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Abstract

The leukotrienes, platelet activating factor and intracellular calcium have been implicated in
the development of gastro-intestinal lesions induced by non-steroidal anti-in¯ammatory
drugs (NSAIDs) but the relative signi®cance of these in¯ammatory mediators in lesion
formation has not been established in sensitive and speci®c models of gastro-intestinal
ulceration. In the present study the effects of drugs affecting 5-lipoxygenase activity, the
actions of platelet activating factor and intracellular calcium on the development of gastric
and intestinal ulceration induced by NSAIDs were investigated in highly sensitive models of
ulcerogenicity induced by treatment with either the cholinomimetic, acetyl-b-methyl choline
chloride, in mice (gastric mucosal lesions) or adjuvant-induced polyarthritis in rats (gastric
and intestinal mucosal lesions) as well as in normal mice (intestinal mucosal lesions).

The 5-lipoxygenase inhibitors, such as MK-886 (3-[1-(4-chlorobenzyl)-3-t-butyl-thio-5-
isopropylindol-2-yl]-2,2-dimethylpropanoic acid), given at doses shown to reduce the
indomethacin-induced increase in mucosal leukotriene B4 concentrations were found to
partially prevent the development of gastric and intestinal lesion induced by indomethacin
and gastric lesions from aspirin, but the same doses of MK-886 did not affect gastric
lesions from diclofenac. Pretreatment with these inhibitors at both 3±5 h and 0±0�25 h was
required to achieve protection against gastric mucosal damage from indomethacin.
Immediate prior administration of platelet activating factor antagonists (e.g. WEB-2086)
with the 5-lipoxygenase inhibitors did not affect gastric or intestinal lesions induced by
indomethacin. The calcium antagonist, verapamil, was slightly protective against gastric
and intestinal lesions induced by indomethacin. Gastric lesions were further prevented by
combinations of a single dose of verapamil with a platelet activating factor antagonist but
not combined with a 5-lipoxygenase inhibitor; other combinations of verapamil with
lipoxygenase inhibitors or platelet-activating factor antagonists being without inhibitory
effects on gastric or intestinal lesions compared with the drugs alone.

These results show that 5-lipoxygenase products and intracellular calcium play a major
role in acute gastric and intestinal damage by the NSAIDs, but platelet-activating factor has
little or no appreciable involvement.

Vascular injury as well as leucocyte adhesion to
endothelia, in®ltration and activation have now
become recognized as important factors in the
pathogenesis of gastro-intestinal ulceration induced
by various necrotizing agents (Robins 1980;

Rainsford 1983, 1986, 1987a,b, 1992; Szabo et al
1985, 1986; Rogers et al 1987; Guth 1987; Pihan et
al 1988; Wallace & Granger, 1992; GyoÈmber et al
1996a,b). Production of lipid mediators of in¯am-
mation, principally the leukotrienes, occurs during
gastric ulceration in rats induced by ethanol (Peskar
et al 1986; Rogers et al 1987; Pihan et al 1988;
Wallace 1990). Inhibitors of leukotriene production
have variable protective effects on ethanol-induced
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gastric ulceration (Wallace & Whittle 1985; Peskar
et al 1986; Boughton-Smith & Whittle 1988;
GyoÈmber et al 1996b); this variability is possibly
related to the mechanism of action of the drugs and
the concentration, dose and timing of ethanol
administration. Parenterally-administered peptido-
leukotrienes induce gastric vasoconstriction
(Whittle et al 1985), increase vascular permeability
(Hua et al 1985; Pihan, et al 1988), promote
mucosal barrier breakdown (Pendleton & Stavorski
1986), and stimulate the secretion of gastric acid
(Schepp et al 1985) and pepsin (Pendleton & Sta-
vorski 1986). Thus, peptido-leukotrienes as well as
leucocyte-derived leukotriene B4 (Wallace &
Granger 1992) are prime candidates for mediating
gastric mucosal damage.

Platelet activating factor also has ulcerogenic
effects and has been proposed to be important in
gastric ulcerogenesis from necrotizing agents
(Wallace 1990). The inter-relationships between
the metabolism of arachidonate and platelet-acti-
vating factor (Carlini et al 1985; Hogaboam et al
1992) and the activation of their metabolism by
calcium (O'Flaherty 1988) suggests there are
important interactions amongst all three of these
mediators of potential importance in ulcerogenesis.
Calcium antagonists have been shown to prevent
ethanol- and indomethacin-induced gastric lesions
in normal rats (Ghanayem et al 1987).

In earlier studies some inhibitors of 5-lipoxy-
genase and leukotriene antagonists were found to
partially inhibit gastric mucosal lesions induced by
some non-steroidal anti-in¯ammatory drugs
(NSAIDs) in normal rats (Whittle et al 1985) and
cholinomimetic-treated mice (Rainsford 1987a)
suggesting that vasoconstrictor and leucoattractant
leukotrienes could have a role in the development
of gastric injury by these drugs. A nonspeci®c
inhibitor of the 5-lipoxygenase pathway, nordihy-
droguaiaretic acid, which also has cyclo-oxygenase
inhibitory and antioxidant activities, has not, how-
ever, been found to protect the gastric mucosa of
normal rats when given with NSAIDs (Cho & Ogle
1987). An explanation of some of the variation in
these results is that some of the 5-lipoxygenase
inhibitors available at that time (mid-1980s) were
relatively unspeci®c, their mechanism of action
was not well understood, and they lacked the
potency or speci®city of action of the drugs now
available (Gillard & Guindon 1987; Rouzer et al
1990). Moreover, the low sensitivity of the gas-
trointestinal tract of normal (i.e. non-in¯amed)
fasted rats employed in some studies is also a major
limitation to accurate determination of the effects
of inhibitors of lesion formation (Rainsford 1987b,
1992).

Aside from the well-known causative role of
NSAIDS in gastroduodenal damage, the small and
large intestinal ulceration from some NSAIDs is
also a major clinical problem (Bjarnason 1988).
The role of the leukotrienes, platelet-activating
factor and calcium in the development of NSAID
induced intestinal damage does not appear to have
been extensively explored. Thus, these mediators or
regulators of mucosal functions could be important
in the pathogenesis of both gastric and intestinal
damage from NSAIDs. Hence, it was decided in the
present studies, to examine the effects of some
novel potent and selective 5-lipoxygenase inhibi-
tors, peptido-leukotriene and platelet-activating
factor antagonists as well as a calcium antagonist
given alone or in combination with one another on
the development of both gastric and intestinal
ulceration induced in a sensitive ulcer model of
rodents induced using NSAIDs.

Methods

Gastric ulcer assays
Two types of assay were performed, one in arthritic
rats and the other in cholinomimetic-stimulated
mice. In both models the number and area or
severity of lesions from NSAIDs is markedly
increased compared with that in normal fasted, and
otherwise untreated animals, although the
mechanisms for this increased sensitivity are dif-
ferent (Shriver et al 1977; Rainsford 1978, 1987c).
Thus, in the arthritic rats a variety of systemic
responses (including defective drug metabolism)
and decreased mucosal resistance (e.g. reduced
mucus synthesis) appear responsible for the
enhanced mucosal sensitivity to NSAIDs in both
the stomach and intestine (Rainsford 1987b). In the
cholinominetic-treated mouse model, however, the
stimulus to produce acid and pepsin from intra-
peritoneal injection of acetyl-b-methylcholine
(bethanechol) chloride is considered to underlie the
enhanced ulcerogenic effects of the NSAIDs spe-
ci®cally in the stomach (Rainsford 1987c).

Male Swiss or CFI mice were housed in groups
of 3±5 in all wire-mesh cages (to prevent copro-
phagy) and fasted overnight but allowed free access
to water until the start of the experiment whereupon
water was withdrawn. An oral dose (in 0�5 mL
H2O) of either the 5-lipoxygenase inhibitors, MK-
886 (Rouzer et al 1990) or L-656,224 (Belanger et
al 1987) Merck Frosst Institute for Therapeutic
Research, Pointe-Claire Dorval, Quebec, Canada)
(Figure 1), the PAF antagonists, WEB-2086 or
WEB-2170 (Boehringer-Ingelheim, Ingelheim,
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Germany) (Figure 1; Casals-Stenzel et al 1987;
Meade & Heuer 1990), or the calcium antagonist,
verapamil (Sigma, St Louis, MO, USA), was given
followed (in the case of the 5-lipoxygenase inhibitor-
treated group) 0±5 h later by another dose of the
inhibitor, or 0�5 mL H2O, and either immediately or
0�25 h later by either subcutaneous indomethacin
(30 mg kg71, prepared as a sodium salt from
Na2HCO3), subcutaneous diclofenac sodium
(30 mg kg71 in saline), or oral aspirin (150 mg kg71

in 1 mL H2O), with intraperitoneal acetyl-b-methyl
choline chloride (Sigma, St. Louis, MO, 5 mg kg71 in
0�5 mL saline). The orally-administered NSAIDs
were prepared as aqueous suspensions ®nely homo-
genized (Rainsford 1978) immediately before
administration. The animals were killed by CO2

asphyxiation either 2 h (aspirin) or 3 h (indomethacin,
diclofenac) later (these being times of peak ulcer-
ogenicity). The stomach was removed and contents
washed free with saline. The number and area of
haemorrhagic mucosal lesions was then determined
as described previously (Rainsford 1987c).

Induction of arthritis in rats
Arthritis was induced in female SPF Lewis rats,
(Charles River, Canada; 120±160 g starting body
weight) by a subcutaneous injection of 0�5 mg heat-
killed Mycobacterium butyricum (Difco) in
0�05 mL squalane (Sigma) in the dorsal region of
the base of the tail. The animals were maintained
under SPF conditions and their physical state and
body weights were monitored at least twice weekly
until front and hind limb joint and subplantar
swelling was fully manifest indicating the disease
was developed (about 14±16 days post-injection).

Those animals with swelling in at least both hind
limbs were selected, then housed singularly in all-
wire mesh cages to prevent coprophagy, and fasted
overnight with free access to water. The next day
they were treated at times stated in the Results with
1 mL oral doses of either one of the 5-lipoxygenase
inhibitors, calcium, or platelet-activation factor
antagonists (as above), or 1 mL H2O then dosed
again at stated times with a single subcutaneous
dose of aspirin (1 mL, 150 mg kg71 in water), or
indomethacin (1 mL, 30 mg kg71 in sterile saline,
freshly prepared as the Na2HCO3 salt). Control
animals were given H2O orally or saline sub-
cutaneously alone. Groups of 5 animals each were
killed (as above) at either 2 h (aspirin) or 4 h
(indomethacin) later, the stomach dissected and
contents washed free with saline. The number and
area of haemorrhagic mucosal lesions was deter-
mined as previously described (Rainsford 1987c).

Intestinal lesion assays
Male Sprague-Dawley, male Long-Evans or female
SPF Lewis rats, in which the arthritis was induced
as above (150±250 g body weight; Charles River,
Canada) or male Swiss mice (30±50 g body weight;
Charles River, Canada) were randomly allocated to
treatment groups and given a single subcutaneous
dose of indomethacin (10 mg kg71 (rats) or
15 mg kg71 (mice)). The 5-lipoxygenase inhibitors,
the platelet-activating factor antagonists or the
calcium antagonist, verapamil, were given either up
to 5 h before the dose of indomethacin or con-
currently. At termination, the entire gastrointestinal
tract was removed, opened and the lumenal con-
tents washed free with water. The number of small
intestinal lesions and their area were measured with
the aid of a visual and hand magnifying lens (7�)
to which the graticule was inserted (Verdick Scale
Lupe, London, UK).

Mucosal leukotriene B4 assay in rats
Groups of 5 fasted (20 h) male Wistar rats (180±
220 g body weight) were dosed with either:
30 mg kg71 indomethacin in 1 mL saline sub-
cutaneously and 1 mL H2O orally; 30 mg kg71

indomethacin in 1 mL saline subcutaneously and
100 mg kg71 MK-886 in 1 mL H2O orally; or 2 mL
saline subcutaneously and 1 mL H2O orally. The
animals were killed 1 h later by CO2 asphyxiation,
fundic mucosal rapidly excised (440 s) washed
and freeze clamped between liquid nitrogen cooled
tongs. The eicosanoid fraction was extracted, pur-
i®ed and subject to HPLC assay for leukotriene B4

as described previously (Rainsford et al 1995).

Figure 1. Chemical structures of the 5-lipoxygenase inhibi-
tors, MK-886 and L-656,224, and the platelet-activating factor
antagonists, WEB-2086 and WEB-2170.
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Approval for these studies was given by the
McMaster Animals Research Ethics Board based
on the principles of the Canadian Council for
Animal Care.

Results

Gastric mucosal damage
In cholinomimetic-treated mice, oral administration
of MK-886 at both 4�0 and 0�25 h prior to indo-
methacin (30 mg kg71, s.c.) or aspirin (150
mg kg71, p.o.) signi®cantly (P< 0�05; Mann
Whitney U-test) reduced the development of gastric
mucosal lesions from these NSAIDs in a dose-
related manner but did not affect the injury from
diclofenac (Table 1). However, the protective
effect of MK-886 was not evident when given as a
single dose either 0�25 h (Table 2) or 4�0 h (data not
shown) previously. MK-886 or L-656,224 given
orally at both 4�0 h and 0�25 h previously reduced
the gastric lesions from 15 mg kg71 indomethacin
but not when the inhibitors were given at only one
of these times (data not shown).

In arthritic rats MK-886 or L-656,224
100 mg kg71 given at both ÿ3�0 or ÿ5�0 h as well
as at 0 h signi®cantly reduced the gastric mucosal
lesions from indomethacin (30 mg kg71, s.c.) in a

dose-related manner while lower doses of these 5-
lipoxygenase inhibitors were not effective (Table
3). However, administration of the single dose of
these inhibitors at ÿ3�0 or 0 h, respectively did not
reduce gastric lesions induced by indomethacin
(Table 5). The same effect of MK-886 in protecting
the gastric mucosa against lesions induced by
indomethacin or aspirin was achieved when this 5-
lipoxygenase inhibitor was given at ÿ5�0 or ÿ3�0 h
and at ÿ0�25 h or 0 h as observed above when the
inhibitors were given at ÿ4�0 and 0�25 h in both
mice and arthritic rats (data not shown). Likewise,
doubling the dose of the 5-lipoxygenase inhibitors
given as a single dose at any of these times did not

Table 1. Effects of prior (7 4�0 and ±0.25 h) oral administration of MK-886 on gastric lesions induced by NSAIDs in
bethanechol-treated mice.

NSAID treatment Dose of MK-886 (mg kg71) Number of lesions Area of lesions (mm2)

Aspirin (150 mg kg71, p.o.) 0 18�4� 0�0 58�7� 6�0
10 21�5� 2�3* 9�0� 0�0*
30 3�8� 3�8* 13�5� 0�0*

Diclofenac Na (30 mg kg71, s.c.) 0 8�2� 1�5 14�8� 3�7
5 11�9� 4�5 21�6� 8�9

30 7�4� 2�6 7�4� 2�6
Indomethacin (30 mg kg71, s.c.) 0 22�3� 3�0 35�7� 6�7

5 8�9� 4�5 21�6� 9�0
10 20�9� 2�2 28�7� 5�2
30 1�5� 0�0* 1�4� 0�0*

Means� s.e.m. n� 5. *P< 0�05 compared with controls (zero dose). (Mann-Whitney U-test).

Table 2. Effects of a single dose of MK-886 (100 mg kg71) given 0�25 h before NSAID treatment on gastric lesions induced by
NSAIDs in bethanechol-treated mice.

NSAID treatment Number of lesions Area of lesions (mm2)

Aspirin (150 mg kg71, p.o.) Control 18�2� 0�5 58�3� 5�2
Dosed (2 h) 16�1� 4�7 43�8� 10�9

Diclofenac Na (30 mg kg71, s.c.) Control 7�8� 1�0 10�4� 4�2
Dosed (3 h) 9�3� 2�0 8�9� 7�3

Indomethacin (30 mg kg71, s.c.) Control 9�4� 2�6 37�5� 2�6
Dosed (3 h) 20�8� 4�2 74�5� 4�7

Means� s.d. n� 4 or 5. No statistically signi®cant differences were observed (Mann-Whitney U-test, P> 0�05) comparing
control with MK-886 treated groups.

Table 3. Effects of oral treatment with the 5-lipoxygenase
inhibitor, MK-886, on the development of gastric lesions
induced by indomethacin (30 mg kg71, s.c.) given for 3 h to
arthritic rats. MK-886 was given 5 and 0 h before indometha-
cin.

Dose MK-886
(mg kg71)

Number
of lesions

Area of lesions
(mm2)

0 38�9� 7�1 155�6� 28�3
10 49�5� 10�6 159�1� 19�4
50 28�3� 12�4 91�9� 12�4*
100 1�8� 0�0* 1�8� 0�0*

Means� s.e.m. n� 5±6. *P< 0�05 compared with control
(zero dose) (Mann-Whitney U-test).
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signi®cantly reduce the gastric damage from indo-
methacin (Table 5).

The concentration of leukotriene B4 in the fundic
mucosa 1 h following treatment with subcutaneous
indomethacin (30 mg kg71) was 19�5� 6�3 ng
(mg protein)71 and was signi®cantly increased
(Student's t-test, n � 5 per group, P40�05) 4�5-
fold compared with that in control mucosa
(4�34� 2�8 ng mg71). The combined treatment with
MK-886 100 mg kg71 with indomethacin
30 mg kg71, resulted in leukotriene B4 concentra-
tions of 6�8� 1�3 ng mg71, this being a statistically
signi®cant reduction (Student's t-test, P< 0�5) of
77% compared with indomethacin-treated animals
but not signi®cant compared with control values.

Oral administration of verapamil 50 mg kg71 sig-
ni®cantly reduced indomethacin-induced lesions in
arthritic rats (Table 6). A single oral dose of L-
656,224 with verapamil did not further reduce the
lesions from indomethacin (data not shown). How-
ever, oral administration of the platelet activating
factor antagonist WEB-2170 (50 mg kg71), while not
affecting lesions from indomethacin given alone did
reduce the lesions when given in combination with
verapamil (50 mg kg71, p.o.) (Table 6). Neither
combination of a single dose of either L-656,224 or

MK-886 (50 mg kg71, p.o.) with the PAF antago-
nists, WEB-2086 or WEB-2170, reduced the number
and severity of gastric lesions in either mice or rats
from aspirin (150 mg kg71, p.o.) or indomethacin
(30 mg kg71, s.c.) compared with these NSAIDs
alone (data not shown).

Small intestinal ulcers
Prior (ÿ5�0 h) and concurrent oral treatment of
mice with the 5-lipoxygenase inhibitors, MK-886
or L-656,224, produced a dose-related reduction in
small intestinal lesions induced by 15 mg kg71

indomethacin give subcutaneously after 20 h treat-
ment in mice (Table 7). The dose of these inhibitors
required for statistically signi®cant reduction
(Mann Whitney U-test) in lesion areas was
5100 mg kg71 for both MK-886 and L-656,224;
higher doses did not lead to any further reduction in
lesions. Likewise prior (ÿ3�0 h) and concurrent
treatment with MK-886 markedly reduced the
numbers of lesions from indomethacin when this
inhibitor was dosed orally at 525 mg kg71 and the
area of intestinal lesions with 525 mg kg71 MK-
886 orally in arthritic rats (Table 8). However, even
at the highest doses there was no further reduction
in lesions. Prior (ÿ5�0 h or 3 h) and concurrent
treatment with 100 mg kg71 MK-886 also pre-
vented small intestinal damage induced by indo-
methacin in normal (i.e. non-arthritic, Sprague-
Dawley or Long-Evans male rats, data not shown).
Single oral doses (at 0 h or at 5�0 h) of either MK-
886 or L-656,224 (50 mg kg71) did not produce
any signi®cant reduction in the number or areas of
mucosal lesions in normal or arthritic rats by
10 mg kg71 oral doses of indomethacin or when
this NSAID was given subcutaneously (data not
shown). The mucosal lesions from indomethacin
were not totally abolished upon treatment with
various doses at various times with the 5-lipoxy-
genase inhibitors.

Table 4. Effects of oral treatment with the 5-lipoxygenase
inhibitors, MK-886 and L-656,224 on the development of
gastric lesions induced by indomethacin (30 mg kg71, p.o.)
given for 3 h to arthritic rats. MK-866 or L-656,224 was given
3 and 0 h before indomethacin.

NSAID
treatment

Dose
(mg kg71)

Number
of lesions

Area of
lesions (mm2)

Control 38�9� 19�4 155�5� 27�8
MK-886 10 43�7� 1�4 138�9� 5�5

50 30�5� 9�7 170�8� 22�2
100 0�0� 0�0* 0�0� 0�0*

L-656,224 50 27�8� 9�7 108�3� 26�4*
100 0�0� 0�0* 0�0� 0�0*

Means� s.e.m. n� 5±6. *P< 0�05 compared with control
(zero dose) (Mann-Whitney U-test).

Table 6. Effects of single oral doses of the calcium antago-
nist, verapamil (50 mg kg71), the 5-lipoxygenase inhibitor, L-
656,224 (50 mg kg71), the platelet-activating factor antagonist,
WEB-2170 (50 mg kg71), or the combination of verapamil
(50 mg kg71) and WEB-2170 (50 mg kg71) on the develop-
ment of gastric lesions 3 h after indomethacin (30 mg kg71

s.c.) given simultaneously with the inhibitors to arthritic rats.

Treatment Area of lesions (mm2)

Control 201�9� 15�0
Verapamil 120�3� 30�1*
L-656,224 242�8� 8�6
WEB-2170 174�0� 23�6
Verapamil�WEB-2170 14�0� 11�8*

Mean� s.e.m. *P< 0�05 compared with control (indometha-
cin alone) (Mann-Whitney U-test).

Table 5. Effects of single oral doses of MK-886 given 3 h
before indomethacin (30 mg kg71, s.c.) on the development of
gastric lesions induced in arthritic rats.

Dose MK-886
(mg kg71)

Number
of lesions

Area of
lesions (mm2)

0 39�2� 7�1 157�1� 28�6
10 28�6� 21�4 121�4� 89�2
50 46�4� 8�9 242�8� 78�6
100 28�6� 7�1 100�0� 53�6

Means� s.e.m. n� 4±5. No statistically signi®cant effects
were evident with any of the treatments (Mann-Whitney U-
test, P> 0�05).
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The platelet activating factor antagonist, WEB-
2086, (50 mg kg71) given orally alone, failed to
affect the development of intestinal ulcers induced
by indomethacin (10 mg kg71, p.o., Table 9). Co-
administration of this antagonist with the 5-lipoxy-
genase inhibitor, L-656,224 at 0 h was without any
effect. However, combination of the platelet-acti-
vating factor antagonist, WEB-2170, with the cal-
cium antagonist, verapamil, both given at 0 h

markedly reduced the intestinal damage from
indomethacin (10 mg kg71, s.c.), this effect being
greater than that observed with verapamil alone
(Table 10). Co-administration of verapamil with
MK-886 (50 mg kg71 each, p.o.) did not affect
lesions from indomethacin (10 mg kg71, s.c.)
compared with the effects of the former two drugs
alone (data not shown).

Discussion

The results show that the pre-treatment together
with a second dose at 0 h of 5-lipoxygenase inhi-
bitors, MK-886 and L-656,224, produced a dose-
related reduction in both gastric and small intestinal
mucosal lesions induced by indomethacin or gastric
lesions from aspirin in standard, highly sensitive
models of NSAID-induced acute gastrointestinal
mucosal injury in rodents. It appears that the pro-
tection by these inhibitors is only evident when
they are given 3�0 to 5�0 h before as well as at the
same time of dosing with the NSAID. One possible
reason for this might be that suf®cient concentra-
tions of these inhibitors may be required in mucosal
cells for inhibitory effects of these 5-lipoxygenase
inhibitors to be effective. However, in the present
studies it was found that leukotriene B4 con-
centrations were markedly increased in the fundic
mucosa of rats which received indomethacin com-
pared with controls thus supporting the concept that
indomethacin diverts arachidonic acid through the
5-lipoxygenase pathway as a consequence of cyclo-
oxygenase inhibition (Rainsford 1987a), while
MK-886 reduced this effect of indomethacin 1 h
after oral administration of 100 mg kg71 of this
inhibitor. It appears that by 1 h following a single
dose of MK-886 it has achieved its pharmacologi-
cal effects in the gastric mucosa. In other studies
oral doses of MK-886 were found to achieve
pharmacological effects. Thus, a single oral dose of
10 mg kg71 MK-886 was found to reduce the

Table 7. Effects of oral administration of MK-886 or L-
656,224 given 5�0 and 0 h before indomethacin (15 mg kg71,
s.c.) on the development of intestinal lesions in the small
intestine of mice 20 h after the NSAID.

Treatment Dose
(mg kg71)

Number
of lesions

Area of
lesions (mm2)

MK-886 0 12�8� 4�5 51�6� 8�9
10 8�1� 2�3 23�0� 7�5
100 7�7� 2�1 7�5� 2�3*
200 8�2� 2�9 7�0� 2�8*

L-656,224 0 19�9� 4�7 33�8� 10�8
10 13�3� 2�7 30�9� 7�5
100 7�7� 1�4* 14�5� 8�4*
200 6�1� 2�1* 7�7� 2�8*

Means� s.e.m. n� 5±6. *P< 0�05 compared with control
(zero dose) (Mann-Whitney U-test).

Table 9. Effects of single oral doses (50 mg kg71) of the
platelet-activating antagonist, WEB-2086, with or without the
5-lipoxygenase inhibitor, L-656,224, on the mucosal lesions
induced in the small intestine by indomethacin (10 mg kg71).

Treatment Number
of lesions

Area of
lesions (mm2)

Control 75�5� 15�1 207�1� 42�9
WEB-2086 (50 mg kg71) 65�6� 10�1 176�8� 40�4
L-656,224 (50 mg kg71) 65�6� 5�0 222�2� 30�3
WEB-2086�L-656,224 98�5� 10�1 358�6� 50�5

Means� s.e.m. n� 5. No statistically signi®cant effects
were evident with any of the treatments (Mann-Whitney U-
test, P> 0�05).

Table 10. Effects of oral administration (50 mg kg71) of the
platelet-activating factor antagonist, WEB-2170, with or with-
out the calcium antagonist, verapamil, on the mucosal lesions
induced in the small intestine by indomethacin (10 mg kg71,
p.o.) in arthritic rats 20 h after dosing with the NSAID.

Treatment Number
of lesions

Area of
lesions (mm2)

Control 50�0� 3�33 200�0� 15�0
WEB-2170 (50 mg kg71) 36�7� 3�33 170�0� 23�3
Verapamil (50 mg kg71) 45�0� 3�33 116�7� 30�0
WEB-2170� verapamil 3�33� 3�33* 13�3� 10�0*

Means� s.e.m. n� 5. *P< 0�05 compared with control
(Mann-Whitney U-test).

Table 8. Effects of oral administration of MK-886 given 3�0
and 0 h before indomethacin (10 mg kg71, s.c.) on the devel-
opment of lesions in the small intestine of arthritic rats 20 h
after dosing with the NSAID.

Dose
(mg kg71)

Number
of lesions

Area of
lesions (mm2)

0 54�9� 8�2 167�6� 53�6
10 33�0� 1�4 140�1� 5�5
25 19�2� 9�6* 38�5� 20�6*
100 15�1� 11�0* 22�0� 33�0*

Means� s.e.m. n� 5±6. *P< 0�05 compared with control
(zero dose) (Mann-Whitney U-test).
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plasma extravasation in passive anaphylaxis in rats
when this drug was given 2 h before challenge
(Fernandez-Gallardo et al 1992). A single dose of
30 mg kg71 MK-886 for 5 h signi®cantly reduced
Pseudomonas lethality in mice (Vogels et al 1994).
Similarly, an oral dose of 10 mg kg71 MK-886 for
4 h reduced carrageenan raw oedema in rats (Braga
da Motta et al 1994) and antigen-induced leuko-
triene-dependent bronchoconstriction at 2 to 4 h in
guinea pigs (Howell et al 1994). In humans single
oral doses of 250 to 750 mg MK-886 (equivalent to
approximately 3�6±10 mg kg71 in a 70-kg indivi-
dual) have been found to reduce signi®cantly leu-
kotriene B4 production in whole blood ex-vivo at 1
to 12 h after administration (Depre et al 1993),
while the two lower doses block allergen-induced
airway responses in atopic asthmatics at 1 to 7 h
post-challenge (Friedman et al 1993). Thus, the
pharmacological effects of MK-886 in inhibiting
leukotriene B4 production are convincingly estab-
lished in the current studies and supported by other
published studies in standard in¯ammatory models.
Consequently, despite high doses of the drugs,
clearly in excess of those required for inhibition of
5-lipoxygenase activity (Rouzer et al 1990; Depre
et al 1993), overall total abolition of gastric
intestinal lesions is not evident in all the experi-
ments in mice or rats. It would appear, therefore,
that enhanced 5-lipoxygenase activity is only a
limited component of NSAID-induced gastro-
intestinal damage.

The lack of effects of MK-886 on diclofenac-
induced gastric lesions may be related to the
reported inhibitory effects of this NSAID on pro-
duction of leukotrienes (Ku et al 1985, 1986; Liauw
et al 1985), the added effects of no inhibition by the
administration of MK-886 being apparently of no
bene®t.

Verapamil reduced the gastric lesions from
indomethacin in arthritic rats and this is in accord
with previous results in normal (i.e. non-in¯amed)
animals (Ghanayem et al 1987). The platelet-acti-
vating factor antagonists, WEB-2086 and WEB-
2170, given alone did not affect either the gastric
mucosal damage induced by indomethacin or
aspirin, or the indomethacin-induced small intest-
inal damage. The doses of these PAF antagonists
which were employed in the present studies are in
excess of those reported to inhibit anaphylaxis in
rats (Fernandez-Gallardo et al 1992) and other
immuno-in¯ammatory reactions in rodents (Meade
& Heuer 1990; Vogels et al 1994). The lack of
effects of these speci®c and potent antagonists in
gastric mucosal damage is in agreement with ear-
lier results with the weaker platelet-activating fac-
tor antagonist, kadsurenone, which failed to affect

aspirin-induced gastric damage in rats (Rainsford
1986) and the other platelet-activating factor
antagonists, BN-52021 and BN-52063 in less sen-
sitive ulcer models (Braquet et al 1987). Combi-
nation of platelet activating factor antagonists with
a 5-lipoxygenase inhibitor did not confer any pro-
tection in the stomach compared with the latter two
classes of drugs alone. However, combination of
the PAF antagonists with the calcium antagonist,
verapamil, did result in further reduction of the
intestinal ulceration from indomethacin, but did not
enhance the effects of the 5-lipoxygenase inhibitor,
MK-886. These results suggest that platelet acti-
vating factor does not have a role in acute gastric
mucosal damage from NSAIDs but does have a
limited role in combination with alterations in
intracellular calcium in the development of intest-
inal damage from indomethacin.

While calcium antagonists have been shown to
reduce indomethacin-induced gastric mucosal
lesions (Ghanayem et al 1987) no studies appear to
have been reported on the effects of calcium
antagonists on intestinal damage from NSAIDs.
Since indomethacin-induced intestinal damage is
partly reduced by verapamil alone but not when given
with a 5-lipoxygenase inhibitor or platelet-activating
factor antagonist, this indicates that alterations in
intracellular calcium are only partly responsible for
the development of this intestinal pathology.

NSAIDs have been shown to inhibit the smooth
muscle contractile responses to exogenous calcium
in the rat mesenteric vasculature (Stanton et al
1986). The metal ion chelator, ethylenediamine-
tetra-acetate (EDTA), which would be expected to
chelate calcium has been shown to enhance the
inward permeability of the rabbit gastric mucosa to
hydrogen ions even though it did not affect the
structural integrity of the mucosa (Chung et al
1970). Calcium ions are clearly important for
maintenance of the surface permeability barrier and
of the vascular constrictor responses. Alterations in
calcium concentrations could, therefore, be impor-
tant in the development of mucosal lesions in the
gastrointestinal tract.

These results emphasize the importance of leu-
kotrienes and other 5-lipoxygenase products toge-
ther with calcium in the gastro-intestinal
ulcerogenic actions of NSAIDs as well as the
maintenance of mucosal integrity. The role of
platelet-activating factor appears of less sig-
ni®cance. The effects of the various inhibitors have
been discriminated in more stringent ulcer models
than have been employed previously thus making
clear the relative roles of the leukotrienes, calcium
and platelet activating factor as mediators of
mucosal injury from NSAIDs.
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