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The effect of anti-inflammatory drugs on eicosanoid
formation in a chronic model of inflammatory bowel

disease in the rat
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1 The effects of anti-inflammatory drugs on eicosanoid formation and colonic damage in a chronic
model of inflammatory bowel disease (IBD) in the rat were investigated.

2 A single colonic instillation of the hapten, trinitrobenzene sulphonic acid (TNB) resulted in
ulceration and inflammation which persisted for 3 weeks.

3 The macroscopic colonic damage, present 3 weeks after TNB, was correlated with an increase in
immunoreactive 6-keto-prostaglandin F,, (6-keto-PGF,,) and leukotriene B, (LTB,) synthesis by
the rat colon.

4 Anti-inflammatory drugs were administered 2 weeks after TNB, when there was substantial
colonic damage, and continued for a week. The experimental drug BW755C inhibited the increased
formation of 6-keto-PGF,, and LTB, by the inflamed colon. Indomethacin and aspirin markedly
inhibited prostanoid formation in both inflamed and control colon. Sulphasalazine or prednisolone
also inhibited the formation of 6-keto-PGF,, but the effects were less marked.

5 None of the anti-inflammatory drugs significantly reduced the colonic damage induced by TNB.

6 The results suggest that eicosanoids, including LTB,, have only a minor role in maintaining the
chronic macroscopic damage induced in the rat colon by TNB. The role of such eicosanoids in the
underlying infiltration and activity of inflammatory cells in this model of IBD, however, is not

known.

Introduction

The need for a greater understanding of the aeti-
ology of inflammatory bowel disease (IBD) and the
search for more effective and novel therapy for the
treatment of the disease, has led to the development
of a variety of experimental animal models. A new
model of IBD induced in rats by the hapten trinitro-
benzene sulphonic acid (TNB) has been described
(Morris et al., 1984). In this model, a single instilla-
tion of TNB into the rat colon produces a chronic
ulceration and inflammation which persists for up to
five weeks.

In studies with inflamed colonic tissue from
patients with IBD, there is an increase in the forma-
tion of both cyclo-oxygenase and lipoxygenase
metabolites of arachidonic acid (Harris et al., 1978;
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Sharon et al., 1978; Boughton-Smith et al., 1983;
Sharon & Stenson, 1984). It has been proposed that
the drugs used in the treatment of IBD may act by
reducing the formation of arachidonic acid metabo-
lites. Particular interest has been focused on the leu-
kotrienes and other lipoxygenase metabolites of
arachidonic acid since these products have potent
stimulatory activity on inflammatory cells
(Samuelsson, 1983; Higgs et al., 1984). At present
there is no clinically available drug to test the
hypothesis that lipoxygenase metabolites are impor-
tant in the disease. In the present study, the activity
of various inflammatory drugs on the TNB model of
IBD in rats has been evaluated. The anti-
inflammatory drugs used include the experimental
drug, BW755C, which inhibits both cyclo-oxygenase
and lipoxygenase enzymes (Higgs et al., 1979) and
the therapeutically used drug sulphazalazine, which
has been shown in vitro to inhibit human colonic
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cyclo-oxygenase (Gould et al., 1981; Ligumsky et al.,
1982) and lipoxygenase (Sharon & Stenson, 1984;
Hawkey et al., 1985).

The study was designed to evaluate the effects of
anti-inflammatory drugs on eicosanoid formation by
the chronically inflamed colon induced by TNB in
this model of IBD.

A preliminary account of some of these data has
been presented to the American Gastroenterological
Association (Boughton-Smith et al., 1985).

Methods
Effect of TNB concentration on colonic damage

The concentrations of TNB required to induce a
chronic inflammation of the rat colon were evaluated
by administering various concentrations of TNB (5,
10, 20 and 30mg) dissolved in 0.25ml of 30%
ethanol, into the colons of female Wistar rats (225
250 g) as described in detail below. Two weeks later,
the rats were killed by CO, asphyxiation and the
distal colon removed for the assessment of colonic
damage. The weight gain of each group of rats was
also monitored as a measure of the overall health of
the animals.

Damage score

Rats from coded cages were killed in random order
by CO, asphyxiation 3 to 5 h after the final drug
treatment. The distal colon (8cm) was removed,
opened longitudinally and, after cleaning with tap
water, pinned out on a wax bed flooded with saline.
Inflammation was assessed by use of a stereomicro-
scope, by two independent observers who were
unaware of the animals’ treatment. A sketch of each
colon was drawn indicating the location of the
inflammatory features and the damage scored on a
scale ranging from 0 (normal) to S (severe) based on

the criteria shown in Table 1. The overall score from
each colon was taken as the mean of the scores given
by the two observers.

Effect of anti-inflammatory drugs on the TN B model

Chronic inflammation of the colon was induced in
ether-anaesthetized rats by a single intra-colonic
application of TNB (20mg, dissolved in 0.25ml of
30% ethanol) using a rubber catheter (8cm long,
external diameter 2 mm). Control rats received intra-
colonic application of 0.25ml of 30% ethanol.

Anti-inflammatory drug treatment to randomly
allocated groups of rats was started two weeks after
TNB. These drugs were administered orally, twice
daily, (09 h 00min and 17 h 00 min) for 7 consecutive
days and on an 8th day at 09h 00min only. The
anti-inflammatory drugs used were BW755C
(50mgkg~!), indomethacin (0.5mgkg~!), aspirin
(100mgkg~"') and sulphasalazine (100 mgkg '), and
also prednisolone (0.5mgkg~!) which was adminis-
tered once daily only. These doses were based on
previous studies in this laboratory on experimental
inflammation and eicosanoid biosynthesis in the rat
with these agents (Higgs et al., 1980; Salmon et al.,
1983). The drugs were dissolved or suspended in 1%
methyl cellulose (celacol) and administered in a
volume of 2mlkg~!. Control animals (TNB or
ethanol treated) received 1% celacol alone.

Eicosanoid formation

Segments (200-300mg) of colon were taken from
involved areas of ulceration and/or inflammation
and, because of the discrete nature of the colonic
damage, included grossly normal adjacent tissue.
The segments were minced finely with scissors (15s)
and after addition of Tris buffer (0.5ml, 50mmMm, pH
7.5 at 0°C), vortexed (10s) and centrifuged (9000 g,
10s) as described by Whittle (1981). The pellet was
resuspended in Tris buffer (1.0 ml) mixed and centri-

Table 1 Criteria for assessment of colonic damage induced by trinitrobenzene sulphonic acid

Score Colonic feature

0 No damage.

1 One region of localized inflammation or thickening.
No ulcers.

2 Linear ulceration, but no significant inflammation.

3 Linear ulceration with inflammation at one site.

4 Two or more sites of ulceration and/or inflammation. Ulcers present
in at least one site.

5 Two or more sites of ulceration and inflammation or one major site

of ulceration and inflammation extending >1cm along the length of

the colon.



EICOSANOIDS IN RAT MODEL OF INFLAMMATORY BOWEL DISEASE 67

fuged as above and the supernatant discarded. These
steps were performed to remove adherent mucus and
blood from the samples. Finally, the samples were
resuspended in Tris buffer, (0.5ml) vortexed (30s)
and centrifuged (30s) and the supernatant trans-
ferred to microfuge tubes containing indomethacin
(final concentration 10ugml~!) and frozen (dry ice
granules, —20°C) for later specific radioimmunoass-
ay of eicosanoids.

In a further study, the generation of prostacyclin-
like activity from minced colonic tissue following
30s vortex agitation was determined immediately by
bioassay utilizing its ability to inhibit ADP-induced
human platelet aggregation in vitro, as described pre-
viously (Whittle, 1981).

Radioimmunoassays

Eicosanoids were measured without prior extraction
by specific radioimmunoassays for prostaglandin E,
(PGE,), thromboxane B, (TXB,) and 6-keto-PGF,,
(diluted 1:10 to 1:1000 in assay buffer) or leuko-
triene B, (LTB,) (diluted 1:2 to 1:5) as previously
described (Salmon, 1978; Salmon & Flower, 1979;
Salmon et al., 1982) and formation is expressed as
ngg~ ! colonic tissue.

Materials

Indomethacin, sulphasalazine, prednisolone 21-
sodium succinate, 24,6-trinitrobenzene sulphonic
acid (picrysulphonic acid) were obtained from Sigma
Chemical Co. Ltd. Aspirin, 1-benzyl imidazole
hydrogen fumarate and BW755C (3-amino-1-(m-
(trifluoromethyl)-phenyl)-2-pyrazoline) were from the
Wellcome Research Laboratories, Beckenham.
Rubber catheters (CH.8 Nelaton 6A) were from
Leymed and celacol (methyl cellulose) was from
British Celanese Ltd, Derby.

Calculations and statistical analysis

The results were calculated as the mean + s.e. mean.
Differences between the damage scores of the TNB
control, ethanol control and drug-treated groups
were compared statistically by use of the Mann-
Whitney U-test. Correlations between damage scores
by different observers and comparison of other
parameters were calculated by regression analysis.
Differences in eicosanoid generation between control
and inflamed tissue and the effects of anti-
inflammatory drugs (calculated as % control) were
compared by use of Students’ ¢ test for unpaired data
(two tailed). The level of significance for all studies
was taken as P < 0.05.

Results

Effect of TNB concentration and time on the chronic
inflammation and ulceration of the colon

The extent of the colonic damage two weeks after
TNB was dependent on the initial concentration
instilled into the rat colon (Figure 1a). At TNB con-
centrations of 5 and 10mg (in 0.25ml of 30%
ethanol) there was a low level of colonic damage.
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Figure 1 (a) Changes in damage score (hatched
columns), and in body weight gain (open columns), 2
weeks after intra-colonic administration of various con-
centrations of trinitrobenzene sulphonic acid (TNB) to
rats. Results are the mean of 5 rats per group. Statistical
significance is shown as * P < 0.05, **P < 0.01 com-
pared to control. (b) Time-related changes in damage
score (stippled columns) after intra-colonic TNB (20 mg
in 0.25ml of 30% ethanol). Results are the mean of n
(figure in column) rats per group. Statistical significance
shown as *** P < 0.001 compared to control. In (a) and
(b) vertical lines represent s.e. mean.
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Figure 2 Macroscopic appearance of a transillumi-
nated rat colon showing (a) grossly normal mucosa, (b)
linear ulceration, (c) inflammation (thickening) and
hypereamia, present 2 weeks after intra-colonic admin-
istration of trinitrobenzene sulphonic acid (20mg in
0.25ml of 30% EtOH).

The damage was increased with higher TNB concen-
trations; at 30mg 0.25ml~! the colonic damage was
significantly greater (P < 0.005) than that produced
by TNB concentrations at 5 and 10mg0.25ml~ 1.
The increase in damage score produced by TNB was
accompanied by a decrease in the normal body
weight gainn. A TNB  concentration of
20mg0.25ml~! was chosen for further experiments
because this concentration produced substantial
colonic damage without compromising the overall
health of the rats, as assessed by body weight gain.

The damage score was maintained for one to three
weeks after TNB (20mg in 30% ethanol), the
gradual fall not being statistically significant (Figure
1b).

Characteristics of the inflammation induced by
intra-colonic administration of TNB

The major characteristics of the colon 3 weeks after
TNB (20mg in 0.25ml of 30% ethanol) were open
linear ulcers and gross thickening of the colonic wall
(Figure 2). The thickening and ulceration was seg-
mented, with bands of grossly normal tissue alternat-
ing with areas of damaged tissue. The ulcer sizes
varied from small white star-shaped indentations
(2-3mm diameter) in the colonic mucosa, to larger
white linear ulcers (2-6 mm length), with very little
visually apparent inflammation. In some colons,
there were deep fissuring linear ulcers surrounded by
thickened, vascular and inflamed tissue. Multiple
ulcerations of the colon resulted in a ‘cobblestone’
appearance of the mucosa. These ulcers often
extended around the circumference of the colonic

lumen and were associated with strictures resulting
in massive dilatation of the proximal colon and
narrowing of the distal colon. In cases of severe
ulceration, the colon had often adhered to surround-
ing intestinal tissue or to the uterine horns, and in
these areas fat deposits accumulated. Similar pat-
terns of inflammation and damage of the colon were
seen at one and two weeks after TNB.

Using the scoring system described in Table 1,
there was a highly significant correlation between the
damage scores assigned by two independent obser-
vers (correlation coefficient r = 0.98, P < 0.001, from
40 randomly selected scores).

Colonic eicosanoid formation and damage following
TNB

The formation of immunoreactive LTB, by the
control colon (6.1 + 1.1ngg™! tissue, n = 22), was
significantly increased (by 95 + 45%) in inflamed
colon, to 11.9 + 2.5ngg™? tissue (n = 25, P < 0.05),
three weeks after TNB. In addition, the formation of
immunoreactive 6-keto-PGF,, by control colon
(115 + 19ngg™1! tissue, n = 22), was also increased
in the inflamed TNB colons, by 56 + 14% (n = 25,
P < 0.01) to 168 + 27ngg~! tissue (Figure 3).

The overall damage score for the TNB-treated rats
after three weeks was 29+ 0.3 (n=37 from 5
experiments) compared to an overall control damage
score of 0.5+ 02 (n=25, P <0.001). Regression
analysis, using data from TNB and control colons,
demonstrated a significant correlation between
damage score and the generation of 6-keto-PGF,,
(r=030, P<005, n=54) and LTB, (r =048,
P <001, n=155). When damage scores from only
TNB colons were analysed, there was a significant
correlation with the generation of LTB, (r = 041,
P < 0.05, n = 26) but not with 6-keto-PGF,,.

Effect of anti-inflammatory drugs on eicosanoid
formation and colonic damage

The anti-inflammatory drugs significantly affected
eicosanoid formation by the inflamed colon (Figure
3). The generation of both 6-keto-PGF,, and LTB,
was reduced to control levels (ethanol control) by
BW755C (50mgkg™!). Sulphasalazine (100 mgkg™?)
also reduced the colonic generation of 6-keto-PGF,,
to control levels, but had no significant effect on the
generation of LTB,. Both indomethacin
(0.5mgkg™!) and aspirin (100 mgkg~!) substantially
inhibited the formation of 6-keto-PGF,,, to below
control levels, whereas these agents had no effect on
LTB, formation (Figure 3). In addition, in an experi-
ment in which immunoreactive TXB, and PGE,
were also measured, their formation was similarly
inhibited by these doses of indomethacin (73 + 4%
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Figure 3 Effect of anti-inflammatory drugs on (a and
b) eicosanoid (a, 6-keto-prostaglandin F,,; b, leuko-
triene B,) formation and (c) on the chronic ulceration
and inflammation (damage score assessed macro-
scopically) induced by trinitrobenzene sulphonic acid
(TNB). Drug treatment (orally, twice daily) was started
two weeks after intra-colonic TNB (20mg in 0.25ml
of 30% ethanol) and continued for a week. The for-
mation of eicosanoids (expressed as % of the TNB
control group) and the damage score are the mean of n
(number in column) rats per group; vertical lines indi-
cate s.e. mean. Statistical significance was calculated by
use of Student’s ¢t test for eicosanoid formation, or by
Mann-Whitney U-test for the damage score, where
*P <005, *P <001, ***P <0.001 compared with
the TNB control group. Sasp = sulphasalazine, Indo =
indomethacin and Asp = aspirin.

and 75+ 4% inhibition respectively, n=7,
P < 0.001) and aspirin (80 + 1% and 95 + 1% inhi-
bition, respectively, n = 7, P < 0.001).

Inhibition of cyclo-oxygenase by the anti-
inflammatory drugs was further demonstrated by the
determination of prostacyclin formation by a bio-
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Figure 4 Effect of anti-inflammatory drugs on pros-
tacyclin (PGI,) formation by rat colon, measured, 3
weeks after trinitrobenzene sulphonic acid (TNB)
administration, by bioassay (as inhibition of human
platelet aggregation) or by radioimmunoassay as immu-
noreactive 6-keto-prostaglandin F,,. Drug adminis-
tration (orally twice daily) was started 2 weeks after
intra-colonic TNB (20mg in 0.25ml of 30% ethanol)
and continued for one week. The formation of
PGI,/6-keto-PGF,, expressed as ngg~! tissue, is the
mean of n rats per group (figure in column); Vertical
lines indicate se. mean. *P <005 **P <001,
***P < 0.001. Indo = indomethacin.

assay technique, utilizing its inhibitory actions on
ADP-induced human platelet aggregation, as well as
by radioimmunoassay (Figure 4). The levels of pros-
tacyclin generated by the inflamed rat colon were
comparable whether measured either as immuno-
reactive 6-keto-PGF,, or as biologically-active pros-
tacyclin, as was the degree of inhibition by the
anti-inflammatory drugs.

Prednisolone (0.5mgkg™!) had no significant
effect on the generation of LTB, but decreased
6-keto-PGF,, generation (56 + 11% inhibition,
n =4, P < 0.05).

Although the formation of colonic eicosanoids was
thus significantly inhibited, none of the anti-
inflammatory drugs had an overall significant effect
on the damage score in the five studies (Figure 3).

Discussion

A chronic ulceration and inflammation of the colon
was induced in rats by a single intra-colonic admin-
istration of TNB. As originally described by Morris
et al. (1984), the ulceration and inflammation
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induced by TNB persisted for up to 3 weeks. The
damage was characterized by linear ulceration, gross
thickening and hyperaemia and was dependent on
the initial concentration of TNB instilled into the
colon. There was a highly significant correlation
between the damage scores assigned by independent
observers, indicating that the scoring system used to
assess the macroscopically apparent colonic damage
was reproducible.

This experimental model has been used to investi-
gate eicosanoid formation by inflamed colonic tissue
and the effects of anti-inflammatory agents. In
inflamed colonic mucosa from patients with active
IBD there is an increased formation of cyclo-
oxygenase and lipoxygenase metabolites of arachi-
donic acid (Boughton-Smith et al., 1983; Sharon &
Stenson, 1984). The prostaglandins may play a role
in inflammation by enhancing vasodilatation and
oedema formation. Furthermore, the lipoxygenase
products, particularly LTB,, have potent stimu-
latory actions on leukocytes and therefore may also
be important in the colonic inflammation (Higgs et
al., 1984). Therefore modulation of arachidonic acid
metabolism, particularly lipoxygenase enzymes,
could be an important novel therapeutic approach
to the treatment of IBD.

In the present study, there was an increase in the
generation of immunoreactive 6-keto-PGF,, and
LTB, by segments of inflamed rat colon taken three
weeks after TNB. These increases in eicosanoid for-
mation were correlated with the degree of colonic
ulceration and inflammation. Therefore, as in other
models of IBD in the guinea-pig (Norris et al., 1982;
Boughton-Smith & Whittle, 1985) and the rabbit
(Zipser et al., 1987) and in acute colonic damage in
the rat (Sharon & Stenson, 1985), increases in the
formation of arachidonic acid cyclo-oxygenase and
lipoxygenase products accompanied the colonic
inflammation.

In the current studies on the actions of anti-
inflammatory agents, the increased generation of
both LTB, and 6-keto-PGF,, by the inflamed colon
was reduced to control levels by the dual pathway
inhibitor BW?755C. Aspirin and indomethacin
almost completely inhibited the formation of
6-keto-PGF,,, PGE, and TXB,, but did not affect
LTB,, confirming that the immunoreactive prosta-
noid formation by control and inflamed colon was
derived from cyclo-oxygenase enzymes and LTB,
from the lipoxygenase enzymes. The inhibitory
action of these non-steroid anti-inflammatory drugs
on immunoreactive 6-keto-PGF,, formation was
also demonstrated by the determination of prostacy-
clin formation using bioassay. Thus, the levels of
prostacyclin and the degree of inhibition by anti-
inflammatory drugs were very similar to those mea-
sured using radioimmunoassay for 6-keto-PGF,, .

Overall, these anti-inflammatory drugs had no
consistent or significant effect on the chronic ulcer-
ation and inflammation induced by TNB as assessed
macroscopically by the damage score. Therefore,
although the anti-inflammatory drugs were present
in the colonic tissue in sufficient concentrations to
inhibit substantially the metabolism of arachidonic
acid, these tissue levels were not adequate to reduce
the colonic damage induced by TNB.

The effects of the anti-inflammatory drugs on
colonic eicosanoid formation are similar to those
found in an acute model of inflammation in rats, in
which a polyester sponge soaked in carrageenin was
implanted subcutaneously (Higgs et al., 1980;
Salmon et al., 1983). Indomethacin and aspirin, at
doses close to those used in the present study, inhib-
ited the formation of prostanoids in the inflamma-
tory exudate, but failed to reduce the synthesis of
LTB,. These drugs had only minimal effects on leu-
kocyte infiltration. In contrast, BW755C, also at a
similar dose to that used in the present study, inhib-
ited the formation of both prostanoids and LTB,
and also considerably reduced the infiltration of leu-
kocytes (Higgs et al., 1980; Salmon et al., 1983).
Whether in the present study, the reduction in LTB,
generation by BW755C was due to an inhibition of
lipoxygenase, a reduction in the infiltration of leuko-
cytes, which are probably the primary source of
these lipoxygenase products, or to both mechanisms,
is not known. However, BW755C did not affect the
chronic ulceration and inflammation induced by
TNB at a time when eicosanoid formation was sig-
nificantly inhibited. Therefore, these results suggest
that the observed association between inflammation
and eicosanoid formation does not reflect a primary
role for these eicosanoids in inducing or maintaining
gross tissue damage in this model of IBD.

Sulphasalazine and prednisolone both decreased
the generation of 6-keto-PGF,, by the rat colon, but
these drugs had no effect on LTB, generation and
did not reduce damage score. As in man, sul-
phasalazine is cleaved by colonic bacteria to sulpha-
pyridine and S-amino-salicylic acid (5-ASA)
following oral administration to rats (Peppercorn &
Goldman, 1972). Hence, the inhibition of
6-keto-PGF,, formation by sulphasalazine could be
through the action of the intact molecule or by
5-ASA, both of which have been demonstrated to
inhibit prostanoid synthesis (Sharon et al., 1978;
Ligumsky et al., 1981).

The lack of effect of sulphasalazine on LTB, gen-
eration in the TNB model is in contrast to the pre-
viously demonstrated inhibition of lipoxygenase in
homogenates of both human colonic mucosa
(Sharon & Stenson, 1984; Hawkey et al., 1985) and
colonic mucosa from a rat model of acute colitis
(Sharon & Stenson, 1985). In these studies, however,
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exogenous radiolabelled substrate was used and sul-
phasalazine was incubated with cell-free prep-
arations of colonic tissue. In contrast, in the present
study, the drugs were administered in vivo and the
capacity of the colonic tissue to form eicosanoids
from endogenous arachidonic acid measured ex vivo
in the absence of further added drug. These differ-
ences could therefore be explained by drug avail-
ability and in this respect, the present in vivo study
may more accurately reflect the clinical situation.

The anti-inflammatory steroid, prednisolone,
which can prevent eicosanoid formation via inhibi-
tion of phospholipase A, activity following induction
of the endogenous peptide, lipocortin, (Flower &
Blackwell, 1979; Blackwell et al, 1980), failed to
reduce LTB, generation by the inflamed rat colon,
although 6-keto-PGF,, generation was inhibited. It
is feasible that distinct cell-types produce these dif-
ferent eicosanoids, with the cells predominantly
forming 6-keto-PGF,, being more susceptible to the
actions of corticosteroids than those which produce
LTB,.

In the current experiments, the gross macroscopic
features of the colonic damage induced by TNB have
been used to assess the inflammation. It is possible
that although the anti-inflammatory drugs have no
effect on the gross macroscopic damage, they may
affect the underlying inflammatory cell infiltration
and activity. The anti-inflammatory drugs were
administered two weeks after TNB instillation, at a
time when there was an existing ulceration and
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