rhodamine- and fluorescein-conjugated
antibodies and its retardation by n-pro-
pyl gallate are still unclear. However,
the similar protective effects by three
oxygen-reducing compounds, n-propyl
gallate, ascorbic acid, and p-phenylene-
diamine, and a similar effect of dithionite
on fluorescein photobleaching in a model
system (/6) suggest that molecular oxy-
gen is involved in the reactions that lead
to the photobleaching.
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Stimulation of Colonic Secretion by Lipoxygenase

Metabolites of Arachidonic Acid

Abstract. Both 5-hydroperoxyeicosatetraenoic acid (5-HPETE) and 5-hydroxyei-
cosatetraenoic acid (5-HETE) increased the short-circuit current (1) in rabbit
colonic mucosa mounted in vitro in Ussing chambers. Measurements of chlorine-36
Sfluxes indicated that the 1y, response to 5-HPETE is due to stimulation of active
chlorine secretion. 9-, 11-, and 12-HPETE’s and leukotrienes C4 and By produced
either very small increases in I, or no increase. In contrast to results in rabbit colon,
no HPETE, HETE, or leukotriene was effective in rabbit ileal mucosa. The effects of
5-HPETE in the rabbit colon were unaffected by mepacrine, but could be partially
blocked by indomethacin. These results suggest that drugs which block both
cyclooxygenase and lipoxygenase may be effective antidiarrheals in patients with

colitis.

Diarrhea frequently develops when
there is inflammation in the mucosa of
the small or large bowel, whether the
inflammation is acute, as in infectious
enteritis (/), or chronic, as in inflamma-
tory bowel disease (IBD) (2). One possi-
ble basis for the diarrhea is the action of
inflammatory mediators on the intestinal
epithelium. We previously showed that
kinins, known to be produced in inflam-
matory lesions, stimulate secretion in
both small and large intestine (3). Kinin
receptors occur on intestinal enterocytes
where they stimulate the production of
prostaglandin E, (PGEy), which stimu-
lates electrolyte secretion (3). Kinin-in-
duced secretion can be inhibited by
drugs that inhibit PGE, production either
by blocking cyclooxygenase (for exam-
ple, indomethacin) or phospholipase A,
(for example, mepacrine). In white cells
found at inflammatory sites, however,
the major route of arachidonic acid me-
tabolism is via the lipoxygenase path-
way, resulting in the release of large
amounts of hydroperoxyeicosatetraen-
oic acids (HPETE'’s), hydroxyeicosate-
traenoic acids (HETE’s), and leuko-
trienes (4). These products affect many
physiological systems including smooth
muscle contractions and chemotaxis (5).

We report here that S-HPETE and 5-
HETE have powerful secretory effects in
rabbit colon, but not ileum, suggesting
that lipoxygenase products contribute to
diarrhea in patients with inflammatory
lesions of the colon. If this is the case,
indomethacin, which blocks cyclooxy-
genase but not lipoxygenase (6), should
not be an effective antidiarrheal in such
patients. Indeed, clinical trials with indo-
methacin have not been successful (7).
However, drugs that inhibit lipoxygen-
ase as well as cyclooxygenase or that
inhibit arachidonic acid release may be
therapeutic, at least with respect to diar-
rhea. Since lipoxygenase products also
induce chemotaxis (4), such drugs may
also reduce inflammation. Steroids that
act indirectly to inhibit phospholipase A,

0036-8075/82/0924-1255$01.00/0 Copyright © 1982 AAAS

and arachidonate release are certainly
effective in IBD (8). Nonsteroidal antiin-
flammatory drugs such as eicosatetray-
noic acid (ETYA) (9) and BW755 (6),
which inhibit both lipoxygenase and cy-
clooxygenase may be worth testing in
patients with colitis and diarrhea,

Colonic and ileal mucosa from' male
New Zealand White rabbits was stripped
of both muscle layers and mounted in
Ussing chambers. Transepithelial poten-
tial difference (PD), short-circuit current
(Is), and unidirectional Cl~ fluxes were
measured as described (/0). Serosal ad-
dition of either S-HPETE or 5-HETE
(11) to distal colon caused a rapid in-
crease in PD which slowly returned to
baseline (half-time decline in PD was
about 80 minutes). The average tissue
conductance also increased and, there-
fore, the change in I, was relatively
greater than the change in PD. Effects of
both 5-HPETE and 5-HETE were ob-
served with concentrations as low as
S x 107’M. A maximally effective con-
centration of S-HPETE (1.6 X 107°M)
increased I, by about 120 pA/cm?,
whereas S-HETE (1.6 X 107°M) in-
creased I, by about 90 wA/cm?® (Fig.
1).

In contrast neither S-HPETE nor 5-
HETE increased I, when added to rab-
bit ileal mucosa. Other HPETE analogs
produced little effect in either colan or
ileum. Small increases in I, were ob-
served in the colon with 11-HPETE (20.2
pA/cm? at 3.2 X 107°M) and 12-HPETE
(12.2 pA/cm?®> at 3.2 x 1075M). 9-
HPETE (3.2 x 107°M) and leukotrienes
B4 and C4 (1077M) had no effect in either
colon or ileum. The leukotriene C4 and
D, antagonist FPL 55712 did not affect
the response to S-HPETE, indicating
that either leukotriene A4, S-HETE, or 5-
HPETE itself were effecting the change
in I,.. To establish the ionic basis of the
electrical response to 5-HPETE and 5-
HETE we determined the I, responses
in the absence of both ClI™ and HCO;™
and also measured Cl™ fluxes. Replace-
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Table 1. Effect of S-HPETE on Cl™ fluxes across short-circuited rabbit colonic mucosa. The
values for four paired experiments are expressed as microequivalents per hour per square
centimeter (£ standard error) except for conductance, G, which is expressed as millisiemens
per square centimeter.

Unidirectional  Unidirectional

mucosal to serosal to Ne_t
Treatment Cl I G,
serosal mucosal fux
CI™ flux CI™ flux
Control 6.7 £ 0.6 6.2 £ 0.7 0.5+ 0.4 1.4 + 0.2 5'.0 +0.2
5-HPETE 6.4+ 0.8 9.8 £ 0.7* -34x07f 5.0x07* 79=x1.0
(1.6 X 107° M)
*P < .05 (Student’s paired t-test).
&120
£
3] B
=100
3
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£ 60
&
S 40 s
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£ 20 r
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Log concentration of 5-HPETE (M)

Fig. 1. Dose response curves for S-HPETE and 5-HETE on short-circuit current (Z,.) in rabbit
colonic mucosa. Values shown are means *+1 standard error for five to six determinations. (A)
Effects of S-HPETE (@), 5-HPETE plus 5 x 107®M indomethacin (X), and 5-HPETE plus
5 x 107°M indomethacin (A). (B) Effects of 5S-HETE.

ment of both CI™ and HCO;™ with gluco-  of 5-HPETE is partially a result of its

nate nearly abolished the response to 5- conversion to 5S-HETE.

HPETE and 5-HETE (12), suggesting We cannot ascertain the molecular ba-

that these agents stimulate electrogenic sis of the action of 5-HPETE and 5-

anion secretion. Measurements of unidi- HETE from our observations. We have

rectional Cl~ fluxes indicate that 5- shown that the secretory effect of 5-

HPETE stimulates net secretion of CI~ HPETE is not dependent on extracellu-

(Table 1). The change in net ClI- flux is lar calcium and is not associated with an

about equal to the change in I.. The increase in the cellular concentrations of

mucosa-to-serosa flux did not change adenosine 3', 5’-monophosphate (cyclic

significantly, but the serosa-to-mucosa AMP) or guanosine 3’, 5'-monophos-

flux increased, accounting for the change phate (cyclic GMP) (I4). It has been

in net flux. observed that S-HETE is rapidly incor-
The action of S-HPETE on the colon porated into cell membrane components

was unaffected by treatment of the tissue  such as phospholipids (15). This could

with mepacrine (5 X 107°M). This con- lead to an alteration of cell membrane

centration of mepacrine inhibits the se- function, However, the striking structur-

cretory effect of bradykinin in the same al and tissue specificity observed in the

tissue (3). Thus S-HPETE does not ap- present studies is certainly suggestive of

pear to act by stimulating phospholipase  a receptor-mediated action.

A, and the subsequent metabolism of MARk W. MUsCH

arachidonic acid by the cyclooxygenase Department of Medicine,

pathway. Indomethacin (5 X 107%M),  University of Chicago,

however, produced a significant inhibi- Chicago, Illinois 60637

tion of the effect of 5-HPETE (Fig. 1), RICHARD J. MILLER

but had no effect on the response to 5-  Department of Pharmacological and
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methacin (5 x 107°M) did not further University of Chicago
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