles will be better and
cause the drug to dissolve quickly.

causes

Conclusion

Chitosan polymer concentration variations
provide significant differences in the physical
characteristics and properties of mucoadhesive in
particular size uniformity, hardness, brittleness,
wash-off disintegration, and dissolution profiles
on mucoadhesive tablets of E. palmifolia extract
in carrier microspheres. This is shown by
statistical tests that produce p-values of 0.012,
0.018, 0.028, 0.004, and 0.000, respectively. An
increase in Chitosan concentration leads to a
decrease in the hardness of the tablet and an
increase in brittleness, destruction time, the
number of microspheres attached to the mucosa,

and the dissolution time of the tablet.

Acknowledgments

The authors would like to thank the National
Research and Innovation Agency for the funding
provided for this study, allowing it to proceed
smoothly.

Disclosure Statement

No potential conflict of interest was reported by
the authors.

Funding

This study was funded by the National Research
and Innovation Agency (BRIN) based on the
decision of the Deputy for Research and
Innovation Facilitation of the National Research
and Innovation Agency number 37/11.7 /HK/2023
in the Research and Innovation Program for
Advanced Indonesia wave 4.

Authors' Contributions

All authors contributed to data analysis, drafting,
and revising of the paper and agreed to be
responsible for all the aspects of this work.

ORCID

Roihatul Mutiah
https://orcid.org/0000-0002-8196-9029
Edi Humaidi
https://orcid.org/0009-0002-7742-6424
Muhammad Yusral Fahmi Rahmatullah
https://orcid.org/0009-0001-4679-1368
Ermin Rachmawati
https://orcid.org/0000-0003-1045-7066
Avin Ainur Fitrianingsih
https://orcid.org/0000-0002-3571-114X
Rahmi Annisa
https://orcid.org/0000-0001-7536-5213

References

[1]. Mutiah R, Sari RA., Firsyaradha W.Y,,
Listiyana A., Indrawijaya Y.Y.A, Wafi A,
Suryadinata A., Susilowati R., Rahmawati A.
Activity and toxicity of Eleutherine palmifolia (L.)
Merr. extract on balb/c mice colitis-associated
colon cancer model, Asian Pacific Journal of

Cancer Prevention: APJCP, 2020, 21:3579
[Crossref], [Google Scholar], [Publisher]
[2]. Mutiah R, Kristanti R.A, Susanti E.,

Minggarwati T.S., Compound identification and
anticancer activity of Ethyl Acetate fraction from
Bawang Sabrang (eleutherine palmifolia (L.)
Merr.) on Hela cell line,

cervical cancer

658 |Page


https://orcid.org/0000-0002-8196-9029
https://orcid.org/0009-0002-7742-6424
https://orcid.org/0009-0001-4679-1368
https://orcid.org/0000-0003-1045-7066
https://orcid.org/0000-0002-3571-114X
https://orcid.org/0000-0001-7536-5213
https://doi.org/10.31557/APJCP.2020.21.12.3579.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mutiah%2C+R.%3B+Sari%2C+R.+A.%3B+Firsyaradha%2C+W.+Y.%3B+Listiyana%2C+A.%3B+Indrawijaya%2C+Y.+Y.+A.%3B+Wafi%2C+A.%3B+Suryadinata%2C+A.%3B+Susilowati%2C+R.%3B+Rahmawati%2C+A.+Activity+and+Toxicity+of+Eleutherine+Palmifolia+%28L.%29+Merr.+Extract+on+BALB%2Fc+Mice+Colitis-Associated+Colon+Cancer+Model.+Asian+Pac.+J.+Cancer+Prev.+APJCP+2020%2C+21+%2812%29%2C+3579%E2%80%933586.+https%3A%2F%2Fdoi.org%2F10.31557%2FAPJCP.2020.21.12.3579&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8046305/

Mutiah R, et al. / J. Med. Chem. Sci. 2024, 7(4) 649-659

Indonesian Journal of Cancer Chemoprevention,
2019, 10:1 |[Crossref], [Google Scholar],
[Publisher]

[3]. Paramapojn S., Ganzera M., Gritsanapan W.,
Stuppner H., Analysis of naphthoquinone
derivatives in the Asian medicinal plant
Eleutherine americana by RP-HPLC and LC-MS,
Journal of pharmaceutical
analysis, 2008, 47:990 [Crossref],
Scholar], [Publisher]

[4]. Paramapojn S., Ganzera M., Gritsanapan W.,
Stuppner H. Analysis of naphthoquinone
derivatives in the Asian medicinal plant
Eleutherine americana by RP-HPLC and LC-MS,
Journal of pharmaceutical
analysis, 2008, 47:990 [Crossref],
Scholar], [Publisher]

[5]. Sappidi S., Thadkala K., Kota ]., Aukunuru ]J.
Preparation and ethyl
cellulose microspheres encapsulating metformin
hydrochloride and glipizide, Schol. Res. Lib., 2014,
6:213 [Crossref], [Google Scholar], [Publisher]

[6]. Hire N.N., dan Derle D.V. Microsphere as Drug
Carrier. A review. International Journal of
Advanced Research. 2014, 2:901 [Crossref],
[Publisher]

[7]. Kumari N. Aggarwal G. Harikumar S,
Mucoadhesive microspheres: A review, Journal of
Drug Delivery and Therapeutics, 2014, 4:48
[Crossref], [Google Scholar], [Publisher]

[8]. Umar S., Ningsih W., Meliana M., Formulation
of Mucoadhesive Ketoprofen Granule Using
Chitosan Polymer, Jurnal Sains Farmasi dan Klinis,
2014, 1:48 [Google Scholar], [Publisher]

[9]. PRIYA S.P, Rajalakshmi A. Ilaveni P,
Formulation and evaluation of mucoadhesive
microspheres of an anti-migraine drug, Journal of
Drug Delivery and Therapeutics, 2018, 8:465
[Crossref], [Google Scholar], [Publisher]

[10]. El-Nahas H. Hosny K., Chitosan-based

and biomedical
[Google

and biomedical
[Google

characterization of

floating microspheres of trimetazidin

dihydrochloride; preparation and in vitro

characterization, Indian Journal of
HOW TO CITE THIS ARTICLE

Pharmaceutical Sciences, 2011, 73:397 [Crossref],
[Google Scholar], [Publisher]

[11]. Iswandana R., Putri KS.S, Dwiputra R,
Yanuari T., Sari S.P., Djajadisastra J. Formulation
of Chitosan Tripolyphosphate-Tentrandine Beads
Using lonic Gelation Method: In Vitro and Vivo
Evaluation. [International Journal of Applied
Pharmaceutics, 2017, 9:109 [Crossref], [Google
Scholar], [Publisher]

[12]. Komati S., Swain S., Rao M.E.B,, Jena B.R,,
Unnam S. Dasi V., QbD-based design and
characterization of mucoadhesive microspheres
of quetiapine fumarate with improved oral
bioavailability
potential, Bulletin of Faculty of Pharmacy, Cairo
University, 2018, 56:129 [Crossref], [Google
Scholar], [Publisher]

[13]. Indonesia U., Master plan of operations for a
programme of basic services for children in the
Republic of Indonesia, 1979-1984, (No Title),
1979 [Google Scholar], [Publisher]

[14]. Murtini, G. and Elisha, Y., 2018. Solid dosage
technology. Jakarta: Ministry of Health of the
Republic of Indonesia. [Publisher]

[15]. Aulton M.E. Pharmaceutics: The science of
dosage form design, (No Title), 2002 [Google
Scholar], [Publisher]

[16]. Oudih S.B., Tahtat D., Khodja A.N., Mahlous
M., Hammache Y., Guiitoum A., Gana S.K. Chitosan
Nanoparticles with Controlled Size and Zeta
Potential. Polymer Engineering and Science, 2023,
63:1011 [Crossref], [Google Scholar], [Publisher]
[17]. Vaezifar S. Razavi S. Effects of Some
Parameters on Particle Size Distribution of
Chitosan Nanoparticles Prepared by Ionic
Gelation Method. | Clust Sci, 2013, 24:891
[Crossref], [Google Scholar], [Publisher]

[18]. Cazorla-Luna R., Notario-Pérez F., Martin-
[llana A., Ruiz-Caro R., Tamayo A., Rubio ]., Veiga
M.D., vaginal
tablets for controlled release of the anti-HIV drug
tenofovir, Pharmaceutics, 2019, 11:20 [Crossref],
[Google Scholar], [Publisher]

and brain biodistribution

Chitosan-based mucoadhesive

Roihatul Mutiah, Edi Humaidi, Muhammad Yusral Fahmi Rahmatullah, Ermin Rachmawati, Avin Ainur Fitrianingsih,
Rahmi Annisa*, Formulation and Characterization of Eleutherine palmifolia Extraction in Carriers of Microspheres with
Variations in Chitosan Polymer Concentration. J. Med. Chem. Sci., 2024, 7(4) 649-659.

DOI: https://doi.org/10.26655/[MCHEMSCI.2024.4.9
URL: https://www.jmchemsci.com/article 189668.html

e e B


http://dx.doi.org/10.14499/indonesianjcanchemoprev10iss3pp131-139
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B2%5D.+Mutiah%2C+R.%2C+Minggarwati%2C+T.S.%2C+Kristanti%2C+R.A.%2C+Susanti%2C+E.+2019.+Compound+Identification+and+Anti-cancer+Activity+of+Ethyl+Acetate+Fraction+from+Bawang+Sabrang+%28Eleutherine+palmifolia+%28L.%29+Merr.%29+on+HeLa+Cervical+Cancer+Cell+Line.+Indonesian+Journal+of+Cancer+Chemoprevention.+October+2019.+ISSN%3A+2088-0197.&btnG=
https://ijcc.chemoprev.org/index.php/ijcc/article/view/294
https://doi.org/10.1016/j.jpba.2008.04.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D.+Paramapojn%2C+S.%2C+Ganzera%2C+M.%2C+Gitsanapan%2C+W+and+Stuppner%2C+H.%2C+2008.+Analysis+of+naphthoquinone+derivates+in+the+Asian+medical+plant+Eleutherine+americana+by+RP-HPLC+and+LC-MS.+Journal+of+Pharmaceutical+and+Biomedical+Analysis+47.+Pages+990-933.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D.+Paramapojn%2C+S.%2C+Ganzera%2C+M.%2C+Gitsanapan%2C+W+and+Stuppner%2C+H.%2C+2008.+Analysis+of+naphthoquinone+derivates+in+the+Asian+medical+plant+Eleutherine+americana+by+RP-HPLC+and+LC-MS.+Journal+of+Pharmaceutical+and+Biomedical+Analysis+47.+Pages+990-933.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0731708508002124
https://doi.org/10.1016/j.jpba.2008.04.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D.+Paramapojn%2C+S.%2C+Ganzera%2C+M.%2C+Gitsanapan%2C+W+and+Stuppner%2C+H.%2C+2008.+Analysis+of+naphthoquinone+derivates+in+the+Asian+medical+plant+Eleutherine+americana+by+RP-HPLC+and+LC-MS.+Journal+of+Pharmaceutical+and+Biomedical+Analysis+47.+Pages+990-933.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D.+Paramapojn%2C+S.%2C+Ganzera%2C+M.%2C+Gitsanapan%2C+W+and+Stuppner%2C+H.%2C+2008.+Analysis+of+naphthoquinone+derivates+in+the+Asian+medical+plant+Eleutherine+americana+by+RP-HPLC+and+LC-MS.+Journal+of+Pharmaceutical+and+Biomedical+Analysis+47.+Pages+990-933.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0731708508002124
https://www.researchgate.net/publication/287729546_Preparation_and_characterization_of_ethyl_cellulose_microspheres_encapsulating_metformin_hydrochloride_and_glipizide
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Shilpa+Sappidi+Preparation+and+characterization+of+ethyl+cellulose+microspheres+encapsulating+metformin+hydrochloride+and+glipizid&btnG=
https://www.researchgate.net/publication/287729546_Preparation_and_characterization_of_ethyl_cellulose_microspheres_encapsulating_metformin_hydrochloride_and_glipizide
https://10.0.50.240/IJPSR.0975-8232.6(11).4579-87
https://ijpsr.com/bft-article/microspheres-as-drug-carriers-for-controlled-drug-delivery-a-review/?view=fulltext
https://doi.org/10.22270/jddt.v4i5.953
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B7%5D.+Navita%2C+K.%2C+Anggarawal%2C+G+and+Harikumar%2C+S.L.+2014.+Mucoadhesive+Microspheres%3A+A+Review.+Journal+of+Drug+Delivery+%26+Therapeutics%3B+2014%2C+4%285%2948-54&btnG=
https://jddtonline.info/index.php/jddt/article/view/953
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Formulation+of+Mucoadhesive+Ketoprofen+Granule+Using+Chitosan+Polymer&btnG=
https://www.neliti.com/publications/129580/formulation-of-mucoadhesive-ketoprofen-granule-using-chitosan-polymer
https://doi.org/10.22270/jddt.v8i5.1943
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B9%5D.+Ilaveni%2C+P.%2C+Padmapriya%2C+S+and+Rajalakshmi.%2C+2018.+Formulation+and+Evaluation+of+Mucoadhesive+Micropheres+of+an+Anti-Migaine+Drug.+Journal+of+Drug+Delivery+and+Therapeutics.+8+%285%29%3A+465-474&btnG=
https://jddtonline.info/index.php/jddt/article/view/1943
https://doi.org/10.4103%2F0250-474X.95619
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B10%5D.+El-Nahas%2C+H.M+and+Hosny%2C+K.M.+2011.+Chitosan-Based+Floating+Microspheres+of+Trimetazidin+Dihydrochloride%3B+Preparation+and+In+Vitro+Characterization.+Indian+Journal+of+Pharmaceutical+Science.+73+%284%29%3A+397-403.&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3374555/
https://doi.org/10.22159/ijap.2017v9i5.20842
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=FORMULATION+OF+CHITOSAN+TRIPOLYPHOSPHATE-TETRANDRINE+BEADS+USING+IONIC+GELATION+METHOD%3A+IN+VITRO+AND+IN+VIVO+EVALUATION&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=FORMULATION+OF+CHITOSAN+TRIPOLYPHOSPHATE-TETRANDRINE+BEADS+USING+IONIC+GELATION+METHOD%3A+IN+VITRO+AND+IN+VIVO+EVALUATION&btnG=
https://journals.innovareacademics.in/index.php/ijap/article/view/20842
https://doi.org/10.1016/j.bfopcu.2018.09.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D.+Komati%2C+S.%2C+Suryakanta%2C+S.%2C+Muddana%2C+E.B.R.%2C+Bikash+R.J.%2C+Sambamoorthy%2C+U+and+Vishali+D.%2C+2018.+QbD-based+design+and+characterization+of+mucoadhesive+microspheres+of+quetiapine+fumarate+with+improved+oral+bioavailability+and+brain+biodistribution+potential.+Bulletin+of+Faculty+of+Pharmacy%2C+Cairo+University+56+%282018%29+129%E2%80%93145.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D.+Komati%2C+S.%2C+Suryakanta%2C+S.%2C+Muddana%2C+E.B.R.%2C+Bikash+R.J.%2C+Sambamoorthy%2C+U+and+Vishali+D.%2C+2018.+QbD-based+design+and+characterization+of+mucoadhesive+microspheres+of+quetiapine+fumarate+with+improved+oral+bioavailability+and+brain+biodistribution+potential.+Bulletin+of+Faculty+of+Pharmacy%2C+Cairo+University+56+%282018%29+129%E2%80%93145.&btnG=
https://www.sciencedirect.com/science/article/pii/S1110093118300310
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D.+Ministry+of+Health%5D+Ministry+of+Health+of+the+Republic+of+Indonesia%2C+1979.+Indonesian+Pharmacopoeia.+Edition+III.+Jakarta%3A+Ministry+of+Health+of+the+Republic+of+Indonesia&btnG=
https://cir.nii.ac.jp/crid/1130282269983709568
https://www.kemkes.go.id/eng/home
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D.+Aulton%2C+M.+E.+2002.+Pharmaceutic+The+Science+of+Dosage+Form+Design+2nd+edition.+London.+Elsevier+Science.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D.+Aulton%2C+M.+E.+2002.+Pharmaceutic+The+Science+of+Dosage+Form+Design+2nd+edition.+London.+Elsevier+Science.+&btnG=
https://cir.nii.ac.jp/crid/1130000794397422720
https://doi.org/10.1002/pen.26261
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chitosan+nanoparticles+with+controlled+size+and+zeta+potential&btnG=
https://4spepublications.onlinelibrary.wiley.com/doi/10.1002/pen.26261
https://doi.org/10.1007/s10876-013-0583-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effects+of+Some+Parameters+on+Particle+Size+Distribution+of+Chitosan+Nanoparticles+Prepared+by+Ionic+Gelation+Method&btnG=
https://link.springer.com/article/10.1007/s10876-013-0583-2
https://doi.org/10.3390/pharmaceutics11010020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B18%5D.+Luna%2C+R.Z.%2C+Perez%2C+F.N.%2C+Illana%2C+A.M.%2C+Caro%2C+R.R.%2C+Tamayo%2C+A.%2C+Rubio%2C+J.%2C+and+Veiga%2C+M.D.+2019.+Chitosan-Based+Mucoadhesive+Vaginal+Tablets+for+Controlled+Release+of+the+Anti-HIV+Drug+Tenofovir.+Journal+Pharmaceutics+MDPI.Vol.+11+No.+20.&btnG=
https://www.mdpi.com/1999-4923/11/1/20
https://doi.org/10.26655/JMCHEMSCI.2024.4.9
https://www.jmchemsci.com/article_189668.html

