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1. Introduction
Single drug-releasing-unit preparations such as tablets are
vulnerable to the effects of food or fasting while multiple drug-
releasing-unit preparations, like pellets, are superior (Hu et al.,
2006). In a single dose of multiple drug-releasing-unit prepara-
tions, there are many units for drug release and, therefore, the
overall effect is a cumulative one, taking the effects of each unit
into account. So, the effect of the pellets is barely influenced by the
condition of the stomach, taking stomach evacuation as an example.
Meanwhile, pellets also exhibit the characteristics of steady absorp-
tion, and are capable of releasing the drug in a sustained manner
(Dévay et al., 2006).

There are many methods of making pellets, including extru-
sion and spheronization (Tomer et al., 2002), fluid bed granulation
(Hemati et al., 2003) and centrifugal granulation. It is known that
centrifugal granulation allows the preparation of sustained release
pellets (Rashid et al., 2001). This process uses blank beads as the
starting material, and drug and/or excipients are layered onto the
beads in the form of powder, increasing the diameter of the beads
to the desired size. This technique is both time-saving and eco-
nomic (Hu et al., 2006). The final products have excellent physical
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ge form, pellets allow ofloxacin to exhibit improved release and absorp-
entrifugal granulation method was employed to prepare ofloxacin pellets.
d to a coating process with methacrylic acid copolymers to produce sus-
The pellets with different coatings were investigated by release tests in
est coating suspension were subjected to a multiple doses pharmacoki-
in vitro release profiles showed that pellets coated with Eudragit® NE30D
of 1:8 (w/w) and a coating level of 8% with diethyl phthalate (DEP) as plas-

d material in the coating suspension were suitable for sustained release.
e principal pharmacokinetic parameters showed there were differences
ellets and the conventional ofloxacin capsules. The relative bioavailability

ellets compared with conventional ofloxacin capsules was 116.35 ± 33.31%.
he preparation has a sustained release effect with many advantages over

© 2008 Elsevier B.V. All rights reserved.

properties such as a high flowability and large surface area (Lyer et
al., 2006). Usually, drug-loaded pellets need to undergo a coating
process to fulfill the goal of prolonged release.

Ofloxacin is a fluoroquinolone antibacterial agent, which is
highly sensitive to both Gram-positive and Gram-negative bacte-
ria. It is also active against mycoplasma, chlamydia and legionella.

While widely used to treat infections, such as those affecting the
gastrointestinal and respiratory tracts, it is also used to treat urinary
tract infections (Zivanovic et al., 2006). This is because ofloxacin can
achieve high concentrations in the urinary tract in unchanged form
after oral administration (Okhamafe and Akerele, 1989; Fünfstück
et al., 1999). Approximately 90% of a dose was excreted in urine
as unchanged drug within 48 h. Besides, ofloxacin was rapidly and
almost completely absorbed from the upper small intestine, with a
high bioavailability up to 95%. Biotransformation of ofloxacin was
minimal, with less than 10% of the dose metabolized into desmethyl
ofloxacin and ofloxacin N-oxide, both of which are pharmacologi-
cally inactive (Marier et al., 2006). For mild or moderate infections,
administration of ofloxacin at a dose of 200 mg b.i.d is appropriate.
For uncomplicated urinary infections, administration of ofloxacin
400 mg/d is normally adopted. Meanwhile, for the treatment of
complicated urinary infections, a dose of 400 mg/d of ofloxacin has
been shown to be effective (Mouton and Leroy, 1991). Except for
the development of ofloxacin gastroretentive tablets which have
a sustained release effect for 24 h in gastric fluid (Chavanpatil et
al., 2005), almost all of the ofloxacin preparations commercially
available are conventional and require to be taken twice a day to
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achieve therapeutic effects. Our aim was to develop a new prepara-
tion of ofloxacin to reduce the frequency of administration, thereby
improving the patient compliance and increasing the therapeutic
efficacy.

In this study, the core beads were made from microcrystalline
cellulose (MCC), with ofloxacin powder layered onto the blank
beads by a centrifugal granulator, followed by a coating pro-
cess using methacrylic acid copolymers (Eudragit® L30D55 and
Eudragit® NE30D) to achieve sustained release. The release tests
and bioavailability study for multiple doses in beagle dogs were
carried out to evaluate the final preparation.

2. Materials and methods

Methacrylic acid copolymers (Eudragit® L30D55, Eudragit®

NE30D) were supplied by Röhm GmbH Chemische Fabrik, Darm-
stadt, Germany. Ofloxacin was purchased from Zhejiang Kangyu
Pharmaceutical Co. Ltd. (Zhejiang, China). Ofloxacin standard sub-
stance was purchased from National Instituted for the Control of
Pharmaceutical and Biological Product, China (Lot No. 130454-
200604). Other excipients used to prepare the pellets, such as
MCC, citric acid, lactose and DEP, were China Pharmacopoeia grade.
Methanol and acetonitrile were HPLC grade and other reagents
for ofloxacin determination were analytical grade. Double-distilled
water was used. Ciprofloxacin purchased from Zhejiang Jiangnan
Pharmaceutical Co. Ltd. (Zhejiang, China) was used in the in vivo
assays as an internal standard. Commercially available ofloxacin
capsules (0.1 g, Brand name: Jianglin, Xi’an Fangxing Pharmaceuti-
cals Ltd., Xi’an, China) were chosen as the reference preparation in
the multiple doses bioavailability study.

2.1. Preparation of ofloxacin sustained release pellets

2.1.1. Preparation of drug-loaded pellets
A laboratory-scale centrifugal granulator (Model BZJ-360M, Bei-

jing Tianmin High Technology Development Co., China) was used to
prepare drug-layered pellets. The formulation of the drug-loaded
pellets was as follows: ofloxacin 2000 g; MCC blank beads 450 g;
lactose 150 g; MCC 150 g and citric acid 150 g. MCC non-pareil pel-
lets with a 40–60 mesh screen size (0.45–0.28 mm) were prepared
by the same apparatus and used as the initial cores. The MCC pellets
were put into the rotating chamber and a uniform mixture of drug
and excipients (lactose, mixture of MCC and citric acid) were passed
through a 120 mesh screen (0.15 mm) and added to the feeding

chamber and then the machine was started. The rotating speed of
the plate was 180 rpm, the rate of water spraying was 10 × 15 l/min,
the air flow rate was 17 l/min, the pressure of the spray air was
0.5 MPa and the rotation rate of the powder feeder was 18 rpm.
Ofloxacin with the excipients were layered on the core beads until
the feeder was empty while simultaneously spraying water on the
pellets. After addition of all the drug powder, the plate was kept
rotating for an extra 4 min in order to polish the pellets. Finally, the
drug-loaded products were discharged from the chamber and cured
in a 40 ◦C oven for 24 h. The 18–24 mesh (1.00–0.80 mm) pellets
were chosen as the candidates for coating.

2.1.2. Coating of drug-loaded pellets
A fluidized bed (FD-MP-01, Powrex, Japan) was used to modify

pellets on a laboratory scale and 500 g drug-loaded pellets was the
sample size. The different coating formulations used are listed in
Table 1 and mainly involved Eudragit® L30D55, Eudragit® NE30D
and DEP. Each substance was weighed accurately. Eudragit® NE30D
was added dripwise to Eudragit® L30D55 the volume of which had
been doubled with water and agitated by a magnetic bar at room
temperature. Then, the plasticizer solution was also added drip-
harmaceutics 360 (2008) 47–52

Table 1
Different formulations of coating suspensions

Formulation Eudragit® NE30D:Eudragit®

L30D55 (w/w)
DEPa (%) Coating level (%)

F1 1:6 10 8
F2 1:8 10 8
F3 1:10 10 8
F4 1:8 10 3
F5 1:8 10 6
F6 1:8 10 10

a The weight of DEP was equal to that of 10% (w/w) of the dry polymer in the
coating suspensions.

wise to the copolymer suspension. The final suspension, stirred
magnetically for at least 1 h, was sprayed onto the pellets under
the following conditions: inlet temperature: 35 ◦C, outlet temper-
ature: 28–30 ◦C, spray rate: 8 ml/min. Then the final pellets were
cured for 24 h at 40 ◦C.

2.2. In vitro release test

The release of ofloxacin from pellets was investigated according
to USP 29, using dissolution apparatus 1 and all the release tests
were conducted in triplicate. The media used were 0.1N hydrochlo-
ride acid with 0%, 0.9%, 2.0% and 5.0% sodium chloride, pH 4.5 and
pH 7.4 phosphate buffers, separately, and the temperatures were
all maintained at 37 ± 0.5 ◦C. The pellets of a single ofloxacin dose,
i.e. pellets containing about 200 mg of ofloxacin, were placed in a
rotating basket. The rotating speed of the basket was 50 rpm. At
each predetermined time point, a 4 ml aliquot of the dissolution
medium was taken from each vessel and replaced by the same vol-
ume of fresh medium. The total volume of medium was kept at
900 ml. The amount of ofloxacin released in the medium was deter-
mined by UV spectrometric method at 293 nm. The content of drug
in ofloxacin sustained release pellets for calculating the percentages
of drug released in the medium was assayed by UV spectrometric
method, too.

2.3. Bioavailability study

2.3.1. Multiple dose bioavailability
The ofloxacin sustained release pellets were filled into hard

gelatin capsules based on the dose for the investigation. Mean-
while, a commercially available ofloxacin capsule which was a

conventional ofloxacin preparation was chosen as the reference
preparation. The experimental protocol was approved by the Uni-
versity Ethics Committee for the use of experimental animals and
conformed to the Guide for Care and Use of Laboratory Animals.
The study had an open, randomized, cross-over and multi-dose
design. Six male beagle dogs were divided into 2 groups. One were
given 0.4 g of test preparation (ofloxacin sustained release pellets,
each capsule containing ofloxacin 0.2 g) once a day at 7:00 orally,
while the other were given reference drug 0.2 g (ofloxacin cap-
sule, each capsule containing ofloxacin 0.1 g) every 12 h, twice a
day via the same route (7:00 for the first dose, 19:00 for the second
dose). All the dogs received the drug repeatedly for 6 days. Then
the 2 groups received the other treatment schedule after a 2-week
washout period. For the test group, blood samples were collected
before administration of the fourth and the fifth doses on day 4 and
day 5, and at 0, 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, 24 h immediately
after the sixth dose on day 6. For the reference dogs, blood sam-
ples were collected before administration of the seventh and the
ninth doses on day 4 and day 5, and at 0, 0.5, 1, 1.5, 2, 3, 4, 6, 8,
10, 12 h after the eleventh dose and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10,
12 h after the twelfth dose on day 6. At each time point, 3 ml blood
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3.2. In vitro release tests

3.2.1. Release of uncoated ofloxacin pellets in different media
Fig. 2 shows that the ofloxacin in the pellets without a coat-
Y. Cui et al. / International Journ

was withdrawn from the superficial vein of the forelimbs. Plasma
samples were obtained after centrifugation (3500 rpm) for 15 min
and stored in a refrigerator at −20 ◦C until analysis.

The plasma was thoroughly mixed with 50 �l internal standard
solution (ciprofloxacin methanol solution). Then, 100 �l aqueous
trichloroacetic acid solution was added (100 mg/ml) to precipitate
plasma proteins. The mixtures were vortexed for 3 min to allow
complete mixing, followed by centrifugation (8000 rpm) for 10 min.
Then a 10 �l aliquot of supernatant was directly injected into the
high performance liquid chromatography system.

Chromatographic conditions: Diamonsil C18 column, 150 mm
× 4.6 mm I.D., 5 �m (DIKMA, USA); mobile phase acetonitrile:
0.05 mol/l citric acid (pH of the aqueous phase was adjusted by tri-
ethylamine to 3.5) (18:82, v/v); flow rate 0.9 ml/min; UV detector
wavelength 293 nm.

The plasma concentration of ofloxacin was found to be linear
over the range 0.2–20 �g/ml. The correlation coefficient ranged
from 0.9957 to 0.9983. The lowest value of the standard curve,
i.e. 0.2 �g/ml was taken as the lower limit of quantitation (LLOQ).
The relative standard deviations (R.S.D.) of accuracy and precision
for three different plasma concentrations of ofloxacin (0.5, 5.0 and
17.5 �g/ml) were 4.60%, 0.57% and 1.00% for intra-day analysis, and
8.50%, 6.99% and 4.83% for inter-day analysis. The recovery for the
three plasma concentrations of ofloxacin was found to be 79.1%,
66.0% and 58.4%, with standard deviations (S.D.) less than 4%.

2.3.2. Data analysis
The concentrations of ofloxacin in plasma were calculated, and
all the data were processed by DAS statistical software. The area
under plasma concentration–time curve at steady-state on day 6
(AUCss) was calculated by the trapezoidal method, and the time
to maximum plasma concentration (day 6) (Tmax), maximum and
minimum plasma concentration at steady-state (day 6) (Cssmax and
Cssmin) of the test preparation were actual observations, and the
values of Tmax, Cssmax and Cssmin of the reference preparation were
the mean values of the two doses on the last day (day 6) of adminis-
tration. The mean drug concentration at steady-state on day 6 (Cav)
was calculated as follows: AUCss/�, where � = dose interval. And
degree of fluctuation (DF) was acquired by (Cssmax − Cssmin)/Cav.
The relative bioavailability was calculated by dividing the AUCss of
the test preparation by that of the reference preparation.

3. Results and discussion

3.1. Preparation of ofloxacin sustained release pellets

The solubility of ofloxacin in different media at room tempera-
ture is shown in Fig. 1. It can be seen that the solubility of ofloxacin

Fig. 1. Solubility of ofloxacin in different pH solvents at room temperature.
armaceutics 360 (2008) 47–52 49

was very dependent on the pH. In agreement with earlier pub-
lications, it was much higher in acidic solutions than in alkaline
ones (Chavanpatil et al., 2005). Therefore, as reported by Zhang
et al. (2005) previously, it was essential to control the amount of
ofloxacin released in acid media. Eudragit® L30D55 was suitable
for this. Eudragit® L30D55 is often used to obtain enteric dissolu-
tion. When the pH is higher than 5.5, it loses the ability to inhibit
the release of drug gradually (Song et al., 2002) and, according to
Huyghebaert et al. (2005) the dissolution of Eudragit® L30D55 at
a pH higher than 6.5 is almost independent of its amount So, the
formulation could be dominated by Eudragit® L30D55. Eudragit®

NE30D, when used as a film material having medium permeability,
can effectively block the release of drug over a wide pH range and
it was used to promote the effect of sustained release under both
acidic and alkaline conditions. Due to the small amount of Eudragit®

NE30D in the formulation, DEP or polyethylene glycol 6000 (PEG
6000) needs to be used as a plasticizer to assist the film formation
of Eudragit® L30D55, which renders the coating membrane more
robust and stable. Since it is soluble in aqueous solutions, PEG 6000
can make the pellets more porous when dissolved in water. Conse-
quently, it may adversely affect the sustained release effect of the
coating membrane on ofloxacin pellets. Therefore, PEG 6000 is not
an option when DEP is used.
ing membrane released completely in less than an hour in 0.1N
hydrochloride acid and phosphate buffer solutions with pH values
of 4.5 and 7.4. In particular, all the ofloxacin in the uncoated pel-
lets was released in 20 min in 0.1N hydrochloride acid. Thus, it was
essential for ofloxacin pellets to be coated to control its release.

3.2.2. Release of ofloxacin pellets with different coating
formulations in different media

It can be seen from Fig. 3 that the coating suspensions dom-
inated by Eudragit® L30D55 successfully prolonged the release of
ofloxacin in 0.1N hydrochloride acid, basically obtaining the desired
goal. However, the release of the pellets with three different ratios
of coating materials showed similar profiles due to the insolubil-
ity of both Eudragit® NE30D and Eudragit® L30D55 under acidic
conditions. Consequently, it was difficult to select the proper ratio
relying on the release profile in a single medium. Therefore, the
pellets with three different coating films with ratios of Eudragit®

Fig. 2. Release profiles of ofloxacin pellets without coating membrane in differ-
ent media. (�) pH 7.4 phosphate buffer; (�) pH 4.5 phosphate buffer; (�) 0.1N
hydrochloride acid.
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Fig. 3. Release profiles of ofloxacin coated with three different ratios of
methacrylic acid copolymers with the same coating level of 8% in 0.1N HCl. (�)
NE30D:L30D55 = 1:8 (F2); (�) NE30D:L30D55 = 1:6 (F1); (�) NE30D:L30D55 = 1:10
(F3).

NE30D to Eudragit® L30D55 of 1:6, 1:8 and 1:10, were further tested
in other media.

From Fig. 4, it can be seen that the order of the release rate in
phosphate buffer with a pH of 4.5 (from the fastest to the slowest)

was the pellets with a copolymer ratio of 1:10, 1:8 and 1:6. The
higher the content of Eudragit® L30D55 in the coating material,
the faster the drug release from the pellets. Taking into account the
solubility of ofloxacin in pH 4.5 medium and the release charac-
teristics in both pH 1.0 and 4.5 media, the pellets with a 1:8 ratio
of Eudragit® NE30D to Eudragit® L30D55 was chosen for further
investigation.

3.2.3. Influence of coating levels on the release of ofloxacin
Fig. 5 shows that almost all the ofloxacin released in the medium

in the first hour when the coat loading was 3% (F4). Also, the 6%
coating (F5) did not properly control the release of ofloxacin and all
the drug was released after 4 h. With a 10% coat loading (F6), nearly
20% of the ofloxacin was released from the pellets at 12 h and no
more than 60% was released at the end of dissolution at 24 h. Among
all the coat loadings, F2 showed the best ofloxacin release in 0.1N
HCl medium, so a percentage coat loading of 8% was chosen.

3.2.4. Release profiles comparison
According to literatures (Chavanpatil et al., 2005, 2006), an

Indian company has developed a gastric retention sustained release

Fig. 4. Release profiles of ofloxacin coated with three different ratios of methacrylic
acid copolymers with the same coating level of 8% in the pH 4.5 phosphate buffer. (�)
NE30D:L30D55 = 1:8 (F2); (�) NE30D:L30D55 = 1:6 (F1); (�) NE30D:L30D55 = 1:10
(F3).
harmaceutics 360 (2008) 47–52

Fig. 5. Release profiles of ofloxacin pellets with different coating levels in 0.1N HCl.
The ratio of Eudragit® NE30D to Eudragit® L30D55 was 1:8. (�) 10% (F6); (�) 8% (F2);
(�) 6% (F5); (-) 3% (F4).

ofloxacin tablet which had bioadhesive and swellable characteris-
tics. The release of ofloxacin was controlled by polymers and the
preparation had bioadhesive effects which prolonged the retention
time in the gastrointestinal tract. These advantages ensured steady
and effective absorption of ofloxacin. The illustration in the paper
showed that the release of ofloxacin from the tablets in 0.1N HCl
at 1, 2, 3, 4, 8, 12 h was approximately 22%, 30%, 40%, 49%, 68%

and 76%, respectively (Chavanpatil et al., 2005, 2006). The profile of
sustained release pellets showed the same trend and shared a simi-
lar slope compared with gastric retention sustained release tablets
under the conditions described in the paper during the first 8 h.
However, after 8 h, more drug released from the pellets at each time
point than from the gastroretentive preparation.

Chavanpatil et al. also applied a pH changing method to evaluate
their gastroretentive preparation in which the tablets were initially
kept for 2 h in a pH 1.2 medium. Then, they were transferred to a
second medium with a pH of 4.5 for a further 2 h and, finally, the
medium was changed to pH 7.4 for the remainder of the test until
24 h (Chavanpatil et al., 2005). Because of the high dissolution in
vitro it was assumed that there would be a high bioavailability in
vivo (Okonogi et al., 1997). Ofloxacin in the gastroretentive tablets
was not released completely (approximately 65% was released) at
the end of the test, and this might cause a reduced bioavailability.
Fig. 6 shows the release profile of ofloxacin sustained release pel-
lets under the conditions mentioned above. In the pH 1.2 medium
for 2 h and subsequently in the pH 4.5 medium for another 2 h, no
more than 35% of the drug was released from the ofloxacin pellets,
which exhibited good sustained release characteristics. A similar

Fig. 6. Release profile of ofloxacin sustained release pellets F2 by pH changing
method.
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Fig. 7. Release profiles of ofloxacin sustained release pellets F2 in 0.1N HCl with 0%,
0.9%, 2.0% and 5.0% NaCl. (�) 0.1N HCl without NaCl; (�) 0.1N HCl with 0.9% NaCl;
(�) 0.1N HCl with 2.0% NaCl; (×) 0.1N HCl with 5.0% NaCl.

release profile was seen for the gastroretentive tablets. However,
when pellets were placed in pH 7.4 phosphate buffer, it took less
than 2 h for the remaining drug to be released from the pellets. Dur-
ing the process, it was observed that the pellets lost their physical
integrity in the pH 7.4 dissolution medium. This might be caused
by the dissolution of Eudragit® L30D55 in the medium and the thin
layer of Eudragit® NE30D not having the ability to maintain the
structure of pellets. In addition, all excipients were wetted and dis-
solved, which might also contribute to the breakdown of the pellets.
Basis on these findings, it appears that ofloxacin could be slowly and
steadily released from the pellets in the stomach and, after the pel-
lets reached the jejunum, the rest of drug in the pellets could be
released over a short period of time. This probably provides a good
chance for the complete dose of drug being taken up into the blood,
ensuring a high bioavailability.
3.2.5. Effect of osmotic pressure on the release of ofloxacin from
the pellets

Release profiles of pellets in 0.1N hydrochloride acid media with
0%, 0.9%, 2.0% and 5.0% sodium chloride are shown in Fig. 7. In the
media with sodium chloride, there was an obvious burst release in
the first hour. More than 70% of the drug dissolved from the pel-
lets in media containing 2.0% and 5.0% sodium chloride, which was
almost 2-fold the amount of drug released in the medium without
salt. Also, for pellets in dissolution medium containing 0.9% sodium
chloride, the cumulative release of drug exceeded 55% in the first
hour. This showed a trend that with the increase in salt concen-
tration, the phenomenon of burst release became more and more
marked. This implies that a higher osmotic pressure enhanced the
release of drug from the pellets. A previous article has confirmed
that the presence of Na+ did not lead to an interaction with ofloxacin
(Fresta et al., 2002). Knop (1996) previously reported that the addi-
tion of NaCl slowed the release of pellets coated with Eudragit® RS
which probably meant that there was an interaction between Cl−

and the coating membrane. These results suggest that the release
of ofloxacin from sustained release pellets is not driven by osmotic

Table 2
Pharmacokinetic parameters of test and reference preparations at steady-state on day 6

Tmax (h) Cssmax (�g/ml)

Test 3.3 ± 1.4 25.55 ± 2.87
Reference 3.3 ± 0.5 14.47 ± 2.92

All the data are presented in the form of mean ± S.D.
armaceutics 360 (2008) 47–52 51

Fig. 8. Mean ofloxacin plasma concentration–time curves of six beagle dogs at
steady-state on day 6. Each point represents the mean concentration ± S.D. (�) test
preparation; (�) reference preparation.

pressure. So, the mechanism for release from pellets was diffusion,
which agrees with the conclusion reached above.

3.3. Bioavailability

The mean concentration–time curves for the test and reference
preparations in six beagle dogs at steady-state are illustrated in
Fig. 8.

Six beagle dogs were given test (capsules filled with ofloxacin
sustained release pellets) and reference preparations (ofloxacin
capsules) orally; all the pharmacokinetic parameters are listed in
Table 2. The mean relative bioavailability of ofloxacin sustained
release pellets to ofloxacin capsules, which was calculated from
the AUCss of ofloxacin, was 116.35 ± 33.31%. There was a sig-
nificant difference between the test and reference preparations.
The main pharmacokinetic parameters were transformed loga-

rithmically and standard deviations were calculated. The results
indicated that the AUCss, Cssmax, Cssmin, Cav and DF of ofloxacin
for test and reference preparations exhibited no intra-cycle and
intra-individual differences and the AUCss, Cssmax, Cssmin and Cav

exhibited no intra-preparation difference, either. The only marked
differences were in the intra-preparation Cssmax and DF. Further-
more, all the data were analyzed by a two-sided t-test and the
(1–2˛) confidence interval method, and the 90% confidence interval
of the AUCss of the test preparation was 87.5–144.9% of reference
preparation. It was also found that the bioavailability of the test
preparation was higher than that of the reference preparation.

After the beagle dogs received multiple doses of ofloxacin,
it was found that the Cssmax of the reference preparation
was 18.80 ± 4.01 �g/ml at the eleventh administration on day
6. After the twelfth dose on the same day, the Cssmax was
10.14 ± 2.79 �g/ml, approximately half that of the eleventh
administration. There was a clear difference between the two
administrations. The reduced mean Cssmax of the reference prepa-
ration resulted in a significant difference in the DF of the two
preparations. As was shown in Fig. 8, when the reference prepara-
tion reached steady-state, the AUCss of the eleventh administration

Cssmin (�g/ml) Cav (�g/ml) DF

3.05 ± 1.98 10.38 ± 2.14 2.26 ± 0.78
4.68 ± 1.23 9.26 ± 1.95 1.06 ± 0.12
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at 7:00 differed markedly from the twelfth administration at 19:00.
The latter was much lower than the former. This phenomenon
led to the improved bioavailability of the test compared with
the reference. Chrono-pharmacokinetics may provide a plausible
explanation for the reduction in the AUCss and Cssmax for the refer-
ence preparation, which has not been reported so far in multi-dose
pharmacokinetic studies in either beagle dogs or human volunteers
(Marier et al., 2006). This deserves further investigation.

If the chrono-pharmacokinetic interference in the absorption of
ofloxacin in beagle dogs is ignored, i.e. the twelfth administration
of the reference preparation at the steady-state was disregarded,
the Cssmax was 25.55 ± 2.87 �g/ml for the 400 mg test dose, while,
for the reference it was 18.80 ± 4.01 �g/ml for 200 mg after the
first administration. As reported previously, the activity of ofloxacin
relies on the amount taken up by the body (Marier et al., 2006). It
was clear that the peak concentration of the test preparation was
much higher than that of the reference. So this suggests the supe-
rior activity of ofloxacin sustained pellets compared with standard
preparations. However, the peak value of the plasma concentration
in the test group which had received a double dose was not twice
as high as that of the reference. This demonstrated that the test
preparation exhibited a sustained release effect, compared with
the reference drug. The test preparation prolonged the Tmax from
2.0 ± 0.5 h to 3.3 ± 1.4 h, which could also be an evidence for the
sustained release effect of the test preparation.

4. Conclusion
In the dissolution test, it was found that ofloxacin pellets exhib-
ited a sustained release effect after coating with Eudragit® NE30D
and Eudragit® L30D55 with DEP as a plasticizer. The 1:8 ratio of
these two copolymers and the amount of DEP equal to 10% of solid
in the copolymer suspension made the release of ofloxacin from
pellets sustained and dependent on the environment pH in the gas-
trointestinal tract. Ofloxacin sustained release pellets had similar
release profiles in vitro under acidic conditions to those of the gas-
troretentive ofloxacin tablets which were developed by an Indian
company. Due to sustained release effect, the ofloxacin sustained
release pellets achieved the desired goal. Meanwhile, ofloxacin sus-
tained release pellets improved the release of ofloxacin in vitro in
pH 7.4 medium compared with the gastroretentive tablets. From
the bioavailability test data, it was obvious that ofloxacin sustained
release pellets not only improved the bioavailability in vivo but
also exhibited a prolonged release effect compared with the refer-
ence drug which was an ordinary ofloxacin capsule commercially
available in China. It can be concluded that the ofloxacin sustained
release pellets are a suitable preparation of ofloxacin exhibiting
sustained release characteristics.
harmaceutics 360 (2008) 47–52
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