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Abstract

The objective of this study was to achieve colon-speci®c delivery of budesonide using
azopolymer-coated pellets and to accelerate healing of 2,4,6-trinitrobenzenesulphonic acid
sodium salt (TNBS)-induced colitis in rats.

After oral administration of azopolymer-coated pellets containing budesonide, a sig-
ni®cant increase was observed in the therapeutic effects of the drug accompanied by a
decrease in its systemic adverse effects when compared with oral administration in saline
or rectal administration by enema. In addition, with the use of the colon-speci®c oral
dosage form the dose of budesonide could be reduced.

These results suggested that azopolymer-coated pellets may be a useful dosage form for
the colon-speci®c delivery of budesonide as an anti-in¯ammatory steroid drug to bring
about the healing of TNBS-induced colitis in rats.

In¯ammatory bowel disease is comprised of two
distinct but similar conditionsÐCrohn's disease
and ulcerative colitis. Ulcerative colitis affects the
colon from the proximal rectum. The length of
colon affected varies, but the disease always occurs
in continuity in the mucosal layer only. On the
other hand, Crohn's disease does not usually affect
the rectal area, and lesions involve not only the
mucosa but also the entire bowel wall. Both con-
ditions are chronic, and although symptoms may
spontaneously resolve, most patients will relapse
(Podolsky 1991; Shanahan 1993; Spencer &
McTavish 1995). Glucocorticoids are generally
used as therapeutic drugs for patients with in¯am-
matory bowel disease. Oral administration of these
drugs is commonly used in the treatment of Crohn's
disease and extensive ulcerative colitis. However,
their use is sometimes limited because glucocorti-
coid therapy is associated with some potentially
serious adverse effects such as Cushing's syn-
drome, hypertension, osteoporosis and diabetes
mellitus. Furthermore, as suppression of pituitary-

adrenal function can occur during long-term treat-
ment with glucocorticoids and recovery of endo-
genous cortisol release is slow in patients who have
received such therapy, adrenal insuf®ciency can
result when treatment is discontinued. Budesonide
is a nonhalogenated glucocorticoid which is used
for the treatment of in¯ammatory respiratory dis-
orders (Brogden & McTavish 1992). Its systemic
bioavailability is 9�3±15% when administered
orally in a sustained-release dosage form or rectally
as an enema. This agent has greater topical anti-
in¯ammatory activity but less systemic activity
than other glucocorticoids, because of its high ®rst-
pass metabolism in the liver (Nilsson et al 1992).
Therefore, budesonide is potentially an effective
agent for the treatment of in¯ammatory bowel
disease. However, it has been reported that oral
administration of budesonide is accompanied by
adverse effects such as gastrointestinal injury and
Cushing's syndrome.

In a series of studies, we developed novel dosage
forms such as azopolymer-coated pellets and chit-
osan capsules to achieve the colon-speci®c delivery
of peptides and proteins (Tozaki et al 1997). Based
on the successful results of colon-speci®c delivery
of peptides, these new dosage forms might also be
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useful for the speci®c delivery of anti-in¯ammatory
drugs to the large intestine. In the present study,
therefore, we investigated speci®c delivery of the
anti-in¯ammatory drug budesonide to the colon
using azopolymer-coated pellets and its therapeutic
effects against 2,4,6-trinitrobenzenesulphonic acid
(TNBS)-induced colitis in rats. Here, we report that
azopolymer-coated pellets containing budesonide
were effectively delivered to the large intestine,
especially the colon, and that this large intestine-
speci®c delivery system showed a good therapeutic
effect against TNBS-induced colitis. These ®ndings
suggest that azopolymer-coated pellets might be
useful carriers for the colon-speci®c delivery of anti-
in¯ammatory drugs, including steroid drugs, to bring
about healing of TNBS-induced colitis in rats.

Materials and Methods

Materials
o-Dianisidine hydrochloride and hydrogen peroxide
were purchased from Sigma Chemical Company
(St Louis, MO). 2,4,6-Trinitrobenzenesulphonic
acid (TNBS), carboxymethyl cellulose (CMC),
hexadecyltrimethyl-ammonium bromide (HTAB),
trichloroacetic acid, t-butylmethylether and tri-
ethylamine were obtained from Nacalai Tesque,
Inc. (Kyoto, Japan). All other chemicals were of
analytical grade.

Preparation of azopolymer-coated pellets
The azopolymer-coated pellets containing budeso-
nide (� 3�3 mg budesonide=capsule) were prepared
by Ono Pharmaceutical Co. Ltd, (Osaka, Japan). The
mean diameter and weight of the pellet were 1�0±
1�2 mm and 1�0 mg, respectively (Tozaki et al 1998).
The surface of the capsule was coated with Eudragit
L-100 (10�7% w=w) as an enteric coating material
and further coated with a straight-chain azopolymer
(9�09% w=w) developed by Kimura et al (1992).

Induction of colonic in¯ammation
Male Wistar rats (� 200 g) were fasted for 48 h
before the induction of colitis. Colonic in¯amma-
tory lesions were induced by the method of Morris
et al (1989). Brie¯y, 20 mg of TNBS was dissolved
in 0�25 mL of 50% ethanol and instilled into the
colon through a cannula inserted via the anus.

Treatment of colitis
From the day after intracolonic administration of
TNBS, budesonide was orally administered using

azopolymer-coated pellets or saline to rats via a
polyethylene cannula under light ether anaesthesia
twice a day. Alternatively, budesonide=CMC sus-
pension was administered intracolonically to rats
through a cannula via the anus under light ether
anaesthesia twice a day. The orally administered
doses (20, 100 and 500 mg per pellet or per 1 mL
saline per day) and intracolonically administered
doses (4, 10, 20 and 100 mg mL71 CMC suspension
per day) of budesonide in this experiment were
calculated from the clinical doses used for humans.

Assessment of colonic injury and in¯ammation
The rats were killed by intravenous administration of
sodium pentobarbital (75 mg kg71) on day 5 after
intracolonic administration of TNBS, and then the
distal colon was removed. The samples of in¯amed
tissue were excised to measure the myeloperoxidase
(MPO) activities (Krawisz et al 1984), the ratios of
distal colon wet weight to body weight (C=B ratio)
(Yue et al 1996) and the criteria for scoring the gross
morphological damage (damage score) (Morris et al
1989). At the same time, the thymus was also
removed from the rats. The systemic adverse effects
of budesonide were evaluated by determination of
atrophy of the thymus as thymus wet weight=body
weight (T=B ratio) (Dahlberg et al 1983).

Measurement of myeloperoxidase (MPO) activity
The activity of MPO, which is found in neutrophils,
can be used to evaluate the degree of in¯ammation
in the intestine. The distal colon specimen (200 mg)
was minced in a beaker containing 1 mL of HTAB
buffer (0�5% HTAB in 50 mmol mL71 phosphate
buffer, pH 6�0) on ice, transferred to a test tube, and
homogenized with a Polytron homogenizer (Kine-
matica AG, Switzerland) three times for 30 s, on
ice. The pooled homogenate and washes were
sonicated for 10 s in a bath-type sonicater, freeze-
thawed three times, and centrifuged at
10 000 rev min71 for 1 min. MPO activity in the
supernatant was measured spectrophotometrically.
Brie¯y, 0�1 mL of supernatant was added to
0�167 mg mL71 o-dianisidine hydrochloride and
0�0005% hydrogen peroxide, then, the change in
absorbance at 460 nm was measured with a
microplate reader (Molecular Devices). One unit of
MPO activity was de®ned as the amount which
degraded 1 mmol of peroxidase per minute at 25�C
(Krawisz et al 1984).

Determination of the C=B ratio
The C=B ratio (distal colon wet weight=body
weight) was calculated as an index of colonic tissue
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oedema (Yue et al 1996). The distal colon speci-
men was rinsed with isotonic saline. An 8-cm
segment of distal colon including the major gross
pathological changes was weighed.

Assessment of the damage score
The distal colon specimen was immediately
examined under a stereomicroscope, and any visi-
ble damage was scored on a scale of 0 to 5 by two
independent observers blind to the treatment regi-
men. Damage was scored as follows: score 0
represented no damage; score 1, localized hyper-
aemia, but no ulcers; scores 2 and 3, linear ulcers
without and with signi®cant in¯ammation in one
site, respectively; score 4, two or more sites of
ulceration, in¯ammation, or both; score 5, two or
more major sites of in¯ammation and ulceration, or
one major site of in¯ammation and ulceration
extending >1 cm along the length of the colon
(Morris et al 1989).

Determination of the T=B ratio
The T=B ratio (thymus wet weight=body weight)
was calculated as an index of systemic adverse
effects of budesonide. The thymus specimen was
rinsed with isotonic saline, and a segment of the
thymus was weighed.

Statistical analyses
Results are expressed as means� s.e.m., and data
obtained for therapy against TNBS-induced colitis
were evaluated by comparing the values of groups

treated with budesonide in azopolymer-coated
pellets with those treated with budesonide in CMC
suspension or PBS. Data were analysed by one-way
analysis of variance followed by Dunnett's test.

Results

To determine the optimal schedule for induction of
colitis by TNBS, we examined the degree of colitis
on different days after intracolonic administration
of this agent. MPO activity, C=B ratio and damage
score increased for 10 days after intracolonic
administration of TNBS, and recovered to the
control levels after 14 days. Maximal MPO activ-
ity, C=B ratio and damage score were observed on
day 5 after intracolonic administration of TNBS
(Tozaki et al 1998, 1999). We therefore evaluated
the therapeutic effects of budesonide for treatment
of colitis on day 5 after intracolonic administration
of TNBS in the following experiments.

Effects of budesonide against TNBS-induced colitis
after intracolonic administration in rats
We ®rst investigated the therapeutic effects of
budesonide against TNBS-induced colitis by
intracolonic administration as an enema (Table 1).
A 0�5% CMC solution was used as the vehicle. The
CMC solution alone failed to reduce the MPO
activity increased by TNBS. Intracolonic adminis-
tration of budesonide (4±20mg) markedly
decreased the MPO activity in TNBS-induced
colitis in rats. However, at a high dose of budeso-
nide (100mg) we found no good therapeutic effect
as compared with other doses tested in the present

Table 1. Therapeutic and adverse effects of budesonide after intracolonic administration or oral administration in azopolymer-
coated pellets or saline solution to rats with TNBS-induced colitis.

Group MPO activity
((mg protein)71)

C/B ratio6 1073

(w/w)
Damage

score
T/B ratio6 1071

(w/w)

Healthy rats 0�09� 0�05** 2�45� 0�15* 0�00� 0�00** 2�98� 0�04**
Colitis model
No treatment 31�0� 2�52 9�40� 1�40 4�80� 0�20 1�99� 0�03
0�5% CMC (i/c) 25�2� 2�55* 7�30� 0�60 4�80� 0�20 1�80� 0�05
4 mg budesonide (i/c) 6�87� 2�23** 4�65� 0�52** 2�50� 0�99** 1�94� 0�03
10 mg budesonide (i/c) 9�36� 2�09** 4�70� 0�24* 2�00� 0�71** 1�82� 0�03
20 mg budesonide (i/c) 7�87� 2�56** 5�14� 0�13* 2�50� 0�89** 0�76� 0�01**
100 mg budesonide (i/c) 24�7� 3�64* 5�20� 0�60** 3�40� 0�50** 0�54� 0�00**
20 mg budesonide pellets (p.o.) 4�97� 2�31**{{ 4�90� 0�58** 1�83� 0�60**{ 1�26� 0�03*{{
100 mg budesonide pellets (p.o.) 2�69� 1�68** 4�46� 0�34** 0�80� 0�58** 1�40� 0�03*{{
500 mg budesonide pellets (p.o.) 5�64� 4�75** 5�21� 0�62** 0�75� 0�48**{{ 0�73� 0�01**{{
20 mg budesonide in saline (p.o.) 16�7� 3�37** 5�80� 0�43** 2�80� 0�37** 0�66� 0�01**
100 mg budesonide in saline (p.o.) 4�64� 2�25** 4�88� 0�26** 1�75� 0�75** 0�78� 0�02**
500 mg budesonide in saline (p.o.) 3�78� 3�01** 5�49� 0�48** 3�25� 0�63* 0�46� 0�01**

*P< 0�05, **P< 0�01 compared with TNBS-treated controls. {P< 0�05, {{P< 0�01 compared with the same dose of budesonide
in saline.
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experiment. The C=B ratios and damage scores were
also signi®cantly decreased in TNBS-induced colitis
rats at all doses tested from 4±100mg. At lower doses
(4 and 10mg), budesonide did not reduce the T=B
ratio, which is an index of adverse effects. On the
other hand, signi®cant adverse effects were observed
at doses of budesonide higher than 20mg; i.e. thymus
involution was induced by higher doses of budeso-
nide (20 and 100mg).

Effects of budesonide on TNBS-induced colitis after
oral administration of azopolymer-coated pellets in
rats
Next, we prepared azopolymer-coated pellets con-
taining budesonide and investigated their ther-
apeutic effects against TNBS-induced colitis after
oral administration. The MPO activities after oral
administration of budesonide with azopolymer-
coated pellets were markedly decreased at the
doses used in this experiment (20±500mg).
Administration of budesonide solution also reduced
the MPO activity at doses of budesonide higher
than 100 mg. We found a good therapeutic effect
after oral administration of 20mg of budesonide
with azopolymer-coated pellets as compared with
the same dose in the saline solution group, as
evaluated by the MPO activity (Table 1). Budeso-
nide in both oral dosage forms, i.e. saline solution
and azopolymer-coated pellets, reduced the C=B
ratios at all doses used in this study. However, no
signi®cant differences were observed in C=B values
between azopolymer-coated pellets and saline
solution at each dose. The oral administration of
budesonide with azopolymer-coated pellets sig-
ni®cantly reduced the damage scores at all doses
examined in the present study.

The T=B ratios might re¯ect the therapeutic
adverse effects of budesonide after oral adminis-
tration with azopolymer-coated pellets or solution.
The T=B ratios were decreased after oral adminis-
tration of budesonide in azopolymer-coated pellets
and saline solution at all doses examined. However,
the T=B ratios for the group treated with budeso-
nide in saline solution were higher than for those
observed with administration of azopolymer-coated
pellets. Taken together, the optimal dose of bude-
sonide with azopolymer-coated pellets was con-
cluded to be � 20 mg per rat (� 100 mg kg71).

Discussion

Kimura et al (1992) examined the degradation
characteristics of the azopolymer-coating and azo-
polymer-coated pellets in cultures of human
intestinal ¯ora using scanning electron microscopy,
UV spectroscopy and in-vitro release experiments.

These results suggested that the azopolymer coat-
ing would be degraded and the drugs contained
therein would be released in the large intestine after
oral administration of azopolymer-coated pellets.

The steroidal drug budesonide is a non-haloge-
nated glucocorticoid and has high af®nity for glu-
cocorticoid receptors. In addition, it was reported
that its bioavailability after intracolonic adminis-
tration is � 15% and after ®rst-pass metabolism in
the liver it is converted to pharmacologically less
active metabolites, 6b-hydroxy-budesonide and
16a-hydroxy-prednisolone (Spencer & McTavish
1995). Budesonide, therefore, has a greater topical
anti-in¯ammatory activity and less systemic effects
than many other glucocorticoids. Based on these
characteristics, we determined the enhanced ther-
apeutic effects of budesonide with azopolymer-
coated pellets, which have been reported to be a
useful colon-speci®c drug delivery dosage form,
against TNBS-induced colitis in rats.

There have been numerous attempts to induce
in¯ammatory and ulcerative colonic syndromes in
laboratory animals that resemble human disease
forms, but none have been entirely successful. In
this study, we selected the TNBS-induced colitis
model using rats because of its simplicity and
reproducibility (Morris et al 1989). TNBS induced
colitis may be a good model of in¯ammatory bowel
disease because it involves the use of an immuno-
logical hapten and is followed by a more chronic
phase of in¯ammation than ethanol-induced acute
mucosal injury (Yamada et al 1992).

To con®rm the topical effects of budesonide and
determine the effective dose, we ®rst investigated
its therapeutic effects against TNBS-induced colitis
after intracolonic administration. In general,
in¯ammation induces vascular hyperpermeability.
Then, neutrophils are activated and invade the
in¯ammatory region through the blood vessels. As
activated neutrophils exhibit high MPO activity, we
determined the MPO activity as an in¯ammatory
marker. Budesonide administered by enema sig-
ni®cantly reduced the MPO activity in the dose
range of 4±20 mg, while no signi®cant inhibition of
the enhanced MPO activity was observed at a high
dose (100mg). Although the reason for this is not
clear, one possible mechanism is suppression of the
generation of various eicosanoids by the inhibition
of phospholipase A2. An alternative mechanism is
the balance between the attacking and defending
factors at the colitis regions caused by various
eicosanoids. MPO is also involved in the metabo-
lism of reactive oxygen species which enhance
in¯ammation due to DNA damage, inactivation of
various proteins and enzymes and peroxidation of
membrane lipids. Thus, similar therapeutic effects
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of budesonide were observed when examining
other indicators such as damage score, as were
found when examining MPO activity.

The T=B ratio is considered to re¯ect the adverse
effect of budesonide. No signi®cant decrease in T=B
ratio was observed after intracolonic administration
of budesonide at doses of 4 or 10mg (Table 1). Con-
sidering both the therapeutic and the adverse effects
of budesonide, we concluded that the effective dose
was in the range of 4±10mg per rat (� 20±
50mg kg71) for intracolonic administration. Based
on the above results and the previous report that the
bioavailability of budesonide after oral administra-
tion was � 10%, we used three doses, 20, 100 and
500mg per rat for oral administration.

After oral administration of azopolymer-coated
pellets, the MPO activity was markedly reduced at all
doses used in this experiment. It was thus demon-
strated that suf®cient amounts of budesonide were
delivered to the in¯ammatory region using orally
administered azopolymer-coated pellets and its
therapeutic effect was observed even at a dose of
20mg. On the other hand, in the group given bude-
sonide in saline solution no marked reduction of the
MPO activity (which had been enhanced by TNBS)
was observed at the low dose of 20mg per rat because
budesonide may be relatively well absorbed at the
small intestine (Spencer & McTavish 1995).
Increasing the dose of budesonide administered in
saline solution not only increased the therapeutic
effect but also caused reduction of the T=B ratio,
which indicated an adverse effect. Therefore, it was
concluded that the optimum therapeutic dose of
budesonide administered in saline solution was
100mg per rat (� 500mg kg71). When budesonide
was administered orally in azopolymer-coated pel-
lets, the dose required to produce a therapeutic effect
was reduced by one-®fth (� 100mg kg71).

In conclusion, we demonstrated that an increase
in topical therapeutic effects and decrease in sys-
temic adverse effects were obtained following oral
administration of budesonide in a novel dosage
form, azopolymer-coated pellets. Such azopoly-
mer-coated pellets containing anti-in¯ammatory
drugs, including budesonide, may be useful for
clinical treatment of colitis.
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