
ORIGINAL PAPER

Protective Effect of Octreotide and Infliximab in an Experimental
Model of Indomethacin-Induced Inflammatory Bowel Disease
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Abstract Indomethacin administration in animals

increases permeability of the small intestine, leading to

inflammation that mimics Crohn’s disease. Nonsteroidal

anti-inflammatory drugs increase the permeability of the

intestinal epithelial barrier and should therefore be used

with caution in patients with Crohn’s disease. We analyzed

the protective effects of octreotide and the tumor necrosis

factor-alpha inhibitor infliximab in a rat model of indo-

methacin-induced enterocolitis. Male Wistar rats received

20 mg of infliximab or 10 lg of octreotide 24 h prior to

injection with indomethacin. Intestinal permeability was

analyzed using Cr-51-ethylenediaminetetraacetic acid

clearance. No microscopic or macroscopic alterations were

observed in the rats receiving infliximab or octreotide, both

of which increased permeability (P \ 0.001 versus con-

trols). Our macroscopic and microscopic findings might be

related to the low specificity of infliximab and suggest that

cytokines affect the intestinal epithelial barrier, as evi-

denced by the protective effect that infliximab had on the

permeability parameters evaluated.
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In recent years, experimental models have been widely

used for the study of inflammatory bowel diseases, con-

tributing greatly to the understanding of such diseases and

to the delineation of new therapeutic strategies [1, 2].

Nevertheless, no fully satisfactory model capable of

simulating inflammatory bowel diseases as they occur in

humans has been developed [1].

Since it can produce lesions similar to those caused by

Crohn’s disease in humans, indomethacin is the drug most

frequently used in experiments designed to study that dis-

ease [3].

One of the factors recently implicated in the pathogen-

esis of Crohn’s disease is increased intestinal permeability

[4].

In animals, COX-1 inhibitors such as indomethacin can

increase intestinal permeability [5].

The mechanism by which these anti-inflammatory drugs

induce intestinal enteropathy is little understood and quite

complex. The first type of enteropathy is characterized by

biochemical damage occurring in the mitochondria and is

known as decoupling oxidative phosphorylation, which

leads to increased intestinal permeability. The second type

is characterized by the inhibition of COX-1 and COX-2 [6,

7]. Recent studies have shown that the toxic effect of

nonsteroidal anti-inflammatory drugs might lead to the

release of cytokines such as tumor necrosis factor-alpha

(TNF-a), due to the rupture of the intestinal epithelial bar-

rier [8]. Once the functional epithelial barrier is ruptured,

lamina propria cells become exposed to the effects of bac-

teria residing in the lumen and in biliary salts, leading to

increased production of cytokines, including TNF-a [9, 10].

Another chemical mediator is octreotide, a potent

immunomodulator that has been shown to be a factor in the

pathogenesis of this complex disease. In addition, in vitro

studies have revealed its capacity to decrease the activity of
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intestinal lymphocytes and monocytes in the peripheral

blood [11].

In experimental models, somatostatin analogs have been

shown to reduce damage to the intestinal mucosa [7, 12].

Due to the great importance recently given to the intes-

tinal epithelial barrier in the pathogenic study of Crohn’s

disease, various methods of assessing intestinal permeability

have been employed, among them the chromium-51-ethyl-

enediaminetetraacetic acid clearance test (Cr-51-EDTA

test). The objective of this study was to use the Cr-51-

EDTA test, in conjunction with various other tests, to

determine whether infliximab and octreotide protect against

the intestinal inflammation induced by indomethacin.

Methods

Male Wistar rats, weighing 300–350 mg, were obtained

from the animal care facilities of the University of São

Paulo. Indomethacin was purchased from Merck, Sharp &

Dohme (Rahway, NJ, USA), octreotide (Sandostatin) from

Novartis (Basel, Switzerland) and the anti-tumor necrosis

factor-alpha (TNF-a) antibody infliximab from Schering

Plough (Kenilworth, NJ, USA).

Study Design

Control Group

In the control group animals, enterocolitis was induced

through subcutaneous injection of 7.5 mg/kg/day of indo-

methacin for two consecutive days, in accordance with the

Bernardes and Silva model [13, 14].

Vehicle-Only Group

A second group of animals received only the vehicle

(NaHCO3), which was administered following the indo-

methacin model, the objective being to create the same level

of stress as caused by the injection of the indomethacin.

Infliximab Group

In the infliximab group animals, infliximab was adminis-

tered intravenously in a single dose (20 mg/kg). Beginning

24 h after the administration of the infliximab, indometh-

acin (7.5 mg/kg/day) was given for two consecutive days

in order to induce enterocolitis.

Octreotide Group

Each animal in the octreotide group received subcutaneous

injections of octreotide (10 lg/8 h) for 24 h (total 30 lg),

after which the indomethacin injections were given as

described for the infliximab group.

Experimental Procedures

Four days after all of the injections had been given, the

animals were submitted to intestinal permeability studies

and were subsequently sacrificed.

Intestinal Permeability

The animals received Cr-51-EDTA by gavage, and 5-h

urine samples were collected. The samples were subse-

quently sent to the Nuclear Medicine Department of the

University of São Paulo for analysis of permeability,

according to the Bernardes and Silva model [13, 14].

Macroscopy

The macroscopic analysis was conducted by opening the

abdominal cavity and removing the entire small intestine,

which was then opened longitudinally along the mesenteric

border. The fragments were placed on individual trays,

washed with saline solution, and stained with Evans blue.

As shown in Table 1, the samples were scored using the

Kucharzik system [13].

Microscopy

For the microscopic analysis, 5 cm of small intestine

located 20 cm from the ileocecal valve was removed. The

samples were placed in formalin (4%) and stained with

hematoxylin and eosin. The slides were read by two dif-

ferent pathologists, who scored them according to the

system shown in Table 2.

Table 1 Enterocolitis macroscopic score [13]

Score Significance

0 Normal or serous mucosal barrier

1 Petechia/hyperemia/bleeding

2 Simple erosion or ulceration

3 Simple erosion or ulceration/lesion adhered to the serosa, or

hemorrhage

4 Multiple ulcerations/erosions
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Statistical Analysis

The analyzed variables were initially checked for Gaussian

distribution (normal curve) using the Kolmogorov-Smirnov

(K-S distance) and Shapiro-Wilk tests, then classified as

parametric or nonparametric. In order to compare the dif-

ferent groups (permeability analysis), the parametric

variables were described using analysis of variance for

nonrepeated measures with the Student-Newman-Keuls

post-test (analysis conditioned using Bartlett’s test) and are

expressed as mean ± standard deviation of the sample.

Nonparametric variables were described using the Kruskal-

Wallis test with the Student-Newman-Keuls post-test and

are expressed as medians and interquartile ranges for the

comparison between the different groups.

The level of statistical significance was set at an alpha

risk of 5% (P \ 0.05).

Ethics

The study design was approved by the Ethics Committee

for the Analysis of Research Projects, operating under the

auspices of the Clinical Board of Directors of the Univer-

sity of São Paulo School of Medicine Hospital das Clı́nicas

(protocol no. 943/01).

Results

The administration of indomethacin at a dose of 7.5 mg/

day for two consecutive days was sufficient to cause

intestinal lesions, whereas the administration of vehicle

only (control group) caused no such lesions. Administra-

tion of indomethacin produced multiple ulcers in the small

intestine (Tables 1, 2, and 3).

Macroscopically, the lesions were principally located

along the mesenteric border and appeared to be confluent.

Microscopically, the findings ranged from normal

mucosa to deep ulcers (Table 1).

Infliximab and octreotide were found to have a clear

protective effect, as evidenced by the significantly lower

intestinal permeability seen in the infliximab group and

octreotide group (P \ 0.01 for both; Table 3).

Although the macroscopic and microscopic scores were

also lower in the infliximab and octreotide groups than in

the control (indomethacin-only) group, the differences

were not statistically significant.

Discussion

Although the mechanism by which the administration of

indomethacin induces intestinal inflammation remains

unclear, previous studies have implicated certain factors,

such as diet, local susceptibility, and the toxicity of the

medication, all of which are essential for the functional

breach of the intestinal barrier [9].

The loss of barrier integrity leads to pronounced efflux

of neutrophils from the site of inflammation, as well as to

greater exposure to the bacteria residing in the lumen.

Therefore, endotoxins or superantigens would produce the

initial stimulus for the overproduction of TNF-a [15].

The intestinal epithelial barrier has been described as the

pathogenic basis of Crohn’s disease. Defects in the tight

junctions, as well as a loss of barrier integrity, lead to

increased permeability [16].

When the integrity of the barrier is breached, there is an

increase in the synthesis of cytokines, including TNF-a [17].

In the past, TNF-a was implicated only as a trigger of

the inflammatory cascade. However, the role it also plays

in permeability has recently been investigated, as has its

capacity to restore the barrier [10].

It has also been shown that octreotide, a potent chemical

mediator, probably plays a role in the pathogenesis of

inflammatory bowel disease due to the anti-inflammatory

Table 2 Enterocolitis microscopy score [14]

Score Meaning

0 Normal

1 Subepithelial inflammation/vacuolization

2 Erosion, shallow ulcer under repair

3 Shallow active ulcer

4 Deep ulcer under repair

5 Deep active ulcer

Table 3 Means of the results of

the permeability, macroscopy,

and microscopy-protector

groups

* NS versus the indomethacin-

only group
# P \ 0.01 versus the

indomethacin-only group

Group N Permeability

(Mean)

Macroscopy

(Mean)

Microscopy

(Mean)

Control (indomethacin

only)

10 20.50 3.6 5

Vehicle only 10 4.14 0 0

Infliximab 10 5.76# 2.3* 3.7*

Octreotide 10 8.86# 2.9* 3.8*
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effect that it has on T-cells, together with its ability to

decrease the secretion of jejunal/ileal fluids and stimulate

greater epithelial cell absorption, thereby regulating the

electrolyte balance of the jejunal and ileal fluids [18].

Due to the fact that these agents (octreotide and inflix-

imab) act during different stages of inflammation, our

objective was to evaluate their effect on the intestinal

epithelial barrier as well to assess on macroscopic and

microscopic damage.

In the present study, octreotide proved to be protective

against indomethacin-induced inflammatory lesion, as

evidenced by the decreased intestinal permeability in the

octreotide group (Table 3). However, no significant change

was observed in the macroscopic or microscopic parame-

ters (Tables 1 and 2). Nevertheless, in a study involving

the prelesion administration of octreotide, Lamrani et al.

showed that this mediator was capable of reducing

microscopic and macroscopic scores [19]. That finding was

probably due to the fact that those authors employed an

experimental model in which the response was exclusively

of the Th1 type. Reinforcing that possibility is the lack of

success achieved by Bergeijk et al., who administered

octreotide in humans with retrocolitis, which presents a

Th2-type response [11].

Perhaps the model used in the present study did not

favor the full activation of octreotide, in which case the

indomethacin model might not represent a pure model of

the Th1-type response. However, the octreotide-induced

reduction in intestinal permeability might be attributable to

the fact that octreotide reduces the expression of TNF-a, as

has been shown in previous studies [19].

In the present study, prelesion administration of the anti-

TNF-a antibody infliximab was also found to reduce

intestinal permeability (P \ 0.001; Table 1). This suggests

that infliximab has an effect on the tight junction, where it

likely reduces the expression of TNF-a. This was previ-

ously suggested by Suenaert et al. [20], who administered

infliximab to patients with Crohn’s disease and observed

significant improvement in the intestinal permeability,

leading the authors to hypothesize that TNF-a actively

participates in the maintenance and repair of the intestinal

epithelial barrier [10]. In another study, the same authors

analyzed indomethacin-induced hyperresponsiveness of the

mucosal barrier in humans. They observed that the

administration of infliximab in patients with Crohn’s dis-

ease resulted in repair of the barrier and reduced

inflammation .

The fact that the mucosal barrier hyperresponsiveness

persists might explain the fact that our macroscopic and

microscopic findings revealed only differences that were

less than significant. This might indicate that infliximab is

active at an earlier phase (permeability). However, since

the mucosal barrier hyperresponsiveness persists, the tissue

damage proceeds, and the time allowed (24 h) for inflix-

imab to act prior to the lesion might not be ideal for the

drug to perform fully in terms of protection or repair.

Although the administration of infliximab resulted in a

reduction in the macroscopic and microscopic aspects of

the inflammation, the differences were not statistically

significant.

Colpaert et al. studied the participation of T cells in the

indomethacin model and observed that the damage result-

ing from the use of nonsteroidal anti-inflammatory drugs

was caused principally by bacterial agents, which could

explain the partial activation of anti-TNF-a in the experi-

ment in question [21].

Another issue worthy of mention is that the anti-TNF-a
used in the present study is a monoclonal chimeric anti-

body designed for use in humans and might present lower

specificity than that of the specific polyclonal antibody

when used in rats.

There is, to date, no fully satisfactory experimental

model. However, in the present study, indomethacin

proved capable of producing lesions and breaching the

intestinal epithelial barrier.

The reduction in permeability resulting from the

administration of infliximab indicates that TNF-a has an

effect on the intestinal epithelial barrier and that octreotide

has an effect on TNF-a.

There were no significant differences between the study

and control groups in terms of the macroscopic and

microscopic scores, which indicates either that the type of

response evoked by indomethacin is in question or that the

anti-TNF-a antibody employed in this experimental model

presents low specificity.
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