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ABSTRACT - Purpose. Find a novel delivery system for oral administration of drugs that have absorption
window in the upper part of gastrointestinal (GI) track. Methods. Dipyridamole was chosen as the model
drug. A novel system, which combined the osmotic pump controlled release system and the floating system
was designed; matrix tablets (MT) were prepared for compares. The effects of pH, temperature and
hydrodynamic conditions on drug release and the floating behavior of floating osmotic pump system (FOP)
was investigated. In vivo evaluation was performed by a three-crossover study in six Beagle dogs relative to
the conventional tablet (CT). Cumulative percent input in vivo was compared with that of in vitro release
profiles. Results. Floating behavior of FOP, drug releases from FOP and MT were sensitive to pH of
dissolution media but not sensitive to temperature; the release of dipyridamole from MT was influenced by
stirring rate while drug release from FOP was not. AUC of FOP was larger than MT and CT. The linear
correlations between fraction absorbed in vivo and fraction dissolved in vitro was established for FOP-a true
zero-order release formula, whereas only a nonlinear correlation was obtained for MT. Conclution. FOP
could be a novel way for the oral administration for drugs like dipyridamole.

INTRODUCTION
Generally, hydroxy-propyl methylcellulose (HPMC)
may provide many advantages as a hydrophilic
matrix system with excellent process ability and
many grades to choose from for formulation
flexibility. However, the oral osmotic pump system
has the advantage of in vivo predictability of
release rate based on in vitro data. Therefore, there
has been increasing interest in the development of
oral osmotic pumps in the past 30 years. Various
types of oral osmotic pumps have been developed
and studied to deliver drugs possessing different
aqueous solubility. In the 1970s, Theeuwes [1]
developed the elementary osmotic pump (EOP) and
brought forward its basic theory. However, EOPs
are only suitable for moderately soluble drugs.
Many effective ways have been found to increase
drug solubility for improvement of drug-released
rate. For example, convert drug into ionic substance
by reacting with or adding alkali/acid [2, 3], using
(SBE) 7m-β-CD as a solubilizer [4, 5]. It is also
acceptable for water-insoluble drug to be released
in the form of suspension. Certainly, the ‘push pull’
osmotic pump (PPOP) is a case in point; many
drugs were delivered via PPOP [6-9]. However, due
to the complexity of the process of PPOP
preparation, monolithic osmotic pump for
water-insoluble drug has been employed. Liu et al.
[10] used polyethylene oxide (PEO) as a

129

suspending and osmotic agent to prepare nifedipine
monolithic osmotic tablet system (MOTS).
Advantages and formulation aspects of various
types of oral osmotic pumps were reviewed
recently by Verma et al [11, 12]. In addition, a large
number of patent literature exists that describes
novel osmotic systems [13].
The floating drug delivery system
(FDDS), which can deliver drugs in the upper
gastrointestinal (GI) tract, are considered for drug
with an absorption window in the upper GI or for
those that their solubility goes down as the media
pH goes up. The concept of FDDS has been
described in the literature as early as 1968 [14].
Based on the mechanism of buoyancy, two
distinctly different technologies, i.e., effervescent
and noneffervescent systems have been utilized in
the development of FDDS. The effervescent
systems utilize matrices prepared with swellable
polymers such as methocel or polysaccharides, e.g.,
chitosan, and effervescent components,
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e.g., sodium bicarbonate and citric or tartaric acid
[15-17] or matrices containing chambers of liquid
that gasify at body temperature [18]. When the
preparations arrive in the stomach, carbon dioxide
is liberated by the acidity of the gastric contents and
is entrapped in the gellified hydrocolloid. This
produces an upward motion of the dosage form and
maintains its buoyancy. The most commonly used
excipients in noneffervescent FDDS are
gel-forming or highly swellable cellulose type
hydrocolloids, polysaccharides, and matrix forming
polymers such as polycarbonate, polyacrylate,
polymethacrylate and polystyrene. Ali et al [19]
published have discussed a hydrodynamically
balanced system (HBS) capsule containing a
mixture of a drug and hydrocolloids. Upon contact
with gastric fluid, the capsule shell dissolves; the
mixture swells and forms a gelatinous barrier
thereby remaining buoyant in the gastric juice for
an extended period. Xu and Sun [20] have prepared
matrix-floating tablets that were hydrodynamically
balanced in the stomach for an extended period.
Hydroxypropyl methylcellulose K4M and Carbopol
971P NF were used in the system. Harrigan [21]
have developed a floating system, known as an
intragastric floating drug delivery device. The
device comprised of a drug reservoir encapsulated
in microporous compartment with pores along its
top and bottom surfaces. The peripheral walls of the
drug reservoir compartment were completely sealed
to prevent any physical contact of the undissolved
drug with the stomach walls. The floatation
chamber caused the system to float in the gastric
fluid. Much more about floating systems has been
reviewed by Singh and Kim [22].
A system that combined the osmotic pump
controlled release system and the floating system
was designed in this research. The system consisted
of an MOTS and an aerocyst (part of the capsule
filled with air) to provided the buoyancy (Figure1).
The MOTS was locked inside the capsule using an
enterosoluble capsule cap with a friction to prevent
the MOTS from dropping form the capsule cap. A
tiny aperture with a diameter about 0.6mm was
drilled on its top of capsule cap before the two parts
joined. The purpose of the aperture was to avoid the
disintegration caused by the high air pressure, see
Figure1 part B.
Dipyridamole is a platelet inhibitor that is
primarily recognized as an antithrombotic agent.
Binding of adenosine with the adenosine receptor
stimulates adenylate cyclase activity and production
of cyclic AMP (cAMP). Elevated cAMP impairs
platelet aggregation and causes arteriolar smooth
muscle relaxation [23].
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Figure 1. The structure of the FOP. Key: A: capsule
cap (with an aperture on the top); B: air; C: MOTS;
D: the aperture.
Because of its short biological half-life of 2-3 h, it
should be frequently administered. In the recent
statement from the American Heart Association and
American Stroke Association Council on Stroke,
extended release dipyridamole is considered safe.
The solubility of dipyridamole is rather high in
acidic solution, but poor in neutral or alky media
[24]. Dipyridamole may be absorbed mainly in the
first part of the GI tract; hence, it would be a
suitable candidate for a floating dosage form.
It is realized that the in vivo
bioavailability study of floating preparation should
be carried out in human [25, 26] or in rabbits [19,
27] as a suitable animal model due to the similarity
in the position of the stomach. The physical
position of the stomach in dogs and human is also
similar when they keep standing. Therefore, it is
acceptable to carry out in vivo study in dogs. It has
been found that osmotic tablets are not affected by
food intake and in vitro stirring rate as much as
matrix tablets [28].
Abbreviations:
GI: gastrointestinal
MT: matrix tablets
FOP: floating osmotic pump system
CT: conventional tablet
EOP: elementary osmotic pump
PPOP: push pull osmotic pump
PEO: polyethylene oxide
MOTS: monolithic osmotic tablet system
FDDS: floating drug delivery system
Xti and Xti: average cumulative release % of two
different formulations on point i
CV: coefficient of variation
LOQ: limit of quantitation
CA : cellulose acetate
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In this paper, two distinct controlled release
preparations of dipyridamole, a floating osmotic
pump and a hydrophilic matrix tablet were prepared
and tested in formulating. The in vitro drug
dissolution, in vivo drug absorption and
bioavailability of two formulations were evaluated.
Moreover, in vitro dissolution and in vivo
absorption correlations were investigated.
MATERIALS AND METHODS
Materials
Dipyridamole (>99%) was presented from
Shenyang NO.1 Pharmaceutical Factory (Shenyang,
China). HPMC (K4M, K15M, and K100M) were
obtained from Shanghai Colorcon Coating
Technology Limited for free (Shanghai, China).
Silicon dioxide was purchased from Guangzhou
Renmin Chemical Plant (Guangzhou, China).
Polyoxyethylene (PEO WSR303) was given by
Dow Chem. Co. (New Jersey, USA). Sodium
chloride (NaCl) and glucose were purchased from
Shenyang Chemical Factory (Shenyang, China).
Cellulose acetate (CA, 54.5–56.0 wt.% acetyl
content) was purchased from Shanghai Chemical
(Shanghai, China). Polyethylene glycol (PEG) was
purchased from Pudong Gaonan Chemical
(Shanghai, China). Magnesium stearate (M.S.) was
purchased
from
Shanghai
Pharmaceutical

Excipients
Factory
(Shanghai,
China).
Hydrochloric acid (HCl) was purchased from
Shenyang Chemical Reagent Company (Shenyang,
China). Methanol was purchased from Jiangsu
Hanbon Sci & Tech. Co. Ltd., Jiangsu, China. Glacial
acetic acid (HAc) and triethylamine (TEA) was
purchased from Tianjin Bo-di Chemical Industry,
Tianjin, China. All reagents used were of either
HPLC or analytical grade.
Granules of the MOTS were formulated
by dry granulation method. The ingredients (listed
in Table 1) were mixed well; the mixed powder was
compressed into pieces; then the pieces were
shattered and passed through a mesh (1150μm).
Subsequently, the granules were lubricated with
magnesium stearate and compressed by a single
station- punching machine with concave punches.
The average hardness of compressed tablets was
found to be 10.0 ± 0.5 kg/cm2. Cellulose acetate
(CA, 3%, w/v) containing known levels of pore
former was used as a coating solution, and core
tablets were spray-coated. After coating, the tablets
were dried at 40Ԩ for 12 h. An exit port was
mechanically drilled through the membrane with a
0.6 mm drill on each side of the tablets. A same size
tiny aperture was mechanically drilled through the
capsule caps on the top. Finally, the MOTS was
attached to the caps to form FOP.

Preparation of FOP and MT
Formulations were prepared according to different formulation principles (Table 1).
Table 1: Composition of two controlled release preparations.
MOTS of FOP
Ingredients
Tablet core
Dipyridamole
WSR303
NaCl
Glucose
Magnesium stearate
Coating
PEG/coating, w/w (% )
Coating gain up (%)
Matrix tablets
Ingredients
Dipyridamole
HPMC K4M
NaCl
Silicon dioxide

Excipient / tablet core, w/w (% )
24.8
14.9
24.8
34.7
1.0
50.0
8.5
Excipient / tablet core, w/w (% )
25
28.75
38.75
7.5
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Dry granulation technique was applied to the
matrix sustained release tablets preparation.
Dipyridamole HPMC K4M and NaCl were mixed
uniformly. The mixture was compressed into pieces;
then the pieces were shattered and passed through a
mesh (1150μm). After that, the granules were
mixed with Silicon dioxide and compressed by a
single station- punching machine with concave
punches.
In vitro drug release test
The in vitro release test was carried out by using
900 ml of 0.1N HCl as the medium in USP paddle
apparatus at 37±0.5 Ԩ and 50 rpm. 5 ml of samples
were taken at 1, 2, 4, 6, 8, 10 and 12 h, and filtered
through a 0.8 μm filter membrane. 5 ml of fresh
dissolution medium was added after each sampling.
The content of dipyridamole was determined at 282
nm by UV spectrophotometry. The mean
calibration curve of dipyridamole (C=19.258A 0.3601) was linear between 0.99 and
11.90μg/ml .The correlation coefficient of the
calibration curve was 0.9999.
The profiles were compared using similarity factor
(f2) given by SUPAC guidelines for modified
release dosage form, the equation is as follow [29]:
f2 = 50lg{[1+1/T∑(Xti - Xri)2]-1/2×100}

mg per time for an adult; sustained release capsules
should be administrated two times a day, 200 mg
per time for an adult. On the consideration of the
limit of quantitation (LOQ) of dipyridamole and the
possibility of the bioavailability enhancement of
FOP, the administration dosages were as follows:
CT 150 mg per dog; MT 400 mg per dog; FOP 200
mg per dog. Six Beagle dogs were open-labeled
and fasting 12 h. 5 ml of blood samples were
collected at predetermined time intervals after
administration.
Samples
were
immediately
centrifuged at 4000 rpm for 10 min. The plasma
was separated and frozen at -20℃ before analysis.
Analytical method of dipyridamole in plasma was
developed according to literatures [30, 31].
Glipizide was taken as internal standard, plasma
sample was extracted twice using acetoacetate. Then
the acetoacetate sample was evaporated to dryness, and
the dried samples were reconstituted in methanol.
Finally, the solution was injected into the high
performance liquid chromatograph (HPLC). The
HPLC condition: Diamonsil C18 (250 mm×4.6 mm, 5
µm); and mobile phase which consisted of
methanol/water/HAc/TEA (70:30:0.3:0.1, v/v/v/v),
pumped at a flow rate of 1.0 mL·min-1. Concentrations
of 0.05 – 20.0 μg·mL-1 were linear and the minimum
quantifiable concentration was 20 ng·mL-1.
RESULTS

(1)

Preparation design

Where, Xti and Xti are the average cumulative
release % of two different formulations on point i,
respectively; T is the sample quantity in the
dissolution test per preparation with the following
restrictions: The dissolution profiles are considered
to be similar when f2 is between 50 and 100. The
dissolution measurements of the test and reference
batches must be made under exactly the same
condition. There should only be one measurement
considered after either product has achieved 85%
dissolution. The percent coefficient of variation at
the earliest point should not exceed 20% and the
CV (%) should not exceed 10 at all other time
points.

The thickness of the membrane determined the
combination of the MOTS and the capsule caps; the
combination was optimal when the coating weight
gain was between 7-10%, 8-9%. Dipyridamole
release was complete and all the FOP floated over
12 hours while sank after 24 hours in dissolution
test.
The orifice size did not have much influence
on the drug release rate. It was also found that the
orifice size did not influence the drug release
profiles in the range of 0.25 to 1.41mm [10]. The
FOP floated well over 12 hours when the size of
tiny aperture on capsule caps was 0.4mm and
0.6mm. However, when the aperture on capsule
caps was 0.9mm, the FOP sank in 10 hours. 0.6 mm
orifice was chosen on the consideration that when
the orifice size was 0.4 mm, the orifice might be
jammed by the drug or excipients [32].The osmotic
system had the potential to deliver drug in a
zero-order fashion between 0 and 10 h as long as
orifice diameter had been chosen. In the narrow
scope of coating gain up of 8-9%, the release
profiles had no significant difference (f2 was

In vivo bioavailability study
A three-crossover design in Beagle dogs was
employed to compare the difference between the
FOP, MT and the conventional dipyridamole tablet
in vivo. The dose schedule was decided according
to the characteristic of different dosage form. Based
on instruction, conventional dipyridamole tablets
should be administrated three times a day, 25-50
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66.5>50), the release rates were mainly regulated
by the amount of PEG using in the coating (Figure2
and Figure3). On the consideration of the time how
long people could keep out of lie down, a
formulation with 10-12 h control release was
expected. Though the release behavior was similar
between the formulation using 50% and 40% PEG
in coating, the cumulative release of the
formulation using 50% PEG in coating was much
higher at the end, so it was chosen as an optimal
formulation. Dipyridamole release from FOP was
complete and all the FOP floated over 12 hours,
while sank after 24 hours in dissolution test.
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Figure 4. Effect of the viscosity of HPMC on
dipyridamole release behavior (n=6).
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Figure 2. Influence of membrane thickness on
dipyridamole release behavior (n=6).

For matrix tablet, micronization silicon dioxide was
employed because dipyridamole has very poor
fluidity and silicon dioxide amount used in oral
solid dosage form could be much larger than
magnesium stearate, FDA suggests silicon dioxide
used in sustained release tablets could get to the
maximum of 170mg/d. From Figure4 it could be
seen that the viscosity of HPMC has some
influence on dipyridamole release because the low
solubility of dipyridamole. The higher viscosity of
polymer was used, the slower rate of polymer
hydration/erosion was produced. The f2 between
K4m and K100M was 43.6<50.
Evaluation of formulation
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Figure 3. Influence of PEG amount
dipyridamole release behavior (n=6).
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Dipyridamole dissolution test should be done under
the condition of 0.1N HCl 900ml as medium,
paddle apparatus at 37Ԩ and 50 rpm. In such
condition, the profiles of drug release from FOP
and MT were similar (Figure5), and f2 factor was
63.6.
To study the effect of temperature on the drug
release profiles, dissolution tests of the optimal
formulation (shown in table 1) was carried out at
36℃, 37℃ and 39℃. It was found that an increase
in temperature did not significantly affect the
release rate of drug from FOP or MT, floating time
of FOP either.
To study the effect of stirring rate on the drug
release profiles, dissolution tests of the optimal
formulations were carried out at stirring rates of 25,
50 and 100 rpm. It was shown that an increase in
the rate of stirring did not significantly affect the
release rate of drug from FOP, and the floating time

14
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and MT were similar; both were affected by the
media pH. The release rate of both FOP and MT
slowed down in the pH 6.8 phosphate buffer
(Figure 7).

of FOP were over 12 hours. Thus, the mobility of
the gastrointestinal tract might hardly affect the
drug release of the FOP. However, when the effect
of hydrodynamics was evaluated using MT, it was
found that the release of dipyridamole was
significantly faster with the increase of the stirring
rate (Figure 6). Potentially, matrix tablets might be
more variable when tested in vivo, compared to
FOP that is later confirmed by the in vivo study.
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Figure 7. In vitro Release of dipyridamole from
FOP and MT, using 0.1N HCI (0-2 hr) and pH 6.8
phosphate buffer (2-12 hr) as medium (n=6).
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Figure 5. In vitro dissolution profiles
dipyridamole release from FOP and MT (n=6).

In vivo test and in vitro in vivo correlation
evaluation

of

Concentrations of dipyridamole in blood after oral
administration of two modified released
preparations were shown in Figure8. Measurable
levels of dipyridamole were present at the last
sample time point, 24 h post doses.
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Figure 6. Effect of the stirring rate on dipyridamole
release from MT (n=6).
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In order to simulate the physiological environment
in human, the in vitro release tests of the optimal
formulations were conducted in 0.1N HCI for the
first 2 hr and changed to pH 6.8-phosphate buffer
for the following 10 hr. The release profiles of FOP

Figure 8. The time course of dipyridamole in
Beagle dogs following administration of a single
oral dose as 150 mg (CT), 400 (MT) and 200 (FOP)
(n=6 / group).
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be established between the in vitro releases of FOP
with its in vivo absorption. Although there was only
one formulation for the osmotic system, an IVIVC
was very meaningful in the identification of the
floating property in vivo since the release from the
FOP was independent of in vitro test conditions
except media pH.
For MT, a correlation could not be established
by comparison of the in vivo input (%dose) profile
to the in vitro release profile (Figure9). The
curvature of fraction absorbed in vivo vs. fraction
dissolved in vitro for hydrophilic matrix tablets
indicated that there was a time-scale difference
between in vivo and in vitro testing. In vitro
dissolution did not over 85% until 12 h, while in
vivo absorption input achieved 100% in 6 h after
administration. It could be presumed that the
dipyridamole might be absorbed in the upper part
of GI, in 6 hours after administration the MT was in
the upper part of GI, after that the drug was hardly
absorbed. This could explain why the
bioavailability of MT was much lower than FOP
even though the administration dosage was larger
than FOP in the in vivo tests was.
Taken together, it can be seen that in vitro–in
vivo correlation is very important to the extended
release oral dosage forms.

Firstly, it could be seen that both the FOP and MT
generated at a nearly constant blood level of
dipyridamole. This could be a preliminary
indication that true zero-order release was obtained
for both FOP and MT under the in vivo
environment. However, the period of the sustained
plasma level of EOP was much longer than that of
MT obviously.
Then the areas under the plasma concentration
time curve (AUC) were calculated using statistical
moment theory [33] and compared. The AUC of
dipyridamole of the MT yielded to a relative oral
bioavailability of 119.4% to CT. In addition, the
AUC of dipyridamole of the FOP yielded to a
relative oral bioavailability of 213.7% to CT and
179.0% to MT, respectively. It could be considered
that the MT is bioequivalent to CT, while FOP had
a higher bioavailability than either CT or MT. In
other words, FOP enhanced the bioavailability of
dipyridamole. However, on the consideration of the
dosage administrated in the in vivo test, the dosage
of FOP per unit should be regulated to be
bioequivalent to the commercial available dosage
forms in the future study.
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Figure 9. IVIVC model linear regression plots
of % absorbed vs. % dissolved.

Percent in vivo input (%dose) was plotted as a
function of time and compared with percent
dissolved in vitro to seek an in vivo–in vitro
correlation. For FOP, the absorption was close to
zero order with a slight decrease after 10 h.
When % in vivo input was plotted vs. % dissolved
(Figure9), the linear correlations were obtained, %
in vivo input = 0.9584% dissolved + 4.6892,
r=0.9964. It indicated that a close correlation could
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Dipyridamole was formulated into controlled
release formulations exhibiting comparable in vitro
release profiles using two formulation principles,
i.e. floating osmotic pump system and hydrophilic
matrix tablet. From the in vitro dissolution test, we
could come up with the conclusion that the mobility
of the gastrointestinal tract might hardly affect the
drug release from the FOP while affect the drug
release from the MT much. The bioavailability was
elevated when the drug was made into FOP
compared to MT. Drug release from the FOP was
independent of in vitro and in vivo conditions,
where best sustained release effect was achieved,
whereas the in vitro dissolution test employed for
hydrophilic matrix tablets needed to be optimized
to be biorelevent. It could be considered that the
floating osmotic system was a good vehicle for
delivery of dipyridamole.
Dipyridamole is a water insoluble molecule. It
was a great challenge for the pharmacists to design
its formulation, especially to design the MOTS. In
this study, we found that the solubility of
dipyridamole increased in the lower pH media. So
citric acid was used to modulate the solubility of
dipyridamole within the core. Nevertheless, the
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powder mixture contained acid absorbed moisture
so much and so fast that it could not be made into
granule or compressed into tablets. The way to
overcome the difficulty was to utilize PEO
WSR303 as a suspending agent, swelling agent and
osmotic agent to prepare the tablet formulation.
Cellulose acetate (CA) was used as semi permeable
membrane and polyethylene glycol 4000
(PEG-4000) was employed as plasticizer and pore
former for controlling membrane porosity.
Many factors that might influence the drug
release behavior of osmotic pump have been
reported in literatures [11, 32], in this paper, the
influence of coating level and orifice size on the
drug release was studied.
Mechanism for FOP, when the system came in
contact with the aqueous environment of the GI
tract, the aerosol provided buoyancy to keep the
system floating on the top of the aqueous. The
osmotic core imbibed water from the surrounding
medium via the semi permeable membrane and
formed a suspension of dipyridamole inside the
device. Sodium chloride provided a great osmotic
pressure and imbibed water persistently, and PEO
swelled with water. As the membrane was not
extensible, the suspension of dipyridamole was
pushed out though the orifice because of the high
pressure caused by the increase in volume of the
tablet core. The pressure was relieved by the flow
of suspension out of the device through the delivery.
This process continued at a constant rate until the
entire solid agent inside the tablet had been
hydrated; then the hydrated core continued to be
delivered at a declined rate until the difference of
pressure between inside and outside the membrane
was disappeared. At the same time, water went into
the aerosol though the tiny hole on the top of
capsule cap slowly. After a long time, the aerosol
contained certain water and the density of the
system was close to the surrounding media. Then
FOP suspended or sank in the GI aqueous, and went
down though the GI tract along with the aqueous.
For MT, it could be seen that the in vitro
release data of dipyridamole was found to follow
zero kinetics (r=0.9803). Poorly water-soluble drug
was released predominately by the erosion
mechanism.
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