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Abstract--This study examined the role of plasma adenosine in the modulation of platelet-activating 
factor (PAF) activity on platelet aggregation and serotonin (5-HT) release in human platelet-rich plasma 
(PRP). In addition, the effects of methylxanthines (e.g. theophylline and caffeine) were studied on 
PAF-induced platelet aggregation in PRP isolated from blood samples from healthy subjects. Also, 
PAF-induced platelet aggregation was examined in PRP samples of patients receiving theophyUine 
treatment. These studies demonstrate that plasma adenosine levels (0.1 to 0.3/aM) play a key role in 
negative modulation of PAF activity on platelet aggregation and 5-HT release. After depletion of 
plasma adenosine, the platelet-aggregating activity of PAF was increased greatly ( > 10-fold). PAF at 
concentrations of 0.1 to 12/aM caused no 5-HT release in PRP containing normal amounts of adenosine 
(blood collected in the presence of 2'-deoxycoformycin and dilazep), whereas PAF at 0.1/aM caused 
5-HT release (45%) in adenosine-depleted PRP, demonstrating that plasma adenosine is much more 
inhibitory of 5-HT release than platelet aggregation. The adenosine antagonists theophylline (50/aM), 
caffeine (50/aM) and a xanthine derivative, 3,7-dimethyl-l-propargylxanthine (DMPX, 10/aM) (a more 
specific adenosine A2 receptor antagonist), potentiated PAF activity on platelet aggregation in PRP 
samples containing adenosine. Also, patients receiving theophylline treatments showed significantly 
greater platelet aggregation induced by PAF in their PRP samples. PAF induced a rapid increase (80% 
in 15 sec) in intracellular Ca 2÷ mobilization, which was strongly inhibited by adenosine (I%0, 0.3/aM). 
Our studies suggest that agents that can increase plasma adenosine levels (e.g. inhibitors of adenosine 
uptake and adenosine metabolism) or methylxanthines may be useful in altering (inhibiting or enhancing, 
respectively) PAF actions on platelets and other tissues. 
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PAF§ (1 - O - alkyl - 2 - acetyl - sn - glycero - 3 - phos - 
phorylcholine), a potent lipid autacoid, exerts a wide 
variety of biological activities [1-5]. In human 
platelets, PAF induces shape change, aggregation 
and release of granule contents by stimulation of 
the phosphatidylinositol cycle, intracellular Ca 2+ 
mobilization, and the release of arachidonic acid 
[1, 6-8]. Specific PAF receptor sites have been 
identified in rabbit [9] and human [10, 11] platelets. 
Platelet aggregation induced by PAF is only weakly 
inhibited by aspirin, whereas collagen- or arachidonic 
acid-induced platelet aggregation is strongly inhibited 
by aspirin [12]. Adenosine,  a potent antiplatelet and 
vasodilatory agent [13], is produced continuously in 
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the body by vascular endothelium [14], platelets 
[15], and several other tissues [16]. However,  only 
low levels of adenosine (0.1 to 0.3/~M) [15, 17] are 
seen in human plasma due to its rapid metabolism 
by cellular adenosine deaminase and adenosine 
kinase [18, 19]. Our laboratory has demonstrated 
recently that plasma adenosine plays a key role in 
negative modulation of platelet activity [15]. The 
present studies examined the role of plasma 
adenosine and methylxanthines (theophylline and 
caffeine) on PAF-induced platelet aggregation. In 
addition, PAF effects on platelet aggregation were 
assessed in PRP samples of patients receiving 
theophylline treatment. Our data demonstrate that 
plasma adenosine and methylxanthines play key 
roles in the modulation of PAF actions on human 
platelets. Preliminary findings of these studies have 
been presented [20, 21]. 

MATERIALS AND METHODS 

Chemicals. Adenosine, ADP,  PAF,  theophylline, 
caffeine, and A D A  (EC 3.5.4.4, from calf intestinal 
mucosa, Type VI, sp. act. 193 U/mg protein) were 
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purchased from the Sigma Chemical Co. (St. Louis, 
MO). DMPX (a selective adenosine A2 antagonist) 
[22] was purchased from RBI Research Biochemicals 
(Natick, MA). Dilazep, 1,4-bis-[3-(3,4,5-trimeth- 
oxybenzoyl - oxy)-propyl] - perhydro - 1,4 - diazepin 
(Cormelian ®, a potent inhibitor of the nucleoside 
transport system) [23], was a gift of Hoffmann- 
LaRoche, Inc., Nutley, NJ. dCF (Penostatin ®, 
a tight-binding inhibitor of ADA)  [24] was obtained 
from the Drug Development Branch, Division of 
Cancer Treatment of the National Cancer Institute, 
Bethesda, MD. 

Platelet aggregation. This study employed blood 
samples from healthy volunteers and from stable 
out-patients who were treated with theophylline for 
chronic obstructive lung disease. The control out- 
patients were not receiving theophylline. Studies 
using human blood from healthy volunteers and 
patients were approved by the Institutional Review 
Committee. Informed consent was obtained from 
each subject before the blood was obtained. These 
subjects consumed a regular American diet and 
denied taking any drug known to affect platelet 
functions for at least 8 days. Freshly drawn blood 
was collected in 0.1 vol. of trisodium citrate (3.8%) 
alone, or containing dilazep (20gM) and dCF 
(50/~M). PRP was separated by centrifugation of 
whole blood at 277 g for 8 min. Platelet-poor plasma 
(PPP) was obtained by centrifuging the remaining 
blood at 1530 g for 5 min. The PRP obtained from 
the blood collected in sodium citrate alone was 
incubated at room temperature (22 °) with A D A  
(2 U/mL) for 10 min to degrade plasma adenosine. 
Platelet aggregation was evaluated in PRP containing 
3-4 x 10 ~ platelets/mL at 37 ° by the turbidometric 
method of Born [25] using a dual channel Payton 
Aggregometer (Payton Associates, Inc., Buffalo, 
NY) or a Chrono-log Whole-blood Aggrometer 
(Chrono-log Corp., Havertown, PA) interfaced with 
a dual channel recorder. The extent of aggregation 
was estimated by the percent of increase in light 
transmission in 4 min after the addition of PAF to 
PRP. PPP was employed as the blank to represent 
100% light transmission. 

5-HT uptake and release by platelets. The PRP 
samples were incubated with [14C]5-HT (sp. act. 
57.4mCi/mmol) (0.2/~Ci/mL of PRP) at 37 ° for 
20 min, resulting in an uptake of 5-HT (95-98%) by 
platelets. Platelet aggregation was induced by PAF 
and, after 4 rain, the contents were transferred to a 
micro-tube and centrifuged at 12,000 g at 4 ° for 
1 min. An aliquot (150/tL) of the supernatant plasma 
containing the released 5-HT was counted for 
radioactivity. Both PAF-induced platelet aggregation 
and 5-HT release were measured in PRP containing 
normal amounts of adenosine (blood collected in 
the presence of dCF and dilazep), or adenosine- 
depleted PRP (ADA-treated). The ECs0 values for 
PAF to cause 50% platelet aggregation or 5-HT 
release (of the maximum platelet aggregation or 5- 
HT release seen) were estimated from the 
concentration-response plots. 

Adenosine assay. Fresh human blood (0.9 mL) 
was collected in a micro-tube with 0.1mL of 
trisodium citrate (3.8%) alone, or containing dilazep 
(20/~M) and dCF (50/~M). Cell-free plasma was 

obtained by centrifugation of whole blood at 12,000 g 
for 2 min. Cell-free plasma obtained from the whole 
blood (collected in sodium citrate alone) was 
incubated with A D A  (2 U/mL) for about 10 min at 
room temperature (22 ° ) to degrade plasma adenosine. 
One volume of each, ZnSO 4 (0.25 M) and Ba(OH)e 
(0.25 M), was added to the cell-free plasma, and the 
precipitated proteins were removed by centrifugation 
at 12,000 g for 2 min. The supernatant (300 gL) or 
saline (300pL) was transferred to a micro-tube 
(1.5 mL). To each tube, 30/~L containing 30 pmol 
of 1,N~-ethenoadenosine and 50/~L containing 84 
nmol of chloroacetaldehyde were added. After 
securing the tubes with screw-caps, they were 
immersed in a boiling water-bath for 15 min. The 
fluorescent 1,N6-ethenoadenosine was separated and 
quantitated by a HPLC method [26], using a 
pBondapak C18 steel column (0.39 x 30 cm) (Waters 
Associates, Milford, MA) with a 0-50% methanol 
gradient and a 2 mL/min flow rate. The fluorescence 
was detected using a Spectroflow Fluorometer 
(model 980) with an excitation monochromator set 
at 270 nm and a secondary filter with a cut-off 
below 418nm. Samples containing saline and 
ethenoadenosine served as standards to quantitate 
ethenoadenosine in other samples. 

Theophylline assay. Theophylline levels in cell- 
free plasma were measured using a fluorescence 
polarization immunoassay (assay kits purchased from 
Abbott Laboratories, Abbott Park, IL). 

Platelet intraceUular Ca 2+. PAF-induced intra- 
cellular Ca 2+ ([Ca2+]i) mobilization was measured in 
washed platelet suspensions using the Fura 2 dye 
method [27]. ACid-citrate dextrose (ACD: trisodium 
citrate, 2.2g; anhydrous citric acid, 0.73g; and 
dextrose, 2.45 g per 100 mL of distilled water) was 
added in 0.15 vol. to the fresh citrated-PRP, and, 
after mixing, the PRP was centrifuged at 1530 g for 
10 rain to isolate platelet pellets. Platelets were then 
washed twice by resuspension in Tyrode buffer 
(pH 6.5), and finally resuspended in the same buffer. 
Fura 2 (5/tL of 1 mM) was added to the platelet 
suspension (995/~L) to give a final concentration of 
5/~M, and the platelet suspension was incubated at 
room temperature (22 °) for 30 min. The excess of 
the dye was removed by washing the platelets 
with Tyrode buffer (pH 6.5). The platelets were 
resuspended in Tyrode buffer (pH 7.4) containing 
MgCI2 (1 nM), CaCI2 (2 mM) and no albumin. PAF 
(0.1pM)-induced [Cae+]i mobilization in platelets 
was estimated (0-120 sec) by measuring the increase 
in the fluorescence intensity with excitation at 340 nm 
and emission at 500 nm. 

RESULTS 

Role of plasma adenosine in PAF actions on 
platelets. The role of plasma adenosine in PAF- 
induced platelet aggregation was examined in human 
PRP containing steady-state levels of adenosine 
(0.23 -+ 0.09 #M; blood collected in the presence of 
dCF and dilazep) or minimal amounts of adenosine 
(0.032-+ 0.013/~M after A D A  treatment) [15, 28]. 
Aggregation tracings of Fig. 1 represent one typical 
experiment out of four experiments employing blood 
samples from different donors. PAF (0.05 and 
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Fig. 1. PAF-induced platelet aggregation in PRP with physiological amounts of adenosine (blood 
collected in the presence of dCF and dilazep) and in adenosine-depleted PRP (ADA-treated). These 
PRP samples were prepared as described in Materials and Methods. Platelet aggregation was induced 
by PAF (50 and 100 nM or 0.05 and 0.1/~M). The aggregation tracings represent one typical experiment 

out of four separate experiments, using blood from different donors. 
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Fig. 2. Concentration-response effects of PAF on platelet 
aggregation. The experiments employed freshly prepared, 
dCF + dilazep-treated and ADA-treated (PRPs see 
Materials and Methods). Platelet aggregation was induced 

in PRP by PAF (0.05 to 1.2 paM). 

Fig. 3. Concentration-response effects of PAF on 5-HT 
release. Platelets were prelabled with []4C]5-HT in the 
PRPs of the experiments of Fig. 2, and 5-HT release was 
measured in the plasma after 4 min of PAF-induced 
aggregation. The details for labeling platelets with [14C]5- 
HT and for measurements of the released 5-HT are 

described in the Materials and Methods. 

0.1/.dVI) produced only weak and reversible platelet 
aggregation in PRP with physiological amounts of 
adenosine. However, after depletion of plasma 
adenosine, PAF produced a much greater extent 
of platelet aggregation that was irreversible, 
demonstrating an important role of adenosine in 
modulation of PAF effect on platelet aggregation. 

To examine further the role of plasma adenosine 

in PAF activity, concentration-response effects of 
PAF were measured on both platelet aggregation 
and the release of 5-HT from dense granules (Figs. 
2 and 3). Again, these PAF effects were examined 
in PRP with steady-state levels of adenosine and in 
PRP with minimal amounts of adenosine (ADA- 
treated). As seen in Fig. 2, PAF (0.1 to 
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Fig. 4. Inhibition of PAF-induced platelet aggregation in PRP by replenished adenosine. Control: fresh 
PRP was treated with ADA (2 U/mL) for 10 min. The ADA-treated PRP was incubated with dCF 
(5 #M) and dilazep (2/~M) to inactive ADA and to block adenosine uptake by platelets, respectively; 
after about 2 min, the PRP was replenished with adenosine (Ado, 0.1, 0.3, 0.5 or 1.0 ~M). After a 1- 

min incubation, platelet aggregation was induced by PAF (0.1/~M). 
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Fig. 5. Effect of adenosine on PAF-induced intracellular 
Ca 2+ mobilization. The washed suspension of platelets 
containing Fura 2 was incubated with ADA (2 U/mL) for 
5 rain to degrade any adenosine that might be present. The 
ADA activity was then inhibited by dCF (5 #M, 5-rain 
incubation), and adenosine uptake was inhibited by dilazep 
(2 ~uM) followed by addition of adenosine (0 to 1.0/~M). 
PAF (0.1/tM) was added immediately (within 30sec) to 
induce [Ca2+]i mobilization, which was measured during 

an incubation of 15-120 sec at 37 °. 

1.2/~M) produced only weak and reversible platelet 
aggregation (15-35%) in the PRP with adenosine, 
whereas PAF even at a low concentration (0.1/~M) 
caused >90% aggregation in adenosine-depleted 

PRP. The PAF EC50 value for platelet aggregation 
in adenosine-depleted PRP was >20-fold lower 
(0.07/~M) than the ECs0 value (> 1.2/~M) in PRP 
with adenosine. Similarly, PAF (0.1 to 1.2/tM), 
which had no effect on the release of 5-HT from the 
platelet granules in the PRP with normal adenosine 
levels, caused 45-48% of 5-HT release (ECs0, 
0.07 #M) in adenosine-depleted PRP (Fig. 3). Similar 
effects of plasma adenosine on PAF-induced platelet 
aggregation and 5-HT release were seen in PRP 
samples of three other subjects. These findings 
demonstrate that plasma adenosine acts as a natural 
inhibitor of both platelet aggregation and the release 
of 5-HT from dense granules. 

Effects o f  P A F  in PRP replenished with adenosine. 
The experiments of Fig. 4 examined PAF effects on 
platelet aggregation in PRP replenished with known 
amounts of adenosine. The PRP was first treated 
with A D A  (2 U/mL, 10 min) to degrade plasma 
adenosine. The A D A  activity and adenosine uptake 
by platelets were then blocked by dCF (5 ~M) and 
dilazep (2/~M), respectively. Incubation of the 
ADA-treated PRP for 2 min with dCF and dilazep 
did not affect PAF activity on platelet aggregation 
(data not shown). After dCF and dilazep treatment, 
the PRP was replenished with adenosine (0.1 to 
1/tM) and after 1 rain, platelet aggregation was 
induced by PAF (0.1/~M). As shown in Fig. 4, 
platelet aggregation was inhibited by adenosine in a 
concentration-dependent manner with an Its0 of 
about 0.4/tM, demonstrating further the significance 
of plasma adenosine in modulation of PAF actions 
on platelets. Similar adenosine inhibitory effects 
were seen in two other experiments using blood 
from different donors. 
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Fig. 6. Effects of theophylline, caffeine and DMPX on PAF-induced platelet aggregation in PRP with 
replenished adenosine. The ADA-treated PRP was incubated with dCF (5 ~M) plus dilazep (2 #M) (as 
in Fig. 4). This dCF/dilazep-treated PRP was then incubated (37 °) with saline (control), theophylline 
(50 ~M), caffeine (50 ~M) or DMPX (10 ~M) for 1 min and then with adenosine (1 ~uM); after 4 min, 

platelet aggregation was induced by PAF (0.1/~M). 

Effects of adenosine on PAF-induced intracellular 
Ca 2÷ mobilization. The experiments of Fig. 5 
examined the effects of adenosine (0.1 to 1.0/tM) 
on PAF-induced [Ca2+]i mobilization in washed 
platelet suspensions. PAF induced an increase of 

2-t- . . . .  80% in [Ca ]i mobdlzatlon m 15 sec followed by a 
rapid decrease to the initial [Ca2+]i levels in about 
1 min. These effects were measured in platelet 
suspensions that were treated with A D A  (2 U/mL) 
to degrade any adenosine that might have been 
present. To examine the effects of adenosine, the 
ADA-treated platelet suspension was further treated 
with dCF (5/~M) and dilazep (2/tM) to block 
A D A  activity and adenosine uptake by platelets, 
respectively. This dCF/dilazep-treated platelet sus- 
pension was then replenished with adenosine (0.1 to 
1.0 ~M), and after 1 min, PAF (0.1/~M) was added 
to induce platelet [Ca2+]i mobilization. As seen in 
Fig. 5, adenosine blocked [Ca2+]i mobilization in a 
concentration-dependent manner with an Ics0 of 
about 0.3/tM, suggesting that adenosine acts as a 
key modulator of PAF-induced [Ca2+]i mobilization, 
a process that is essential for platelet aggregation. 

Effects of methylxanthines on PAF actions. 
Adenosine inhibits platelet aggregation by acting on 
its specific A2 receptors that are coupled with 
adenylate cyclase [29, 30]. Several methylxanthines, 
which act as adenosine receptor antagonists, were 
examined for their effects on platelet aggregation in 
PRP containing adenosine. The data of Fig. 6 show 
that theophylline (50/~M), caffeine (50 #M) and an 
A2 selective antagonist, DMPX (10/~M), potentiated 
PAF-induced platelet aggregation. Similar potentiat- 
ing effects of these methylxanthines were seen in 
two other experiments employing blood from 

different donors. Theophylline (50#M), caffeine 
(50/~M), and DMPX (10pM) alone showed no 
aggregatory effects on platelets. Our findings indicate 
that these methylxanthines antagonize the inhibitory 
effect of plasma adenosine on platelet aggregation, 
thus potentiating the action of PAF. 

Effect of PAF on platelets from patients receiving 
theophylline. This study employed 22 stable out- 
patients (Table 1), 12 of whom were receiving 
chronic treatment with theophylline (250-750 mg/  
day) for chronic obstructive pulmonary disease. 
Plasma theophylline levels were 9.2---1.1 #g/mL 
(51 -+ 6 #M). Concentration-response effects of PAF 
on platelet aggregation were measured in PRP 
samples, and the ECs0 values for PAF were estimated 
from the concentration-response plots. As seen in 
Table 1, the PAF ECs0 values were significantly lower 
in PRP samples of patients receiving the theophylline 
treatment than in the control subjects. The plasma 
adenosine levels were not significantly different 
between the two groups, although adenosine levels 
in these subjects were about 2-fold greater than our 
reported normal levels in healthy subjects [28]. 
Patients included in this study were mostly of an 
older age group, whereas, the subjects employed in 
the measurements of healthy subjects were mostly 
of a younger age group [28]. Furthermore, it is likely 
that these subjects may have received other 
treatments that may have effects on adenosine levels. 
These studies demonstrate that therapeutic levels of 
plasma theophylline enhanced PAF effects on 
platelet aggregation, similar to our findings with 
theophylline added to PRP (Fig. 6). 

D I S C U S S I O N  

Adenosine was first identified as a potent inhibitor 
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Table I. Base-line clinical characteristics, plasma adenosine and theophylline levels, and ECs0 values 
for platelet aggregation in two study groups 

Theophylline group Control group 

No. of subjects (N)* 12 10 
Age (years) 68 (59-73) 54 (30--67) 
Sex 10 M, 2 F 8 M, 2 F 
Platelet count (x 103//~L) 165-320 185-350 
FEVlt (L) 1.5 (0.5-3.2) 2.3 (1.3-3.4) 
Theophylline dose (mg/day) 250-750 
Theophylline (~g/mL) 9.2 + 1.1 (2.3-15.4) 
Plasma adenosine (/tM) 0.549 +- 0.092 0.517 -+ 0.073 
Coffee consumption (cups/day) 0.5 1.8 
PAF, ECs0:~ (#M) 0.112 -+ 0.018§ (0.015-0.20) 0,180 -+ 0.037 (0.030-0.430) 

Data are presented as means, or mean -+ SEM. Values in parentheses represent ranges. 
*No subject reported taking aspirin or other antiplatelet agents for 8 days prior to the study. 
tFEVI: forced expiratory volume in 1 sec. 
~:ECs0 values: concentrations of PAF causing 50% platelet aggregation. These values were 

determined from the concentration-response plots. 
§P <0.05, compared with the control, using Student's t-test. 

of platelet aggregation in 1962 by Born [31]. 
Subsequently, many other investigators reported 
antiplatelet activity of adenosine and its derivatives 
[13, 29, 30, 32]. Most of these investigators examined 
adenosine effects on platelet aggregation by adding 
exogenous adenosine to PRP, and the inhibitory 
effects were seen with 2-40 pM adenosine. Compared 
with the normal physiological levels of adenosine 
(0.1 to 0.3/IM), the concentrations used in the 
previous antiplatelet studies were much greater. This 
laboratory has reported recently that these low levels 
of plasma adenosine play a key role in modulation 
of platelet function [15, 28]. Depletion of plasma 
adenosine causes a decrease in platelet cAMP of 
about 25%, producing a strong potentiation in the 
activity of ADP on both platelet aggregation and 5- 
HT release [15]. Similarly, our present studies 
demonstrate that after depletion of plasma adenosine, 
the PAF-aggregating activity was greatly potentiated; 
however, this potentiation of platelet aggregation 
was much greater than seen with ADP [15]. In 
addition, we found that plasma adenosine was much 
more inhibitory of PAF-induced platelet 5-HT 
release than platelet aggregation. For example, in 
adenosine-depleted PRP, a low dose of PAF (0.1/dvl) 
caused a 45% release of 5-HT, whereas PAF with 
12-fold higher levels (1.2 ~M) caused no release of 
5-HT in PRP with normal adenosine levels. This 
indicates that adenosine is an important modulator 
of platelet release of dense granule contents which 
include vasoactive agents, 5-HT, Ca 2+, ADP and 
ATP. 

Furthermore, our studies demonstrated that 
addition of theophylline or caffeine to human 
PRP containing adenosine potentiates PAF-induced 
platelet aggregation, suggesting that these methyl- 
xanthines act primarily as adenosine receptor 
antagonists. Similar potentiation in the PAF 
aggregating activity was seen with a more specific 
adenosine A2 receptor antagonist, DMPX. These 
findings are consistent with those showing that 
methylxanthines at physiological levels act primarily 

as adenosine receptor antagonists [29, 33-35]. In 
addition, both theophylline and caffeine act as 
specific competitive inhibitors to block the increase 
in platelet cAMP caused by adenosine [29, 33]. In 
contrast, theophylline at higher levels (500/~M) 
potentiate prostaglandin El-induced increases in 
platelet cAMP because of its weak inhibitory effect 
on cAMP phosphodiesterase [32]. Our studies 
further demonstrate that platelets from patients 
receiving chronic theophylline treatment show 
increased sensitivity to PAF. Although we have not 
yet investigated PAF effects on platelets in blood 
samples from humans who consume large amounts 
of coffee, tea or foods that contain methylxanthines, 
it is likely that their platelets will also show greater 
responsiveness to PAF. It would be interesting to 
examine such PAF effects in those subjects. In this 
regard, another laboratory has reported that chronic 
caffeine consumption by healthy subjects causes up- 
regulation of platelet adenosine receptors [34]. In 
addition, they have reported that platelets from 
these subjects after chronic caffeine consumption 
show decreased inhibitory effects of the adenosine 
analog, 5'-N-ethylcarboxamidoadenosine (NECA) 
on thrombin-induce d platelet aggregation [34]. 

PAF actions in platelets are mediated by an 
increase in [Ca] 2+ mobilization [8, 27]. The increase 
in [Ca2+]i caused by PAF in platelets is primarily 
from influx of extracellular Ca 2÷ [8]. Our studies 
demonstrate that the precence of extracellular 
adenosine produces strong inhibition (Ics0, 0.3/~M) 
of PAF-induced [Ca2+]i mobilization in human 
platelets (Fig. 5). Recently we reported similar 
strong inhibition of vasopressin-induced [Ca2+]i 
mobilization by adenosine in human platelets [36]. 
In addition, a recent study has shown an inhibitory 
effect of adenosine on thrombin-induced [Ca2+]i 
mobilization in human platelets with an IC50 of about 
0.5/~M [37], which is similar to our data for 
adenosine (ICs00.3/uM) to block PAF-induced [Ca2+]i 
mobilization. Furthermore, they found that caffeine 
antagonizes the adenosine-induced inhibition of 
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platelet aggregation and [Ca2+]i mobilization [37]. It 
is not clear whether adenosine inhibits [Ca2+]i 
mobilization by elevating platelet cAMP levels or 
by acting as a calcium antagonist (calcium channel 
blocker) as has been proposed in atrial myocardium 
[38, 39]. These investigators reported that adenosine 
directly affects Ca 2÷ influx in guinea-pig atria by a 
direct action on the L-type calcium channels [38, 39]. 

Macrophages, neutrophils and platelets play a role 
in adult respiratory distress syndrome (ARDS), but 
their potential actions and interactions are not well 
understood. Several studies suggest that leukocyte 
release of PAF may cause platelet aggregation with 
the formation of thromboxane A2 (TxA2), which 
then produces pulmonary hypertension and edema 
[40-42]. Antiplatelet agents (imidazole, 13-aza- 
prostanic acid [42] and prostacyclin [43]) diminish 
pulmonary hypertension and prevent lung edema. 
Since adenosine strongly inhibits PAF-induced 
platelet aggregation, and thus blocks production of 
TxA2, adenosine may play a role in preventing PAF- 
mediated pulmonary hypertension and edema. 
Agents such as nucleoside transport inhibitors (e.g. 
dipyridamole) or adenosine deaminase inhibitors 
(e.g. dCF or EHNA) may prove useful to block 
PAF actions. On the other hand, PAF activity can 
be stimulated by methylxanthines as we have 
demonstrated using platelets as a model of PAF-  
adenosine interactions. Such studies are important 
to further investigate the role of adenosine in the 
regulation of the biological activity of PAF. 
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