Journal of Applied Pharmaceutical Science Vol. 13(09), pp 106-114, September, 2023

Available online at http://www.japsonline.com
DOI: 10.7324/JAPS.2023.129156
ISSN 2231-3354

Formulation of various polysaccharides-based multicoated tablets

containing dexamethasone and probiotics for inflammatory bowel

disease

Raditya Iswandana* (%, Kurnia Sari Setio Putri

, Hani Nur Anisa, Wilson Ricardo, Puteri Almadhiya Siti Nurhadi

Laboratory of Pharmaceutics and Pharmaceutical Technology, Faculty of Pharmacy, Universitas Indonesia, Depok, Indonesia.

ARTICLE INFO ABSTRACT

Received on: 21/02/2023
Accepted on: 23/07/2023
Available Online: 04/09/2023

Dexamethasone is a glucocorticoid anti-inflammatory agent that can be used for inflammatory bowel disease.
However, dexamethasone produces side effects if given conventionally. A colon-targeted drug delivery system is a
strategy to deliver dexamethasone to the colon. This research aimed to obtain a multicoated tablet formulation with

probiotics using polysaccharides as the primary coating and pH-sensitive polymers as the secondary coating to deliver
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dexamethasone to the colon. Core tablets were made using a wet granulation method, which was formulated into
three formulations with different concentrations of probiotics, 16%, 40%, and 0%. The coatings were prepared in two
stages. Polysaccharide polymers such as sodium alginate (A), chitosan (C), and xanthan gum (X) were chosen as the
primary coating. At the same time, the combination of Eudragit L100 and Eudragit S100 (1:4) was selected as the
secondary coating. Each formula was characterized and evaluated by an in vitro dissolution test. /n vitro dissolution
test was initially performed in HCI pH 1.2 for 2 hours, phosphate buffer pH 7.2 for the next 3 hours, and phosphate
buffer pH 6.8 for the following 7 hours. Tablets coated with sodium alginate (A), chitosan (C), and xanthan gum (X)

showed that the presence of probiotics did not affect drug release.

INTRODUCTION

In the last two decades, Asia has experienced an increase
in inflammatory bowel diseases (IBD) cases, with the highest
prevalence in East and South Asia. IBD prevalence in Indonesia
was reported to be 1.16%-26.5%. In 2012, the average case in
Indonesia for ulcerative colitis was 0.55 per 100,000 people and
for Crohn’s disease was 0.33 per 100,000 people. This indicates
that IBD is difficult to treat, so the treatment system in Asia
must be more aware of and recognize its manifestations and the
management of therapy (Dian et al., 2019). Local treatment is
preferred for various colon diseases because local therapy is more
effective than systemic therapy for conditions such as IBD. After
all, it is ideal for minimizing systemic side effects. Therefore,
drugs must be manufactured with a specific drug delivery system
(Raghuvanshi et al., 2014).

*Corresponding Author

Raditya Iswandana, Laboratory of Pharmaceutics and Pharmaceutical
Technology, Faculty of Pharmacy, Universitas Indonesia, Depok, Indonesia.
E-mail: raditya @ farmasi.ui.ac.id

One of the drugs often used to treat colon diseases is
dexamethasone, a glucocorticoid class of drugs that are not safe or
practical for IBD therapy because of the high side effects associated
with its use for a long time (Brunton et al., 2018). However, the
colon-targeted drug delivery system (CTDDS) can allow the use
of these therapeutic agents because it is in accordance with the use
of a controlled drug delivery system to optimize drug utilization
by using small amounts of active substances so that the resulting
systemic side effects are low (Bruschi, 2015). CTDDS can be
achieved through oral or rectal administration (Gulbake and Jain,
2012). Drug delivery via the oral route is the most convenient route.
Still, there are some obstacles in the absorption and degradation of
the active substance in the upper gastrointestinal tract due to the
acidic pH in the stomach, the presence of enzymes, the first-pass
effect in the liver, and the intestinal barrier (Mohammed et al.,
2017). To minimize systemic absorption and increase treatment
locally in the colon, CTDDS has been widely investigated
(Amidon et al., 2015; Iswandana et al., 2017a, 2017b, 2018a,
2018b, 2018c).

One of the strategies that have been developed for the
targeted colonic delivery systems is a multicoated tablet system.

© 2023 Raditya Iswandana et a/. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/).
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A multicoated tablet system is a tablet coated with a combination
of a delivery system based on colonic microflora activity as the
first or primary coating and a pH-sensitive system as the second
or secondary coating. Polysaccharide polymer was used as the
primary coating because colonic microflora enzymes can degrade
it to allow the release of drugs in the colon (Prudhviraj et al.,
2015). However, polysaccharides can be dissolved in the stomach,
so Eudragit was used as a pH-sensitive polymer to prevent drug
release in the stomach (Chourasia and Jain, 2004; Gulbake and
Jain, 2012; Mehta et al., 2013).

In addition, drug delivery using intestinal microflora
is used by probiotics such as Lactobacillus and Bifidobacterium
in the formulation. The use of intestinal microflora is carried out
due to the limitations of disturbed microflora or sterilization due
to antibiotics, common prescriptions for colonic diseases. Based
on the research of Ghosh et al. (2010) enough microflora can
also degrade polysaccharides, which in this study were chitosan.
Hence, the tablet formulation with probiotics gave a better colonic
profile than the formulation without probiotics (Ghosh et al.,
2010). Previous research has been done on the use of probiotics
in tablet formulations. Therefore, this study was conducted to
obtain the formulation, characterization, and dissolution profile
of dexamethasone multicoated tablets using the probiotics
Lactobacillus and Bifidobacterium. The tablets were coated with
a polysaccharide such as sodium alginate, chitosan, and xanthan
gum as the primary coating and the combination of Eudragit
L100 and Eudragit S100 (1:4) as the secondary coating for colon-
targeted preparations.

MATERIALS AND METHODS

Materials

The following were used in this study: dexamethasone
(Lloyd, Indonesia), dexamethasone Baku Pembanding Farmakope
Indonesia (BPFI) (BPOM, Indonesia), chitosan (Bio Chitosan
Indonesia), xanthan gum [Deosen Biochemical (Ordos), China],
sodium alginate (Shandong Jiejing Group Corporation, China),
Avicel® PH 102 (Brataco, Indonesia), Polyvinylpyrrolidone (PVP)
K-30 (Sumber Berlian Kimia, Indonesia), talc (Brataco, Indonesia),
magnesium  stearate  (Brataco, Indonesia), Lactobacillus
acidophilus (Shandong Zhongke Jiayi Bioengineering, China),
Bifidobacterium longum (Shandong Zhongke Jiayi Bioengineering,
China), Eudragit L100 (Evonik, Germany), Eudragit S100 (Evonik,
Germany), ethanol (RIV Chemicals, Indonesia), isopropyl alcohol
(Brataco, Indonesia), triethyl citrate (Jinan Jinbang Chemical,
China), chloride acid (Merck, Germany), sodium hydroxide
(Merck, Germany), potassium dihydrogen phosphate (Merck,
Germany), and Aquadest (Brataco, Indonesia).

Formulation of dexamethasone core tablets

Table 1 shows the formulation of dexamethasone tablets.
Dexamethasone tablets were formulated by the wet granulation
method. Dexamethasone, probiotics, and tableting excipients were
milled, respectively. The probiotics L. acidophilus and B. longum
were mixed until homogeneous, and the amount was divided into
two for use before and after granulation. Dexamethasone, half
a quantity of probiotics, and Avicel® PH 102 were mixed until
homogeneous. The 9% w/w PVP binder solution was mixed with

the powder to form a wet mass. The wet mass was sieved using
sieve no. 8 to form wet granules. The wet granules were dried
at 40°C for 2 hours. The dry granules were sieved using sieve
no.18, mixed with half the quantity of probiotics, and a mixture
of magnesium stearate and talc (1:2) as a lubricant. The dried
granules were compressed to form tablets weight 100 mg using a
single punch tablet press (Erweka EP-1, Germany) (Ghosh ef al.,
2010; Pooja et al., 2011).

Coating of dexamethasone tablets with the primary coating

Table 2 shows the formula for the primary coating.
Dexamethasone tablets were coated by a spray coating method using
three different polymers, namely, sodium alginate (A), chitosan (C),
and xanthan gum (X). About 250 tablets were coated in a coating pan
(Erweka DKM, Germany) at 18 rpm. The primary coating solution
was sprayed using a spray gun (Meiji F-75G, Japan) and dried using a
dryer (Dyson, USA) (Farheen et al., 2011; Raju et al., 2011).

Coating of dexamethasone tablets with a secondary coating

Tablets coated with a primary coating were coated again
with a solution of Eudragit L100 and Eudragit S100 (1:4) in isopropyl
alcohol (IPA) using 20% w/w triethyl citrate as a plasticizer. Tablets
were coated using a primary coating method (Dasankoppa et al.,
2012). The formula for the secondary coating can be seen in Table 3.

Characterization of granules

Atapped-bulk density tester measured the dexamethasone
granules’ bulk density and tapped density (Erweka, Germany).

Table 1. Formula of core tablets.

Ingredients Quantity

F1 F2 F3
Dexamethasone 0.5 mg 0.5 mg 0.5 mg
Avicel® PH 102 77.5 mg 53.5mg 93.5 mg
PVP (9% w/v in IPA) 5.8% wiw 5.7% wiw 5.9% wiw
Talc 4 mg 4 mg 4 mg
Magnesium stearate 2 mg 2 mg 2 mg
Lactobacillus acidophilus 8 mg 20 mg -
Bifidobacterium longum 8 mg 20 mg -

Table 2. Primary coating formula.
Ingredients Quantity

A C X
Sodium alginate 3g - -
Chitosan - 25¢g -
Xanthan gum - - 0.125¢g
Acetic acid 1% - 50 ml -
Ammonium acetate 5 M - 27 ml -
Triethyl citrate 2g 125¢g S5¢g
Aquadest Ad100 ml ad 100 ml 30 ml
Ethanol - - ad 100 ml

Note: A = alginate; C = chitosan; X= xanthan gum.
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A total of 50 g of granules was weighed accurately and then
poured into a graduated cylinder, and the initial volume (V) was
measured. The density tester was set for 100 taps. After that, it
was measured the final volume (V). The bulk density and tapped
density were calculated using the following formulas (Dangi et al.,
2013):

pbulk: W/V

0

= Wi,

p tapped

Compressibility index and Hausner’s ratio

The compressibility index of the dexamethasone
granules was measured using the following formula:

Compressibilit.y index = (p[appc d—pbulk)/.ptappc 4 X 100%. .

Hausner’s ratio was measured using the following
formula:

9 M j—
Hausner’s ratio=p,__, ! P

Angle of repose

The angle of repose was measured using the funnel
method. A total of 30 g of granules was weighed and then poured
into the funnel. The granules will flow through the funnel to form
a conical pile. The height (h) and radius (r) were measured, and the
angle of repose was calculated using the following formula Angle
of repose = tan—1 (height/r) (Dangi et al., 2013).

Flow rate

The flow rate of the dexamethasone granules was
measured using a flowmeter (Erweka, Germany). A total of 50 g of
granules was weighed accurately and then poured into a flowmeter.
Turn on the flowmeter, then wait until all the granules have flown.
Record the time when all the granules have flown.

Moisture content of granules

The moisture content of granules was measured by
moisture balance (Adam AMB 50, USA). A total of 5 g of granules
was weighed accurately and then put into the moisture balance.
The temperature of moisture balance was set at 105°C (Crouter
and Briens, 2014).

Organoleptic properties of granules

The organoleptic test of granules was carried out by
observing the granules’ size, aroma, and color.

Characterization of tablets

Organoleptic test

Organoleptic tests were carried out by observing the
tablet’s shape, size, color, surface shape, consistency, and physical
tests (Iskandarsyah et al., 2010).

Table 3. Secondary coating formula

Eudagrit® L100 2g
Eudagrit® S100 8¢
Triethyl citrate 2g

Isopropyl alcohol 20% up to 100 ml

Determination of tablet surface morphology

The tablet’s surface morphology was determined with
scanning electron microscope (SEM) (Jeol JSM-5310 LV, Japan).

Uniformity of diameter and thickness

The uniformity of tablet size was measured by measuring
the diameter and thickness of 20 tablets at random using a vernier
caliper (Tricle Brand, China).

Content uniformity test

Content uniformity was carried out by selecting 30
coated tablets randomly, then determining the content of 10 tablets
one by one using a method the same as the drug assay method, and
then determining the acceptance value (Kementerian Kesehatan,
2020).

Weight variation test

Weight variation was carried out by selecting 30
tablets, then 10 tablets were weighed one by one, and the average
weight of the tablets was calculated. The content of each tablet
is calculated and expressed as a percent of the label claim based
on the assay results. The calculation of the acceptance value of
weight variation is the same as the acceptance value of content
uniformity (Kementerian Kesehatan, 2020)

Tablet hardness

The hardness of tablets was tested by taking 10 tablets,
then placing them one by one on the Hardness Tester (Erweka
TBH 28, Germany) in kP units (Dangi ez a/., 2013)

Friability test

The friability of tablets was determined by weighing
20 tablets, then putting all the tablets into the Friability Tester
(Vanguard Pharmaceutical Machinery LIC-2, USA) at 25 rpm for 4
minutes. After the rotation stops, reweigh the entire tablet. Calculate
the tablet friability with the following formula (Dangi ef al., 2013).

Friability = (W, — W, )W, % 100%.

initial initial

Disintegration test

The disintegration test was carried out by putting one
coated tablet in each of the six tubes from the basket of the
disintegration tester (Electrolab ED-2, India). At the acid stage,
the medium used was a simulated gastric fluid test solution with a
temperature of 37°C £ 2°C for 1 hour. If, after 1 hour, no coated
tablet shows evidence of disintegration, cracking, or softening,
proceed with the buffer stage. At the buffer stage, the medium
used was simulated intestinal fluid test solution with a temperature
of 37°C £ 2°C for 3 hours (Kementerian Kesehatan, 2020).

Drug content

The calibration curve was made by weighing 10 mg
of dexamethasone BPFI, then transferring it into a 100 ml
volumetric flask and dissolving it with ethanol-water (2:1)
solution to obtain a final solution containing 100 ppm of
dexamethasone BPFI. Dilute the standard solution with an
ethanol-water (2:1) solution in a 50 ml volumetric flask
to obtain 6, 8, 10, 12, 14, 16, and 18 ppm concentrations.
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Determine the absorption of each concentration using a UV-
VIS spectrophotometer (Shimadzu UV-1,800, Japan) at 240
nm, using ethanol-water (2:1) as blank.

An assay of dexamethasone tablets was carried out by
accurately weighing 20 tablets of each sample and powdering
them to obtain a homogeneous mixture. Then, an amount of
powder equivalent to 1.4 mg of dexamethasone was transferred
to a 100 ml volumetric flask. Dissolve it in ethanol-water (2:1)
solution, then sonicate it for 10 minutes. All samples and standard
solution were filtered through a membrane with a pore size of
0.45 pum. Determine the absorption of each sample using a UV-
VIS spectrophotometer (Shimadzu UV-1,800, Japan) at 240 nm
(Sversut et al., 2015).

In vitro drug release studies

In vitro dissolution study of dexamethasone-coated
tablets was carried out using a dissolution tester (Electrolab
TDT-08L, India) and dissolution apparatus type I (basket type)
at a rotation speed of 100 rpm maintained at 37°C £ 0.5°C. The
medium used was 500 ml 0.1 N hydrochloric acid for 2 hours,
followed by 500 ml phosphate buffer (pH 7.2) for 3 hours, and
finally by 500 ml phosphate buffer (pH 6.8) for 7 hours in anaerobic
conditions. Anaerobic conditions were made by preparing a pH
6.8 phosphate buffer using distilled water that had been heated
for 30 minutes and bubbled with carbon dioxide (CO,) gas for 10
minutes. A 5 ml of sample was withdrawn at predetermined times
of 15, 30, 45, 60, 90, 120, 150, 180, 240, 300, 360, 480, 540, 600,
660, and 720 minutes, and the same volume of fresh medium was
replaced. The withdrawn samples were analyzed using a UV-VIS
spectrophotometer at 240 nm (Madhu et al., 2012; Pooja et al.,
2011; Singh et al., 2015).

RESULT AND DISCUSSION

Characterizations of granules

The formed granules were then evaluated to determine
the flow properties before being compressed into tablets. The
granules, which can be seen in Figure 1, were white, odorless, and
had a spherical shape. The results of the granules moisture content
test shown in Table 4 showed that the water content of the F1, F2,
and F3 granules was 4.97%, 4.47%, and 4.34%.

The compressibility index and Hausner ratio show the
ability of the powder to flow and compress (The United States
Pharmacopeial Convention, 2018). The results showed that the
flow properties of the granules were good for all formulations.
The angle of repose shows the friction between the particles (The
United States Pharmacopeial Convention, 2018). The surface of
the granule, which is irregular and rough, shows a high angle of
repose. Granules with a large particle size will exhibit properties
that easily flow and form an angle with a low slope. The results
of this study showed that the flow properties of all the granules
were a special category. The flow rate affects the flowability
of the granules during the compression process. The granules
that flow easily during compression produce uniform tablets in
weight and size. Based on the results of the flow rate test, the
granules that will be compressed were easy to flow, which was
indicated by the value of the test, which was under 10 seconds
(Aulton, 2002).

Figure 1. Granules.

Table 4. Characterizations of granules.

Characterizations F1 F2 F3
Moisture content (%) 4.97 4.47 4.34
Compressibility index (%) 14.26+1.95  11.19+1.21  11.41£2.33
Hausner’s ratio 1.17+0.03 1.13 +£0.02 1.13£0.03
Angle of repose (°) 28.8+0.72 2638+ 1.10  27.11+1.17
Flowability (g/second) 5.05+0.05 7.11+0.12 4.64+0.02

Characterization of core tablets

Core tablets were evaluated by organoleptic tests, tablet
surface morphology, size uniformity, weight diversity, hardness,
and toughness. Based on the organoleptic test, the tablet has a
biconvex shape and a white color. The tablet has a smooth and
shiny surface. The biconvex tablet shape makes rolling on the
coating pan easier during the coating process (Lachman, 1986).
Based on the SEM analysis, the core tablets showed a porous
structure. The results of the organoleptic test and the SEM analysis
can be seen in Figures 2 and 3.

The size uniformity test was carried out by measuring
the diameter and thickness of the tablets using a caliper. The
tablets meet the requirements for a tablet diameter of at most
three times the thickness of the tablet and not less than one-
third of the tablet thickness (Kementerian Kesehatan, 2020).
Furthermore, hardness and friability tests are carried out to
ensure the strength and durability of the tablets to be coated. The
tablet has a hardness of not less than 4 kP and a hardness value
of not more than 1% so the tablet is strong enough to be coated
(Allen and Ansel, 2014).
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Based on the weight variation test, the tablets have
a uniform weight. The tablet meets the requirements for an
acceptable value of no more than 15.0% (Kementerian Kesehatan,
2020). Even though the tablet contains less than 25% of the active
substance by weight, a weight variation test must be carried out
because weight gain is one of the essential parameters in the
coating process (Merdekawati, 2010). The characterizations of the
core tablets can be seen in Table 5.

Characterization of multicoated tablets

Evaluation of multicoated tablets included organoleptic
test, tablet surface morphology, size uniformity test, content
uniformity test, weight diversity test, friability test, hardness
test, disintegration time test, drug content test, and in vitro

Figure 2. Core tablets.

Figure 3. Surface of core tablet (SEM, with magnification of 200%).

dissolution profile test. The results of the organoleptic test on
multicoated tablets showed that the tablets were biconvex in
shape but had different colors and surface textures. Multicoated
tablets using sodium alginate have a white color with a smooth
and glossy surface. Meanwhile, multicoated chitosan tablets
show a yellowish-white color with a rough and uneven surface
due to sticking. Multicoated tablets using xanthan gum showed a
bright white color with a glossier surface than the core tablet. The
results of the organoleptic test of multicoated tablets can be seen in
Figure 4. The results of the morphological analysis of multicoated
tablets using SEM, which can be seen in Figure 5, showed that the
presence of a coating could coat the core tablets. The thickness
and diameter increased in multicoated tablets. The tablets meet
the requirements for a tablet diameter that is at most three times
the thickness of the tablet and not less than one-third of the tablet
thickness. The result of the content uniformity test showed that
the dexamethasone contained in the multicoated tablets met the
specified requirements, which are at least 90.0% and not more
than 110.0% of the found on the label. The acceptance value of
the content uniformity test also meets the specified requirements
becauseitis less than 15%, indicating that the active pharmaceutical
ingredients (APIs) content in the multicoated tablets was uniform.
The good flow properties of granules influenced the acceptance
requirements of the content uniformity test. The good flow
properties of the granules cause the granules to fill the molding

Table 5. Characterizations of the core tablet.

Characterizations F1 F2 F3
Weigh variation (mg) 106.57+1.91 105.82+2.11 103.29+1.43
Hardness (kP) 4.86+0.74 5.65+0.79 5.65+0.49
Friability (%) 0.17 0.10 0.23
Diameter (mm) 7.10+0.03 7.06 +0.03 7.08 £ 0.04
Thickness (mm) 3.34+0.04 3.09+0.04 3.15+0.04

(A) © (X)

Figure 4. Macroscopic appearance of multicoated tablets: (A) sodium alginate;
(C) chitosan; (X) xanthan gum.

(A) (©) X)

Figure 5. Surface of tablet coated with (A) alginate, (C (chitosan) and (X)
xanthan gum (SEM, with magnification of 200%).
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space if the tablet is compressed and produce tablets with a
uniform API content (Suhery et al., 2016). Meanwhile, the assay
showed that all multicoated tablets contained not less than 90.0%
dexamethasone and no more than 110.0% of the amount stated on
the label that met the requirements.

One parameter that needs to be considered in the tablet
coating process is the increase in weight—the increase in the
weight of the primary coating by 6.5%, 5%, and 7% (w/w) of
alginate, chitosan, and xanthan gum, respectively. Meanwhile,
the tablet weight increased by 8% (w/w) when the tablets were
recoated with the secondary coating. An increase in tablet weight
indicates that the coating solution effectively hits the tablet
surface to form a coating layer (Merawati, 2009). The friability
test showed that the multicoated tablets of all formulations met
the requirements because it was less than 1%. The presence of the

111

coating made the tablet more resistant to abrasion, even though it
slipped during the test. The hardness test showed that the hardness
of the multicoated tablets of all formulations was between 10 and
20 kP. The hardness of the multicoated tablets was greater than that
of the core tablets. The increase in the multicoated tablet hardness
test showed that the coating caused an adhesion bond on the tablet
surface that could increase the hardness (Merawati, 2009).

The disintegration test showed that the multicoated tablets
of all formulations were not crushed or cracked in the first hour using
a gastric fluid medium. Then, the disintegration test showed that the
multicoated tablets did not meet the disintegration time requirements
for enteric-coated tablets in the intestinal fluid medium for 3 hours
because none disintegrated. Multicoated tablets did not disintegrate
in both mediums because Eudragit S100 will only dissolve at a pH
of more than 7 (Nicholas ef al., 2011). Therefore, it is necessary to

Table 6. Characterizations of multicoated tablet.

Alginate (A) Chitosan (C) Xanthan gum (X)
Characterizations
F1 F2 F3 F1 F2 F3 F1 F2 F3
Weigh variation (mg) ~ |Cyal 0% IBAE AP i900s16 1aisexr PT00E 12 12000
Content uniformity 104.80 + 102.24 + 104.60 = 106.46 + 105.21 + 107.08 + 107.50 + 106.80 + 106.08 =
(%) 1.75 1.76 1.63 1.99 1.83 1.12 1.92 1.80 1.55
Hardness (kP) 13.97+131 15.04+1.41 1424+130 1191+138 1328+139 14.01+147 11.91+138 1328+139 14.01+147
Friability (%) 0.12 0.08 0.01 0.014 0.029 0 0.008 0.043 0
Diameter (mm) 729+0.05 731+0.06 730+0.06 7.41+0.04 723+0.03  728+0.03 7.50+0.04 7.29+0.06 7.33+0.06
Thickness (mm) 3.65+0.05 3.69+0.05 3.71+0.06 3.69+0.03 3.42+004 339+004 3.78+0.06 3.52+0.05 3.48+0.06
Assay (%) 105.57 + 101.63 + 104.18 + 106.46 + 105.21 + 107.081 + 107.63 + 106.18 + 106.94 =
1.26 0.66 0.63 1.15 1.90 0.75 1.67 1.38 1.38
Table 7. Dissolution profile of multicoated tablet.
Cumulative (%) drug release
Medium (mTili::;s) Alginate (A) Chitosan (C) Xanthan gum (X)
F1 F2 F3 F1 F2 F3 F1 F2 F3
15 19.16 £1.57 17.35+3.15 17.35+1.57 17.35+1.58 1735+1.58 1644+158 21.89+157 1735+157 15.53+272
30 2299+ 158 2025+3.18 2570+1.57 18.43+0.02 1934+1.56 1842+0.02 23.92+4.74 19.34+158 22.95+3.17
HCI pH 45 2685+2.74 2590+421 28.68+1.58 21.34+0.02 2135+0.00 2042+1.58 27.79+422 23.16+1.57 27.72+4.22
12 60 3256 +£2.77 30.69+322 32594275 25.18+1.58 24.28+0.00 21.53+0.03 31.70+3.25 27.02+0.03 36.17+1.55
90 37.42+1.64 40.08+5.64 3745+275 29.06+1.59 27.24+0.00 2628+ 1.55 37.46+426 3637+1.56 40.16=+3.14
120 4324+152 47.73+1.62 4236+1.63 32.97+2.77 2932+157 30.17+273 41.46+0.17 40.36+3.15 45.09+ 1.60
150 5443 +2.87 5737+3.05 5347+1.63 50.14+1.69 47.14+1.57 5297+1.66 49.55+625 4837+0.04 52.53+1.74
Eﬁt?fselif;a}tle 180 61.82+1.64 6381+£525 5791+0.07 53.57+1.70 52.50+1.71 56.43+1.69 53.95+4.69 5276+1.66 5597176
72 240 6634+1.69 6835+3.60 64.35+2.98 58.01+3.00 56.93+1.69 5894+1.70 5839+6.14 5523+293 61.41+5.17
300 72.86+£1.71 73.90+3.15 69.86+1.65 61.50+3.03 6042+1.71 6244+1.71 62.86+3.65 59.67+4.51 66.90+3.52
360 76.96+2.98 79.97+297 76.88+2.87 6550+1.76 64.44+2.94 6257+1.67 63.97+198 62.71+1.74 67.05+3.55
480 83.55+£2.99 86.59+3.00 8641+290 71.01+3.02 70.92+2.96 70.00+1.67 69.46+1.41 6624+1.76 73.55+3.58
;}llgfil;hate 540 88.25+1.79 90.34+3.03 92.11+1.71 76.57+3.50 7550+4.53 78.48+1.68 7695+878 68.81+0.09 80.10=1.89
pH 6.8 600 93.96+3.04 95.10+1.44 98.84+1.72 84.13+2.90 84.02+3.04 88.02+4.49 89.40+3.07 72.38+0.09 86.71+1.73
anaerobic 660 97.77+3.07 98.91+145 101.72+1.68 90.78+2.93 93.61+2.97 94.71+1.74 93.16+132 91.62+3.46 9827+3.14
720 103.56+1.81 102.76=191 105.59+1.70 96.51=1.80 97.41+2.99 103.‘9585 * 10;.275; * 1023186 * 1036.'23 *
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test the dissolution profile of multicoated tablets to ensure that the
drug can be released in the colon using a medium that simulates
colonic fluid. The characterizations of multicoated tablets can be
seen in Table 6.

In vitro drug release studies

In this study, the dissolution tests used 0.1N hydrochloric
acid medium at pH 1.2, phosphate buffer at pH 7.2, and phosphate
buffer at pH 6.8. Simulating gastric fluid was used during the first
2 hours. Next, the medium was changed to a phosphate buffer with
a pH of 7.2 as an artificial small intestinal fluid. Phosphate buffer
medium pH 7.2 was used for 3 hours according to humans’ small
intestine transit time (Pooja et al., 2011). Phosphate buffer medium
pH 6.8, simulating colonic fluid, was used for 7 hours. Colon is
an anaerobic environment that contains microbiota in the form of
obligately anaerobic bacteria. Compared to the stomach and small
intestine, the colon contains up to 10" bacteria per gram of intestinal
contents (Wahlgren et al., 2019). Therefore, to create an anaerobic
environment in the dissolution test according to the actual colonic
environment, the phosphate buffer medium pH 6.8 flowed with CO,
gas for 10 minutes (Singh ef a/., 2015). The cumulative percentage
of drug release of xanthan gum polymer in 0.1N hydrochloric acid
medium from F1 was 41.46%=+0.17%, F2 was 40.36% + 3.15%, and
F3 was 45.09% + 1.60%. Multicoated tablets with alginate polymer-
drug release in 0.1N hydrochloric acid medium were 43.24% +
1.52%, 47.73% =+ 1.62%, and 42.36% + 1.63% for F1, F2, and F3.
In multicoated tablets with chitosan polymer, the cumulative drug
release in 0.1N hydrochloric acid medium for F1 was 32.97%, F2
was 29.32%, and F3 was 30.17%. Targeted colon drug delivery was
expected to release the drug minimally in the upper gastrointestinal
(Amidon ef al., 2015). The drug is not expected to be released more
than 10% in the artificial stomach and small intestine medium
(Kementerian Kesehatan, 2020). However, all the formulations in
this study showed high cumulative drug release in the simulated
gastric medium. This could be due to the insufficient thickness of
the secondary coating to resist drug release in the acidic medium
and an uneven secondary coating layer on the surface of the primary
coated tablet. So, the acid medium penetrates the pores of the tablet.
As a result, there is an early release of the drug in an acidic medium
(Nguyen et al., 2019).

In a phosphate buffer medium with a pH of 6.8, the drug
is expected to be released entirely. In this medium, the probiotics
in the core tablet were expected to degrade the primary coating
layer. The higher the number of probiotics in the tablet, the higher
the cumulative percentage of drug release in the colon (Ghosh
et al., 2010). Multicoated tablets with xanthan gum, alginate,
or chitosan polymers showed results that were not by the initial
hypothesis, which stated that the formulation with the highest
amount of probiotic content would provide greater release results
when compared to other formulations (Ghosh et al., 2010). The
effect of probiotics on drug release should be proved by testing
the viability of probiotics, both before mixing the powder in
the granulation process and after coating the core tablets. The
probiotic viability test should be carried out to ensure that the
probiotics contained in the preparation are still alive (Klayraung
et al., 2009). The viability of probiotics is related to their stability
during preparation, which can be affected by temperature, oxygen,
and humidity. The dissolution profile of multicoated tablets can be
seen in Table 7 and Figure 6.
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Figure 6. Cumulative percent of dexamethasone released from colon-targeted
multicoated tablets: (A) sodium alginate; (C) chitosan; (X) xanthan gum.

CONCLUSION

Based on the results, the characterization of multicoated
dexamethasone tablets with probiotics using polysaccharides and
pH-sensitive polymers as CTDDS has been obtained. However,
according to in vitro dissolution test results, the formulation of
multicoated tablets was not optimum to delay drug release in an
acidic medium. The presence of probiotics does not affect drug
release in tablets coated with sodium alginate (A), chitosan (C),
and xanthan gum (X).
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