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Abstract

It has been suggested that platelet-activating factor (PAF)
plays a prominent role in the control of glomerular hemody-
namics in various physiological and pathological conditions.
Weexamined the direct effect of PAF on rabbit glomerular
afferent arterioles (Af-Arts) microperfused in vitro and tested
whether endothelium-derived relaxing factor/nitric oxide
(EDNO) and cyclooxygenase products are involved in its ac-
tions. In nanomolar concentrations PAF caused dose-depen-
dent constriction of Af-Arts, with the maximum constriction
being 34±10% at 4 x 10- M(n = 9, P< 0.001). The constric-
tion was blunted by cyclooxygenase inhibition (11±6%, n = 7,
P < 0.05) but augmented by EDNOinhibition (76±14%, n = 8,
P < 0.005). To study a possible vasodilator effect of PAF,
Af-Arts were preconstricted with norepinephrine and increas-
ing concentrations of PAF added to the lumen. At picomolar
concentrations (lower than those that caused constriction),
PAF produced dose-dependent vasodilation that was unaf-
fected by cyclooxygenase inhibition but was abolished by
EDNOsynthesis inhibition. Both PAF-induced constriction
and dilation of Af-Arts were blocked by a PAFreceptor antago-
nist. This study demonstrates that PAF has a receptor-me-
diated biphasic effect on rabbit Af-Arts, dilating them at low
concentrations while constricting them at higher concentra-
tions. Our results suggest that PAF's vasodilator action may be
due to production of EDNO, while its constrictor action is me-
diated at least in part through cyclooxygenase products. (J.
Clin. Invest. 1993. 91:1374-1379.) Key words: renal circula-
tion * microvasculature * endothelium-derived relaxing factor.
prostaglandins * thromboxane

Introduction

Platelet-activating factor (PAF) l, or I -0-alkyl-2-acetyl-sn-glyc-
ero-3-phosphorylcholine, is a unique phospholipid with a
broad range of biological activities. It is not only an important
mediator in allergic and inflammatory reactions ( 1 ) but also a
very potent hypotensive lipid with complex effects on the car-
diovascular system ( 1, 2).

Address reprint requests to Dr. Sadayoshi Ito, Hypertension & Vascu-
lar Research Division, Henry Ford Hospital, 2799 W. Grand Blvd.,
Detroit, MI 48202.

Receivedfor publication 26 June 1992 and in revisedform 22 Oc-
tober 1992.

1. Abbreviations used in this paper: EDNO,endothelium-derived relax-
ing factor/nitric oxide; PAF, platelet-activating factor; VSMC, vascu-
lar smooth muscle cells.

PAF is synthesized and released by many tissues, including
the kidney (3-5). In fact, there is evidence suggesting that
under normal conditions, the kidney is a major source of the
PAF found in blood (6-9). Consequently, it has been specu-
lated that PAFconcentrations within the kidney may be suffi-
cient to modulate renal hemodynamics. However, PAF's renal
hemodynamic effects are poorly understood, and to our knowl-
edge its direct actions on afferent arteriolar resistance have not
been studied. Since the afferent arteriole accounts for most
preglomerular resistance and plays a major role in the control
of glomerular hemodynamics, it is important to understand the
direct effects of PAF on this vascular segment.

PAF is known to dilate some vascular beds and constrict
others ( 1, 10, 11 ); however, the mechanisms by which it pro-
duces its effects are not known. It has been shown that PAF-in-
duced dilation of the mesenteric arterial bed requires an intact
endothelium ( 10), suggesting that endothelium-derived relax-
ing factor/nitric oxide (EDNO) may be responsible for PAF-
induced dilation. Other studies also suggest that prostaglandin
synthesis may be involved (12, 13). On the other hand, the
vasoconstrictor actions of PAFmaybe due to a direct action on
vascular smooth muscle cells (VSMC). This is supported by
the findings that VSMChave PAFreceptors ( 14) and that PAF
increases intracellular calcium and activates protein kinase C
in cultured VSMC( 15). However, PAF is also reported to
stimulate production of thromboxane in the isolated perfused
kidney ( 13, 16), and some studies have found that cyclooxy-
genase inhibitors attenuate PAF-induced vasoconstriction ( 17,
18). Consequently, it has been proposed that PAF induces
renal vasoconstriction at least in part through the release of
cyclooxygenase products such as thromboxane and prostaglan-
din endoperoxide.

In this study, we used the isolated microperfused rabbit
afferent arteriole preparation to study the direct actions of PAF
in the absence of confounding systemic hemodynamic and
neurohumoral influences. Wefound that PAF has a receptor-
mediated biphasic effect, dilating afferent arterioles at very low
concentrations while constricting them at higher concentra-
tions. Wepresent evidence that PAF-induced dilation of affer-
ent arterioles may be due to production of EDNO, while the
vasoconstrictor response to higher concentrations of PAFmay
be due at least in part to metabolites of the cyclooxygenase
pathway.

Methods

Isolation and microperfusion of the afferent arteriole
Weused a method similar to that described previously to isolate and
microperfuse afferent arterioles (19-21). Briefly, kidneys of young
male NewZealand white rabbits ( 1.4-2.2 kg) were removed and sliced
along the corticomedullary axis, and the slices were placed in ice-cold
minimum essential medium (Gibco Laboratories, Grand Island, NY)
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containing 5%BSA(Sigma Chemical Co., St. Louis, MO). From these
slices, a single superficial afferent arteriole with its glomerulus intact
was microdissected under a stereomicroscope (SZH; Olympus) as de-
scribed previously ( 19-21 ). Using a micropipette, we transferred the
arteriole to a temperature-regulated chamber mounted on the stage of
an inverted microscope with Hoffman modulation (IMT-2, Olympus
or Diaphot, Nikon). The afferent arteriole was then cannulated with an
array of glass pipettes as described previously (22, 23). Intraluminal
pressure was measured by the Landis technique, using a fine pipette
introduced into the arteriole through the perfusion pipette. The affer-
ent arteriole was perfused with oxygenated medium 199 containing 5%
BSA, and intraluminal pressure was maintained at 60 mmHgthrough-
out the experiment.

The bath was identical to the arteriolar perfusate (except that it
contained 0.1% BSA) and was exchanged continuously. Microdissec-
tion and cannulation of the afferent arteriole were completed within 90
min at 80C, after which the bath was gradually warmed to 370C for the
rest of the experiment. Once the temperature was stable, a 30-min
equilibration period was allowed before taking any measurements.
Images of the afferent arteriole were displayed at magnifications up to
1,980 and recorded with a video system consisting of a camera (DXC-
755; Sony, Tokyo), monitor (MA PVM-1942Q; Sony), and video re-
corder (EDV-9500; Sony). The diameter was measured with an image
analysis system (Fryer, Carpentersville, IL).

In the experiments that examined PAF's vasoconstrictor actions
(protocols 1, 3a, 6, and 7), PAFwas added to both the bath and lumen,
because in preliminary studies the vasoconstrictor responses tended to
be greater when PAF was added in this manner. On the other hand,
PAF-induced vasodilation in other vascular beds has been suggested to
be due to PAF's effect on the endothelium (10); therefore, we added
PAFonly to the lumen when studying its vasodilator effects (protocols
2, 3b, 4, and 5).

Experimental protocols
Response of afferent arterioles to PAF. After the 30-min equilibration
period, increasing doses of PAF(4 X I0-II to 4 X I0 - M; Sigma) were
added to both bath and lumen. Luminal diameter was measured imme-
diately before adding PAF and observed for at least 10 min at each
dose.

Response ofpreconstricted afferent arterioles to PAF. To determine
whether PAF dilates afferent arterioles, they were preconstricted to
approximately 50% of basal diameter by adding norepinephrine
(Sigma) to the bath, after which increasing doses of PAF(4 X I0-'3 to 4
X 10 -8 M) were added to the lumen.

Effect of an antagonist of PAF on its vascular actions. To test
whether the effects of PAF were specific and receptor-mediated, we
used l0-4 Mhexanolamino-PAF C-16 (Cayman Chemical Corp., Ann
Arbor, MI), a PAF antagonist (24, 25). We first tested whether the
antagonist altered PAF-induced constriction. For this, we added the
antagonist to the bath and arteriolar perfusate immediately following
the equilibration period. After allowing a 15-min period, the effect of
PAFwas examined as described in protocol 1.

Wenext tested whether the PAFantagonist could block the vasodi-
lator action of PAF. Wepreconstricted the afferent arteriole with nor-
epinephrine as in protocol 2 and then added the antagonist to the bath
and arteriolar perfusate. 15 min later, increasing concentrations of PAF
(4 X 10-'3 to 4 X 10" M) were added to the lumen.

Effect of cyclooxygenase inhibition on PAF-induced vasodilation.
Since PAF is known to stimulate production of prostaglandins, we
tested whether a cyclooxygenase inhibitor affects PAF-induced vasodi-
lation. Indomethacin (Sigma) was added to the bath and arteriolar
perfusate at a final concentration of 5 X I0 - Mfrom the equilibration
period to the end of the experiment. Wepreconstricted the afferent
arteriole with norepinephrine as described in protocol 2 and examined
the effect of intraluminal PAF (4 X 10-'3 to 4 X 10-"1 M).

Effect of EDNOsynthesis inhibition on PAF-induced vasodilation.
To determine whether EDNOmediates PAF-induced vasodilation, we
added lo-4 MNw-nitro-L-arginine (L-NAME; Sigma), which inhibits
synthesis of EDNO(26), to the arteriolar perfusate after the equilibra-

tion period. 15 min later, the arteriole was preconstricted with norepi-
nephrine and the effect of PAF examined as in protocol 3. Wehave
previously reported that this concentration of L-NAMEabolishes ace-
tylcholine-induced vasodilation in this preparation (23).

Effect of EDNOsynthesis inhibition on PAF-induced constriction.
Wefound that L-NAME blocked PAF-induced vasodilation (see Re-
sults), suggesting that PAFenhances EDNOsynthesis. The enhanced
EDNOsynthesis might in turn be an important mechanism counteract-
ing PAF-induced vasoconstriction. If so, augmentation of PAF-in-
duced vasoconstriction should be apparent when EDNOsynthesis is
inhibited. To test this possibility, afferent arterioles were pretreated
with L-NAME( l0-4 M) as described in protocol 4, after which increas-
ing doses of PAF(4 X 10- to 4 X o0-8 M) were added to the bath and
lumen.

Effect of cyclooxygenase inhibition on PAF-induced vasoconstric-
tion. Weexamined whether metabolites of the cyclooxygenase pathway
(such as thromboxane A2 and prostaglandin endoperoxide) are in-
volved in PAF-induced constriction. The experimental design was
identical to protocol 1 except that afferent arterioles were pretreated
with indomethacin (5 X 10-5 M).

Statistics
Values were expressed as mean±SEM. Univariate repeated-measures
ANOVAwith the Greenhouse-Geisser sphericity correction was used
to test for an overall change from the control to the 4 x 10 -8 Mperiod
(constriction study) or from the norepinephrine to the 4 X 10" M
period (dilation study). Given the presence of an overall change across
periods at the 0.05 significance level, paired t tests were used to exam-
ine whether the diameter at a given dose differed from the baseline
(constriction data) or from the norepinephrine value (dilation data).
Bonferroni's multiple comparison adjustment was used to reduce the
significance level of each paired t test from 0.05 to 0.013 in the constric-
tion study and from 0.05 to 0.017 in the dilation study.

Univariate repeated-measures ANOVAwith the Greenhouse-
Geisser sphericity correction was used to test whether the groups dif-
fered with respect to the rate of change across the various periods. For
this analysis, each experimental period was represented in terms of its
percent change from the control period. Given the presence of a signifi-
cant or borderline interaction effect, Student's two-sample t test was
used to test for a group difference at each experimental period. Bon-
ferroni's multiple comparison adjustment was used to reduce the signif-
icance level of each paired t test from 0.05 to 0.013.

Results

Response of afferent arterioles to PAF. Basal luminal diameter
was 16.5±0.9 ,um and was not affected by vehicle (n = 8). On
the other hand, PAF caused a dose-dependent decrease in lu-
minal diameter (P < 0.005; n = 9) (Fig. 1). Luminal diameter
decreased from a basal diameter of 15.7±1.4 jm to 13.7±1.3
(P < 0.005 vs. basal diameter), 12.5±1.4 (P < 0.005), and
10.+±1.2jm (P < 0.005) at 4 X 10-'°, 4 X 10-9, and 4 X 10-8
M, respectively; this represented a decrease of 12.9±2.3,
20.3±4.2, and 34.1±7.8%. Full response to PAF was attained
within 5 min after application and persisted throughout the
10-min period.

Response ofpreconstricted afferent arterioles to PAF. Nor-
epinephrine decreased the luminal diameter to 50.6±4.8% of
basal diameter, from 16.6±0.5 to 8.2±0.8 ,gm (Fig. 2). Addi-
tion of vehicle to the lumen had no effect (n = 8). In contrast,
when PAFwas added to arterioles preconstricted to 40.5±4.5%
of basal diameter (from 16.2±0.9 to 6.5±0.6 ,um), diameter
increased in a dose-dependent manner at low concentrations
(P < 0.005; n = 7). Maximal dilation was obtained at 4 X 10-11
M, which increased the diameter to 12.7±0.6Im (80.4±6.8%
of basal values; P < 0.005); however, when PAF concentra-
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tions were increased further, luminal diameter decreased,
reaching 8.0±0.5 jim at 4 X 10-8 M.

Effect of an antagonist ofPAF on its vascular actions. Addi-
tion of the PAF antagonist did not affect luminal diameter
( 15.2±1.2 vs. 14.6± 1.1 jIm; n = 4) but blocked PAF's vasocon-
strictor action (14.9±1.3, 14.8±1.5 and 14.5±1.3 jim at 4
X 10-'1, 4 X 10-9 and 4 X 10 8 MPAF, respectively). Like-
wise, in arterioles preconstricted with norepinephrine from
16.4± 1.0 to 9.5±0.8 jim, the PAF antagonist by itself did not
alter luminal diameter (8.8±0.8 ,jm; n = 4) but abolished PAF-
induced dilation (8.9±1.1, 8.5±1.3, and 9.0±1.4 jim at 4
X l0o-B, 4 X 10-12, and 4 X 10-11 MPAF, respectively).

Effect of cyclooxygenase inhibition on PAF-induced vasodi-
lation. Pretreatment with indomethacin did not alter basal di-
ameter ( 14.4±0.9 jim; n = 6), nor did it alter the vasodilator
response of preconstricted afferent arterioles to PAF. When
PAF was added to arterioles preconstricted to 6.6±0.4 jm
(47.2±3.4% of basal diameter), diameter increased to the same
extent as in the nontreated arterioles; the diameter was
8.6±0.8, 1 1.+±1.0, and 13.4±0.6 jim at 4 X 10-13, 4 x 10-12,
and 4 X 10" M, respectively.

Effect of EDNOsynthesis inhibition on PAF-induced vaso-
dilation. After pretreatment, basal luminal diameter decreased
by 17.9±3.2%, falling from 15.1±0.9 to 12.4±0.6 ,um (n = 7; P
< 0.05). Fig. 3 shows an example of the arteriolar response to
40 pMPAF in nontreated (left) and L-NAME-treated Af-Arts
(right), both of which were preconstricted with norepineph-
rine. As clearly seen, L-NAMEabolished PAF-induced vasodi-
lation (ANOVA interaction, P < 0.001). Fig. 4 summarizes
seven such experiments, with the results in nontreated arteri-
oles from protocol 2 shown for comparison. After L-NAME
pretreatment, arterioles were preconstricted further with nor-
epinephrine to 46.6±3.6% of basal diameter (from 12.4±0.6 to

It
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Figure 2. Effect of PAF
(o) (n = 7) or vehicle
(-) (n = 8) on the lu-
minal diameter of affer-
ent arterioles precon-
stricted with norepi-
nephrine. tP < 0.017
vs. pre-PAF values.

5.7±0.4Aim). In these arterioles, PAFdid not produce dilation,
but rather tended to decrease the diameter further to 4.5±0.9
and 3.7± 1.0 jim at 4 X 10-12 and 4 X 10 1- M, respectively.

Effect of EDNOsynthesis inhibition on PAF-induced vaso-
constriction. Fig. 5 shows an example of vasoconstrictor re-
sponse to 4 X 108 MPAF in L-NAME-pretreated and non-
treated afferent arterioles. After L-NAME pretreatment, basal
diameter decreased from 14.8± 1.4 to 1 1.5±1.7 jm on average
and PAF at 4 X 10-", 4 x 10-10, 4 X 10-9 and 4 X 10-8 M
decreased the diameter further by 2.6±0.7, 3.7±0.5, 5.6±1.2,
and 8.6±1.2 Aim, respectively. These values represent a
22.2+4.6, 35. 17+4.7, 51.8+9.2, and 75.8±5.6% decrease in the
luminal diameter, respectively (n = 8), which were signifi-
cantly larger than in the nontreated arterioles (Fig. 6).

Effect of cyclooxygenase inhibition on PAF-induced vaso-
constriction. Pretreatment with indomethacin did not alter the
basal diameter ( 13.9±1.4 jim; n = 7); however, it attenuated
PAF-induced constriction. Indeed, indomethacin pretreat-
ment completely blocked the vasoconstriction induced by PAF
at 4 X 10-'0 and 4 X 10-9 M. Only at 4 X 10-8 Mdid PAFtend
to cause constriction (A = 1.8±0.8 jim, representing an
1 1.6±5.2% decrease).

Discussion

In the present study, we investigated the direct effects of PAF
on the afferent arteriole as well as the possible pathways
through which PAFmakes its effects felt. Wefound that in the
isolated microperfused rabbit afferent arteriole, PAF has a bi-
phasic effect, inducing vasodilation at very low concentrations
and vasoconstriction at higher concentrations. Both of these
effects appear to be receptor mediated, since they were blocked
by a specific PAFreceptor antagonist. Furthermore, our results
suggest that PAF-induced vasodilation may be due to produc-
tion of EDNO,whereas PAF-induced vasoconstriction may be
due at least in part to metabolites of the cyclooxygenase
pathway.

Several studies have shown that PAF produces renal vaso-
dilation in vivo (27, 28) and in isolated perfused rat kidneys
(29). In contrast, other studies ( 17, 30, 31 ) have reported that
intrarenal infusion of PAFdecreases renal blood flow and glo-
merular filtration rate in rats. The reason for this discrepancy is
not clear; it may be related to the dose employed, or, alterna-
tively, systemic hemodynamic and/or neurohormonal
changes secondary to PAF infusion may have influenced the
results. In the present study we examined the direct action of
PAF on isolated microperfused afferent arterioles. We ob-
served vasodilation in preconstricted arterioles at very low con-
centrations, while concentrations of 4 X 10-10 Mand higher
induced constriction. Thus the contradictory findings of pre-
vious studies might have been due to differences in dosage.
Indeed, in the studies by Badr et al. ( 17), Wangand Dunn (30)
and Tolins et al. (31 ), estimated that concentrations of PAF in
the renal circulation were between 5 X 10-' and 2 X l0-9 M,
whereas Handa et al. (27), who observed vasodilation, esti-
mated that concentrations were 25- to 100-fold lower. There-
fore, these studies are consistent with our findings.

In the present study, the diameter of preconstricted afferent
arterioles increased in a dose-dependent manner until PAF
reached 4 X 10-11 Mand then began to decrease. The decrease
in diameter was similar to that observed in non-preconstricted
arterioles, suggesting that it was due to the vasoconstrictor ac-
tion of PAF. However, since desensitization to PAF has been
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NE + PAF 40 pM L-NAME + NE + PAF 40 pM

Figure 3. Example of arteriolar response to 40 pM PAF in nontreated and L-NAME-pretreated afferent arterioles preconstricted with norepi-
nephrine. Note that PAF induced strong vasodilation, which was abolished by L-NAME.

reported in a variety of cell types ( 15 ), it could be argued that
the decrease in diameter was due to waning of the vasodilator
action of PAF rather than vasoconstriction. Weaddressed this
possibility by decreasing the concentration of PAF from 4
x 10-8 to 4 x 10-11 M, which caused the luminal diameter to
increase once again (data not shown). Therefore, it is unlikely
that the decrease in diameter observed at higher concentrations
is due to waning of PAF-induced vasodilation.

While PAF-induced renal vasodilation has been reported
previously, the mechanism by which it dilates the renal vascula-
ture is unknown. PAFhas been found to stimulate the release
of vasodilator prostaglandins in a variety of vascular beds ( 1,
12) including the kidney ( 1, 4, 13), raising the possibility that
they maybe involved in PAF-induced renal vasodilation. How-
ever, both Handa et al. (27) and Schwertschlag et al. (29) re-
ported that blocking prostaglandin synthesis with cyclooxygen-
ase inhibitors failed to inhibit PAF-induced renal vasodilation.
In this study we also found that blocking cyclooxygenase with
indomethacin failed to alter PAF-induced vasodilation of affer-
ent arterioles. Consequently, these studies provide evidence
that prostaglandins may play no role in the renal vasodilator
actions of PAF.

18 _

15

E 6
~12

EC , t i / Figure 4. Effect of PAF on lu-
a\8* minal diameter in L-NAME-
Ol,/ * * treated (m) (n = 7) and non-

E 6 treated (o) (n = 7) afferent
39 arterioles. Note that L-NAME-

3 - T pretreated afferent arterioles
f- Norepinephrine - did not dilate in response to

j, _, _,_,_,_ PAF (*P < 0.013 vs. non-
O -13 -12 -11 -10 treated arterioles) but rather

PAF (log M) tended to constrict further.

We(23, 32) and others (33) have demonstrated that acetyl-
choline dilates isolated afferent arterioles preconstricted with
endothelin or norepinephrine, suggesting that the renal micro-
vasculature can produce EDNO.Furthermore, this locally pro-
duced EDNOmay be an important modulator of the vascular
response to angiotensin II and endothelin (23, 32). However,
the contribution of EDNOto PAF's actions in the kidney is
poorly understood. In this study, pretreatment with L-NAME
abolished PAF-induced dilation of preconstricted afferent arte-
rioles, suggesting that PAF-induced dilation depends on
EDNOsynthesis. When EDNOis inhibited by L-NAME, 4
X 10-'2 and 10"1 M, PAF-which otherwise caused dilation
-now produced further constriction. Moreover, pretreatment
with L-NAME potentiated the vasoconstrictor response to
PAF in non-preconstricted arterioles. These observations sug-
gest that EDNOsynthesis is not only critical in mediating
PAF's vasodilator effects, but also an important modulator of
PAF-induced vasoconstriction. Thus, under conditions of sup-
pressed EDNOactivity, PAF is predominantly a vasoconstric-
tor even at low concentrations. Consistent with the hypothesis
that PAF stimulates EDNOsynthesis, PAF has recently been
shown to cause an increase in intracellular calcium in cultured
endothelial cells (34, 35), which is known to stimulate EDNO
synthesis. In addition, a recent study (36) reported that PAF
stimulates release of EDNOin cultured endothelial cells de-
rived from the bovine renal glomerulus.

Several studies have suggested that the vasoconstrictor ef-
fects of PAF depend on generation of eicosanoid mediators
such as thromboxanes, prostaglandin endoperoxide and leuko-
trienes. For instance, Badr et al. ( 17) and Plante et al. (37)
found that pretreatment with either indomethacin or a prosta-
glandin endoperoxide/thromboxane receptor antagonist
blocks the reduction of glomerular filtration rate and renal
blood flow induced by PAF. However, other studies (4, 38)
have shown that indomethacin either augments PAF-induced
renal vasoconstriction or has no effect. We found that indo-
methacin pretreatment significantly blunted PAF-induced va-
soconstriction. Only at 4 x 10-8 Mdid PAF tend to constrict
indomethacin-treated arterioles; however, this constriction was
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Figure 5. Example of arteriolar response to 40 nMPAF in nontreated and L-NAME-pretreated afferent arterioles. Note that L-NAME reduced
the basal diameter and augmented the vasoconstrictor response to PAF.

much weaker than that seen in nontreated arterioles. While our
results suggest a role for cyclooxygenase metabolites (e.g.,
PGH2/TxA2) in PAF-induced vasoconstriction, we cannot ex-
clude the possibility that blockade of cyclooxygenase may
cause arachidonic acid to be shunted into other pathways (e.g.,
epoxygenase or lipoxygenase pathways), which could have in-
fluenced the results.

PAF is known to bind to specific receptors and stimulate
phospholipase C activity, with concomitant increases in intra-
cellular levels of phosphoinositides, calcium and diacyl-

100 -

*0
O80 -*m 805\ \T

60

X*X * Figure 6. Effect of PAF
E 40 on luminal diameter in
_

40
L-NAME-treated (i) (n

\~ = 8) and nontreated
C * (o) (n = 9) afferent ar-

20 ~ terioles. Note that L-
-J NAMEpretreatment

augmented the vaso-
0 - It ' ' ' ' ' constrictor response to

0 -11 -10 -9 -8 -7 PAF (*P < 0.013 vs.
PAF (log M) nontreated arterioles).

glycerol, in both endothelial cells and VSMC( 14, 15, 34, 35).
Therefore, the net effect of PAFmay depend upon the cell type
on which it is predominantly acting. Our study suggests that
PAF's vasodilator action is likely due to an effect on the endo-
thelial cells because of its rapid onset of action and reversibility.
While we cannot exclude the possibility that PAF may induce
nitric oxide synthase in VSMC, it is unlikely that this would
account for the vasodilation observed in our study, since in-
duction of VSMCnitric oxide synthase requires hours and is
not easily reversed (39). On the other hand, PAF-induced va-
soconstriction could be due to stimulation of PGH2/TxA2 ac-
tivity in endothelial cells as well as its direct effect on VSMC.

Our study demonstrates the importance of PAFconcentra-
tion and endothelial status in determining its effect in the affer-
ent arteriole. Although the concentration of PAF normally
found in the glomerular microenvironment is not known,
there is evidence that renal PAF levels reach biologically active
concentrations in a number of experimental and clinical condi-
tions ( 1-5, 7, 8, 16, 30, 40-43 ). For instance, after the kidney is
unclipped in either two-kidney-one-clip or one-kidney-one-
clip Goldblatt hypertension, renal medullary interstitial cells
release a large amount of PAF into the renal venous effluent (2,
5, 8). This is accompanied by a decrease in peripheral resis-
tance and a fall in blood pressure, both of which are markedly
attenuated by infusion of a PAF antagonist (2, 5, 43). On the
other hand, PAF may be released directly into the glomerular
microenvironment by mesangial and endothelial cells, as well
as by activated leukocytes and platelets (3, 4, 16, 40, 42) in
certain pathological conditions. Indeed, in experimental
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nephrotoxic nephritis, PAF concentrations are reportedly in-
creased (4, 16, 40-42), while PAF antagonists substantially
ameliorate the reduction in glomerular filtration rate and renal
plasma flow as well as in proteinuria and histological lesions
(40-42). This suggests that increased PAFmay cause contrac-
tion of the renal microvasculature and/or glomerular mesan-
gial cells and also alter glomerular permselectivity. Although
endothelial function was not known in these studies, there are
clinical situations where increased renal levels of PAF coexist
with morphological evidence of endothelial damage, such as
lupus nephritis and acute allograft rejection, in which case
PAF's constrictor actions may be even stronger.

In conclusion, we have shown that even at picomolar con-
centrations PAF causes strong vasodilation in the rabbit affer-
ent arteriole, which is highly dependent upon intact EDNO
synthesis. However, when EDNOsynthesis is impaired, PAF's
vasoconstrictor action becomes apparent at very low concen-
trations and stronger at higher concentrations. Thus the func-
tional integrity of the endothelium may be a critical factor that
determines the glomerular hemodynamic actions of PAF in
various pathophysiological conditions.
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