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Abstract

Objective: The objective of this study was to prepare a novel gastric mucoadhesive sustained-release
acyclovir (AV)-resinate microsphere. Methods: First, AV absorption ratio was quantified in a rat gastrointes-
tinal (GI) tract model. AV-resinate was prepared by bath method and used as cores to prepare micro-
spheres by an emulsion solvent diffusion technique with carbopol 934 as coating material. Gl transit test
of the prepared microspheres was carried out in rats and beagle dogs, followed by the in vivo bioavailability
evaluation of the microspheres in beagle dogs. Results: The AV absorption ratio in different segments of
rat’s Gl track for 3 hours was as following: stomach 9.46 £ 0.62%, duodenum 20.22 £ 1.50%, jejunum 15.7 +
1.33%, ileum 9.15 = 1.01%, and colon 4.59 * 0.48%. These results showed that AV was mainly absorbed in
the stomach and upper intestine. The average diameter of the microspheres was 115.3 um. The micro-
spheres had a drug content of 33.3 £ 0.7% (w/w) and a sustained-release profile for 12 hours in vitro. The
mucoadhesive test in rats and beagle dogs showed that most of the microspheres were retained in the
stomach 6 hours after oral administration. The in vivo pharmacokinetics test revealed that the micro-
sphere and reference (AV tablets) preparations have no significant difference for C,,,. The t, . has
increased from 2.33 hours (reference) to 5 hours (test). Meanwhile, the relative bioavailability of AV
microspheres was 145%. Conclusion: A novel AV-resinate microsphere was prepared. The microspheres

were proved to be gastric mucoadhesive and sustained-release with higher bioavailability.
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Introduction

Acyclovir (AV) is a synthetic analogue of purine nucleo-
sides with antiviral activity. It is active against type I and
type I herpes simplex virus and varicella-zoster virus. It
has shown high specificity against infected cells’.

According to the type of infection, AV can be admin-
istered by intravenous infusion at a concentration not
greater than 5 mg/mlL, by oral administration five times
a day with each dose of 200 mg or by topical administra-
tion as ointment or cream containing 5% (w/v) drug 5-6
times daily?. Long-term administration of AV (6 months
or longer) is required in immunocompetent patients
with relapsing herpes simplex infections.

The oral administration route has several shortcom-
ings. Because of AV’s poor solubility, when orally

administered, AV is poorly absorbed from the gas-
trointestinal (GI) tract. The bioavailability is only 13-20%".
In certain type of infection, the single oral dose could be
as high as 800 mg, which is inconvenient for the patient
to take. Additionally, AV has a short plasma half-life of
3 hours, which requires administration 5-6 times daily®.

Recently, several studies had been carried out to
increase the bioavailabilty or decrease the side-effect of
the AV on the intravitreal, nasal, vaginal, and ocular
drug deliveries*®. However, few studies have been
made to overcome all the above-mentioned shortcomings
together. In this study, a novel gastric mucoadhesive
AV-resinate microsphere was prepared for oral admin-
istration with sustained drug release, improved bio-
availability, and easy to administer tailored doses
specific for individual cases.
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Ion-exchange resins are high-molecular-weight
polyelectrolytes, which can exchange mobile ions of
similar charge with the surrounding medium. Recently,
they have been applied to drug delivery systems®~'2, pri
marily controlled release systems in the liquid form and
taste masking. The sustained-release microspheres
using ion-exchange resin as the drug carrier have been
proved successful for the sustained-release liquid drug
delivery'3. However, few investigations have been made
on the application of the ion-exchange resins in
mucoadhesive dosage form. In this study, ion-exchange
resin was applied in the mucoadhesive drug delivery.

Carbopol polymers are poly(acrylic acid) cross-
linked with polyalkenyl ethers or divinyl glycol, which
can be used to form highly viscous gels. Since the
1950s, carbopol polymers have been widely applied
in the pharmaceutical areas, such as thickening
agent, suspending agent, gel base, bioadhesion mate-
rial, and matrix materials in the controlled release
preparation'®15,

The purpose of this study was to prepare gastric
mucoadhesive sustained-release AV-resinate micro-
spheres. AV absorption test was carried out in rat’s GI
tract; AV-resinate was prepared by the bath method and
then used as core to prepare microspheres using the
emulsion solvent diffusion technique with carbopol 934
as coating material. The drug content, particle size, and
in vitro drug release were investigated. The mucoadhe-
sive test of the prepared microspheres was investigated
in rats and beagle dogs. Finally, the in vivo evaluation
for the gastric mucoadhesive sustained-release AV-drug
resinate microspheres was carried out in beagle dogs.

Materials and methods

Materials

AV and ganciclovir were obtained from the Sigma-
Aldrich Corporation (St. Louis, MO, USA). The cation-
exchange resins Amberlite® IRP69 (sodium polystyrene
sulfonate) were a gift from Rohm and Haas Company,
Philadelphia, PA, USA. Carbopol 934 was a gift from
Noveon Company (Cleveland, OH, USA). Liquid paraf-
fin, polyethylene glycol (PEG) 400, and span 80 were
obtained from the Sigma-Aldrich Corporation.

GI absorption in situ

Male Wistar rats weighing 250 + 20 g for GI absorption
experiments were supplied by the Center of Experimen-
tal Animals, Shenyang Pharmaceutical University,
Shenyang, China. All studies were conducted in accor-
dance with the Principles of Laboratory Animal Care (NIH
publication No. 85-23, revised in 1985) and were

approved by the Department of Laboratory Animal
Research at Shenyang Pharmaceutical University. Animals
were acclimatized for at least 5 days before the experi-
ments and housed in cage (6 each) with free access to
food and drinking water. The perfusion solution was
Krebs-Rings buffer solution containing 7.8 g NaCl, 0.35
g KCl, 1.37 g NaHCO,, 0.02 g MgCl,, 0.22 g NaH,PO,,
and 1.48 g glucose in 1000 mL purified water.

Absorption study of AV in rat stomach

The tests were performed as previously described'®.
Briefly, six male Wistar rats were placed in individual
cage and fasted overnight before the experiment with
free access to water. The treatment of rats was as fol-
lows: each of them was anesthetized with an intraperi-
toneal injection of 1% sodium pentobarbital (0.4 mL/100 g
bodyweight). Upon verification of the loss of pain reflex,
the abdomen was opened with a midline longitudinal
incision about 3 cm long. The pylorus of the stomach
was cannulated with glass tubing. A small incision was
then made in the cardia. After rinsing the stomach with
artificial gastric juice, the cardia was ligated and 4 mL
artificial gastric juice containing 10 ug/mL AV was
injected into the stomach. The pylorus was then ligated
and the stomach was put back into the abdomen for 3
hours. At the end of the experiment, the perfusate solu-
tion in the stomach was extracted and filtered. The AV
concentration in the filtrate was determined by meth-
ods described below and AV absorption percentage was
calculated as follows:

Wo -5 Ws
Wo

A=

where A is the absorption percentage of AV in rat’s
stomach (%), W, is the AV quantity in stomach before
the absorption test, and Wj; is the AV quantity in stom-
ach after the absorption test.

Absorption study of AV in different intestinal
segments of rats

The study followed the method described by Michel
et al.'” Six male Wistar rats were fasted overnight before
experiment with free access to water. The predisposal
treatment of rats was described in absorption study of
AV in rat stomach. Then 10-cm-long segments of
duodenum (1-11 cm distal to pyloric sphincter),
jejunum (15-25 cm distal to pyloric sphincter), ileum
(20-30 cm proximal to cecum), and colon (2-12 cm dis-
tal to cecum) were cannulated and ligated with both
ends. The selected intestinal segments were gently
washed with prewarmed normal saline (37 + 1°C) and
attached to a peristaltic pump (BT00-100M, Shanghai
Longer Precision Pump Co. Ltd., Shanghai, China). One
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hundred milliliters of 10 ug/mL AV perfusion solution
was perfused at a flow rate of 1.5 mL/min for 3 hours
for each segment. At the end of the experiment, the
remaining perfusate solution was filtered and the AV
content was quantified by methods described below.
The AV absorption percentage was calculated as follows:

B= KO_K3
Ko

where B is the absorption percentage of AV in different
intestinal segments of rats (%), K is the AV quantity in
different intestinal segments of rats before the absorp-
tion test, and Kj is the AV quantity in different intestinal
segments of rats after the absorption test.

Analysis of AV in absorption study
The AV amount in absorption study sample was deter-
mined using a high-performance liquid chromatography
(HPLC) system that was equipped with an LC-10AT
HPLC pump (Shimadzu, Kyoto, Japan), a SPD-10AVP UV
Spectrometer detector (Shimadzu), and a Diamonsil C,g
column (200 x 4.6 mm, 5 um particle size; Dikma,
Beijing, China). The sample injection volume was 20 uL
and the UV detection wavelength was 252 nm. Analysis
was performed at 30°C using a mobile phase (methanol
and water, 10:90, v:v) at a flow rate of 1.0 mL/min.
Analysis methods were validated according to the
established international guidelines and requirements
(Validation of analytical Methods: Definitions and Ter-
minology, ICH Topic Q2A, and Validation of Analytical
Procedure: Methodology, ICH Topic Q2B). No interfering
peaks were detected at the retention times of AV (6.8
minutes). A linear correlation (r > 0.999) was obtained
between the peak area and AV concentration at the range
of 1-10 pg/mL. Recovery and accuracy of the method
were evaluated at concentrations of 10, 5, and 1 pug/mL.
The recovery was 99.3 + 0.6%, 98.5 + 0.7%, and 98.9 +
0.7%, respectively. The bias% of the intra- and interday
accuracy was 0.56-0.77% and 0.71-0.92%.

Determination of AV solubility in different medium

Excessive AV was added to water under magnetic stir-
ring, 0.005, 0.01, 0.025, and 0.05 mol/L HCI until satu-
rated at 25°C. The solution was then filtered and the
drug dissolved was measured by UV spectrophotometry
at a wavelength of 252 nm.

Preparation of AV-resinates microspheres

The AV-resinates were prepared by the bath method'®.
Twenty grams ion-exchange resins were suspended in

2000 mL HCl solution (0.01 mol/L) containing 10 mg/mL
AV under magnetic stirring at 30°C for 4 hours. The AV-
resinates were then washed with deionized water and
dried at 40-60°C.

The AV-loaded resins were then re-suspended in
20% (w/v) PEG4000 water solution. After stirring for 0.5
hour, PEG-coated AV-resinates were obtained by dry-
ing the suspension in the oven at 40°C.

Ten grams PEG-coated AV-resinates and 0.4 g
PEG400 were gradually added to 80 mL 2.5% (w/v) car-
bopol 934 ethanol solution, which was agitated until
well dispersed!®. Then the suspension was added into
the mixture consisting of 300 mL liquid paraffin and
20 mL Span80 drop by drop to form a suspension. The
suspension was kept stirring at 40°C for 3 hours. The
AV-resinate microspheres were then harvested by filtra-
tion with a 400-mesh sieve, washed with petroleum
benzene, and dried at 40°C for 2 hours.

Particle size analysis by dynamic light scattering

The mean particle size of the microspheres was mea-
sured using a laser light scattering particle size analyzer
(LS230, Beckman Coulter, Miami, FL, USA) according to
user’s manual.

Determination of drug content in the microspheres

The AV amount in the microspheres was determined by
suspending 100 mg AV-loaded microspheres in 100 mL
HCI solution (1 mol/L) under magnetic stirring for 10
hours at 65°C. The solution was then filtered, and the
amount of AV in the filtrate was determined using UV
spectroscopy at 252 nm.

In vitro drug release

In vitro drug release investigations were carried out
following the USP paddle (apparatus II) method by a
ZRS-8G Intelligent Dissolution Tester Apparatus (Tian
Jin University Radio Factory, Tian Jin, China) at a pad-
dle speed of 75 rpm. Briefly, 0.1 + 0.05 mol/L NaCl at 37
t+ 0.1°C was used as the dissolution medium. Micro-
spheres containing 500 mg AV were accurately weighed
according to loading efficiency and suspended in 900
mL of dissolution medium. Five milliliters of dissolution
medium was withdrawn at different intervals (1, 2, 4, 6,
8, 10, and 12 hours) and filtered. The amount of drug
released in the filtrate was measured by UV spectropho-
tometry at 252 nm.

In vivo evaluation of mucoadhesive properties in rats

Eighteen rats were fasted overnight. Each rat was orally
administered with 100 granules of the AV mucoadhesive
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microspheres. After administration, the rats were kept
fasted until they were sacrificed after 2, 4, and 6 hours
(six rats at each time point). The microspheres remain-
ing in the GI tract were counted.

In vivo evaluation of mucoadhesive properties in
beagle dogs

Two milliliters of carbopol 934-alcohol solution (1.5%)
was mixed with 1 mL of 0.1 mol/L HCI containing 1 mg
stannous chloride and 1 mg Vitamin C. Ten milliliters of
sodium pertechnetate solution equivalent to radioactivity
of 100 mci was added and kept at 90°C for 10 minutes.
The 9™TcO,-labeled carbopol 934 was then used for
the microspheres preparation.

The beagle dogs were fasted for 12 hours with free
access to water and given %™T_ 0,-labeled micro-
spheres loaded with 500 mg AV by oral administration®’,
The 140 keV gamma rays emitted by technetium (**™T,)
were imaged. The gamma images were recorded using
a real-time imaging system (Millennium VG hawk-
eye, Fairfield, CT, USA) and images were acquired at
suitable time intervals.

In vivo study

The in vivo evaluation was performed by a crossover
treatment in six healthy beagle dogs (weighing 20 £ 2.5
kg) with a 7-day washout period. The beagle dogs were
fasted overnight for at least 12 hours with free access to
water. Food was not allowed until 4 hours after oral
administration®"*2, The gastric mucoadhesive sus-
tained-release AV-resinate microspheres were used as
test preparation. The conventional AV tablets (20080304,
500 mg AV/tablet, Shi Chuan Xin Hua Pharmaceutical
Factory, Chengdu, China) were used as a reference prep-
aration. Both preparations contained a dose of 500 mg
AV. The test and reference preparation was orally admin-
istered to beagle dogs along with 50 mL of water. All stud-
ies were conducted in accordance with the Principles of
Laboratory Animal Care (NIH publication No. 85-23,
revised in 1985) and were approved by the Department of
Laboratory Animal Research at Shenyang Pharmaceuti-
cal University. Five milliliters of blood samples were
taken at the following time points: 1, 2, 3, 4, 5, 6, 8, 10, 12,
14, and 24 hours after oral administration. The blood
samples were then centrifuged at 1200 x g for 10 minutes.
Plasma was harvested and stored at—20°C until further use.

Analysis of AV in plasma samples

The AV amount in plasma was determined by the fol-
lowing procedures. Plasma samples (400 uL) were
mixed with 70 ug/mL ganciclovir (internal standard)

solution and vortexed for 5 minutes. Twenty percent of
HClO, (200 uL) was added to each sample which was
then centrifuged at 13,000 x g for 10 minutes. The
supernatant was then analyzed using an HPLC system,
which was equipped with an LC-10AT HPLC pump
(Shimadzu), a SPD-10AVP UV Spectrometer detector
(Shimadzu), and a Diamonsil C;g column (200 x 4.6
mm, 5 um particle size; Dikma, Beijing, China). The
sample injection volume was 20 puL and the UV detec-
tion wavelength was 275 nm. Analysis was performed at
30°C using a mobile phase (water : methanol : glacial
acetic acid, 98 : 2: 0.4, v/v) at a flow rate of 1.0 mL/min.
Analysis methods were validated according to the
established international guidelines and requirements
(Validation of analytical Methods: Definitions and Ter-
minology, ICH Topic Q2A, and Validation of Analytical
Procedure: Methodology, ICH Topic Q2B). No interfer-
ing peaks were detected at the retention times of AV (9.9
minutes) and ganciclovir (13.3 minutes). A linear corre-
lation (r > 0.999) was obtained between the ratio of the
peak areas of AV to that of the internal standard and AV
concentration between the range 0.1-20 ug/mL. The
limit of quantification (10x background noise) was 1 ng.
Precision and accuracy of the method were evaluated at
concentration of 20, 2, and 0.1 pg/mL. Precision of the
method was assessed on the basis of the coefficient of
variation in quality control samples and accuracy was
calculated as the bias% of these and 2.4-7.0% at all con-
centration. The bias% of the intra- and interday accuracy
was 1.1-2.2% and 0.7-0.9%. No decrease in the content of
quality control samples was observed in the freezer.

Pharmacokinetics Study

The pharmacokinetic parameters including the maxi-
mum plasma concentration (C,,,,) and time of the maxi-
mum plasma concentration (Ty,,,) were observed values
from the plasma concentration-time curve. The areas
under the serum concentration-time curve (AUC(_,41,)
were calculated by the trapezoidal method. The in vivo
drug absorption percentage for the AV microspheres was
calculated according to the method of Wagner and
Nelson?®. The in vivo-in vitro correlation for the AV
microsphere was obtained from the linear regression
analysis between the percentage absorbed in vivo and
the percentage released in vitro at the corresponding
times. Results from the two preparations were analyzed
with the SPSS statistical package using an analysis of vari-
ance to assess any significant (P < 0.05) difference.

Statistics

Data were obtained at least in triplicate and expressed
as mean * SD. Statistical differences were determined
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by student’s two-tailed -test. Differences are consid-
ered statistically significant at P < 0.05.

Results and discussions

Drug absorption in stomach and different intestinal
segmentsinrat

Absorption ratio (%) of AV in the rat’s stomach in situ
after 3 hours was 9.46 + 0.62% (n = 6). After AV absorp-
tion test in rat’s intestines in situ for 3 hours, the absorp-
tion ratio (%) of AV in duodenum, jejunum, ileum, and
colon were 20.22 + 1.50%, 15.7 * 1.33%, 9.15 * 1.01%,
and 4.59 * 0.48%, respectively. It was found that the
absorption rate of AV was higher in stomach, duode-
num, and jejunum of rat’s GI tract.

For drugs that were mainly absorbed in the stomach or
in the upper and middle parts of the intestine, the drug
delivery system should be designed to maximize the drug
retention time in the upper GI tract. Because AV was more
efficiently absorbed in the upper and middle segments of
the small intestine, one potential way to increase its bio-
availability is to increase its retention time in the GI tract.

AV solubility in different medium

The solubility of AV in different tested medium is shown
in Table 1. The result showed that AV was less soluble in
water, but its solubility increased significantly in acidic
solution. This could be explained by the fact that AV
could be ionized in the acid solution.

The results obtained from AV solubility study dem-
onstrated that AV was slightly soluble in water, but its
solubility could increase significantly in acid medium.
Hence acid medium was chosen to prepare the AV-
resinates. However, the H* in acid medium could com-
pete the active site with AV and result in decrease of
resin exchange/loading capacity. In this study, HCI at
an optimized concentration of 0.01 mol/L was used for
AV-resinate preparation.

Particle size analysis

The size distribution of the microspheres is shown in
Figure 1. The average particle diameter was 115.3 um.
According to the Stoke theory, the particle size would
enhance the physical stability of the suspension made
of microsphere for clinical application.

Table 1. Solubility of AV in different mediums.

Differential volume
20 y

15 - ‘

10 ‘

Volume (%)

0 T T - T T
1 10 100 1000
Particle diameter (um)

Figure 1. The size distribution.

Determination of drug content in the microsphere

The drug-loading amount in the microsphere was 33.3
+0.7% (n = 6), as determined by UV absorption at 252
nm. Previous study®* showed that the exchange capac-
ity of the used ion-exchange resin was 4.87 = 0.04
mmol/g, indicating the theoretical maximum drug-
loading ratio of the AV-resinate is 52.5% (w/w). The
drug-loading ratio in this study is lower than the theo-
retical value, which could be explained by the competi-
tion between AV and H' in the drug resinates
preparation process.

In vitro drug release

The in vitro drug release result is shown in the Figure 2;
the drug was released in a sustained manner for 12

100 ¢
80 1
60 |

40 |

Drug release (%)

20T

0 2 4 6 8 10 12
Time (hour)

Figure 2. The drug release from the AV bioadhesive microspheres
(n=6).

Medium Water

0.005 mol/L HCI

0.01 mol/L HCI 0.1 mol/L HCl 0.5 mol/L HCl

Solubility (mg/mL) 0.94+0.08 6.43+0.73

10.78 £1.02 16.44£1.01 23.28+1.53
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hours, more than 90% of loaded drug was released after
12 hours.

The dissolution media used should be similar to the
digest fluid in GI tract. The drug release process is an
ion-exchange process from the drug-resinate. The
ion concentration of electrolytes in the digest fluid
was ~0.15 mol/L. Because the microspheres were
mucoadhesive to the stomach (pH 1), 0.1 mol/L HCI
and 0.05 mol/L NaCl were used as the dissolution
media.

In vivo evaluation of mucoadhesive properties in rats

As shown in Figure 3, it was found that about 60% of the
microspheres remained in rat’s stomach 6 hours after
intragastric administration, whereas normal food reten-
tion time in stomach is about 2-4 hours. The results indi-
cated that carbopol coated on the microspheres induced
the adhesion to the gastric mucosa, which increased the
retention time of the microspheres in the stomach. The
adhesive force between the polymer and mucosa layer
was reported to depend on the distribution state of car-
bopol in the microspheres, that is, as a coating layer or
being dispersed in the microspheres®. Both in vitro and
in vivo tests showed that the carbopol as a coating layer
could adhere to the mucosa more strongly. In this study,
the in vivo mucoadhesive tests showed that microspheres
had good adhesive effects on gastric mucosa.

In vivo evaluation of mucoadhesive properties in
beagle dogs

Gamma scintigraphy was applied to assess the gastro-
retention of the microspheres in healthy beagle dogs.
Technetium was selected to radiolabel the micro-
spheres because of its short half-life of 6 hours and
small amount of electron emission. Sufficient stability
of technetium allowed successive gamma imaging for
the duration of the study’®. Gamma scintigraphic
images of the fasted beagle dogs showed that most of
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Figure 3. The in vivo retentions results of AV bioadhesive micro-
spheres in rats. Each point represents the mean + SD (n = 6).

Figure 4. The y-scintiscan photograph of AV bioadhesive micro-
spheres in beagle dog.

microspheres were retained in the stomach after 6
hours (Figure 4), which showed a significant gastro-
retentive profile of the microspheres and a strong inter-
action between the microspheres and the mucosa.

In vivo study

Figure 5 shows the AV plasma concentration-time pro-
files of test and reference preparation. Table 2 summa-
rizes the pharmacokinetic parameters. Table 3
summarizes the relative bioavailability of the test prep-
arations, obtained using the following equation:

_ AUGC, y(test)
" AUC,_,,(reference)

The in vivo-in vitro correlation results were as follows:

Y =1.1962x X — 2.1266 (r? = 0.9574),

C(ug/mL)

—&— Reference

—=— Test

1 I

0 4 8 12 16 20 24
Time (hour)

Figure 5. Plasma concentration-time curve of AV following oral
administration of reference and test preparation. Each point repre-
sents the mean = SD (n = 6).
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Table 2. Pharmacokinetic parameters of AV after a single dose of
testing preparation and reference preparation.

Reference Test
Parameter preparation preparation ANOVA
11 /2(ke) (hours) 2.90+0.21 3.02+£0.084 P>0.05
ke (h™) 0.24+0.017 0.230+£0.006 P>0.05
Tpnax (hours) 2.33+0.52 5+0.63 P<0.05
Cinax (Hg/mL) 18.13£1.43 19.29+1.03 P>0.05
AUC(_p4p (ugh/mL))  105.17 £13.53 152.02+14.20 P<0.05
AUC,_., (ugh/mL) 105.68 £13.54 153.21+£14.30 P<0.05
MRT (hours) 5.68+0.28 6.84+0.19 P<0.05

Table 3. Relative bioavailability of AV after a single oral dose of two
preparations (n = 6).

TestAUC,_,4;, Reference AUC,_ ,,}, Relative

Subject (ugh/mL) (ug-h/mL) bioavailability (%)
DogA 150.15 104.22 144

DogB 140 93.05 150

DogC 165.66 117.32 141

DogD 138.08 87.49 158

DogE 145.37 106.25 137

DogF 172.89 122.66 141
Mean+SD 152.02+14.20 108.04+13.01 145+0.08

where Y is fraction absorbed in vivo and X represents
fraction released in vitro.

The comparison of parameters with the two prepa-
rations showed no significant differences for C,,,, but
indicated significant difference for ¢,,,, and AUC(_,4,.
The t,,,, increased from 2.33 (reference) to 5 hours
(test), indicating a sustained-release property in vivo.
Meanwhile, the relative bioavailability of test prepa-
ration increased significantly by 45%. And a good
correlation between in vivo drug absorption and in
vitro drug release was obtained in the AV micro-
sphere. The above results showed that the mucoad-
hesive AV-resinate microspheres increased the
transit time in the stomach and thus increased the
absorption of the AV.

Conclusions

In this study, a novel gastric mucoadhesive sustained-
release AV-resinate microsphere was prepared. Studies
showed that AV has a better absorption ratio in the
stomach and upper intestine. The gastric mucoadhe-
sive sustained-release AV-resinate microspheres
showed a sustained-release profile and increased
retention time in the stomach in vitro. The in vivo study
also showed a sustained-release profile with 45% higher
bioavailability as compared to conventional AV tablets.
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