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Platelet-Activating Factor-Induced Aggregation of Human 

Platelets Specifically Inhibited by Triazolobenzodiazepines 

Abstract. Platelet-activating factor (PAF), a naturally occurring phospholipid, is a 
potent activator of various biological processes, including platelet aggregation. The 
mechanisms by which PAF acts are largely unknown, partly because of the lack of 
specific inhibitors for PAF-elicited responses. It was found that in washed human 
platelets the psychotropic triazolobenzodiazepine drugs alprazolam and triazolam 
potently inhibited PAF-induced changes in shape, aggregation, and secretion. The 
e fec t s  were specific for PAF activation, since the responses of human platelets to  
adenosine diphosphate, thrombin, epinephrine, collagen, arachidonate, and the 
calcium ionophore A23187 were not inhibited by the triazolobenzodiazepines. These 
psychotropic drugs should be useful in investigating the possibility that PAF or PAF- 
like phospholipids play a role in neuronal function and in elucidating biochemical 
mechanisms activated specifically by PAF in a variety of cells. 

Platelet-activating factor (PAF) is a 
naturally occurring phospholipid (1-0- 
alkyl-2-acetyl-sn-glyceryl-3-phosphoryl- 
choline) that is released into the blood in 
vivo during immunoglobulin E-induced 
anaphylaxis (I). It is released from baso- 
phils in vitro on immunological challenge 
(I) and from platelets (2), neutrophils, 
and macrophages (3) in response to  spe- 
cific stimuli. This phospholipid is a po- 
tent mediator of inflammation (I),  has 
antihypertensive activity (4), induces 
bronchoconstriction and contraction of 
smooth muscle (1, 5 ) ,  and is one of the 

most powerful platelet activators known, 
inducing platelet shape change, aggrega- 
tion, and secretion (6). The specific 
mechanisms underlying the responses of 
cells to  PAF are unknown, and specific 
antagonists of PAF's action have not 
been identified. 

Benzodiazepines are used clinically as  
anxiolytic and hypnotic agents. A deriv- 
ative with a triazole ring (triazolobenzo- 
diazepine), alprazolam, is particularly 
useful in the treatment of panic disorder 
with o r  without agoraphobia (7). A sec- 
ond triazole derivative, triazolam, is 

used as an effective, short-acting sleep 
medication (8). Benzodiazepine recep- 
tors are present primarily in the brain (9),  
but have also been found in platelets 
(10). We examined the effects of several 
benzodiazepines on human platelets acti- 
vated by various agonists. We report 
that alprazolam and triazolam are potent 
and specific inhibitors of PAF-induced 
activation of human platelets. 

The effects of alprazolam on PAF- 
induced aggregation of platelets and 
shape change (11) in human platelet-rich 
plasma are shown in Fig. 1A. At a con- 
centration of 10 pM,  alprazolam inhibit- 
ed the second wave of aggregation that is 
associated with granular release. At 40 
p,M alprazolam completely inhibited 
PAF-induced shape change as  well as  the 
primary wave of aggregation (Fig. 1A). 
The concentration of alprazolam produc- 
ing a 50 percent decrease in the initial 
velocity of PAF-induced aggregation in 
platelet-rich plasma was about 5 pM 
(Fig. 1B). Triazolam was even more po- 
tent, showing a median inhibitory con- 
centration (IC50) of less than 2 pM (Fig. 
1B). Platelets from different individuals 
varied in their sensitivity to PAF. Ac- 
cordingly, the ICso values for alprazolam 
and triazolam inhibition also varied, 
ranging from 2 to 12 pM and 1 to 7 pM, 
respectively. A benzodiazepine without 
the triazole ring, diazepam, did not in- 
hibit PAF-induced platelet activation 
even at concentrations at  which alprazo- 
lam and triazolam produced complete 
inhibition (Fig. 1B). 

Subsequent experiments were per- 
formed to determine whether the effects 

Fig. 1. (A) Inhibition of PAF-induced aggrega- 100 - 
A tion of human platelets in plasma by alprazo- 

lam. Blood was taken from normal individuals ,R 
after obtaining their informed consent and the .: 
approval of the Institutional Human Experi- E 
mentation Committee of the University of 2 
Vermont. The donors had fasted for at least m 
10 hours to prolong platelet responses to PAF 50 ' 

(12) and claimed not to have taken any medi- 0 

cation during the preceding 2 weeks. Blood .: 
was collected into 3.8 percent trisodium ci- 
trate (1:9), layered over a Ficoll Hypaque 
gradient, and centrifuged at 150g for 15 min- E 
utes at 22'C to obtain platelet-rich plasma. 
The platelet-rich plasma was removed and 
0.45-ml portions (2 x 10' to 4 x 10' platelets per milliliter) were incubated in a Chronolog-Lumi aggregometer for 1 minute at 37°C with stirring 
under the following conditions: (trace 1) no drugs added [addition of ethanol at 0.034 and 0.12 percent (final concentrations when added with 
alprazolam) had no effect on this activity]; (trace 2) 10 pM alprazolam; and (trace 3) 40 pM alprazolam (both concentrations were final). 
Alprazolam (8-chloro-l-methyl-6-phenyl-4H-s-triazolo[4,3a][1,4]benzodiazepine) (provided by R. Purpura, Upjohn) was dissolved as a 1 mM 
stock solution in 3 percent ethanol. Platelet aggregation was initiated by adding PAF at a final concentration of 51 nM (arrows). PAF (L-a- 
lecithin,P-acety1,y-0-alkyl; lot 386021) was obtained from Calbiochem-Behring as a pure lyophilized preparation, with the length of the alkyl 
chain consisting mainly of CI6  and Cls A 10 mM stock solution dissolved in a solution of 0.35 percent bovine serum albumin (BSA) and 0.15M 
NaCl was stored frozen at -20°C. (B) Dose-response curves of inhibition of PAF-induced aggregation of platelets by alprazolam and triazolam. 
Platelet-rich plasma was stirred for 1 minute at 37'C with one of the following: (0) Tyrode's buffer or ethanol (controls); (@) alprazolam; (0) 
triazolam[8-chloro-6-(o-chlorophenyl)-l-methyl-4H-s-triazolo[4,3a][l,4]benzodiazepine]; or (A) diazepam. PAF (51 nM) was used to initiate 
platelet aggregation. Triazolam, prepared as a 1 mM stock solution in 30 percent ethanol, was provided by Upjohn. Diazepam, freshly prepared 
as a 1 mM stock solution in 3 percent ethanol, was provided by H. Sheppard and S. Spector (Hoffmann-La Roche). Each point is the 
mean i standard deviation of the initial velocity of aggregation (14) for three separate experiments, each involving platelet-rich plasma from a 
different donor. 
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of alprazolam and triazolam on platelet 
function are mediated by a plasma factor 
o r  involve direct interaction with plate- 
lets. Washed ~ l a t e l e t s  were obtained 
from platelet-rich plasma by gel filtration 
(12). As shown in Fig. 2A, the aggrega- 
tion and shape change induced by 25 n M  
PAF were completely inhibited by 20 
p M  alprazolam. We also found that se- 
cretion from platelet granules, monitored 
by measuring release of adenosine tri- 
phosphate from gel-filtered platelets with 
a chronolog-Lumi aggregometer, was 
completely inhibited by this concentra- 
tion of alprazolam. Fifty percent inhibi- 
tion of the initial velocity of PAF-in- 
duced aggregation occurred at an alpra- 
zolam concentration of 500 nM; the IC50 
for inhibition of the initial velocity of 
PAF-induced shape change was approxi- 
mately 3 p M  (Fig. 2B). The IC50 for 
inhibition by triazolam of the initial ve- 
locities of aggregation and shape change 
were 300 n M  and 2 pM,  respectively. 
Diazepam, chlordiazepoxide, and the 
benzodiazepine Ro5-4864 had no signifi- 
cant effects on PAF-induced aggregation 
of gel-filtered platelets when tested at 
concentrations in which both alprazolam 
and triazolam produced complete inhibi- 
tion. 

Inhibition of PAF-induced platelet ag- 
gregation by alprazolam and triazolam 
was reversed by increasing the concen- 
tration of P A F  (Fig. 2C). The concentra- 
tion of P A F  required to induce 50 per- 
cent of the maximum initial velocity of 

Table 1. Effect of alprazolam on the aggregation response of gel-filtered platelets to various 
agonists. Gel-filtered platelets (0.45 ml; 3.6 x lo8 per milliliter) in Tyrode's buffer containing 
0.35 percent BSA and 0.5 mM Ca2+ were incubated with 10 p1 of alprazolam (final concentra- 
tion, 40 pM) for 1 minute at 37'C. Aggregation was initiated by adding 25 pl of each agonist at 
the final concentration shown. Fibrinogen (200 pgiml, Kabi human) was added to samples 
tested with ADP, epinephrine, arachidonic acid, and PAF. Each value is the mean i standard 
error for a representative experiment performed the number of times shown in parentheses. 
Similar results were seen in three separate experiments. ADP, epinephrine, collagen, and 
arachidonic acid were obtained from Sigma, a-thrombin from J.  Fenton 11, and A23 187 from Eli 
Lilly ; N.S., no significant difference. 

Initial velocity of aggregation 
(light transmission units per minute) 

Agonist Inhibition 

Without With (percent) 
alprazolam alprazolam 

ADP (5 pM) 26.6 i 1.6 (6) 27.3 i. 1.3 (6) 0 
Thrombin (2 unitiml) 26.7 i. 0.9 (5) 24.3 t 1.2 (5) 9 (N.S.) 
Epinephrine (10 pM) 6.9 i. 0.3 (7) 6.8 t 0.7 (7) 0 
A23187 (10 pM) 22.0 i 2.5 (5) 23.0 t- 0.8 (5) 0 
Collagen (200 pgiml) 23.8 i. 2.7 (3) 23.0 t 2.8 (3) 0 
Arachidonic acid (170 pM) 22.2 t 1.5 (5) 23.5 t- 2.2 (5) 0 
PAF (0.051 pM) 35.3 i. 0.8 (4) 0.0 (4) 100 

aggregation of the gel-filtered platelets 
used in this experiment was approxi- 
mately 7 nM. This value shifted to 35, 
100, and 400 n M  in the presence of 10, 
20, and 40 p M  alprazolam, respectively 
(Fig. 2C). Such parallel shifts of the 
dose-response curve to the right general- 
ly indicate competitive antagonism. 

The inhibition by alprazolam and tria- 
zolam of platelet aggregation and shape 
change was specific for PAF. Alprazo- 
lam (40 pM) had no significant inhibitory 
effects on gel-filtered platelets activated 
by adenosine diphosphate (ADP), throm- 
bin, epinephrine, the Ca2+ ionophore 

A32187, collagen, o r  arachidonic acid, 
whereas complete inhibition of PAF-in- 
duced aggregation was exerted by alpra- 
zolam (Table 1). Similar results were 
obtained with triazolam. The same ago- 
nists were also tested in platelet-rich 
plasma. At concentrations of alprazolam 
and triazolam up to 200 pM,  only PAF- 
induced activation was inhibited. 

Exposure of fibrinogen receptors and 
fibrinogen binding are necessary for a 
platelet aggregation response to  physio- 
logical agonists (13). We found that bind- 
ing of ['25~]fibrinogen to PAF-stimulated 
platelets (14) was inhibited by alprazo- 

Fig. 2. (A) Inhibition by alprazolam of PAF- 
induced aggregation in gel-filtered platelets. 
Platelet-rich plasma was applied over a Seph- 

5 % arose 2B column equilibrated with Ca2+-free 
0 ,  Tyrode's solution (pH 7.35) containing 0.35 

percent BSA and 5 mM glucose (12). The 
fraction containing gel-filtered platelets was 

F: immediately used for platelet function stud- 
a ies. Gel-filtered platelets (0.45 ml; 3.5 x lo8 

platelets per milliliter) were incubated for 1 k 5 
o minute at 37'C with stirring in the presence of 

fibrinogen (200 pgiml), Ca2+ (0.5 mM), and 
one of the following: Tyrode's buffer (trace l ) ,  0 ethanol (trace 2)-which gave a tracing that 

-1 1 min overlapped with trace 1-or alprazolam (final 
concentration, 20 pM) (trace 3). PAF (25 nM) 

was added (arrows) to initiate platelet aggregation. Similar results were obtained with gel- 
filtered platelets from 12 different individuals. (B) Dose-response curve for inhibition by 
alprazolam of PAF-induced aggregation of shape change by gel-filtered platelets. Platelets 
were suspended in Tyrode's solution (pH 7.35) containing Ca2+ (0.5 mM) and 0.35 percent 
BSA. Portions of this suspension (0.45 ml; 2 x lo8 to 4 X 10' platelets per milliliter) were 
incubated with alprazolam or with ethanol (0) at the final concentrations shown. Incubation 
was carried out for 1 minute at 37°C with stirring. Simultaneous measurements of the initial 
velocities of (i) platelet shape change (0) and (ii) aggregation ( a )  were then performed (13, 
14) after the addition of PAF (25 nM). Results are means t standard deviations for three 
separate experiments, each involving platelets from a different donor. The inhibition by 
alprazolam of shape change measured in the presence of 1 mM EGTA was similar to that 

0.01 0.1 1 1 0  shown here. (C) Effects of increasing concentrations of PAF on the inhibition by alprazolam 
PAF (uM) of PAF-induced platelet aggregation. Gel-filtered platelets (0.45 ml; 4 x 10' per milliliter) in 

Tyrode's buffer containing fibrinogen (200 pgiml) and Ca2+ (0.5 mM) were stirred at 37'C 
with one of the following: ( a )  ethanol, (0) 10 p M  alprazolam, (A) 20 pM alprazolam, or (0) 40 pM alprazolam. Platelet aggregation was initiated 
by adding PAF at the final concentrations shown. Similar results were obtained in two separate experiments. 
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lam (200 ng of labeled fibrinogen was 
bound per lo8 platelets in the absence of 
alprazolam compared to 39 ng in the 
presence of 20 FM alprazolam). This 
inhibition was probably not due to  direct 
blockade of fibrinogen-binding sites, 
since fibrinogen-dependent aggregation 
of platelets to  agonists other than PAF 
(Table 1) was not blocked by alprazolam 
or  by triazolam. 

Platelet shape change and secretion 
induced by P A F  have been associated 
with increased breakdown of phosphati- 
dyl inositol, formation of phosphatidic 
acid, and phosphorylation of endoge- 
nous platelet proteins (15). However, 
these events are also activated by other 
agonists. Investigation of the process by 
which alprazolam and triazolam selec- 
tively inhibit PAF-mediated activation of 
platelets may shed light on biochemical 
mechanisms specific for the action of 
P A F  and on the mechanism by which 
these triazolobenzodiazepines act. 

Our results suggest that treatment of 
patients with alprazolam may reduce 
PAF-mediated platelet activation in 
vivo. Indeed, alprazolam treatment of 
patients with severe agoraphobia and 
spontaneous panic attacks was reported 
to reduce the patient's raised plasma 
concentrations of platelet factor 4 and P- 
thromboglobulin (7)-commonly used 
measures of increased platelet activation 
in vivo. The specific effects of psycho- 
tropic drugs on PAF-mediated responses 
also suggest involvement of P A F  in the 
regulation of neuronal function. Consist- 
ent with this suggestion, we have ob- 
served that treatment of neuroblastoma 

x glioma hybrid cells [clone NGIOIS-15 
(16); cells grown in a serum-free medi- 
um] for 4 to 6 days with 0.1 to 1 FM P A F  
resulted in morphological differentiation 
(neurite extension). Brief exposure of 
NG108-15 cells to PAF at these ~ o n c e n -  
trations produced changes in the phos- 
phorylation of specific proteins (17). 
PAF-acetylhydrolase (la),  protein ki- 
nase C [an enzyme implicated in PAF's 
mechanism of action in platelets (IS)], 
and a benzodiazepine-sensitive calmodu- 
lin-dependent protein kinase (19) were 
all found to be present in hrgh ~ o n c e n t r a -  
tions in brain tissue. Together with the 
results reported here, these findlngs sug- 
gest that investigators should attempt to  
ascertain whether some effects of triaLo- 
lobenzodiazepine treatment of certain 
neuropsychiatric disorders (7, 8) involve 
drug interaction with processes mediated 
by PAF or  PAF-like phospholipids in the 
central nervous system. 
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YIGAL H. EHRLICH 
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of Vermont, Burlington 05405 
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