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Summary. Adrenaline and noradrenaline cause aggre- 
gation of human platelets through c~-adrenergic re- 
ceptors, whereas isoprenaline through /3-adrenergic 
receptors can inhibit aggregation. Either type of adren- 
ergic receptors is coupled to platelet adenylate cyclase. 
Stimulation and inhibition of adenylate cyclase by/?- 
and ~-adrenergic stimulants, respectively, had been 
demonstrated in human platelet.lysates. These effects 
were Characterized with regard to the effectiveness of 
various agonists and antagonists. 

Reduction of platelet adenylate cyclase activity was 
observed only with L-adrenaline and L-noradrenaline. 
This inhibitory effect, which was increased in the 
presence of a /~-adrenergic blocking agent, was half- 
maximal at about 1 to 2x 10-6M adrenaline, and 
maximal inhibition (by 50-60  %) was observed at 
about 3 x 10-SM. Various other catecholamine and 
imidazoline derivatives that act as c~-adrenergic ago- 
nists in other cell types neither induced aggregation nor 
affected the enzyme activity. 

Adrenaline-induced inhibition of platelet adenylate 
cyclase was prevented by c~-adrenergic blocking agents. 
These compounds inhibited the effects of adrenaline on 
aggregation and on adenylate cyclase with similar 
efficacies. Dihydrogenated ergot alkaloids were more 
effective than phentolamine and yohimbine; pheno- 
xybenzamine, tolazoline and azapetine were least effec- 
tive. Adrenaline-induced inhibition of platelet ade- 
nylate cyclase was reversed by phentolamine without 
apparent lag phase. 

In the presence of e-adrenergic blocking agents, 
adrenaline was capable of increasing adenylate cyclase 
activity between 20 and 50%. Only adrenaline and 
isoprenaline stimulated adenylate cyclase activity; 
other compounds that stimulate/%adrenergic receptors 
in other cell types, including /~2-adrenergic stim- 
ulants, had no effect on the activity of the platelet 

Send offprint requests to K. H. Jakobs at the above address 

enzyme. The stimulatory effect of adrenaline was 
prevented by various /~-adrenergic blocking agents 
including pindolol and propranolol. Preferentially/31- 
adrenergic receptor blocking agents such as practolol 
and atenolol were without effect. 

These findings indicate that the spectrum of com- 
pounds capable of exhibiting intrinsic activity through 
c~- and/~-adrenergic receptors of human platelets is very 
narrow and that either type of platelet adrenergic 
receptors appears to differ from those found in other 
cell types. 

Key words: Adenylate cyclase - Platelets - c~-Adren- 
ergic receptors - /~-Adrenergic receptors - Adren- 
aline effects. 

Introduction 

Human platelets respond to stimulation by adrenaline 
and noradrenaline with aggregation (O'Brien, 1963). 
This effect involves c~-adrenergic receptors (O'Brien, 
1964; Mills and Roberts, 1967). Agents that inhibit 
platelet aggregation such as prostaglandin El, pro- 
staglandin D_,, prostacyclin and adenosine cause an 
increase in platelet cyclic AMP levels and stimulate 
cyclic AMP formation in cell-free preparations of 
platelets (Wolfe and Shulman, 1969; Salzman and Neri, 
1969; Haslam and Lynham, 1972; Mills and 
Macfarlane, 1974; Gorman et al., 1977). Adrenaline 
and noradrenaline have been found to reduce the effect 
of these agents to increase platelet cyclic AMP levels 
and to lower cyclic AMP levels that had previously been 
increased. The fall in cyclic AMP levels could be 
blocked by c~-adrenergic blocking agents but not by/% 
adrenergic blocking agents (Salzman and Neri, 1969; 
Robison et al., 1969; Marquis et al., 1970; Cole et al., 
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1971 ; H a s l a m  and Taylor ,  1971 ; H a r w o o d  et al., 1972). 
In con t r a s t  to adrena l ine  and noradrena l ine ,  i sopren-  
aline is a weak inh ib i to r  o f  p la te le t  aggregat ion .  This 
effect involves /~-adrenergic receptors  and  is accom-  
panied  by increased fo rma t ion  o f  cyclic A M P ( A b d u l l a ,  
1969; H a s l a m  and  Taylor ,  1971). 

We  have recently d e m o n s t r a t e d  an inhib i t ion  o f  
basaI and  s t imula ted  adenyla te  cyclase (EC 4.6.1.1) in 
lysates o f  h u m a n  platelets  by adrena l ine  and norad ren -  
al ine ( Jakobs  et al., 1976). The  inh ib i to ry  effect o f  
these ca techo lamines  was reversed by the ~-adrenergic  
b locking  agents,  phen to l amine  and d ihydroe rgo t -  
amine,  and  was enhanced  by the f l -adrenergic  b locking  
agents,  p r o p r a n o l o l  and  pindolol .  In cont ras t ,  adre-  
nal ine s t imula ted  platelet  adenyla te  cyclase in the 
presence o f  the e -adrenerg ic  b locking  agents,  phento l -  
amine  and  d i h y d r o e r g o t a m i n e  ( Jakobs  et al., 1976). 
We have extended these studies in o rde r  to character ize  
the inh ib i to ry  and s t imula to ry  effects involving c~- and 
f l -adrenergic  receptors ,  respectively,  on  adenyla te  cyc- 
lase activity.  This pape r  shows tha t  only  some o f  the 
c o m p o u n d s  tha t  in teract  as agonis t  or  an tagon i s t  with 
adrenergic  receptors  in o ther  cell types are  capab le  o f  
affect ing platelet  adenyla te  cyclase and  that  nei ther  
type o f  pla te le t  adrenergic  receptors  can be classified 
with regard  to es tabl ished subclasses.  

Materials and Methods 

a) Reagents. ATP, creatine phosphate and creatine kinase 
(EC 2.7.3.2, 25 U/rag) were from Boehringer Mannheim. 3-Isobutyl- 
1-methylxanthine (IBMX) was purchased from Aldrich Chemical 
Corp. [c~-32P]ATP was prepared by the method of Symons (1974) as 
modified by Nakai and Brooker (1975) with a specific activity 
between 50 and 100 Ci/mmol at the time of preparation. Carrier-free 
[32P]phosphoric acid used. for this preparation was obtained from 
New England Nuclear Corp. 

The bitartrates of L-adrenaline and L-noradrenaline, L-phenyl- 
ephrine hydrochloride and yohimbine hydrochloride were purchased 
from Sigma. Synephrine tartrate, L-isoprenaline bitartrate, orcipren- 
aline sulfate, bamethan sulfate, fenoterol hydrobromide and the 
hydrochlorides of clonidine, etilefrine and toliprolol were provided 
by Boehringer Ingelheim. Methoxamine hydrochloride was a gift of 
Wellcome, GroBburgwedel; pholedrine sulfate was provided by 
Knoll AG, Ludwigshafen, naphazoline nitrate and the hydro- 
chlorides of xylometazoline, phentolamine, tolazoline and oxpreno- 
lol by CIBA-Geigy, Basel, oxymetazoline hydrochloride by E. Merck, 
Darmstadt, and tetryzoIin hydrochloride by Pfizer, Karlsruhe. The 
methansulfonates of dihydroergotamine, dihydroergocryptine, di- 
hydroergocristine and dihydroergocornine and DA_-pindolol hydro- 
chloride were provided by Sandoz, Nfirnberg and Basel, azapetine 
phosphate by Hoffmann-La Roche, Grenzach, the hydrochlorides of 
atenolol, practolol, L- and D-propranolol by ICI-Pharma, Plank- 
stadt, alprenolol hydrochloride by Regis Chemicals, Chicago, buphe- 
nine hydrochloride by Karl Thomae, Biberach, isoxsuprine hydro- 
chloride by Troponwerke, K61n, and phenoxybenzamine hydro- 
chloride by R6hm and Haas, Darmstadt. Aequous solutions of 
adrenergic agonists and antagonists were prepared shortly before 
experiments. 

Neutral aluminum oxide for column chromatography (type 90, 
activity grade I) was obtained from E. Merck, Darmstadt. All other 
reagents were from commercial sources and of the highest purity 
available. 

b) Preparation of Human Platelet Lysates. Platelets were prepared 
from blood of healthy volunteers who had not taken any medication 
for at least one week prior to collection, essentially as previously 
described (Jakobs et aI., 1976). Lysates ofplatelets were obtained by 
rapid freezing of washed platelet preparations in liquid nitrogen, 
storage at - 70 ~ and thawing shortly before adenylate cyclase assays. 

c) Adenylate Cyclase Assay. Adenylate cyclase reactions were carried 
out essentially as described (Jakobs et al., 1976). Activity was 
(Jetermined in a reaction mixture containing 50 mM triethanolamine- 
HCI buffer, pH 7.4, 0.1 mM [c~-32p]ATP (0.3-0.81aCi per tube), 
5raM MgCI2, ~[ mM IBMX, 0.1mM ethyleneglycol-bis(fl-amino- 
ethylether)N,N'-tetraacetic acid (EGTA), 5 mM creatine phosphate 
and 0.4mg/ml creatine kinase in a total volume of 100 ~1. Reactions 
were initiated by the addition of platelet lysate (100-200gg of 
protein) to reaction mixtures that had been preincubated for 5 rain at 
37"C. Incubations were carried out in duplicate (in the time course 
experiments) or triplicate for 10 min except when indicated. Cyclic 
AMP formation was linear as a function of time for at least 20 min 
and as a function of platelet lysate protein up to 250 g g of protein per 
tube. 

Adenylate cyclase reactions were terminated by the addition of 
0.5 ml of a solution of 0.12 M zinc acetate. Cyclic AMP was isolated 
by coprecipitation of related 5'-nucleotides and inorganic phosphate 
with ZnCOa formed by the addition of 0.6 ml of 0.12 M Na2CO 3 and 
by column chromatography on neutral alumina, essentially as 
described (Jakobs et al., 1976). Cyclic AMP recovery through the 
isolation procedure was more than 98~ (after correction for 
aliquoting) and not changed by any of the reagents used. Standard 
deviations of triplicate tubes were generally less than 5 % of the 
means. Comparable results to those shown were obtained in at least 
two separate experiments in each case. 

d) Other Methods. Protein was determined as described by Lowry et 
al. (1951), using bovine serum albumin as standard. Platelet aggre- 
gation was monitored in platelet-rich plasma anticoagulated by 
0.38 ~ (w/v) sodium citrate (Born, 1962). 

Results 

A. Effects o f  Adrenaline 

Adrena l ine  reduced adenyla te  cyclase act ivi ty in plate-  
let lysates in a concen t r a t i on -dependen t  manner  when 
added  between 3 • 10-  7 and 10-  4 M (Fig. 1, left panel).  
The inh ib i to ry  effect o f  adrena l ine  was ha l f -maximal  at  
a b o u t  1 0 - 6 M  and maximal  at  a b o u t  3 •  5 M ;  
adrena l ine  at  this concen t ra t ion  caused abou t  20% 
inhibi t ion.  Adrenerg ic  b locking  agents  had  divergent  
effects on the adrena l ine - induced  inhibi t ion  (Fig.  1, 
r ight panel).  In the presence o f  the /3-adrenergic  b lock-  
ing agent,  p indolol ,  the inh ib i tory  effect of  adrenal ine  
was increased;  max imal  inhib i t ion  was abou t  50%. 
Again ,  max imal  and ha l f -maximal  inhibi t ion  occurred 
at  a b o u t  3 • 1 0 - 5 M  and 1 0 - 6 M  adrenal ine ,  respec- 
tively. In  the presence o f  the ~-adrenergic  b locking  
agent ,  phen to l amine ,  ad rena l ine  caused  a concen-  
t r a t i on -dependen t  s t imula t ion  of  adenyla te  cyclase 


