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COMMENTARY
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PLATELETS are involved in the intravascular responses to vessel injury, foreign surfaces
and particles, viruses, bacteria, and antigen-antibody complexes.! The most generally
recognized process in which platelets are considered to play an important part is the
development of arterial thrombi. There is, however, evidence that platelets may be
involved in other processes as well, such as vessel injury during serum sickness, and
reactions that occur in transplanted kidneys.! The principal reactions of platelets are:

(1) interaction with subendothelial structures such as collagen, microfibrils and the
basement membrane;

(2) release of granule constituents when stimulated with collagen, thrombin,
antigen-antibody complexes, foreign particles in the blood, etc.;

(3) alteration in shape in response to ADP, preceding aggregation;

(4) acceleration of blood coagulation following aggregation by ADP or collagen;

(5) adherence to polymerizing fibrin.

There are a number of compounds which inhibit these reactions, but only a few of
these are suitable for administration to man in effective doses.

Interaction of platelets with surface stimuli

The non-steroidal anti-inflammatory and related drugs!—3 inhibit the interaction of
platelets with collagen, antigen—antibody complexes, viruses, bacteria, gamma globu-
lin-coated surfaces, fibrinogen-coated surfaces and dialysis membranes.* At concentra-
tions which inhibit the interaction of platelets with these agents, these drugs do not
inhibit primary ADP-induced aggregation, nor are they very effective against the
release reaction caused by thrombin.

Studies with some of the compounds such as aspirin have shown that these drugs do
not increase the cyclic AMP concentration in platelets, nor do they exert their effect by
inhibiting metabolism. They do inhibit collagen glucosyl transferase on the surface of
platelets,® and they inhibit the synthesis of prostaglandins E, and F, . when platelets
are stimulated with release-inducing stimuli. It seems unlikely, however, that their
inhibitory effect is exerted through their inhibition of the synthesis of these prosta-
glandins because aspirin, at a concentration that inhibits thrombin-induced
prostaglandin synthesis, does not block the release reaction or platelet aggregation.®
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Aspirin differs from the other drugs in that it has been shown to acetylate platelet
proteins and the effect of aspirin cannot be removed by washing the platelets. Aspirin
has long-lasting effects on platelet function following oral administration and this is
most probably related to its ability to acetylate platelet membrane components. In the
case of all the other drugs in this group, the effects on platelet function disappear in
parallel with the loss of the compound from the plasma.

There is evidence that aspirin, sulfinpyrazone, or phenylbutazone inhibits the ad-
hesion of platelets to fibrinogen-coated or collagen-coated surfaces.?” It may be that
their primary mode of action is inhibition of the interaction of platelets with particu-
late matter or surfaces; this may account for the relatively weak effect of these drugs
on thrombin-induced release and aggregation.

There seems little doubt that aspirin prolongs the bleeding time in man and that it
and similar drugs aggravate hemorrhagic tendencies in subjects with hemophilia.'~3
A correlation has been shown between the duration of aspirin’s inhibition of collagen-
induced aggregation as tested in vitro and the length of time during which increased
bleeding times can be observed in man.® In animal experiments, although most
investigators observed prolongation of bleeding time by aspirin and other anti-
inflammatory drugs, Arfors ef al.® have published negative results. Animal experiments
designed to study the effect of these drugs in a variety of situations have indicated that
with renal transplants, arterial injury, or extracorporeal shunts, the drugs inhibit the
extent of thrombus formation.!*? In considering the negative results, it is important to
bear in mind that the flow conditions may have a major effect on thrombus formation
and differ a great deal in studies by various investigators. Mechanical or chemical
injury of vessels may have a different effect than injury with an electrical current or a
laser beam. The latter stimuli may damage the red cells and cause loss of ADP from
them. It is important to recognize that the anti-inflammatory drugs do not inhibit
primary ADP-induced aggregation and therefore they would not be expected to have
much effect in such circumstances.

There is widespread interest in the use of these drugs for the management of
thromboembolic complications in man, particularly since the drugs are readily avail-
able, inexpensive and have a relatively low toxicity. The effect of aspirin on venous
thrombosis is controversial.? Recently, Genton ef al.'° have found that sulfinpyrazone
will prolong shortened platelet survival times toward normal values and will reduce
the incidence of episodes of thrombosis in individuals with recurrent venous throm-
bosis. In some patients with certain types of prosthetic heart valves, platelet survival
times are shortened, and this is associated with an increase in the number of
thromboembolic episodes. Aspirin by itself has not been found to restore platelet
survival to normal, whereas sulfinpyrazone has.? It is difficult to understand why
sulfinpyrazone appears to be effective in venous thrombosis in patients with prosthetic
heart valves while aspirin is not. If this difference is substantiated in further studies, it
would indicate that there must be a fundamental difference in the mode of action of
these two drugs.

The few brief studies of the effect of these drugs on the management of conditions
in which arterial thrombosis or thromboembolism is believed to be important, such as
transient attacks of cerebral ischemia and amaurosis fugax, have indicated that both
aspirin and sulfinpyrazone are effective.'!-'? Sulfinpyrazone has been found to reduce
significantly the mortality from vascular disease in a group of elderly patients in a
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chronic care unit in comparison to a group given a placebo compound.!® Further-
more, Pineo et al.'* found that sulfinpyrazone treatment of patients on hemodialysis
therapy significantly reduced the amount of thrombus formation in forearm shunts
compared with the group given a placebo. It appears that, in situations where fairly
direct evidence is available about the thrombotic process, both aspirin and sulfin-
pyrazone are effective.

It should be kept in mind that the influence of these compounds on the complica-
tions of vascular disease may not be solely mediated by their effects on platelets. It is
conceivable, for example, that they may influence the endothelium and protect it from
injury, thereby diminishing the frequency of thrombosis.

A DP-induced platelet aggregation

Many of the compounds reported to inhibit ADP-induced aggregation inhibit only
the secondary phase.!=3 It is important to ascertain whether the compounds are in-
hibiting primary or secondary aggregation when using ADP with human citrated
platelet-rich plasma. Failure to do this may lead to misinterpretation of the effects of
drugs; some may only be inhibiting the release reaction that is involved in the second
phase of ADP-induced aggregation. There are very few drugs that can be used clinic-
ally which inhibit the primary phase of ADP-induced aggregation. The most potent
agent for inhibiting ADP-induced primary aggregation is prostaglandin E,."~* Un-
fortunately, it is rapidly cleared from the circulation and hence has little usefulness
for administration in vivo. Prostaglandin E, also inhibits the release reaction, but this
effect may be due to its action on ADP rather than on the release reaction itself. It is
known that with low concentrations of release-inducing stimuli, the small amount of
ADP which is released has an enhancing effect on further release.!> Elimination of
this ADP effect causes a significant reduction in the extent of release when stimuli are
used at low concentrations. Prostaglandin E; does not inhibit release when it is caused
by high concentrations of release-inducing stimuli. A practical application of this
action of prostaglandin E, is its use in the preparation of platelet concentrates for
transfusions because it prevents aggregate formation during processing.'® Prosta-
glandin E, maintains platelets in a disc-shape, accelerates deaggregation, and permits
platelet recovery even after thrombin-induced release and aggregation.t” Platelets in
concentrates prepared with PGE, survive normally after transfusion and the negligible
amount of PGE; infused disappears rapidly.'®

The pyrimido-pyrimidine compounds also may exert some of their inhibitory effects
by increasing platelet cyclic AMP levels.2-> These compounds include dipyridamole,
RA 233, RA 433, VK 744, VK 774* and others. In fairly high concentrations, these
compounds inhibit the primary phase of ADP-induced platelet aggregation. They
inhibit the platelet release reaction, including that induced by thrombin, but this may
be related to their effect on primary ADP-induced aggregation. With the exception of
RA 433, they have not been found to be very effective inhibitors of platelet adherence
to collagen-coated or fibrinogen-coated surfaces.

* RA 233 = 2,6-bis-(diethanolamino)-4-piperidino-pyrimido-[5,4-dJ-pyrimidine; RA 433 = 2.4,6-
trimorpholinopyrimido-[5,4-d]-pyrimidine; VK 744 = 2-[{(2-aminoethyl) amino]-4-morpholinothieno
(3,2-p) pyrimidine-dihydrochloride; VK 774 = 4-morpholino-2-piperazino-thieno-(3,2-p) pyrimi-
dine-dihydrochloride.
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Drugs in this class have been reported to inhibit thrombus formation in injured
vessels of experimental animals according to some investigators but not others.? There
are a number of problems in the use of these compounds because there are species
differences in the effects of the drugs and there is the complicating effect of the drugs
on blood pressure. In high doses, these compounds have been shown to inhibit
thrombus formation in extracorporeal shunts? and to reduce microaggregate formation
in blood circulated for a long period in pump oxygenators connected to dogs.!8

The results of the studies in man are confusing.!*? Dipyridamole by itself does not
appear to be effective in the management of thromboembolic complications of
atherosclerotic vascular disease. It has been reported to be useful in the management
of thromboembolism caused by the artificial surfaces of vascular prosthetic devices and
to restore platelet survival times to normal in subjects with a history of embolism. In
these studies, many of the patients were receiving anticoagulants as well as dipyrida-
mole. Kincaid-Smith!® has reported that dipyridamole combined with heparin or
phenindione prevented thrombosis and vessel narrowing in patients with cadaveric
renal allografts. Aspirin and dipyridamole together have been found to influence
platelet survival in subjects with prosthetic heart valves?® and the combination has
been reported to be successful in the treatment of a patient with thrombotic micro-
angiopathy.?! Although there may be some reservations about the value of this drug
in the management of thrombosis when used by itself, the evidence does indicate that
it is effective when it is used in combination with an anticoagulant or possibly with
another drug such as aspirin. This raises the whole question of the use of combinations
of drugs which alter different platelet functions, in the attempts to control thrombosis.

Penicillin G

High concentrations of penicillin G inhibit platelet aggregation and release caused
by ADP, collagen or thrombin in platelet-rich plasma.?? This antibiotic also inhibits
platelet adhesion to collagen-coated surfaces. An increased bleeding tendency has been
reported in some patients who were receiving massive doses of penicillin or related
antibiotics. It is possible that some of the effects of massive doses of penicillin in the
treatment of bacterial endocarditis may be mediated through its inhibition of platelet
reactions involved in the formation of the microthrombi associated with the valvular
lesions.

Dextran

There is good evidence!'?3 that 4-6 hr after dextran administration to humans,
platelet adhesiveness is reduced; this corresponds to the time when prolongation of the
bleeding time can be demonstrated. Despite this, the addition of low molecular weight
dextran (40,000-70,000) to platelet-rich plasma in vitro does not lead to any change in
platelet adhesion, aggregation or release. However, although there are some con-
tradictory reports, in the majority of studies in which dextran has been given during
or immediately after surgery, the incidence of thromboembolic complications has been
reduced. It is not clear whether dextran acts through its effect on platelets or on some
other as yet unidentified mechanism.

Other drugs
There are a great many other drugs which affect platelet function.! ~3 In most cases,
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the amounts required to inhibit platelet reactions are higher than can be tolerated in
vivo. However, some can be used in concentrations which affect platelet functions and
some have been found to influence either experimental thrombosis in animals or
arterial thrombotic complications in man. Of these, hydroxychloroquine?* has been
reported to reduce the incidence of deep venous thrombosis and pulmonary embolism
post-operatively; cyproheptadine®®:2¢ inhibited thrombosis of injured vessels in the
hamster cheek pouch and the accumulation of platelets in renal transplants; nitro-
furantoin (Furadantin)?” or glyceryl guaiacolate?® can be given to man in doses that
inhibit ADP-induced aggregation; pyridinolcarbamate?® inhibits the enhanced re-
sponse of platelets to ADP following stress or other conditions in animals and
patients. Clofibrate (Atromid S)!-2 reduces platelet adhesiveness and prolongs platelet
survival in man and has been recently found to reduce morbidity and mortality in
subjects with ischemic heart disease.3° Since this effect on ischemic heart disease was
not directly related to the changes in circulating lipids, it is conceivable that the effect
may be attributable to the rather mild influence this compound has on platelet function.

Other compounds!—3 which have been shown to affect platelets are: the tricyclic
anti-psychotic and anti-depressant drugs (e.g. chlorpromazine, imipramine and ami-
triptyline), volatile general anesthetics and local anesthetics. The effect of the general
anesthetics could be of some significance, particularly if other anti-thrombotic com-
pounds are used as well; under certain circumstances, these anesthetics contribute to
bleeding during operations.

With such a long list of compounds that influence platelet function, it is apparent
that the effects of combinations of drugs on platelets may be important from the
standpoint of the initiation of hemorrhagic complications. Such combinations may
also have some practical value in the management of thromboembolic complications.
There has been relatively little examination of this problem. However, if one considers
the nature of the response of platelets to low concentrations of release-inducing stimuli,
some of the potential of this approach becomes apparent. In this situation, the release-
inducing stimulus causes release, but if the effect of the released ADP is removed, the
extent of release is greatly reduced.!® The addition of further ADP will enhance the
extent of the release reaction. (When high concentrations of a release-inducing
stimulus are used, this effect of ADP is not apparent.) Thus, for low concentrations of
release-inducing stimuli, one could use a drug which inhibited the action of ADP or
one which inhibited the interaction of platelets with the release-inducing stimulus.
Both drugs used in combination and at lower concentrations could be effective in
inhibiting the release reaction. We have experimental evidence indicating that this can
be done. In addition, clinical studies have shown that the use of drugs which influence
platelets in combination with anticoagulants can have both harmful and beneficial
effects.’-2 It was recognized earlier that, when drugs such as aspirin were given to
subjects receiving oral anticoagulants, hemorrhagic problems frequently occurred.
More recently, studies with dipyridamole in patients receiving anticoagulants indicate
that this treatment regimen may be effective in handling thromboembolic problems
associated with vascular disease and vascular prosthetic devices. Clearly, more in-
vestigation is required to analyse this particular approach to handling the potential
beneficial and harmful effects of compounds which affect platelets and the blood
coagulation mechanism.
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