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ABSTRACT

ABBREVIATIONS: PG. prostaglandin; TX, thromboxane; LT, leukotriene; PD, potential difference; I�, short-arcuft current; G,, fransepithelial
conductance; DMSO, dimethylsulfoxide; 5-HI, serotonin.
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Effects of a thromboxane mim,c, U4661 9, on �ectrolyte trans-

port were examined in vitro using stripped segments of rat ileal
mucosa mounted in Ussing chambers. AdditiOn of U4661 9 to the
serosal bathing solu�on elicited a transient increase in short-
circuit current (lw) and decrease in transepfthelial conductance
(Ge). The increase in l� was accompanied by a transient increase
in Cl- secretion and decrease in Na� absorption. In the steady-
state, I� was not increased whereas G� remained decreased and
Na� and Cr atsorption were inhibited. Removal of cr or pre-
treatment with serosal and mucosal indomethaan (1 zM) Or the
thromboxane receptor antagonist, SK&F 88046, added to the
serosal bathing solution, inhibited the increase in lec stimulated
by U4661 9 (apparent K9 -�-8 nM). The effects of U4661 9 on both

l� and G1 are qualitatively similar to those resulting from stimu-
lation with leukottiene D4. However, the changes in l� with
leukotriene D4 (10 MM) are antagonized by SK&F 88046 only at
high concentrations (1 -1 0 � In addition, the secretagogues
prostaglandin F2�, lys-bradykinin, serotonin and histamine, pro-
duce qualitatively similar changes in lsc to thOSe seen wfth
U46619 without altering G�. With the exception of prostaglandin
F2a, the effects of these secretagogues are not inhibited by SK&F
88046 (1 0 SM). These results indicate that U4661 9 acts at a
thromboxane receptor to stimulate intestinal �I- secretion and
inhibit Na� and CI- absorption. These changes are inhibited

selectively by the thromboxane receptor antagonist, SK&F
88046.

Hamberg et a!. (1975) and Moncada (1977) reported that

arachidonic acid is metabolized to the proaggregatory and
vasoconstrictor compounds, PG endoperoxide (PGH2) and

TXA2. Because these PG metabolites are unstable, a number

of agonists and antagonists have been synthesized to allow

investigation of the effects of PGH2/TXA2 in biological sys-
terns. In 1981, Coleman et aL compared the effects of an

epoxymethano analog of PGH2 [(15S)-hydroxy-1L,,9a-(epoxy-
rnethano)prosta-5z,13E-dieonic acid; U46619] (Bundy, 1975),
with the effects of PGH2 and TXA2 in isolated smooth muscle
preparations and concluded that the effects of U46619 most
closely resembled those of TXA2. Subsequently, Mais et aL

(1985) reported that U46619 induces platelet aggregation and

vasoconstriction, although the PGH2/TXA2 receptors rnediat-
ing these responses appear to be different Es determined by the

antagonism of these responses with selective receptor antago-
iiists. Furthermore, Weichrnan et aL (1984a,b) demonstrated

that the contraction of guinea pig trachea elicited by U46619,
U44069, carbocyclic TXA2 (CTA2), PGF��. and PGD2 are an-

tagonized by the TX receptor antagonist, SK&F 88046. In
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addition, in guinea pig parenchyma, LTD4-induced contrac-
tions are also antagonized by SK&F 88046 whereas the increase
in TXB2 production is not altered (Weichrnan et aL, 19Mb).

Inasmuch as SK&F 88046 does not alter cyclooxygenase or TX
synthetase (Weichman et a!., 19Mb), SK&F 88046 appears to
be a useful tool for investigating the role of TX in physiological

responses. The mechanism by which PGH2/TXA2 elicit their
response is not known although it has been shown that the

carbocyclic TXA2 contracts aortic strips by a nifedipine-sensi-

tive pathway indicating that the effect of TXA2 is dependent
on a cytosol directed calcium flux (Smith et aL, 1981).

Intestinal secretion can be elicited by a number of arachi-

donic acid metabolites including PGA2 (Musch et aL, 1987),

PGEI (Smith and McCabe, 1984), PGEZ (Kimberg et aL, 1971),

PGF2� (Al-Awqati and Greenough, 1972) and PGD2 (Musch et

a!., 1987) as well as by the PGI2 analog, 9-deoxy-9a,6 nitrilo

PGF1� (MUSCh et aL, 1987). In addition, intestinal secretion is

stimulated by a variety of agents via indomethacin-sensitive

mechanisms (e.g. lys-bradykinin, histamine and LTD4) (Cuth-
bert and Margolius, 1982; Hojvat et aL, 1983; Muach et a!.,

1983; Manning et aL, 1982; McCabe and Smith, 1984; Smith et

a!., 1988). Furthermore, the intestine has both the synthetic

and degradative mechanisms responsible for metabolism of
PGs, TXA2, LTs and prostacyclin (Field et a!., 1981; Hojvat et
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Fig. 1. Representative time courses for L and G, in rat ileum in the
absence or presence of serosal PGE1 (10� M) and mucosal (M) or
serosal (S) U46619 (3 x 1 O� M). Zero time is 45 to 60 mm after mounting
tissues in vitro.
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Statistical analysis. Results are presented as the mean ± 1 S.E.

The n values indicate the number of tissues from different animals

al., 1983; Knapp et aL, 1978; LeDuc et a!., 1979; Lawson and

Powell, 1987; Sharon and Stenson, 1984; Zipser et aL, 1987).

However, to our knowledge, the effects of PGH2/TXA2 have
not been investigated in this tissue. Thus, in this study, the

effects of U46619 and SK&F 88046 were investigated to deter-

mine the possible role(s) ofPGH2/TXA2 in mediating intestinal
secretion.

Materials and Methods

Experimental preparations. Distal ileum was obtained from male,
albino Sprague-Dawley rats (250-350 g) maintained on standard chow
and water ad libitum. The intestinal segment was rinsed with ice-cold

HCO3-Ringer’s solution and placed in oxygenated ice-cold HCO3-Ring-
er’s containing (millimolar): Na’, 144; K�, 5; Ca’’, 1.25; Mg’’, 1.25;
Cr, 125; HC03, 25; H2P04, 0.3; and HP042, 1.6. This solution has a

pH of 7.4 when gassed with 5% CO2 in 02 at 37’C.

Ileal mucosa was then stripped of its underlying muscle as described

previously (Smith et aL, 1988). Six segments of stripped ileal mucosa
were mounted in Ussing chambers (1.13 cm2 exposed surface area) and
bathed on both tissue surfaces with 10 ml of HCO3-Ringer’s. Solutions
were circulated by gas lift and maintained at 37’C by water-jacketed
reservoirs.

Electrical and ion flux measurements. Tissues mounted in Usa-
ing chambers as described above were allowed to stabilize 30 to 45 mm

in HCO3-Ringer’s. Transepithelial electric PD with reference to the
luminal bathing solution and I,� were monitored as described previously

(Smith et at., 1988). G� determined at 15-mm intervals was calculated
from the change in I,� resulting from an imposed PD of 5 mV. The

effects of test agents on acute and steady-state transepithelial fluxes
of Na� and C� from mucosa-to-serosa and from serosa-to-mucosa were
measured in paired tissues (resistances differing by less than 25%)

under short-circuit conditions using tracer quantities of �NaCl or
Na�Cl, respectively. Isotope was added after a 30- to 45-mm pro-

equilibration period. Steady-state fluxes (Period I) were calculated from

four samples taken at 15-mm intervals starting 30 mm after the
addition of �NaCl and Na�Cl. U46619 was added immediately after

Period I, and three 15-mm fluxes (Period II) were determined after a

15-rain re-equilibration period. Inasmuch as the I.� response to the

thromboxane mimic, U46619, was transient, we also determined the
effects ofU46619 on unidirectional Na� and C1 fluxes measured during
an initial 15-mm periodjust before adding U46619 and a 15-mm period

immediately after addition of U46619 to the serosal bathing solution.
Changes in fluxes were also determined in parallel control tissues for
comparison.

In experiments designed to investigate the effects of SK&F 88046
on secretagogue-induced changes in L and G�, six tissues from an
animal were used. Three tissues were treated with SK&F 88046 and
three tissues with an equal volume of DMSO. After a 20-mm equilibra-

tion, secretagogues were added to the serosal bathing solution of control
and SK&F 88046-treated tissues at three concentrations (one concen-

tration per tissue) and the maximal changes in L and G� recorded.
Twenty-minutes later, PGE1 (10� M) was added to the serosal bathing

solution and the maximal increase in I� recorded. The I,� responses to
various secretagogues were then normalized to the response obtained

with PGE, added at the end of each experiment [e.g. (iM,� with U46619
or other secretagogues/�1.,� with PGE1) x 100]. The concentration of
secretagogue required to elicit 30% ofthe PGE1 response in the presence
or absence of SK&F 88046 was used to define the agonist potency and

the SK&F 88046 antagonist activity. The apparent K8 describing the
antagonist affinity of SK&F 88046 was calculated from equation 1:

[Concentration of SK&F 88046]
KB

(EC�r, + SK&F 88046/EC�o Control) - 1

studied. Grouped data were analyzed using Student’s t test for paired
variates.

Materials. LTD4 and SK&F 88046 were synthesized by Smith Kline

& French Laboratories (Philadelphia, PA). UV spectroseopy was used
to determine the molar concentration and purity of LTD4. Indometh-
acm, histamine, 5-HT, lys-bradykinin, PGE1 and PGF�. were obtained
from Sigma Chemical Co. (St. Louis, MO). U46619 was obtained from
Upjohn (Kalamazoo, MI). Indomethacin and SK&F 88046 were cia-
solved in DMSO, PGs including U46619 were dissolved in ethanol and
other agents were dissolved in water. The final concentration of DMSO
or ethanol in the bath did not exceed 0.1% by volume. Appropriate
vehicle controls were studied in paired tissues.

Results

Effects of U46619 on electrical properties of rat
ileum. Figure 1 presents results from representative experi-
ments in which the effects of PGE1 or U46619 on “basal” I�

and G� were determined. Results presented in figure 1 are from
different animals and show that basal L can vary from 0.3 to
0.7 �tEqJhr.cm2 (8-19 �iA/cm2) whereas G� varies from 21 to 32
mS/cm2. This variation presumably reflects varying rates of
basal ion transport. In these studies, tissues were mounted in
random order with one tissue serving as a time control for

comparison with paired tissues receiving additions. Electrical
properties of rat ileum remain constant over the period before

adding PGE1 to the serosal bathing solution (fig. 1, top). Serosal
addition of PGE1 (10� M) elicits an immediate increase in I(�

with only a transient increase in G�. Serosal or mucosal addition
of U46619 (3 x iO-� M) produced transient increases in L
which achieved maximum values of 4.4 ± 0.3 �iEciJhr.cm2 (118
± 8 �iA/cm2) (n = 41) and 1.6 ± 0.6 �EqJhr.cm2 (43 ± 16 �iA/
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cm2) (n = 5), respectively, within 2 mm and then returned

toward base line (fig. 1, middle and bottom). Serosal or mucosal

addition of U46619 (3 x i0� M) also produced a sustained
decrease in G� of -9.0 ± 0.8 (n = 29) and -8.5 ± 1.7 mS/cm2

(n = 5), respectively. Subsequent addition of U46619 (3 x iO�

M) to the serosal bathing solution elicited an increase in 1w

which was only 33.3 ± 15.7% (n = 5) and 11.6 ± 7.0% (n = 5)

of the initial mucosal or serosal response, respectively, with no
further decrease in G�. The diminished response elicited by
mucosal addition compared to serosal addition does not appear
to be due to metabolism of U46619, as removal of an aliquot (1
ml from the 10-mi bath) from the mucosal bathing solution 20
mm after adding U46619 (3 x iO� M) to the mucosal bathing

solution and addition of this aliquot to the serosal bathing

solution of a naive tissue (fmal concentration of U46619 = 3 x
106 M) resulted in an increase in 1w of 3.5 ± 1.3 �iEqJhr . cm2

(94 ± 35 �iA/cm2) and a decrease in G� of -8.2 ± 1.8 mS/cm2.

Serosal addition of PGE1 (10�) after U46619 produced an
increase in 1w similar to that seen in a naive tissue � with

PGE1 (control-U-46619-treated) = -1.4 ± 0.9 �tEcijhr .cm2 (-38
± 24 �iA/cm2), n = 8].

U46619 produced concentration-dependent changes in 1w and

G� when added to the serosal bathing solution. The increase in
1w �5 a linear function of concentration when plotted as per-

centage of maximal response to PGE1 or as microequivalent
per hour per squared centimeter (fig. 2). The decrease in G�
(fig. 3) appears to be maximal at 3 x 10� M and has a half-
maximal effect at 2.5 X i0� M (n = 6). In rat ileum, the

concentration dependence for PGE1 on I� reveals that a maxi-
mal change in 1w (5.88 ± 1.75 �zEqJhr.cm2 (158 ± 47 �iA/cm2)

(n = 5), is elicited at a concentration of 10_6 to i0� M with a

half-maximal effect at 5.6 x 1O� M. However, PGE1 (10� M)
unlike U46619 does not alter steady-state G� (�G� with PGE1

= 0.4 ± 3.0 mS/cm2, n = 5) (data not shown).

Effects of U46619 on unidirectional and net Na� and

Cl- fluxes in rat ileum. In paired experimental tissues,

serosal addition of U46619 (10_a M) produced an acute increase

0 1/ , , I I

0 � I06 lO� �

(u46619],M

Fig. 2. Concentration dependence of the effects of U4661 9 on the
maximal change in l� in rat ileum plOtted as microequivalents per hour
per squared centimeter or as percentage of maximal response to PGE1.
Results are means ± 1 S.E. for four animals in which all concentrations
were examined in each animal.

Fig. 3. Concentration dependence of the effects of U4661 9 on the steady-
state changes in G, in rat ileum in the absence or presence of SK&F
88046 (3.3 x 1 0-� M). In expenrrients with SK&F 88046, tissues were
pretreated with serosal SK&F 88046 or DMSO (solvent control) and then
the effects of serosal U4661 9 were examined. Results are means ± 1
S.E. for four animals in which all conditions were examined in each
animal.

in 1w of 2.1 ± 0.4 �EqJhr.cm2 (56 ± 11 MA/cm2) (P < .001, n =

12) and decreased G� by 5.9 ± 1.5 mS/cm2 (P < .01, n = 12)

(table 1). These acute changes in 1w and G� were accompanied

by significant decreases in the mucosal-to-serosal and net fluxes

of both Na� and C1 along with a significant increase in the

serosal-to-mucosal Cl flux. In time-matched control tissues,

there were no significant changes in electrical properties or

transepithelial fluxes over these time intervals. The steady-

state changes in electrical properties and transepithelial fluxes

are presented in table 2. In the steady state, U46619 (10� M),

had no effect on 1w whereas G� was reduced by 9.7 ± 2.4 mS/

cm2 (P < .001, n = 12). In addition, the mucosal-to-serosal

fluxes of both Na� and C� were reduced compared to time-

matched control tissues.

Comparison of effects of U46619 to the effects of

PGF2� and LTD4. Figure 4 illustrates representative re-
sponses for the time course of PGF2� (10� M) and the sulfi-

dopeptide LT, LTD4 (10� M), on 1w and G�. PGF2�, and LTD4

increase 1w with a time course similar to that seen with U46619.

However, PGF2�, (top) decreases G� much less than U46619
(AG, with PGF2�. = -3.9 ± 2.2 mS/cm2, n = 4) whereas LTD4

(middle) decreases G� by approximately the same magnitude as

U46619 (�G� with LTD4 = -8.1 ± 2.0 mS/cm2, n = 6). In

addition, figure 4 (top and middie) illustrates that the PGE1

response is not altered by either PGF2� or LTD4. Figure 5A

presents the concentration-dependence of the change in 1w

produced by PGF2� as a percentage of the maximal PGE1

response or as microequivalents per hour per squared centi-

meter. The increase in L elicited by PGF2�, is linear over the

concentration range used. As shown in figure 5B, the concen-

tration-dependence of the change in 1w produced by LTD4 is

maximal at 10� M and has a half-maximal effect at 3 x i0�

M.

Comparison of effects of U46619 to the effects of other
intestinal secretagogues. The time course of effects of lys-
bradykinin, histamine and 5-HT on 1w and G� are shown in

figure 6. The time course of the change in 1w elicited by all

three of these intestinal secretagogues are similar to that seen

with U46619 (compare fig. 6 to fig. 1). However, the changes
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TABLE 1

Acute effcts of U46619 on unidirectional and net Na and �l fluxes and electrical properties of rat Ileum
Values are means ± 1 S.E. for six a*nals. Period I fluxes were determined over a 15-mm mterVal before adding DM80 (solvent oontrol) or U46619 (1O� M) to the
serosal bathing solution. Period II and Ha fluxes were determined over a 15-mm Interval immediately after adding DM80 or U46619. respectively. Auxes including L� are
In rnicroequivalents per hour per squared centimeter and 0, is ki millisiemens per squared centimeter. J,,,,, mucosal-to-serosal flux; J,,,, serosa�to-mucosaI flux; Jo.,, J,,,.-

Jim.

.
Pared

.
Cond�

Na
�

Na
�

Na
�,

ci
�

a
�

a
� I,� G�

I Control 20.0 ± 2.0 14.7 ± 1.4 5.3 ± 1.0 13.5 ± 0.8 9.8 ± 0.4 3.7 ± 0.9 1.5 ± 0.4 33.0 ± 2.5
II DMSO 20.6 ± 2.2 16.8 ± 1 .2 3.8 ± 1 .7 13.9 ± 1 .2 10.9 ± 0.6 3.0 ± I .0 1 .3 ± 0.4 34.8 ± 3.0

�QH) 0.6 ± 0.5 2.1 ± 1 .0 -1 .5 ± 1 .1 0.4 ± 0.6 1 .1 ± 0.5 -0.7 ± 0.4 -0.2 ± 0.1 1 .8 ± 0.9
P N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.

Ia Control 21.3 ± 1.9 17.6 ± 1.2 3.7 ± 0.9 14.1 ± 1.3 11.3 ± 0.7 2.8 ± 1.4 1.4 ± 0.3 33.4 ± 2.6
lla U46619 15.0 ± 0.9 16.4 ± 1 .6 -1 .4 ± 0.9 10.8 ± 0.9 13.8 ± 1 .3 -3.0 ± 1 .5 3.5 ± 0.3 27.5 ± 1.3

�(lla-Ia) -6.3±1.1 -1.2±0.8 -5.1 ±1.6 -3.3±0.5 2.5±0.9 -5.8±1.3 2.1 ±0.4 -5.9± 1.5
P <.01 N.S. <.05 <.01 <.05 <.01 <.001 <.01

TABLE 2

Steady-state effects of U46619 on unidirectional and net fluxes of Na and 0 and electrical properties of rat ileum

Values are means ± 1 S.E. for six animals. Period I fluxes were determined as described under Materiais and Methods. DMSO (solvent control) or U46619 (10� M)
was added to the serosal bathing solution Immediately after Period I � Ia, respectively. Period II and ha fluxes determined after a 15-mm re-equilibration. fluxes indUding
I.e are In microeqi�valents per hour per squared centimeter and 0, is in millisiemens per squared centimeter. J�, mucosal to serosal flux; J.,,,, serosal-to mucosal flux;

Jna. Jim-Jim.

. . Na Na Na a a aPared Cond�i � � � � ,�.,, � I., 6,

I Control 19.7 ± 1 .8 15.2 ± 1 .2 4.5 ± 1 .0 13.0 ± 0.9 9.6 ± 0.3 3.4 ± 0.9 1 .6 ± 0.3 32.3 ± 2.0
II COntrOl 21 .7 ± 2.0 17.0 ± 1 .6 4.7 ± 0.9 13.6 ± 0.8 10.0 ± 0.7 3.6 ± 0.8 0.8 ± 0.3 33.3 ± 2.2

i�(lI-I) 2.0 ± 0.6 1 .8 ± 0.9 0.2 ± 0.8 0.6 ± 0.4 0.4 ± 0.5 0.2 ± 0.6 -0.8 ± 0.2 1 .0 ± 0.9
P <.02 N.S. N.S. N.S. N.S. N.S. <.01 N.S.

Ia Control 20.1 ± 2.1 17.2 ± 1.3 2.9 ± 1.4 13.2 ± 1.3 11.0 ± 0.7 2.2 ± 1.3 1.5 ± 0.2 36.0 ± 3.7
ha 1146619 15.3 ± 0.9 15.2 ± 1 .2 0.1 ± 0.6 1 1 .3 ± 1 .0 10.5 ± 0.7 0.8 ± 1 .3 1 .2 ± 0.2 26.3 ± 1.5

�Qla-la) -4.8 ± I .4 -2.0 ± 1 .1 -2.8 ± 1 .4 -1 .9 ± 0.5 -0.5 ± 0.5 -1 .4 ± 0.6 -0.2 ± 0.1 -9.7 ± 2.4
P <.02 N.S. N.S. <.01 N.S. N.S. N.S. <.01

produced by these agents are greater than those seen with
U46619 and they do not significantly alter steady-state G�.

Effects of cyclooxygenase inhibition, C1 removal or
the TX receptor antagonist SK&F 88046 on electrical
effects of U46619 and other intestinal secretagogues.

We also investigated the effects of indomethacin, a cyclooxy-
genase inhibitor, removal of Cl and the TX receptor antago-
that, SK&F 88046, on basal and secretagogue-stimulated
changes in electricalproperties ofrat ileum. Indomethacin (1O�
M) alone has no significant effect on G� in rat ileum but
significantly reduces basal Ia,� (i�[control-indomethacin] = -0.6

± 0.1 �Eqjhr.cm2 (-16 ± 3 �zA/cm2), P < .01). Indomethacin
(10� M) significantly reduces the increase in I.� elicited by
U46619 (3 x 10� M) by 59% (fig. 7) without significantly
altering the change in G� produced by U46619 � with indo-
methacin-treated tissues = -8.8 ± 3.4 mS/cm2 vs. � in
control tissues = -9.5 ± 2.3 mS/cm2, n = 5). Indomethacin

(101 did not alter the increase in I� stimulated by PGF2a (10�
M) and increased the change in I� elicited by PGE1 (10� M)
(fig. 7). Removal ofCr from the bathing solutions (C� replaced
with gluconate) reduced the increase in L1 produced by both

U46619 (3 x iO-� M) and PGE1 (10� M) by greater than 90%.
The TX receptor antagonist, SK&F 88046 (10� M), does not

significantly alter basal L (fig. 4) but increases G� by 1.3 ± 0.5

mS/cm2 (P < .05). However, as shown in figure 4, SK&F 88046
(10� M) practically abolishes the increase in Ia,� and reduces
the decrease in G� elicited by U46619 (3 x iO� M). In five
animals, the change in 1w in control and SK&F 88046-treated
tissues was 5.3 ± 1.5 �iEqjhr.cm2 (142 ± 40 �cA/cm2) and 0.3 ±

0.2 j�EqJhr.cm2 (8 ± 5 �tA/cm2) (P < .001), respectively, and
the change in G� was -10.9 ± 1.8 and -4.5 ± 0.9 mS/cm2 (P <

.05), respectively. At lower concentrations, SK&F 88046 does

not significantly alter the concentration-dependent changes in
G� elicited by U46619 (fig. 3), but shifts the concentration-
dependent effects of U46619 on I,,. to the right (fig. 8A). The
EC� values of the effect of U46619 in control compared to
SK&F 88046-treated tissues on Ia,� were 1.3 x 10� and 8.9 ±

i0�� M, respectively, and on G� were 1.4 x 10� and 3.2 x i0�
M, respectively. Substituting these ECro values for the change
in L in to equation 1 (“Materials and Methods”) gives an
apparent KB value of 1.2 x 1O� M. In studies using 3.3 x 1O�
and 3 x 10_8 M SK&F 88046, similar apparent KB values of 7.1
x iO-� and 5.1 x 1O� M were obtained for antagonism of the
U-46619-induced increase in L.

SK&F 88046 also shifts the concentration-dependent effects
of PGF�. and LTD4 on 1w to the right. However, these shifts
are only seen at concentrations greater than 10_6 M (fig. 5, A

and B). As shown in figures 8, B, C and D, SK&F 88046 at 10�
M does not significantly alter the concentration-dependent
effects of lys-bradykinin or histamine although the maximal
effects of 5-HT are significantly reduced. In these studies, we
have expressed the results as percentage of the maximal re-
sponse to PGE1 in order to normalize the data from different
animals and tissues with the different secretagogues.

Discussion

The role of TX in regulation of intestinal electrolyte trans-
port has been investigated using a stable TX mimic, U46619,
and a receptor antagonist to this mimic, SK&F 88046. Evidence

to support the proposal that U46619 is acting as a TX receptor
agonist is provided by the work of Coleman et aL (1981) who
demonstrated in isolated smooth muscle preparations that this

agent produces effects most closely resembling those of TXA2.
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Fig. 4 Representative time courses for L and G� in rat ileum in response
to PGF2� (1 0� M), LTD4 (10� M), PGE1 (10� M) or U46619 (3 x 10�
M) in the presence of SK&F 88046 (1 0� M). Zero time is 45 to 60 mm
after mounting tissues in vitro. S, serosal.

The proposal that SK&F 88046 is acting as a receptor antago-
nist to U46619 derives from the fmdings of Weichman et aL

(1984a,b) that SK&F 88046 antagonizes the effects of the TX

mimics, U46619, CTA2 and U44069, that there is no effect of

SK&F 88046 on TX synthetase or cyclooxygenase activity and
that TXB2 production elicited by LTD4 in guinea pig lung

parenchyma is not inhibited by SK&F 88046. In addition, we

have found recently that LTD4 increases TXB2 production in
rat small intestine and that this increase is not blocked by

SK&F 88046 (10� M), although the increase in 1w is inhibited

by -�40% (Smith and Brown, 1988).

The effects of U46619 are qualitatively similar to those

produced by LTD4 and LTE4 in that it increases 1w transiently

and decreases steady-state G, (Smith et al., 1988). These

changes in electrical parameters elicited by U46619 result from

a transient increase in C1 secretion and both acute and steady-
state decreases in Na� and C1 absorption. Maximal changes

in 1w and G� are most pronounced when added to the serosal

bathing solution but measurable effects are observed upon

mucosal addition. In contrast, LTD4 and LTE4 did not alter

electrical parameters when added to the mucosal bathing so-

lution. The increase in 1w elicited by U46619 is rapid with a

peak response achieved within 2 mm and a return toward
baseline within 10 mm. The concentration-dependence of this
effect is linear up to 3 X i0� M unlike LTD4 and PGE1 which

appear to maximize at -�--iO� M (Smith et a!., 1988). As with

PGs (Musch et a!., 1987) and the sulfidopeptide LTs, LTD4

and LTE4 (Smith et aL, 1988), addition of U46619 appears to

result in a tachyphylaxis to subsequent addition. However, the

tachyphylaxis which results does not alter the response to

PGE1.
The increase in 1w resulting from stimulation by U46619

appears to result partially from stimulation of arachidonic

metabolism via the cyclooxygenase pathway as it can be inhib-

ited by the cyclooxygenase inhibitor, indomethacin. This effect

may be exerted by cells present in the subepithelial layer.

Support for this proposal is provided by the studies of Smith

et aL (1982) who have shown that in rat intestine the subepi-

thelial tissue possesses much greater PG synthetic capacity
than the epithelial cells and by the studies of Lawson and

Powell (1987) who reported that the rate of eicosanoid produc-
tion by de-epitheliated rabbit small intestine is over 200 times

greater than that of the epithelial cells. However, the subepi-
thelial cell(s) responsible for the PG synthetic activity have

not been determined. Furthermore, the specific arachidonic

acid metabolite(s) produced in response to U46619 are not
known.

In rat ileum, the decrease in transepithelial conductance
produced by U46619 is not inhibited by indomethacin suggest-

ing that this effect is mediated by a pathway separate from the

effect of U46619 on 1w. Previously, we demonstrated that the

Fig. 5. Concentration dependence of the effects of PGF2�
(A) or LTD4 (B) on the maximal change in L in rat ileum
plotted as microequivalents per hour per squared centime-
ters or as a percentage of the maximal response to PGE1
(1 0_s M) and the effects of SK&F 88046 (1 0_s M) on the
concentration-dependent effects of PGF2.. or LTD4 pre-
sented as percentage ofmaximal responseto PGE1. Results
are means ± 1 S.E. for three to six animals at each point.
In experiments with SK&F 88046, tissues were pretreated
for 20 mm with serosal SK&F 88046 or DMSO (solvent
control) and then the effects of serosal PGF��. or LTD4 were
examined. Twenty minutes after adding PGF2.. or LTD4.
POE1 was added to the serosal bathing solution and the
maximal change in I� recorded.
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Fig. 6. Representative time courses for L� and G� in rat ileum in the
absence or presence of serosal (S) lys-bradykinin (10w M), histamine
(1 0� M) or 5-HT (1 0� M). Zero time is 45 to 60 mm after mounting
tissues in vitro.

effects of LTD4 on I,,, were inhibited by cyclooxygenase inhib-
itors but that the change in G� was not altered. With LTD4 this

decrease in G� was accompanied by a decrease in Na� and C1
absorption in the presence ofindomethacin (Smith et a!., 1988).

It is reasonable to propose that U46619 would still decrease

Na� and Cl absorption in the presence of indomethacin al-
though we have no data to support this hypothesis.

The effects of U46619 on electrolyte transport are qualita-

tively similar to those produced by a number of other intestinal

secretagogues including the peptidoleukotrienes (Smith et a!.,

1988), phorbol esters (Donowitz et a!., 1986; Fondacaro and

Henderson, 1985), bradykinin (Cuthbert and Margolius, 1982;

Hojvat et al., 1983; Manning et a!., 1982; Musch et a!., 1983),
PGF2� (fig. 4) and histamine (McCabe and Smith, 1984; Hard-
castle and Hardcastle, 1987). However, in studies with these

secretagogues, it is evident that only phorbol esters (Donowitz

et aL, 1986) and peptidoleukotrienes (Smith et a!., 1988) re-
duce G�.

To determine whether the effects of these other intestinal
secretagogues are mediated by TXs, we examined the effects of
the TX receptor antagonist, SK&F 88046, on changes in dcc-
trical properties of rat ileum produced by LTD4, PGF2�, hista-
mine, 5-HT and bradykinin. In these studies, we found that
SK&F 88046 had minimal effects at concentrations up to i0�

M on basal electrical properties of rat ileum. However, SK&F

88046 produced dose-dependent shifts in the concentration-
dependent changes in 1w and G� elicited by U46619 (KB � 8 X

iO� M) and at 10� M antagonized completely the electrical

changes produced by U46619. With the intestinal secretagogues

bradykinin, histamine and 5-HT, SK&F 88046 (10� M) had

�/!//�j �j

Fig. 7. Effects of Cl� substitution (C1 replaced with gluconate) or
indomethacin (Indo, 10� M added to the serosal and mucosal bathing
solution) on the maximal change in l� elicited by serosal U46619 (3 x
iO-� M), PGF2a (1 0� M) or PGE1 (1 0� M). Tissues were mounted in CI-
free Ringer’s or pretreated with Indo for 20 mm before adding secretory
stimuli. Results are means ± 1 S.E. for five animals. � < .05.

no detectable effects on the concentration-dependent changes
in 1w produced by these agents with the exception of a small
inhibition of the maximal response seen with 5-HT (fig. 8). In
the case of PGF2a and LTD4, SK&F 88046 (10_6 � 10� M)

shifted the concentration-dependence of these agonists on Ia,�

to the right. The apparent KB for SK&F 88046 against PGF2�

is 1.7 ± 0.7 x 10_6 M and against LTD4 it is 2.7 ± 1.4 x 10_a
M. Thus, at high concentrations, SK&F 88046 appears to act

at other receptors. Previously, Weichman et aL (1984a,b) dem-
onstrated that SK&F 88046 antagonized the effects of U46619,

PGF2a and PGD2 but not LTD4 in guinea pig tracheal spirals
and LTD4 in lung parenchymal strips. The apparent KB values
for SK&F 88046 against U46619, PGF2� and PGD2 in guinea

pig trachea were 0.14 ± 10_6, 3.4 X 10_6 and 0.41 x iO� M,

respectively. Inasmuch as the LTD4 response of parenchymal

strips is mediated in part by a cyclooxygenase-dependent path-
way, the differential sensitivities of the tracheal spirals and the

parenchymal strips to SK&F 88046 suggests that the cycloox-

ygenase-sensitive component of the LTD4 response is mediated

by a TX receptor subtype. Similarly, in rat small intestine, it

can be suggested that the effects of LTD4 may be mediated by
mechanisms similar to the cyclooxygenase-dependent compo-

nent of the lung parenchyma which has been shown to involve

TX production. Further support for the proposal that TX
production is involved in the LTD4 response of the rat ileum

may be provided from studies with a TX synthetase inhibitor.

In summary, we have demonstrated that the TX mimic,
U46619, stimulates electrogenic Cl secretion and inhibits Na�

and C� absorption in rat ileum. The increase in 1w is partially
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Fig. 8. Concentration dependence of the effects of serosal U46619 (A),
5-HT (B), lys-bradyidnin (C) or hetamine (D) on the maximal change in L
In the absence or presence of serosal SK&F 88046 presented as a
percentage of the maximal response to PGE1. Thsues were pretreated
for 20 mm with SK&F 88046 or DMSO (solvent control) before addlt�n

of secretagogue. Twenty minutes after addition of secretagogue, PGE1
(10� M) was added to the serosal bathing solution and the maximal
change in I,, recorded. Results are means ± 1 S.E. for three to five
animals In which all condItions were examined in each animal.

inhibited by cyclooxygenase inhibition whereas the change in
G� is not, suggesting that the effects on 1 and G� occur by
separate pathways. Furthermore, these studies indicate that
the effects of PGF�,, and LTD4 are antagonized only at high
concentrations of SK&F 88046. SK&F 88046 does not affect
the intestinal secretagogues histamine, 5-HT, PGE1 or lys-
bradykinin. These data indicate that SK&F 88046 is a useful
tool for examining the mechanisms involved in intestinal se-
cretion and for further development of compounds designed to
selectively inhibit secretory diarrhea.
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