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Objective: DA-9601, an extract of Artemisia asiatica containing eupatilin and jaceosidin as
active compounds, has been prescribed to treat gastritis in Asia. In recent times, sustained-
release, floating gastroretentive (GR) tablets of DA-9601 are available on the market. In the
present study, the physical properties and in vitro drug release profile, in vivo gastric residence
time, and gastroprotective effect of GR tablet were compared to those of immediate release
(IR) tablets of DA-9601.

Method: In vitro buoyancy behavior (floating lag time and duration) and release profile of
eupatilin were assessed in acidic medium. The in vivo intragastric behaviors of the barium
sulfate-loaded IR and GR tablets were evaluated in beagle dogs by radiographic studies. Local
gastroprotective effect was compared in an experimentally induced gastric lesion in beagle dogs
after oral administration of IR (three times per day) or GR (twice daily) tablets for 15 days.
Results: Upon contact with gastric juice, a low-density floating tablet (apparent density of
0.93 g/cm?®) was buoyant on the medium and was upheld for 14 hours, providing sustained drug
release profile, whereas the IR tablet disintegrated within 10 minutes, showing complete drug
release within 2 hours. In vivo radiographic studies showed that the GR tablet was retained
for >4 hours in the stomach. Both DA-9601 formulations remarkably alleviated gastric mucosal
injury compared to placebo group, when observed by gastric endoscopy.

Conclusion: Twice-daily GR tablets exhibited a prolonged gastric residence time and a remark-
able mucosal restoration effect in animal models. Therefore, the GR system of DA-9601 could
be a substitute dosage form for the treatment of gastritis, while reducing the dosing frequency
and thus improving patient compliance.

Keywords: DA-9601, gastroretentive tablet, controlled release, radiographic studies, gastro-
protective effects

Introduction

The standardized ethanol extract of Artemisia asiatica, named DA-9601, has been widely
prescribed for the treatment of patients with gastric mucosal lesions of acute and chronic
gastritis in Asia. DA-9601 contains the pharmacologically active compounds eupatilin
and jaceosidin, which have been demonstrated to possess potent anti-inflammatory
and/or protective activities in gastrointestinal lesions, in both animal models and even
humans.!? Currently, the immediate release (IR) dosage form of DA-9601 (Stillen™;
Dong-A Pharmaceutical Co. Ltd., Seoul, South Korea) is administered three times a day.
However, this dosing regimen impairs patient compliance, which ultimately reduces
overall efficacy. Thus, the necessity for frequent daily dosing with an IR formulation
has led to the need for a prolonged release dosage form of DA-9601.
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Gastroretentive (GR) oral dosage forms have been
exploited to provide sustained release (SR) to better patient
compliance by reducing the dosing frequency, improve the
oral absorption of drugs with a narrow absorption window,
or enhance the local pharmacological effects of drugs
in the gastric region, by increasing the residence time in
the stomach.’” Several formulation approaches, such as
expendable, mucoadhesive, sedimentation, and floating
systems, have been employed to extend the gastric reten-
tion time.®’” Among them, an effervescent floating system
consisting of a gas-forming agent in combination with the
swellable polymers is one of the established approaches to
prepare the GR dosage form.® Carbonates and/or bicarbon-
ates in the matrix react with hydrogen ion in the gastric fluid
and generate carbon dioxide bubbles. The bubbles uphold
the swollen matrix to float over the gastric contents, with-
out affecting the rate of gastric emptying and/or peristaltic
waves.* However, conventional effervescent system requires
a lag time for buoyancy and intragastric behavior is signifi-
cantly affected by gastric pH and food intake. Alternatively,
low-density GR systems possessing intrinsic density lower
than that of gastric fluids have been devised to provide rapid
onset of floating in the stomach, complementing the drawback
of conventional gas-generating system.!*!! Oh et al'! reported
that low-density GR tablets (apparent density of 0.98 g/cm?)
of metformin prepared by sublimation method floated for
over 24 hours with no floating lag time.

Recently, we formulated twice-daily, floating GR tablet
of DA-9601 (Stillen 2X) to achieve prolonged drug release in
the gastric region and to maximize its local gastroprotective
effect.!” To build a low-density GR system of DA-9601, we
combined the effervescent floating system with low-density
porous materials to float on the gastric juice with no lag
time. Then, the bicarbonate in the matrix was converted
to carbon dioxide in the presence of gastric acid, and the
bubbles trapped in the swollen matrix kept the dosage form
afloat in stomach. However, to develop and recommend the
novel SR tablet for use in clinical applications, supplemental
information on gastric residence time, dissolution profile, and
pharmacological effects is essentially needed. In the present
study, in vitro buoyance behavior and dissolution profile
of the GR tablet of DA-9601 (Stillen 2X) were compared
with those of IR tablet. In vivo gastric residence time of the
GR tablet was assessed in beagle dogs using radiographic
study. Moreover, the local gastroprotective effect of the GR
system was evaluated in a gastric mucosal lesion-induced
beagle dog model by gastric endoscopy and compared with
IR formulations.

Materials and methods

Materials

Standardized ethanol extract of A. asiatica and commer-
cialized IR tablet dosage forms of DA-9601 were provided
by Dong-A Pharmaceutical Co. Ltd. Eupatilin (purity
over 99% w/w) hydrochloride and sodium lauryl sulfate
were purchased from Sigma-Aldrich Co. (St Louis, MO,
USA). Copovidone (Kollidon VA64) and poloxamer P407
were kindly provided by BASF Co. Ltd. (Ludwigshafen,
Germany). Hydroxypropyl methylcellulose (HPMC K4M)
was obtained from Shin-Etsu Chemical Co. (Tokyo, Japan).
Microcrystalline cellulose (Avicel® PH 101) was obtained
from Asahi Kasei (Tokyo, Japan). All other chemicals
used were of reagent grade and were used without further
purification.

Animals

Female beagle dogs (Central Lab. Animal Inc., Gyeonggi-do,
South Korea) weighing 7—12 kg were used to evaluate in vivo
gastric residence time and in vivo pharmacological effect of
the DA-9601 GR system. Animals were kept under standard
laboratory conditions and given access to a standard diet and
water ad libitum. The animal study was approved by the
Institutional Animal Care and Use Committee of Dong-A
Pharmaceutical Co. Ltd. in Seoul, and was carried out in
accordance with the National Institutes of Health guideline
“Principles of Laboratory Animal Care” (National Institutes
of Health publication no 85-23, revised 1996).

Preparation of GR tablets

The floating tablet of DA-9601 was prepared by wet
granulation and tabletization, followed by the film
coating process. Standardized ethanol extract of 4. asi-
atica, copovidone, and poloxamer P407 were dissolved
in 70% (v/v) ethanolic solution. The binding solution was
added drop-wise to the mixture of microcrystalline cellu-
lose, calcium silicate, sodium bicarbonate, crospovidone,
and HPMC and granulated in the fluid bed granulator (Uni-
Glatt; Glatt® GmbH, Dresden, Germany) at 40°C. The dried
granules were lubricated with magnesium stearate, and then
compressed into tablets using a single-punch tablet pressing
machine (Erweka, Heusenstamm, Germany) equipped with
14.5%8.2 mm? oval-shaped punch. The compressed tablets
were coated with polyvinyl alcohol-based moisture-proof
coating agent (Opadry® amb; Colorcon Inc., Harleysville,
PA, USA) using a pan coater under the following conditions:
rotating speed 10 rpm, spraying speed 5 mL/min, and inlet
air temperature 70°C.
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Physical characterization of IR and
GR tablets

The diameter and thickness of the compressed tablets were
measured using digital caliper. The compressed DA-9601
tablets were tested for crushing strength using a hard-
ness tester (TBH 310 MD, Erweka). A tablet was placed
between two plates and then upper plate was moved down
to break the tablet. The breaking force required to break or
damage the solid dosage form was recorded. The friability of
the IR and GR tablets was evaluated using a TA 10 Roche-
type friability tester (Erweka). Tablets were placed in the
friabilator which was then operated at a speed of 25 rpm
for 4 minutes. Five measurements were performed for each
formulation (n=5).

Drug content

Each tablet (n=5) was transferred to a 200 mL volumetric
flask containing 70% (v/v) ethanolic solution and sonicated
for 60 minutes. The samples were then centrifuged at
12,000 rpm for 10 minutes to remove insoluble excipients.
Then, the concentration of eupatilin, one of the active
ingredients of DA-9601, in the supernatants was analyzed
by high-performance liquid chromatography (HPLC). Chro-
matographic analysis for eupatilin was carried out using an
L2200 HPLC system (Hitachi Ltd., Tokyo, Japan), which
consisted of an L2130 pump, an L2400 UV-vis (Ultraviolet—
visible) detector, and an Ezchrom Elite integrator (version
3.1.3). Samples (10 uL) were applied to an Inertsil ODS-II
column (4.6x150 mm, 5 um; GL Science, Tokyo, Japan) and
isocratically eluted using a mobile phase consisting of 1%
ammonium acetate buffer (0.5% acetic acid) and acetonitrile
(58:42, v/v) at a flow rate 1 mL/min. UV absorbance was
monitored at 350 nm.

In vitro buoyancy behavior

The in vitro buoyancy of the tablets was determined by
measuring the floating lag times and duration of buoyancy
according to the method described by Rosa et al.'* Each tablet
(n=5) was placed in a 150 mL beaker containing 100 mL of
0.1 N hydrochloride. The time required for the tablet to rise
to the surface and float was taken as the floating lag time.
The time for which the tablets kept floating was termed as
floating duration.

Swelling behavior of GR tablets

The swelling property of the GR tablets was determined
by measuring the % weight gain of swollen tablet. The GR
tablets were immersed in 200 mL of 0.1 N hydrochloride at

37°C and no rotation was provided. After 0.5, 1, 2, 4, 6, 8,
and 12 hours, the immersed tablets were removed from the
medium and immediately blotted with paper towel to remove
surface droplets. The percentage of swelling at each time
point was estimated using the following equation:

W, -w
2 1 (l)
w

1

% swelling =

where W, is the initial weight of the tablet and W, is the
weight of the swollen tablets. The experiment was performed
in sixplicate.

In vitro dissolution test and release
kinetics

Dissolution profiles of eupatilin from the tablets were
assessed according to the USP XXVIII paddle method (Var-
ian Industries, Palo Alto, CA, USA). Each tablet (n=6) was
put into 900 mL of simulated gastric juice (pH 1.2) containing
0.2% sodium lauryl sulfate without any other sinking device,
so that the tablet would float on the surface of the medium.
The stirring speed was 50 rpm, and the temperature was
maintained at 37°C£0.1°C. Approximately 4 mL aliquots
were withdrawn at various time intervals and filtered using
a 0.45 um glass membrane syringe filter. At each sampling
time, an equal volume of the test medium was replaced.
Filtered samples were appropriately diluted with methanol,
and the drug concentration was assayed by HPLC.

Release kinetics of eupatilin, a pharmacologically active
compound of DA-9601, from the GR tablet were math-
ematically investigated by fitting the release data from 0 to
8 hours to the following equations: zero-order equation':
0, = k,t, where Q is the percentage of drug released at time
t and k is the release rate constant; first-order equation':
In (100 — Q) = in100 — kt, where k, is the release rate
constant; Higuchi’s equation'®: Q = kt"?, where k, is the
Higuchi release rate constant; Korsmeyer—Peppas equation'”:
0/Q._ = k. t", where Q/Q_ is the portion of drug released
at time t, &

> TKP
exponent.

is a release rate constant, and » is the release

In vivo radiographic studies

The in vivo gastric residence time of the IR and GR tablets
of DA-9601 was evaluated in beagle dogs by radiographic
studies as previously reported.'® For the radiographic study,
IR and GR tablets containing 80 mg of barium sulfate as
a radio opaque agent were additionally prepared by the
originator. Beagle dogs (n=3 per group) were fasted overnight
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and were only allowed free access to water. Approximately
30 minutes before drug dosing, the beagle dogs received
standardized chow (Greenbia TF; Dr Chung’s Food Co.,
Ltd., Seoul, South Korea). Then, one tablet was adminis-
tered orally to each dog with 250 mL of water. Radiographs
were obtained using X-ray equipment after time intervals of
immediately after oral administration and at 0.5, 1, 2, 4, and
6 hours after oral administration. During the period of study,
beagles were only allowed free access to water.

In vivo gastroprotective effect in gastritis-

induced beagle dogs
The local gastroprotective effect of GR tablet of DA-9601
in comparison to the placebo and IR formulation was
evaluated using a total of 18 female beagle dogs weighing
7-12 kg with gastric ulcers as previously reported,'*?® with
slight modifications. Beagle dogs were assigned to three
groups (n=6 per group) by a stratified randomization scheme
designed to achieve similar group mean body weights. The
dogs were anesthetized by intravenous injection of alfaxalone
(0.02 mg/kg) and isoflurane inhalation. Stomach walls were
confirmed to be normal by gastric endoscopy. Mucosal lesions
were then induced by making an injury of uniform size, 3 mm
in diameter and 3 mm in depth, using biopsy forceps.
Placebo tablet or IR tablet containing 60 mg of DA-9601
was orally administered to the dogs three times per day
after meals for 15 days. The GR tablet containing 90 mg of
DA-9601 was administered two times per day for 15 days.
Gastric endoscopy was performed on the mornings of inspec-
tion days, 1-2 hours after drug administration. Restoration
effects were evaluated using a 10 mm gastric endoscope
(Fujinon LMP-SD) and were estimated by grading mucosal
lesions from 0 to 5, where “0” indicated a normal stomach
wall, “1” a scar with similar to normal gastric wall, “2”
insignificant erosion with flare, “3” severe erosion with flare
and swelling, “4” a gastric ulcer with a blood spot, and grade
“5” a bleeding gastric lesion.

Statistical analysis

All the statistical testing was performed using Kruskal—
Wallis test analysis. A P-value of <0.05 was considered to
indicate significant differences, unless otherwise indicated.

Results
Physical properties of DA-9601 IR and
GR tablets

The mechanical and/or physicochemical properties of the
IR and GR tablets of DA-9601, such as dimensions, hardness,
friability, apparent density, and drug content, are summarized

in Table 1. The dimension and thickness of GR tablet con-
taining larger quantity of DA-9601 (75 mg) were ~0.9 and
0.6 mm larger than those of IR tablet (50 mg), respectively.
The hardness of the both products was between 12.2 and
17.7 kp and the friability was below 0.1%, showing satisfac-
tory physical characteristics. The drug content in both com-
positions was uniform with low values of standard deviation.
However, the apparent density was quite different between
the two formulations. The apparent density of GR tablet was
0.93 g/cm?®, while that of IR tablet was 1.35 g/cm?®.

In vitro buoyancy, swelling behavior, and

dissolution profile

IR and GR tablets of DA-9601 were assessed in terms of
floating lag time and duration, swelling behavior, and drug
release profiles in acidic medium. In case of IR tablet, it
could not maintain matrix integrity, but was rapidly eroded
within 10 minutes (Figure 1). On the other hand, GR tablets
were rapidly drifted onto gastric juices upon contact with the
gastric fluid, due to its low density (0.93 g/cm?). The swollen
tablet maintained the matrix integrity and exhibited a total
buoyance time of 14 hours in aqueous medium. The percent-
age of water uptake of the GR tablets in acidic medium as
a function of time is plotted in Figure 2. The swelling ratio
of GR tablet containing crospovidone and HPMC gradually
increased as time elapsed and reached a plateau at 8 hours
with the maximum percentage of water uptake being 113%.
The value slightly lowered at 12 hours to 91%.

The IR formulation showed an initial burst release
(~80% in 30 minutes) as well as a faster release pattern,
achieving complete drug release after 2 hours (Figure 3).
On the other hand, the drug release from the GR tablet was

Table | Physicochemical and in vitro floating properties of the IR
and GR tablets of DA-9601

Characteristics IR tablet GR tablet

Physicochemical characteristics
Diameter (mm)? 13.4x7.6x4.4 14.5%8.2x5.1
Total weight (mg)® 340.2+2.7 411.3£3.3
Hardness (kp)® 17.7£0.5 12.2+0.5
Friability (%)® 0.15+0.01 0.13+0.01
Apparent density (g/cm?)® 1.354+0.05 0.93+0.02
Eupatilin content (mg)® 0.95+0.01 1.4310.01

In vitro floating capacity
Lag time (minutes) Sink Immediately
Floating duration (hours)® Sink 14.0+0.5

Notes: *Expressed as major axis X minor axis X thickness. ®Data are expressed
as mean = SD values (n=5). Apparent density (g/cm’®) was calculated by the
Rhinoceros™ program (McNeel North America, Seattle, WA, USA) after estimating
the dimensions of the tablet.

Abbreviations: DA-9601, a standardized ethanol extract of Artemisia asiatica; GR,
gastroretentive; IR, immediate release; SD, standard deviation.
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Immediately after

immersion 30 minutes

GR tablet

IR tablet

Figure | In vitro buoyancy behavior of GR tablet of DA-9601 as a function of time.

Notes: Arrows indicate the matrix maintaining its shape and integrity.

12 hours

6 hours

Abbreviations: DA-9601, a standardized ethanol extract of Artemisia asiatica; GR, gastroretentive; IR, immediate release.

gradually increased along with gradual erosion of the matrix
for 8 hours. The accumulated amount of eupatilin released
was quite linear and increased to 27%, 52%, and 91% after
2, 4 and 8 hours, respectively. Table 2 represents the values
for the correlation coefficient (#?), kinetic rate constant
(k), and release exponent (n) after fitting the drug release

150 1
120 -
90 +

60 -

Swelling (%)

30+

0 L A L L A ]

0 2 4 6 8 10 12
Time (hours)

Figure 2 Swelling profile of the GR-tablet of DA-9601 in acidic medium.

Notes: Each value represents the mean = standard deviation (n=6).
Abbreviations: DA-9601, a standardized ethanol extract of Artemisia asiatica; GR,
gastroretentive.

from the IR and GR tablets into the zero-order, first-order,
Higuchi, and Korsmeyer—Peppas models. In vitro drug
release profile from GR tablet was best fitted to zero-order
and Korsmeyer—Peppas equations, showing high 7 values of
0.997 and 0.996, respectively. The “n” value obtained from
Korsmeyer—Peppas equation was ~1.01.

120
100
80

60

40

Dissolution (%)

- IR tablet
=8~ GRtablet

20

0 2 4 6 8 10 12
Time (hours)

Figure 3 Dissolution profiles of eupatilin from IR and GR formulations in gastric
juice.

Notes: The experiment was conducted in paddle method at 50 rpm at 37°C. Each
value represents the mean + standard deviation (n=6).

Abbreviations: GR, gastroretentive; IR, immediate release.
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Table 2 Kinetic parameters of eupatilin release from GR tablets

Equations k r n
Zero order 13.25 0.997 -
First order 0.253 0.976 -
Higuchi 42.17 0.988 -

Korsmeyer—Peppas 0.127 0.996 1.01

Abbreviations: GR, gastroretentive; k, slope; n, release exponent; 2, coefficient
of determination.

In vivo radiographic studies

The floating capacity of the barium sulfate-loaded GR tablet
slightly decreased due to the introduction of a high-density
radio opaque agent (4.48 g/cm?®). The floating duration of GR
tablet decreased from 14 to 10 hours. Nevertheless, the bar-
ium sulfate-containing GR tablet met our requirements based
on the criteria of the optimal floating lag time of <<3 minutes
and duration time of >8 hours (data not shown).

The representative photomicrographs are shown in
Figure 4 and the position of tablet in the stomach is indicated
by yellow open circles in the images. In the case of IR dosage
form, the IR tablet was not found in the X-ray images after
30 minutes of oral administration. On the other hand, an in
vivo X-ray imaging study clearly indicated that the prepared
floating tablets of DA-9601 were retained over 4 hours in
the upper part of small intestine of the beagle dogs. After
6 hours of administration, the floating tablet was not observed
in the X-ray image.

In vivo gastroprotective effect in gastritis-
induced beagle dogs

Beagle dogs with gastritis-like lesions manifested severe
hemorrhage, erythema, and edema, with no significant

30 minutes

After administration

IR tablet

GR tablet

differences in the severity levels between the animals. As
shown in Figure 5, gastric endoscopies of beagle dogs in the
control group administered placebo tablet showed a tendency
toward a chronic condition and an incomplete recovery
even after 15 days. On the other hand, oral administration
of DA-9601 considerably reduced these symptoms in both
IR and GR tablet-administered groups. Evaluation of the
healing grade for the gastric wall (Figure 6) revealed that
DA-9601 considerably reduced gastric mucosal lesions, with
the healing starting 9 days after drug administration (healing
grade <3) in both IR and GR tablet-treated groups. Accord-
ingly, both DA-9601-treated groups resulted in a consider-
able reduction in values, showing significant differences
from the placebo-treated group at 9, 12, and 15 days after
administration. The healing grade in the GR tablet-treated
group was equivalent to that of IR tablet-treated group,
indicating that GR tablet was as effective as IR formulation,
with reduced dosing frequency.

Discussion

DA-9601 is reported to possess strong antioxidative and cyto-
protective actions in experimental animal models of mucosal
damage, such as esophageal mucosal damage,?"-* and ethanol-
induced gastritis.! It was reported to block tumor necrosis
factor alpha-induced interleukin-8 production by mediating
the inhibition of promoter activity as well as the nuclear
factor-kB-dependent signaling system in inflammatory
lesion.”? DA-9601 elevated the level of prostaglandin E2, pro-
tecting gastric mucosa from nonsteroidal anti-inflammatory
drug-induced gastric damage.?* In this regard, we assumed
that the GR system could be advantageous to amplify the

6 hours

N

Figure 4 Representative radiographic images of the IR and GR tablets (yellow circles) of DA-9601 after oral administration in beagle dogs.
Notes: Radiographs were taken using X-ray equipment after time intervals of immediately after oral administration and at 0.5, 2, 4, and 6 hours after oral administration.
Abbreviations: DA-9601, a standardized ethanol extract of Artemisia asiatica; GR, gastroretentive; IR, immediate release.
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0 day 3 days 6 days

Not treated

GR tablet-treated IR tablet-treated

|| v
FALEE
LB

9 days

Figure 5 Endoscopic observation of gastritis-like lesions in the stomach of beagle dogs after oral administration of blank tablet (placebo), IR tablet, and GR tablet of

DA-9601.

Notes: Images in the boxes are magnified X2 the original images. The arrow indicates gastritis-like lesions in the stomach.
Abbreviations: DA-9601, a standardized ethanol extract of Artemisia asiatica; GR, gastroretentive; IR, immediate release.

local gastroprotective activity of DA-9601, while reducing
the dosing frequency. The GR tablet is principally composed
of swellable hydrophilic polymers, low-density porous
materials, sodium bicarbonate for carbon dioxide generation,
an erosion polymer, and a surfactant to increase eupatilin
solubility.'?

Floating dosage forms should have a bulk density lower
than that of gastric fluids to remain buoyant in the stomach

| EPlacebo M IR formula [0 GR formula

Healing grade
<

0 3 6 9 12 15
Day after gastritis induction

Figure 6 Gastroprotective effects of IR and GR tablets of DA-9601 in experimentally
induced gastritis in beagle dogs.

Notes: Grades indicate states of healing: grade 0, a normal gastric wall; grade I,
presence ofascar with similar to normal gastric wall; grade 2, presence ofaninsignificant
erosion with flare; grade 3, presence of severe erosion with flare and swelling;
grade 4, presence of gastric ulcer with a blood spot; grade 5, presence of a gastric
ulcer with bleeding. Asterisk (*) indicates statistically significant difference with
placebo group (P<<0.05).

Abbreviations: DA-9601, a standardized ethanol extract of Artemisia asiatica;
GR, gastroretentive; IR, immediate release.

with a prolonged retention time. A previous report stated
that the floating system is strongly recommended to have an
intrinsic density lower than stomach fluid (1.004 g/cm?) to
provide rapid onset of floating and prolonged floating dura-
tion in the stomach.? Therefore, the effervescent GR tablet
of DA-9601 was constructed to have a lower apparent density
(~0.93 g/cm?). Actually, in our preliminary study, the lag time
of floating tablet of DA-9601 showed a strong linear correla-
tion with intrinsic density; as the intrinsic density of the GR
tablet was decreased from 1.10 to 0.93 g/cm?, the floating lag
time was found to be drastically shortened from 9.4 to 0 (data
not shown). It corresponds to the earlier report that GR matri-
ces with an apparent density of 0.98 g/cm? had no floating lag
time and floated for over 24 hours, while high-density tablet
(density over 1.003 g/cm?) did not float on the gastric fluid."

Drug release from swollen and erodible matrices generally
undertakes simultaneous matrix swelling, drug dissolution
and diffusion into the aqueous medium, and polymer erosion
and drug liberation.?*?’ The release of eupatilin from the
floating GR tablet was quite linear for 8 hours, showing over
90% of accumulated release rate. This dissolution profile
suggests that the drug release rate was effectively controlled
without dependence on the drug concentration in the matrix.
In order to describe release mechanism from the GR tablet,
the release exponent (n) was calculated from Korsmeyer—
Peppas equation. The value of n is utilized to characterize the
release profile as either Fickian diffusion #<<0.5, anomalous
diffusion (non-Fickian) (0.5<n<1), or zero-order release
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(n=1).2 The n value for DA-9601 GR tablet was 1.01, indi-
cating that the drug release was predominantly controlled by
the gradual erosion of the tablet dosage form.

In vivo radiographic studies provided straight evidence
that the low-density GR tablet rapidly floated on the gastric
fluid and maintained the buoyance condition over 4 hours
in the upper part of small intestine (Figure 4), whereas
the IR tablet was rapidly disintegrated and ingested in the
stomach within 30 minutes. The location of the swollen
tablet in the stomach was found to be continuously altered
as a function of time, indicating that the GR tablets did not
adhere to the gastric mucus, but floated on the gastric juice.
On the other hand, in spite of the in vitro floating duration
in acidic medium being over 12 hours, the in vivo residence
time of the GR tablet measured by radiographic imaging
was <6 hours. This difference between the in vitro and
in vivo floating duration might be attributed to the addition
of radio opaque agent for radiographic observation and/or the
migrating myoelectric complex waves in the gastrointestinal
tract. The addition of considerable quantity of barium sulfate
(80 mg, density of 4.48 g/cm?) to the GR formulation for
X-ray visualization led to the increment in apparent density
and, thus, shortened the floating duration of the GR tablet.
Moreover, the migrating motor complexes in the stomach
perhaps considerably accelerated migration of the GR tablet
from the stomach through the small intestine. It was reported
that migration of myoelectric complex occurred approxi-
mately every 2 hours in healthy subjects and every hour in
beagle dogs.” Actually, Baumgartner et al'® reported that the
mean gastric residence time of HPMC-based floating tablet
was ~4 hours in beagle dogs, despite the in vitro floating
duration being over 8 hours.

In an in vivo efficacy study in gastric mucosal injured
beagle dogs, gradual improvement of lesions was observed
not only in DA-9601-treated groups but also in the placebo-
treated group (Figures 5 and 6) because gastric mucosal layer
has several restoration mechanisms that protect and maintain
epithelial integrity against physical disruption, such as villus
contraction, migration of epithelial cells to cover the injured
mucus, and closure of leaky epithelial intercellular spaces.*
It was reported that the restoration process was initiated
within minutes after physical disruption and surface mucus
cells were repaired within 3 days, whereas deeper mucosal
cells was restored in 7 days.’! These restoration processes
were significantly accelerated by DA-9601, showing sig-
nificant differences from the placebo-treated group at 9, 12,
and 15 days after lesion induction. Similarly, our previous
study revealed that oral administration of DA-9601 at a dose

of 40 mg/kg significantly reduced ethanol-induced gastric
mucosal hemorrhagic lesions in rats.! The authors suggested
that the prevention and/or restoration effect of DA-9601 on
gastric lesions was deeply associated with its inhibitory effect
on xanthine oxidase activity and type conversion.!

Conclusion

In the present study, gastric residence time, dissolution pro-
file, and pharmacological activity of twice-daily SR tablet
of DA-9601 (Stillen 2X) were comprehensively evaluated.
The GR dosage form floated onto gastric fluid with no lag
time and kept the buoyancy for over 12 hours. The formula
exhibited a linear release profile, achieving >90% drug
release for up to 12 hours. In vivo X-ray imaging study in
beagle demonstrated that the GR tablet was located in the
upper part of small intestine and remained there for over
4 hours. In addition, experimentally induced gastritis regions
in the beagles treated with DA-9601 GR tablet healed quickly
than those in the control group, and GR was as effective as
IR tablet, with reduced dosing frequency. Therefore, we
expect that the SR tablet of DA-9601 likely provides pharma-
cokinetic and/or pharmacological advantages over IR dosage
forms, including maintaining constant therapeutic levels
in the stomach for a longer period of time and improving
patient compliance.
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