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The use of chitosan as the wall of microcapsule designed for delivery of encapsulated celecoxib is
reported. Microcapsules were characterised with respect to size and encapsulation efficiency of celecoxib.
In vivo animals demonstrated that both free celecoxib administration and chitosan/celecoxib microcap-
sules administration lead to a significant inhibition of cyclooxygenase-2 protein expression in the hepa-
tocytes when compared with vehicle control mice. Interestingly, microcapsule containing celecoxib
showed a better inhibition of cyclooxygenase-2 protein expression when compared with a simple oral
administration of free celecoxib. Gas-chromatography–mass-spectrometry analysis showed that in mice
treated with free celecoxib or chitosan/celecoxib microcapsules, their plasma concentration of celecoxib
was similar. Microcapsules-based biomaterials as oral drug delivery vehicles may help to improve the
absorption efficiency of therapeutic drugs.

� 2010 Elsevier Ltd. All rights reserved.
Microencapsulation is a micropackaging technique involving composed of randomly distributed b-(1-4)-linked D-glucosamine

the production of microcapsules which act as barrier walls of solids
or liquids. The microcapsules are produced by depositing a thin
polymer coating on small solid particles or liquid droplets, or on
dispersions of solid in liquids. The release mechanisms of the core
content vary depending on the selection of wall materials and,
more importantly, its specific end uses. The core content is re-
leased from the microcapsules under a variety of controlled condi-
tions, such as friction, pressure, change of temperature, diffusion
through the polymer wall, dissolution of the polymer wall coating
or biodegradation.1–3 Particles in micro-size prepared by the
microencapsulation technique are called microcapsules, micro-
spheres or microparticles.1,4,5

The structure of microcapsules generally consists of two major
components: (1) wall shell and (2) core material, respectively. The
wall shell is usually a polymer coating that surrounds and protects
the core materials. It can be natural polymer, semi-synthetic poly-
mer or synthetic polymer.6 Chitosan, a linear polysaccharide
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(deacetylated unit) and N-acetyl-D-glucosamine (acetylated unit),
is a natural polymer which is produced commercially by deacetyla-
tion of chitin, which is the structural element present in the exoskel-
eton of crustaceans, for example, crabs and shrimp etc. Chitosan is
non-toxic, bio-degradable and bio-compatible, and has long been
used as a bio-polymer or crude material in pharmaceutical and med-
ical fields, papermaking and food processing. Numerous scientific
reports, patents and commercial developments concerning the
preparation of chitosan based microcapsules have been pub-
lished.6–12 Most of the recent developments of chitosan microcap-
sules are focused on the encapsulation of drugs for biological
applications. The core material, which may be in the form of liquid
or solid, refer to the substance to be encapsulated by the wall mate-
rial and is the main component to be delivered to human body. In
this present study, a simple and low-cost coacervation technique
has been used to produce chitosan microcapsules. Celecoxib, the
new generation of a non-steroid anti-inflammation drug, was used
as a tool to be encapsulated into the chitosan based microcapsule.
In order to verify possible applications of the produced chitosan/
celecoxib microcapsules, analytical studies as well as in vivo biolog-
ical assays were performed.

We first report data showing that chitosan based microcapsules
containing celecoxib were successfully produced.13 Morphological
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Figure 1. Scanning electron microscopic analysis of the chitosan/celecoxib
microcapsules.

Figure 2. Absorption spectra of free reference standard celecoxib and celecoxib
isolated from microcapsules.

Figure 3. Representative immunohistochemistry study for the expression of cyclooxygen
(C and D), celecoxib containing microcapsules (E and F). Treatment protocol was started
5. Livers were collected for analysis. (B), (D) and (F) are their correspondence negative c

Table 1
Analysis of the plasma liver enzyme levels

Control Celecoxib Chitosan/celecoxib Reference (U/L)

ALT 40.33 ± 4.73 46.33 ± 4.93 53.34 ± 15.95 (28–132)
AST 52.00 ± 5.12 49.67 ± 7.23 47.33 ± 6.43 (59–247)

Results are shown as mean ± standard deviations from each group. No statistical
significant difference is found between the free celecoxib or the chitosan/celecoxib
group in respect to the control group (p >0.05). Student t-test was used and data
was considered to be statistically significant when p value was smaller than 0.05.

4148 S.-Y. Cheng et al. / Bioorg. Med. Chem. Lett. 20 (2010) 4147–4151
analysis using scanning electron microscopy was performed
(Fig. 1). The particle size of microcapsules was ranging from
2.0 lm to 15 lm and the mean particle size was 5.6 lm. The dry
weight of chitosan/celecoxib microcapsules was determined to
be a mean of 6.2 g obtained from three independent measure-
ments. Analytical chemistry assays showed that the concentration
of celecoxib in the microcapsules was 0.09 lg ± 0.03 lg per ml
(mean value from three independent experiments) (Fig. 2). Based
on these results, drug loading of the chitosan microcapsules was
estimated to be 0.0341 g per dry weight of microcapsules and
the encapsulation efficiency was determined to be 68.2%.14

In order to determine the biological activity, we have treated
mice orally with chitosan/celecoxib microcapsules at a concentra-
tion of 4 lg/g for a continuous of 4 days. After the treatment proto-
col, all the mice were sacrificed and liver autopsy was performed for
section preparation and immunohistochemistry analysis.15 As dem-
onstrated by the representative experiment shown in Figure 3, sam-
ples from vehicle control group displayed consistent expression of
cyclooxygenase-2 protein from their liver sections (Fig. 3 A and B).
Both of free celecoxib administration (Fig. 3C and D) and chitosan/
celecoxib microcapsules administration (Fig. 3E and F) showed a sig-
nificant inhibition of cyclooxygenase-2 protein expression. Interest-
ingly, microcapsule containing celecoxib showed a stronger
inhibition of cyclooxygenase-2 protein expression from mice hepa-
tocytes when compared with a simple oral administration of
celecoxib.16

Plasma liver functional enzyme markers demonstrated that our
chitosan based microcapsule system did not exert toxicological
adverse effects on the mice livers (Table 1).17 Further semi-quanti-
tative GC–MS analysis from isolated plasma samples of mice
ase-2 protein on the liver section of mice after oral administration of free celecoxib
from day 1 to day 4 days at 4 lg/g body weight/day and mice were sacrificed on day
ontrols showing the high integrity of the mice hepatocytes.
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showed that celecoxib was detected in mice after oral administra-
tion of celecoxib containing microcapsules and free celecoxib with
similar plasma concentrations (Fig. 4).18

Chitosan based microcapsule is found to be a good delivery
model for oral drug delivery. Under acidic condition, chitosan
based microcapsules would decompose and release its content.
This is the physiological situation in the stomach, owing to the
Figure 4. GC–MS analysis to detect the presence of celecoxib from plasma sample of mic
(B) and control (C). The calculated concentration of celecoxib from celecoxib contain
Treatment protocol was started from day 1 to day 4 days at 4 lg/g body weight/day and m
peak corresponding to celecoxib in the samples analyzed.
continuous secretion of gastric juice, including hydrochloric acid.
The released content will be delivered to the small intestine, being
absorbed in the jejunum. This is really a good pathway for the
release of oil from the microcapsule in the stomach and oil is being
absorbed in the jejunum as small oil droplets after the emulsifica-
tion of bile salt and being transported to the peripheral lymphatic
system. However, most the research work by others seldom
e after oral administration of celecoxib containing microcapsules (A), free celecoxib
ing microcapsules and free celecoxib were 44 ± 50 and 42 ± 60 ppb, respectively.

ice were sacrificed on day 5. Plasma was collected for analysis. Arrow indicates the
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reports the subsequent pharmaceutical evaluation for the bioactiv-
ity of those microcapsule containing ingredients.

Celecoxib is among the second generation of non-steroid anti-
inflammatory drugs being widely used worldwide. However, its
low water solubility affects its gastrointestinal absorption.19 Here,
we have successfully produced chitosan based microcapsules and
encapsulated celecoxib in jojoba oil as a demonstration model for
our oral delivery model. Pathologically, cyclooxygenase-1 protein
is continuously expressed, while it is suggested that cyclooxygen-
ase-2 will be expressed only under inflammation condition. How-
ever, it was recently reported that the mRNA of cyclooxygenase-2
could be detected in liver tissues of normal mice.20 Our results
show that chitosan/celecoxib microcapsules display better inhibi-
tory activity on cyclooxygenase-2 protein from liver sections of
treated mice when comparison is done with oral administration
of free celecoxib. The plasma concentration of celecoxib was com-
parable after a four-day treatment protocol. More importantly, this
drug delivery model did not exert additional load on the liver func-
tion. We used a treatment protocol of 4 lg/g/day for four days,
which really resembled the actual clinical condition in which pa-
tient with inflammation is prescript with celecoxib at 200 mg/
day for four days, assuming an adult body around 50 kg. However,
what we still need to discuss includes the further improvement of
drug loading efficiency. There are several factors presumably in-
volved, including the choice of oil, which should mediate good
drug solubility, but at the same time should be beneficial to the
cardio-vascular system. In this respect, the safety oral administra-
tion of jojoba oil was reported.21 Despite the fact that the solubility
of celecoxib in jojoba oil was considerably high, different therapeu-
tic drugs may have variable solubility in different types of oils so
the balance of drug solubility and health beneficial factors would
be one of the important criteria to be considered. Other factors
to be considered are the chitosan concentration used, the ratio of
dissolved chitosan and drug dissolved oil as well as the procedure
including coacervation, centrifugal extrusion, emulsion hardening,
which still need to be optimized.

Currently, many patients suffering from various diseases need
to receive oral administration and/or intravenous injection of ther-
apeutic regimens. Unfortunately, some of the orally administrated
drugs are found to have poor water solubility while some patients
are found to have allergic response towards intravenous injection.
Here we describe the use of the microencapsulation technology to
encapsulate celecoxib as a preliminary example of obtaining an
improved pharmacological activity with the free counterpart when
animal models are employed. The development of the microcap-
sules related biomaterials as oral drug delivery vehicles may be
an alternative administrative pathway to improve the efficiency
of the therapeutic actions from the time-course-release efficiency
and absorption point of view.

Collectively, we have successfully produced chitosan based
microcapsule and encapsulated celecoxib. The chitosan/celecoxib
microcapsules were characterised with respect to their biological
activity in comparison to that displayed by free celecoxib. The pro-
duced chitosan/celecoxib microcapsules showed a significant inhi-
bition of cyclooxygenase-2 protein expression when compared
with vehicle control mice. Interestingly, microcapsule containing
celecoxib showed a better inhibition of cyclooxygenase-2 protein
expression in mouse hepatocytes when compared with a simple
oral administration of celecoxib. Our chitosan based microcapsule
system did not exert toxicological adverse effect on mice livers.
Furthermore, celecoxib was detected at similar plasma concentra-
tion levels in mice after oral administration of celecoxib containing
microcapsules and free celecoxib. Further developments of the
microcapsules related biomaterials as oral drug delivery vehicles
may help to improve the efficiency of the therapeutic actions from
the convenience and absorption point of view.
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