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Similar coronary vascular effects in the rat perfused heart of
platelet-activating factor structural analogues with agonist and
antagonist properties
'Ricky Y.K. Man & Anne A.A. Kinnaird

Department of Pharmacology and Therapeutics, Faculty of Medicine, University of Manitoba, 770 Bannatyne Avenue, Winnipeg,
Manitoba, Canada R3E 0W3

1 Selective blockade of platelet-activating factor (PAF) receptor subtypes by PAF receptor antagonists
has been demonstrated. However, selective activation of PAF receptor subtypes by PAF receptor
agonists has not been reported.
2 When structural analogues of PAF that have been shown to possess either agonist or antagonist
effects were administered by a bolus injection in the rat perfused heart, they all showed agonist effects.
Lower amounts produced vasodilatation while higher amounts produced vasodilatation followed by
vasoconstriction. These coronary vascular effects were typical of that observed with PAF. Lyso-PAF did
not show the same typical pattern of coronary vascular effect, confirming that the detergent effect of
PAF structural analogues did not play a role in the coronary vascular effects. Other PAF antagonists,
CV-6209 and WEB 2170, also did not produce the PAF-like response in the rat perfused heart.
3 The coronary vascular effects of hexanolamine-PAF (H-PAF, putative antagonist) and ethanolamine-
PAF (E-PAF, agonist) were further studied. Pretreatment with FR-900452 (a PAF receptor antagonist)
or MK-886 (a leukotriene synthesis inhibitor) significantly reduced the vasodilator and vasoconstrictor
effects of H-PAF and E-PAF.
4 Pretreatment of rat perfused hearts with low concentrations of H-PAF and E-PAF blocked the
response to PAF administration in a dose- and time-dependent manner. However, the pretreatment with
either H-PAF or E-PAF did not result in a coronary vascular effect expected of a PAF receptor agonist.
These results were compatible with H-PAF and E-PAF behaving as PAF receptor antagonists.
5 In summary, our results demonstrate that several PAF structural analogues possess agonist action in
the rat perfused heart. Like the coronary vascular effects of PAF, the effects of H-PAF and E-PAF were
blocked by a PAF antagonist (FR-900452) and a leukotriene synthesis inhibitor (MK-886). This suggests
that both H-PAF and E-PAF mediate their effect through activation of PAF receptors with a subsequent
release of leukotrienes that produced vasodilatation and vasoconstriction. Furthermore, pretreatment of
perfused hearts with these compounds blocked the response to PAF in these hearts. Thus these
compounds can also behave like a PAF receptor antagonist. This latter action may be due to a gradual
receptor inactivation or desensitization by the pretreatment of H-PAF and E-PAF through a PAF
receptor agonist effect rather than being a PAF receptor antagonist.
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Introduction

Platelet-activating factor (PAF) is a phospholipid which has
been shown to possess a wide range of biological actions
(Braquet et al., 1987). PAF showed specific binding suggestive
of the presence of a specific receptor site (Valone et al., 1982;
Hwang et al., 1983). The existence of a PAF receptor was
confirmed by the molecular cloning and sequencing of the re-
ceptor (Honda et al., 1991). PAF has potent vascular effects in
the heart (Piper & Stewart, 1986; 1987). Depending on the
experimental conditions and the amount of PAF, it has been
shown to produce vasodilatation or vasodilatation followed by
vasoconstriction in the rat perfused heart (Man et al., 1990). It
has been demonstrated that the functionally opposite vasodi-
lator and vasoconstrictor effects of PAF could be selectively
abolished by different PAF antagonists in the rat perfused
heart. Selectivity for blocking the vasodilator effect of PAF
was observed with CV-6209 and selectivity for blocking the
vasoconstrictor effect was observed with FR-900452, WEB
2086 and BN-50739 (Hu & Man, 1991). These results are
compatible with the concept of the existence of PAF receptor

subtypes. The activation of the first PAF receptor subtype
produces vasodilatation and the activation of the second PAF
receptor subtype produces vasoconstriction.

Although selectivity for blocking PAF receptor subtypes by
antagonists was demonstrated in our previous study (Hu &
Man, 1991), selectivity for activating PAF receptor subtypes
by different agonists in the heart has not been reported. Several
PAF structural analogues were screened for their agonist ef-
fects in the rat perfused heart. During the course of this study,
we observed that the putative PAF receptor antagonist possi-
bly with partial agonist effect, hexanolamine-PAF (H-PAF,
Grigoriadis & Stewart, 1991), demonstrated significant agonist
action. The present study was designed to investigate the
coronary vascular effects of PAF structural analogues that
have been reported to possess agonist and antagonist actions
in the rat perfused heart. The mechanism(s) of action of these
PAF analogues in the rat perfused heart was also examined.

Methods

Heart perfusion

Male Sprague-Dawley rats (250 - 300 g) were killed by cervical
dislocation a minimum of 15 min after heparin (1000 units
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kg-1, i.p.) and diazepam (5 mg kg-', i.p.) were administered.
Hearts were rapidly excised and the Langendorff technique
was used to perfuse hearts with Krebs-Henseleit solution
maintained at 37±0.50C and gassed with 95% 02/5% CO2-
The composition of Krebs-Henseleit solution was as follows
(mM): NaCl 120, KC1 4.7, NaH2PO4 1.18, MgSO4 1.18, CaCl2
1.25, NaHCO3 25 and glucose 5.5. The heart was allowed to
beat spontaneously and was perfused at a constant flow rate.
The perfusion pressure was measured by a pressure transducer
attached to a side arm of the aortic cannula. Changes in per-
fusion pressure were recorded on a chart recorder and were
also monitored with a digital display.

Drug preparation and administration

All hearts were equilibrated for 20 min in Krebs-Henseleit
solution and the flow rate was gradually adjusted to obtain a
perfusion pressure of 65-75 mmHg. The flow rate was then
maintained constant for the rest of the experiment. Under the
experimental conditions, vasodilatation resulted in a decrease
in perfusion pressure and vasoconstriction resulted in an in-
crease in perfusion pressure (Man et al., 1990).

All test solutions were made fresh daily. PAF, PAF struc-
tural analogues, lyso-PAF and CV-6209 were dissolved in
saline (0.9% NaCl) containing 0.25% bovine serum albumin
(BSA). WEB 2170 was dissolved in ethanol then diluted with
Krebs-Henseleit solution (final concentration, 0.1% ethanol).
A bolus injection of these compounds was given in a volume of
0.1 ml over a 1 s period into the perfusion line 5-6 cm
proximal to the aortic cannula. The maximum changes in
coronary perfusion pressure as well as the time at which these
changes occurred were monitored. Only one test compound
was administered to each heart for the assessment of its cor-
onary vascular effects. In separate experiments, the effects of
bolus injections of PAF structural analogues were tested after
pretreating the hearts with FR-900452 (a PAF receptor an-
tagonist, Okamoto et al., 1986) or MK-886 (a leukotriene
synthesis inhibitor, Gillard et al., 1989). In these experiments,
an aliquot of FR-900452 or MK-886 stock solution was added
to the perfusate 10 min before testing the effects of the bolus
injection. FR-900452 and MK-886 were dissolved in ethanol,
and the final concentration of ethanol in the perfusate was
0.1%. This amount of ethanol has previously been shown not
to affect the perfusion pressure and the response to PAF (Hu &
Man, 1991). The ability of PAF structural analogues to block
the coronary vascular effects of PAF was examined by pre-
treatment with these compounds. The appropriate amount of
PAF structural analogue stock solution was added to the
perfusate and the heart was then perfused with this solution for
5-20 min. The effect of a bolus injection of 100 pmol PAF
was measured after the appropriate period of pretreatment.

Materials

PAF (1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine), carba-
myl-PAF (C-PAF, 1-O-hexadecyl - 2 -N - methyl -carbamyl-sn-
glycero-3-phosphocholine), methyl-PAF (M-PAF, l-O-hexa-
decyl - 2 - 0 - methyl- rac-glycero-3-phosphocholine), lyso-PAF
(1-O-alkyl-sn-glycero-3-phosphocholine) and bovine serum
albumin were obtained from Sigma Chemical Co. (St. Louis,
MO). Hexanolamine-PAF (H-PAF, 1-0-hexadecyl-2-0-acetyl-
sn- glycero - 3 - phospho (N,N,N-trimethyl) hexanolamine) was
obtained from Biomol Research Laboratories Inc. (Plymouth
Meeting, PA). Pyrrolidino-PAF (P-PAF,1-O-hexadecyl-2-0-
acetyl-sn-glycero-3-phospho (N - methylpyrroilidino) ethanola-
mine) and ethanolamine-PAF (E-PAF, 1-0-hexadecyl-2-O-
ethyl-sn-glycero-3-phosphocholine) were obtained from Cas-
cade Biochem Ltd. (Reading, Berkshire, England). CV-6209
(2-[N-acetyl-N-(2-methoxy-3-octadecylcarba- moyloxypropox-
ycarbonyl)-aminomethyl]-1-ethylpyridinium chloride) was
provided by Takeda Chemical Industries (Osaka, Japan).
WEB 2170 ((5-(2-chloro-phenyl)-3,4-dihydro-10-methyl-3-((4-
morpholinyl) carbonyl)-2H,7H-cyclopenta(4,5)thieno [3,2-fl [1,

2,4]triazolo-[4,3-a][1,4]diazepine) was provided by Boehringer
Ingelheim KG (Federal Republic of Germany). FR-900452
((1-methyl-3- (1-(5-methylthiomethyl-6-oxo-3- (2-oxo-3-cyclo-
penten-l-ylidene)-2-piperazinyl)ethyl)-2-indolinone) was pro-
vided by Fuji-sawa Pharmaceutical Co. Ltd. (Tsukuba, Japan).
MK-886 (3-[l-(4-chlorobenzyl)-3-t-butyl-thio-5-isopropylin-
dol-2,2-dimethylpropanoic acid) was supplied by Merck Frosst
Canada Inc. (Montreal, Canada). All other chemicals were of
reagent grade and were obtained from Mallinckrodt Specialty
Chemicals Canada Inc. (Mississauga, Canada).

Statistical analyses

Data were analyzed by analysis of variance (ANOVA) fol-
lowed by Student-Newman-Keuls test where appropriate.
Bonferroni correction was used for multiple comparisons with
Student's t test. Significant changes in perfusion pressure were
determined by the 95% confidence interval and the Bonferroni
correction was used when multiple doses of the same com-
pound were tested. Values are expressed as mean±standard
deviations (s.d.) and P< 0.05 was considered to be statistically
significant.

Results

Effects of PAF analogues on the coronary perfusion
pressure of the rat perfused heart

Figure 1 shows the effects of various amounts of PAF struc-
tural analogues administered by a bolus injection on the per-
fusion pressure in rat perfused hearts. All the compounds had
the same qualitative effect as PAF. Lower amounts of these
PAF structural analogues produced vasodilatation (decrease in
perfusion pressure) while higher amounts produced vasodila-
tation followed by vasoconstriction (increase in perfusion
pressure). In addition, M-PAF also produced significant va-
sodilatation and vasoconstriction (- 19.8 ± 8.5 and 15.8 ±
9.7 mmHg decrease and increase in perfusion pressure re-
spectively by 10 nmol, n=17 and -15.5±7.4 and 31.2±
13.4 mmHg by 100 nmol, n= 6). P-PAF was the most potent
among all the PAF structural analogues tested. Vasodilatation
was produced by 1 pmol of P-PAF and vasodilatation fol-
lowed by vasoconstriction was initiated by 10 pmol or higher
(Figure 1). This is similar to the potency of PAF reported in
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Figure 1 The effect of PAF, H-PAF, E-PAF, P-PAF and C-PAF on
the maximum change in perfusion pressure in rat perfused hearts.
PAF and PAF structural analogues were administered by a bolus
injection and amounts used were: PAF lOOpmol, n= 10; H-PAF
100 pmol, 1 nmol and 1Onmol, n = 13, 12 and 5 respectively; E-PAF
lOOpmol, 1nmol and lOnmol, n=7, 11 and 5 respectively; P-PAF
1 pmol, 10 pmol, 100 pmol and 1 nmol, n = 5, 6, 10 and 8 respectively;
C-PAF lOpmol, lOOpmol, Inmol and lOnmol, n=5, 7, 8 and 5
respectively. Values represent mean + s.d. *Significant (P<0.05)
decrease or increase in perfusion pressures produced by the bolus
injection of the respective PAF structural analogues.
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Figure 2 The effect of a second injection of PAF structural analogue
on the perfusion pressure 10 mm after the first injection with the same
compound. (a) Shows the effect of a first injection of 1 nmol H-PAF
(left hatched columns) and the effect of a second injection (adjacent
open columns); (b) shows the effect of a first injection of 1 and
10 nmol E-PAF (solid columns) and the effect of a second injection
(corresponding adjacent open columns); (c) shows the effect of a first
injection of 10 and 100 pmol P-PAF (fight hatched columns) and the
effect of a second injection (corresponding adjacent open columns);
(d) shows the effect of a first injection of 100 pmol and 1 nmol C-PAF
(wide left hatched columns) and the effect of a second injection
(corresponding adjacent open columns). Values represent mean i s.d.
and values in parentheses represent the number of hearts used in each
group. *P<0.05 when compared to the effect of the corresponding
first injection by Student's t test for paired data. Bonferroni
correction was used for data in panels (b), (c) and (d).

our previous study (Man et al., 1990). Based on the minimum
amount sufficient to produce both vasodilatation and vaso-
constriction, C-PAF was 10 times, and E-PAF and H-PAF
were 100 times less potent than P-PAF and PAF.

After the first injection of PAF to the perfused heart, the
coronary vascular response to a second injection of PAF was
reduced or abolished (Piper & Stewart 1986; 1987; Man et al.,
1990). The effects of a second injection of a PAF structural
analogue were examined 10 mmn after the first injection of the
same PAF structural analogue. The vasoconstrictor effect was
nearly eliminated while the vasodilator effect was attenuated in
most cases (Figure 2). This reduction of the coronary vascular
effect after a first injection of PAF structural analogues in the
rat perfused heart was similar to that observed previously with
PAF (Man et al., 1990; Hu et al., 1991a).
PAF and PAF structural analogues have a significant de-

tergent property at high concentrations. When large amounts
of PAF structural analogues are used, the coronary vascular
effects can be produced by a combination of the direct effect
on the PAF receptor and the non-specific effect. To assess
this non-specific action, a compound with no direct effect on
the PAF receptor such as lyso-PAF but with similar struc-
tural and detergent properties can be used. When a very large
amount of lyso-PAF (100 nmol, n = 6) was administered by a
bolus injection, an immediate but transient vasoconstriction
followed by vasodilatation was occasionally observed (n= 3).
This effect of 100 nmol lyso-PAF, an amount 10 times more
than the highest amounts used for H-PAF, E-PAF and C-
PAF, did not result in the typical pattern of vasodilatation
nor vasodilatation followed by vasoconstriction produced by
PAF and the PAF structural analogues used in this study.
The effects of bolus injections of CV-6209 and WEB 2170
(PAF receptor antagonists with and without structural simi-
larity to PAF, respectively, Terashita et al., 1987; Meade &
Heuer, 1990) were also examined. Bolus injection of 1 nmol
CV-6209 had little effect on perfusion pressure
(-1.5+ 1.4 mmHg and no detectable increase in perfusion
pressure, n =6) and 10 nmol CV-6209 often resulted in car-
diac arrhythmias (2 of 6). Bolus injection of 1 nmol WEB
2170 also had little effect on perfusion pressure (data not
shown, n = 4).

Effects of FR-900452 and MK-886 on the vasodilatation
and vasoconstriction produced by H-PAF and E-PAF in
the rat perfused heart

Since H-PAF had been previously reported to be a PAF re-
ceptor antagonist, it is interesting that it produced the same
qualitative response on the coronary perfusion pressure of the
rat heart as PAF. If the coronary vascular effects of H-PAF
observed in the present experiments are mediated by the acti-
vation of PAF receptors, then its effect should be blocked by a
PAF receptor antagonist. In addition, we have also shown that
the vasodilator and vasoconstrictor effects of PAF in the rat
perfused heart are mediated through leukotrienes and can be
blocked by a leukotriene synthesis inhibitor (Hu et al., 1991b).
To determine whether the effects of H-PAF were mediated
directly through PAF receptors, the effects of bolus injections
of H-PAF were investigated after hearts were pretreated with
50 guM FR-900452 or 10 gM MK-886. These results are illu-
strated in Figure 3. In this study, 10 nmol H-PAF which
produced consistent vasodilatation and vasoconstriction was
first used. Pretreatment with FR-900452 blocked only the va-
soconstrictor effect of H-PAF and had no effect on the vaso-
dilator effect (Figure 3). However, the vasodilatation and
vasoconstriction produced by a smaller amount of H-PAF
(1 nmol) were significantly attenuated by pretreatment with
50 gM FR-900452 (decrease and increase in perfusion pressure
were: - 15.2 ± 4.0 and 26.4 ± 14.0 mmHg, with no pretreat-
ment, and - 1.8 + 1.8 and 3.0 + 1.9 mmHg, after pretreatment
with 50 gM FR-900452, n = 5 and 4 respectively). Pretreatment
with 10 gM MK-886 abolished the vasodilatation and vaso-
constriction produced by 10 nmol H-PAF (Figure 3). E-PAF,
another PAF structural analogue that produced a biphasic
effect in the rat heart, was also examined for comparison with
that observed with H-PAF. Pretreatment with 50 jgM FR-
900452 or 10 jgM MK-886 significantly reduced the vasodilator
and vasoconstrictor effects of 1 nmol E-PAF (Figure 3).

H-PAF and E-PAF pretreatment on the coronary
vascular effects of PAF

The ability of H-PAF to serve as a PAF receptor antagonist
was investigated in the rat perfused heart. The vasodilatation
and vasoconstriction produced by bolus injections of 100 pmol
PAF were examined under control conditions (no pretreat-
ment) or after 10 min pretreatment with 1 x I0-7 or 3 x I0-7 M
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Figure 3 The effects of pretreatment with FR-900452 (50 gM) and
MK-886 (10ym) on the vasodilator and vasoconstrictor effects of
l0nmol H-PAF and 1 nmol E-PAF. (a) Shows the changes in
perfusion pressure induced by l0 nmol H-PAF in controls (no
pretreatment, open columns) and after pretreatment with FR-900452
(solid columns) and MK-886 (hatched columns); (b) shows the
changes in perfusion pressure induced by 1 nmol E-PAF in controls
(no pretreatment, open columns) and after pretreatment with FR-
900452 (solid columns) and MK-886 (hatched columns). Values
represent mean ± s.d. and values in parentheses represent the number
of hearts used in each group. Individual differences were identified by
ANOVA followed by the Student-Newman-Keuls method. *P<0.05
when compared to the respective controls.
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H-PAF. For comparison, E-PAF which produced similar
agonist effects to H-PAF as described in the previous section
was also examined. The results are summarized in Figure 4.
Pretreatment with either concentrations of H-PAF or E-PAF
were able to significantly attenuate the vasodilatation and
vasoconstriction produced by PAF. Although not statistically
significant, the higher concentration appeared to reduce the
effect of PAF to a greater extent. The vasodilatation and va-
soconstriction produced by bolus injections of 100 pmol PAF
were reduced by the pretreatment with 1 x l0-7 M H-PAF and
E-PAF in a time-dependent manner (Figure 5).

During the pretreatment with 3 x 10-7 M H-PAF and E-
PAF, an initial fall in perfusion pressure (vasodilatation) was
observed (Table 1). In 2 of 7 hearts perfused with H-PAF and 1
of 8 hearts perfused with E-PAF, subsequent increases in
perfusion pressure were observed. In contrast, perfusion of
hearts containing 1 x 108 M PAF resulted in vasodilatation
followed by vasoconstriction typical of a bolus injection of
PAF (Table 1). Pretreatment for 10 min with this very low
concentration of PAF significantly reduced the coronary vas-
cular effect of PAF (-1.3 + 2.8 and 2.7 + 2.3 mmHg decrease
and increase in perfusion pressure produced by a bolus injec-
tion of 100 pmol PAF, n = 6).

Discussion

In the present study, all PAF structural analogues exhibited
PAF-like coronary vascular effects in the rat perfused heart.
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Lower amounts produced vasodilatation while higher amounts
produced vasodilatation followed by vasoconstriction. As with
the effects of PAF reported in our previous study (Man et al.,
1990), maximum vasodilatation occurred after 10-20 s after a
bolus injection and maximum vasoconstriction occurred at
60- 90 s. Although differing in potency (i.e. different amounts
may be required to elicit vasodilatation or vasodilatation fol-
lowed by vasoconstriction), a full coronary vascular effect si-
milar to that achieved by PAF was observed with all
compounds tested. Hence all PAF structural analogues used in
this study can be considered to be full agonists. Regarding the
potency of the PAF structural analogues, P-PAF was reported
to be more potent than PAF (Coeffier et al., 1986). C-PAF was
5 times less potent than PAF (O'Flaherty et al., 1987). E-PAF
was about 100 times less potent than PAF in releasing 5-hy-
droxytryptamine from rabbit platelets and required 10 times
more in degradation and desensitization of human neutrophils
(Wykle et al., 1981). These potency ratios are similar to that
observed in the perfused heart.
H-PAF also demonstrated the typical agonist response in

this study but H-PAF is considered to be a PAF receptor
antagonist. It should be noted that the PAF structural analo-
gues often referred to as H-PAF here and elsewhere (1-0-
hexadecyl-2-0-acetyl-sn-glycero-3-phospho(N,N,N-trimethyl)
-hexanolamine) has a small difference in structure from the
other PAF structural analogue, U66985 (1-O-octadecyl-2-O-
acetyl-sn-glycero-3-phospho(N,N,N-trimethyl)hexanolamine),
first reported to be an effective PAF receptor antagonist (To-
kumura et al., 1985). Since H-PAF is commercially available
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Figure 4 The effect of pretreatment of rat perfused hearts with H-
PAF and E-PAF on the vasodilator and vasoconstrictor effects of
100pmol PAF: (a) shows the response to PAF under control
conditions (no pretreatment, open columns); (b) and (c) show the
response to PAF after retreatment for 10min with 1 x 10-7M (solid
columns) and 3 x 10- M (hatched columns) H-PAF and E-PAF
respectively. Values represent mean±s.d. and values in parentheses
represent the number of hearts used in each group. Individual
differences were identified by ANOVA followed by the Student-
Newman-Keuls method. *P<0.05 when compared to the value with
no pretreatment (a).

Figure 5 Time-dependent effects of pretreatment with H-PAF and
E-PAF on the vasodilatation and vasoconstriction produced by
100pmol PAF in the rat perfused heart: (a) shows the response to
PAF under control conditions (no pretreatment, open columns); (b)
and (c) show the response to PAF after pretreatment for 5 min (solid
columns), 10 min (narrow hatched columns) and 20 min (wide
hatched columns) with 1 x 10-7M H-PAF and E-PAF respectively.
Values represent mean ± s.d. and values in parentheses represent the
number of hearts used in each group. Individual differences were by
ANOVA followed by the Student-Newman-Keuls method. *P<0.05
when compared to the value with no pretreatment (a).

Table 1 Changes in perfusion pressure during 10 min of pretreatment of hearts with a perfusate containing H-PAF, E-PAF and PAF

Decrease in perfusion pressure
Maximum Time
(mmHg) (s)

Increase in perfusion pressure
Maximum Time
(mmHg) (s)

H-PAF (3 x 10-7 M)
E-PAF (3 x 10-7 M)
PAF (1 x 10-8M)

-10.3 ± 6.3*
-12.0 ± 4.3*
-9.3 ± 5.0*

166+±135
70 ± 13
58+6

22, 44a
12b

25.5 ± 13.8* 158 46

7
8
6

For abbreviations, see text.
Time represents the average time at which maximum change occurred. Values represent mean s.d and n the number of experiments in

each group.
*P<0.05 for the decrease or increase in perfusion pressure.
aOnly 2 of 7 hearts had a detectable increase in perfusion pressure; the average time for the maximum constriction to occur was not

calculated, bOnly 1 of 8 hearts had a detectable increase in perfusion pressure; the average time for the maximum constriction to occur

was not calculated.

n

2362



R.Y.K. Man & A.A.A. Kinnaird Effect of PAF structural analogues in rat heart 2363

while U66985 is not, H-PAF has been used in many in-
vestigations and assumed to have the same properties. Indeed
many studies and catalogues referring to H-PAF as a PAF
receptor antagonist, cited the paper by Tokumura et al. (1985)
and Buxton et al. (1986) where U66985 was used instead of H-
PAF. Indeed, it has been reported that H-PAF showed a
partial agonist effect (Grigoriadis & Stewart, 1991). It was
pointed out in this study that the difference in the structure (1-
O-hexadecyl and 1-O-octadecyl form of hexanolamine PAF,
i.e. H-PAF and U66985 respectively) may be responsible for
being a partial agonist or an antagonist. Since H-PAF was
only able to produce 50% of the maximum PAF response, H-
PAF was considered to be a partial agonist (Grigoriadis &
Stewart, 1991). This is in contrast to the full agonist response
demonstrated by H-PAF in the present study. The differences
may be due to the use of platelet aggregation assay and su-
peroxide anion generation in macrophages in the previous
study and the use of rat perfused hearts in this study to assess
the agonist effects of H-PAF.

In addition to the similarity of the coronary vascular effects
of H-PAF, E-PAF, P-PAF and C-PAF to that produced by
PAF in the rat perfused heart, our results also provided ad-
ditional evidence that the coronary vascular effects of H-PAF
and E-PAF are mediated via activation of the PAF receptor.
This conclusion is confirmed by the ability of 50 gM FR-
900452, a PAF receptor antagonist (Okamoto et al., 1986), to
block the effect of H-PAF and E-PAF in the heart. This
concentration of FR-900452 has been shown to be capable of
blocking both the vasodilatation and vasoconstriction pro-
duced by 100 pmol PAF (Hu & Man, 1991) although a lower
concentration of FR-900452 (5 guM) was effective only in
blocking the vasoconstrictor effect of PAF (Hu et al., 1991b;
Hu & Man, 1991). In this study, the effect of 1 nmol H-PAF
was blocked by FR-900452 more effectively than the effect of
10 nmol H-PAF. This suggested competition for the PAF re-
ceptor sites between FR-900452 and H-PAF. The activation of
PAF receptors in the heart is followed by the synthesis and
release of leukotrienes which are responsible for both the va-
sodilatation and vasoconstriction (Hu et al., 1991b). The use of
a leukotriene synthesis inhibitor, MK-886, also enabled us to
confirm that the action of these PAF structural analogues is
through PAF receptor activation. Since MK-886 blocked the
synthesis of leukotrienes, the ability of MK-886 to block the
effect of PAF or PAF structural analogues does not involve
competition for the PAF receptor sites. This mechanism of
action predicts that larger amounts of the agonist cannot
overcome the effect of pretreatment with MK-886. Indeed the
ability of MK-886 to block the effect of H-PAF was not af-
fected even when higher amounts of H-PAF (10 nmol) were
used.

Although the putative PAF receptor antagonist, H-PAF,
showed full agonist effects in the present study, this was not so
for two other PAF antagonists tested. CV-6209 and WEB
2170, PAF receptor antagonists with and without structural
similarity to PAF (Terashita et al., 1987; Meade & Heuer,
1990), were examined in this study. When administered in the
same manner as that used for the PAF structural analogues,
CV-6209 and WEB 2170 did not exhibit any agonist effect in
the perfused heart. The results with lyso-PAF indicated that
the indirect detergent effect can produce a small effect on
coronary vessels, but this action is different from the effect

through PAF receptor activation. Vasoconstriction was de-
tected first after a bolus injection of lyso-PAF and this effect
was transient lasting only several seconds. In contrast, the
typical response due to PAF receptor activation was vasodi-
latation first followed by a prominent vasoconstriction that
peaked at about 60-90 s. Hence it is unlikely that the de-
tergent effect associated with the use of a rather high amount
of PAF structural analogues in this study may contribute to
the coronary vascular effects in the perfused heart.

If H-PAF and E-PAF are full agonists, then the ability of
pretreatment with H-PAF and E-PAF to block the effect of
PAF may seem contradictory. This intriguing discrepancy can
be explained on the following basis. The mechanism of H-PAF
and E-PAF pretreatment in blocking the PAF receptor is via
subthreshold activation of the PAF receptor leading to PAF
receptor inactivation and/or desensitization. This will lead to
blockade of the PAF receptor and inhibition of subsequent
response to PAF in the heart. The same will be expected in
repeated injections of PAF in the perfused rat heart (as re-
ported in previous studies). The ability of PAF structural
analogues to diminish the subsequent response after a single
bolus injection of these compounds is also confirmed in this
study. Indeed our data also demonstrated that the presence of
a low concentration of PAF in the perfusate can lead to in-
activation and/or desensitization of the PAF receptors in the
heart. The main difference is that the interventions with PAF
were always associated with a significant coronary vascular
effect in the heart with subsequent blocking of the PAF effects.
In contrast, the pretreatments with H-PAF and E-PAF were
not associated with a consistent vasoconstriction (Table 1)
although a vasodilator response was observed. The key may be
the ability of H-PAF and E-PAF to produce a gradual sub-
threshold activation, since we did not observe the typical va-
sodilatation and vasoconstriction when PAF is given by bolus
injection or by continuous infusion that can then block the
subsequent PAF response.

In summary, we demonstrated that several PAF structural
analogues produce a full agonist response in the rat perfused
heart. However, pretreatment with a low concentration of
these compounds can inactivate and/or desensitize the PAF
receptor without producing prominent vascular effects. These
compounds may therefore give the apparent appearance of
PAF receptor antagonists. Our results suggested that before
they can be classified as agonist or antagonist, their effects
should be studied with an appropriate model. Since both
agonist and antagonist will compete for the binding with the
PAF receptor, receptor binding studies will not be sufficient to
distinguish between whether the PAF structural analogues
have PAF receptor agonist or antagonist properties.
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