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Abstract—Adenosine (Ado, 10 uM) did not inhibit ADP-induced human platelet aggregation in whole
blood. However, if the blood was preincubated with dipyridamole (10 uM), a potent inhibitor of the
erythrocytic nucleoside transport system (NTS), Ado acted as a strong inhibitor of platelet aggregation.
Similarly, Ado inhibited platelet aggregation in whole blood in the presence of other potent NTS
inhibitors, dilazep (1 uM) and p-nitrobenzylthioinosine (NBMPR, 1 uM). RA 233 (10 uM), an analog
of dipyridamole which is a potent inhibitor of platelet cAMP phosphodiesterase (PDE), did not evoke
the Ado effect in whole blood. However, in platelet-rich plasma (PRP), RA 233 potentiated strongly
Ado-mediated inhibition, whereas dipyridamole, dilazep and NBMPR were without activity. 5'-Methyl-
thioadenosine (MTA), an Ado receptor antagonist, reversed the inhibition produced by a nucleoside
transport system inhibitor plus Ado in whole blood. Dipyridamole (10 uM), dilazep (1 uM) or NBMPR
(1 uM) blocked [“C]Ado (10 uM) uptake by blood cells in whole blood, whereas RA 233 (10 uM) was
not effective. The combination of 2'-deoxycoformycin (dCF, 5 uM), a tight-binding inhibitor of adenosine
deaminase (ADA), plus 5-iodotubercidin (ITu, 10 uM), a potent inhibitor of adenosine kinase (Ado
kinase), gave comparable Ado-mediated inhibition of platelet aggregation in whole blood as was
obtained when the blood was pretreated with dilazep. These studies suggest that the in vivo antiplatelet
actions of drugs such as dipyridamole and dilazep result from their abilities to block erythrocytic Ado
uptake and subsequent metabolism, thus elevating the extracellular steady-state concentration of the
physiologically occurring, antiplatelet agent, Ado.
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Blood platelets play a key role in normal hemostasis.
Since platelet functions are greatly altered in a num-
ber of pathological conditions [1, 2], it is often useful
to assess platelet functions in vitro. For many years
the study of platelet activity relied heavily on the
measurement of platelet aggregation by the optical
method of Born [3], which employs platelet-rich
plasma (PRP%) devoid of erythrocytes and leuko-
cytes. Recently, Cardinal and Flower [4] developed
a whole blood aggregometer which measures the
increase in electrical impedance caused by adherence
and aggregation of platelets on electrodes. This new
method enables the study of various drugs on platelet
behavior in whole blood and permits examination of
the interactions of platelets with the other formed
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elements of blood, which is not possible with optical
aggregometry.

Adenosine (Ado) is a naturally occurring purine
metabolite which modulates a variety of physio-
logical processes such as vascular blood flow, platelet
aggregation, neural functions and lymphocyte dif-
ferentiation [5,6]. Many of these functions are
mediated by the binding of Ado to specific receptors
that are coupled to membrane-bound adenylate
cyclase [5, 7]. Ado is continuously produced by many
tissues such as vascular endothelium, heart, brain,
and kidney [8,9]. However, physiologically, only
trace amouts [10] of Ado are present in extracellular
fluids. Ado is taken up rapidly via transport systems
in many cells including erythrocytes and is metab-
olized by cellular adenosine deaminase (ADA) and
adenosine kinase (Ado kinase) [11, 12].

Although dipyridamole, a vasodilatory and anti-
platelet drug [13], has been used in the clinic for
many years, its antithrombotic mechanism of action
remains unclear. Agents that increase intraplatelet
cAMP levels inhibit aggregation. Dipyridamole is an
inhibitor of platelet cAMP phosphodiesterase (PDE)
with a K; value for the low K,, cAMP PDE in the
range of 12-20 uM [14,15]. Dipyridamole binds
extensively to plasma protein [16] with considerable
individual variation in blood levels of the drug
[16, 17]. Peak therapeutic blood levels of dipyrida-
mole are usually in the range of 1-4 uM [16-18].
Therefore, it appears that clinically relevant blood
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levels are too low to inhibit platelet cAMP PDE.
Dilazep is another vasodilator [19, 20] that has been
reported to have antiplatelet activity at high con-
centrations (>100 uM) [21-23]. Dipyridamole and
dilazep are potent inhibitors of the nucleoside trans-
port system (NTS) of a variety of cells, with apparent
K, values lower than 50 nM [24-26]. It has been
suggested that the vasodilatory properties of dipy-
ridamole and dilazep result from their activities as
inhibitors of nucleoside transport [26, 27]. Thus, it
is possible that dipyridamole and dilazep block plate-
let aggregation indirectly by decreasing the rate of
Ado metabolism by erythrocytes (and perhaps other
tissues), thus prolonging elevated concentrations of
Ado in the bloodstream. In examining this possi-
bility, we have used various compounds that have
specific biochemical actions: dilazep and p-nitro-
benzylthioinosine (NBMPR), which are potent
inhibitors of the NTS [24-26,28]; RA 233, a dipy-
ridamole analog, with high anti-PDE activity (K; =
0.6 uM) [14]; dipyridamole, which is a potent inhibi-
tor of the NTS with only moderate inhibition of
PDE; 2’-deoxycoformycin (dCF), a tight-binding
inhibitor of ADA (K; = 2.5 X 1072M) [29]; and 5-
iodotubercidin (ITu), an inhibitor of Ado kinase
(K; for the rabbit liver enzyme <20nM) [30]. The
structures of these compounds are shown in Fig. 1.
Preliminary reports of these findings have been
presented [31-33]. Subsequent to our first pre-
liminary report [31], a paper has appeared that inde-
pendently confirms certain of these findings [34].
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Fig. 1. Structures of inhibitors of the NTS (dilazep, dipy-

ridamole and NBMPR), of platelet cAMP PDE (dipy-

ridamole and RA 233) and of the Ado-metabolizing
enzymes ADA (dCF) and Ado kinase (ITu).
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MATERIALS AND METHODS

ADP, Ado, MTA and dipyridamole (Persantine)
were obtained from the Sigma Chemical Co., St.
Louis, MO. Dilazep (Cormelian) was a gift from
Hoffmann-LaRoche, Inc., Nutley, NJ. RA 233 was
a gift from Dr. Karl Thomae, Boehringer Ingelheim,
Ridgefield, CT. dCF (Pentostatin) was obtained
from the Drug Development Branch, Division of
Cancer Treatment of the National Cancer Institute,
Bethesda, MD. NBMPR was a gift from Dr. A. R.
P. Paterson, University of Alberta, Alberta, Canada.
ITu was a gift from Dr. L. B. Townsend, University
of Michigan, Ann Arbor, MI. [8-1*C]Ado (sp. act. =
59 mCi/mmole) was obtained from Moravek Bio-
chemicals, Brea, CA, and was >95% pure as shown
by thin-layer chromatography on polyethyleneimine-
cellulose sheets with potassium chloride (100 mM)
as the eluent.

Platelet aggregation. Blood was drawn from
healthy donors who had not taken antiplatelet drugs
for at least 10 days. The blood was dispensed into
plastic tubes containing 0.1 vol. of sodium citrate
(3.8%) to prevent coagulation. PRP and platelet-
poor plasma were obtained by differential cen-
trifugation [35]. Platelet aggregation was measured
in PRP by the turbidimetric method of Born [3] and
in whole blood by the impedance technique
of Cardinal and Flower [4] using a Chrono-Log
(Havertown, PA) Whole Blood Aggregometer
(model 500).

As indicated in the table and figure legends, many
experiments used blood or PRP containing dCF
(5 uM). For whole blood, dCF was present in the
sodium citrate solution at the time of blood collec-
tion. For PRP, dCF was added when PRP was
obtained.

Uptake of adenosine by blood cells. To simplify
the analyses, the Ado uptake studies described below
were performed on whole blood pretreated with dCF
(5 uM) to inactivate the ADA. In the presence of
uninhibited ADA, substantial amounts of the Ado
that are transported into the cell are deaminated to
form inosine which may leave the cell by facilitated
diffusion or be phosphorolyzed rapidly by the high
levels of purine nucleoside phosphorylase (purine
nucleoside:orthophosphate ribosyltransferase, EC
2.4.2.1) found in human erythrocytes (ca. 13 EU/ml
of cells) [36]. The hypoxanthine formed can react
with hypoxanthine-guanine phosphoribosyltransfer-
ase (IMP:pyrophosphate phosphoribosyltransferase,
EC 2.4.2.8) producing IMP or be transported from
the cell into the plasma. When the erythrocytic ADA
is inhibited by dCF, the rate-limiting metabolic
enzyme is Ado kinase, the product of which, AMP,
is trapped within the cell. It should be noted that the
activity of ADA in human erythrocytes is 8- to 10-
fold greater than that of Ado kinase, i.e. 0.2 to
0.3 EU vs 0.03 EU per ml of cells [24, 36]. Thus,
inactivation of ADA probably increases the reported
T, for 10 uM Ado of <10sec [18].

[**C]Ado uptake by blood cells was determined at
37° in whole blood containing dCF (5 uM). After
adding ["*C]Ado (10 uM, sp. act. = 10 uCi/umole),
aliquots (50 ul) were removed at various times and
immediately added, with rapid mixing, to 2 ml of ice-
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Fig. 2. Effects of dipyridamole, RA 233 and/or Ado on ADP-induced human platelet aggregation in

PRP. PRP (0.35 ml) containing dCF (5 uM) was incubated at 37° with (A) normal saline or ethanol

(0.24%, v/v) for 8 min; (B) dipyridamole, 10 uM, for 8 min; (C) RA 233, 10 uM, for 8 min; (D) Ado,

10 uM, for 5 min; (E) dipyridamole, 10 uM, for 3 min and then Ado, 10 uM, for 5min; and (F) RA

233, 10 uM, for 3 min and then Ado, 10 M, for 5 min. After incubations, ADP (10 uM) was added ( | )
to induce aggregation. Tracings represent results from one typical experiment of Table 1.

cold stopping solution (potassium phosphate buffer,
50mM, pH 7.4; sodium chloride, 75 mM; mag-
nesium chloride, 2mM; glucose, 10mM; and
NBMPR, 5uM). Cells were centrifuged (1500g,
5 min) and washed twice with 2 ml of ice-cold stop-
ping solution. Cells were lysed with water (0.5 ml),
and perchloric acid extracts were made by adding
ice-cold perchloric acid (0.5 ml, 9%). After removing
the precipitated proteins by centrifugation (1200 g,
10 min, 4°), an aliquot (0.5 ml) of supernatant fluid
was removed and [*Clactivity was determined.

RESULTS

Figure 2 compares the effects of dipyridamole
(10 M) and RA 233 (10 uM), an analog of dipy-
ridamole, on Ado inhibition of ADP-induced human
platelet aggregation in PRP. RA 233, which was
inactive alone, greatly potentiated Ado inhibition,
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whereas dipyridamole was without effect at this con-
centration (10 uM). This is consistent with earlier
findings that greater potentiation is produced by RA
233 [37] and that RA 233 is a more potent inhibitor
of platelet cAMP PDE than dipyridamole [14, 37].

In contrast to the findings with PRP, if whole
blood was incubated with Ado (10 uM) for 5 min,
platelet aggregation induced by ADP was not
inhibited (Fig. 3). However, if the NTS inhibitor,
dipyridamole (10 uM), was added to the blood 3 min
before the Ado, potent inhibition of ADP-induced
aggregation occurred. On the other hand, RA 233
(10 uM) which is active in PRP, did not evoke Ado
activity in whole blood which is consistent with the
concept that RA 233, at the concentration studied,
does not block the NTS and thus the degradation of
Ado by erythrocytes.

These studies were extended using other potent
NTS inhibitors: NBMPR and dilazep. As shown
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Fig. 3. Effects of dipyridamole, RA 233 and/or Ado on ADP-induced human platelet aggregation in
whole blood. Incubations are the same as described in the legend of Fig. 2 except that 1 ml of whole
blood was used.
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Table 1. Effects of nucleoside transport inhibitors, cAMP phosphodiesterase inhibitors and/or adenosine
(Ado) on human platelet aggregation in whole blood or PRP*

% Inhibition in whole blood

% Inhibition in PRP

Concn
Inhibitors (uM) —Ado +Adot —Ado +Adot
11+ 3 (20) 38 =4 (23)
Dilazep 1 7+3(11) 84 + 6 (22) 3x1(6) 40+ 9 (6)
NBMPR 1 15 £ 7 (10) 80 = 6 (22) 21 (6) 4429 (6)
Dipyridamole 10 19 = 6 (12) 92 = 2 (14) 121 (6) 44 % 10 (6)
RA 233 10 28+ 8 (13) 32=7(13) 3+1(6) 89 =2 (6)

* Whole blood (1 ml) or PRP (0.35 ml) containing dCF (5 uM) was incubated with an inhibitor for 8 min;
with Ado for 5 min; or with the inhibitor for 3 min and then Ado for 5 min. For controls, incubations were
performed using normal saline or ethanol (0.24%, v/v). After the preincubations, platelet aggregation was
induced by ADP (10 zM). Percent inhibition of platelet aggregation in whole blood or PRP represents the
difference between the percent aggregation of the control (100%) and the drug-treated samples. Values are

X + S.E.; the N value is given in parenthesis.
t Ado, 10 M.

in Table 1, dilazep (1 uM), NBMPR (1 uM) and
dipyridamole (10 uM), which display only slight
inhibitory activity both in whole blood and PRP,
evoked Ado-mediated inhibition of platelet aggre-
gation in whole blood but caused no potentiation in
PRP. Thus, at the concentrations studied, it appears
that these agents act primarily, if not solely, as NTS
inhibitors, with little, if any, effect on platelet cAMP
PDE. Also, RA 233 caused striking potentiation of
the Ado inhibitory action in PRP but was without
effect in whole blood, suggesting that this compound
acts primarily as a cAMP PDE inhibitor with little
or no inhibition of the NTS.

The inhibition of platelet aggregation in whole
blood caused by Ado (10 uM) in the presence of the
NTS inhibitor, dilazep (1 uM), was a time-dependent
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Fig. 4. Time-dependent inhibition of ADP-induced human
platelet aggregation in whole blood by dilazep plus Ado.
Whole blood (1 mi) containing dCF (5 uM)} was incubated
at 37° with dilazep, 1 uM, for 3 min and then Ado, 10 uM.
After various times of incubation with Ado, ADP (10 uM)
was added to induce aggregation. Results are the X + S.E,
(N = 12). Percent inhibition of platelet aggregation was
calculated as described in the legend of Table 1.

phenomenon (Fig. 4). Maximal inhibition (ca. 90%)
occurred in 3 min. This agrees with the earlier finding
with PRP where Ado [38] or forskolin [39] requires
several minutes of preincubation to elicit full inhi-
bition. These agents stimulate platelet adenylate
cyclase, and several minutes are needed to achieve
the elevation in cAMP levels required for full inhi-
bition of aggregation.

Previously it has been shown that 5'-methyl-
thioadenosine (MTA) antagonizes Ado inhibition of
platelet aggregation in PRP [35], presumably by
blocking the Ado receptor on the regulatory subunit
of adenylate cyclase [7]. Consistent with findings
with PRP [35], MTA (100 M) which is noninhibitory
alone, reversed Ado inhibition in whole blood (Fig.
5). This suggests that the inhibition of aggregation
caused by dipyridamole plus Ado in whole blood was
due primarily to the Ado. MTA also reversed the
inhibitions produced by the combinations of
NBMPR or dilazep plus Ado (data not shown).

The effects of dilazep, NBMPR, dipyridamole and
RA 233 on the uptake of [**C]Ado (10 uM) by blood
cells in whole blood pretreated with dCF (5 uM) are
shown in Fig. 6. In the absence of NTS inhibition,
most [4Clactivity (90-100%) was found in the blood
cells after 1.5 min which explains why Ado did not
inhibit platelet aggregation after 5 min of incubation
with whole blood. RA 233 (10 uM) did not inhibit
[**C]Ado uptake by the blood cells which explains
its inability to restore Ado inhibition in whole blood.
NBMPR (1 uM), dilazep (1 uM) and dipyridamole
(10 uM), all of which restore Ado inhibition of plate-
let aggregation in whole blood, blocked [*C}Ado
uptake by blood cells. The inhibition of ["*C]Ado
uptake was approximately 80% after 1.5 min and
about 50% after 5 min. This indicates that sufficient
concentrations of Ado (approximately 8 uM Ado
based on an average hematocrit of 35% and an
average uptake of [**C]Ado of 50%) are present
in the plasma after 5 min to inhibit strongly ADP-
induced platelet aggregation in whole blood, as
measured by the impedance technique.

Figure 7 compares the effects of Ado in the pres-
ence of inhibitors of Ado-metabolizing enzymes
(ADA and Ado kinase) or of the NTS on ADP-



Antiplatelet drug effects in whole blood

Controt

Impedance>

MTA

3969

Dipyridamole
+
MTA + Adenosine

Dipyridamole
+

Adenosine \

A e c

IlminI

]

Fig. 5. Reversal by MTA of the inhibition produced by dipyridamole plus Ado on ADP-induced human

platelet aggregation in whole blood. Whole blood (1 ml) containing dCF (5 uM) was incubated at 37°

with (A) normal saline or ethanol (0.24%, v/v) for 8 min; (B) MTA, 100 uM, for 7 min; (C) dipyridamole,

10 uM, for 3 min and then Ado, 10 M, for 5 min; and (D) dipyridamole, 10 uM for 1 min, then MTA,

100 uM, for 2 min and then Ado, 10 M, for 5 min. After incubations, ADP (10 uM) was added ( | ) to
induce aggregation. Tracings are representative of typical results.

induced platelet aggregation in whole blood. Ado at
a high concentration (50 uM) did not inhibit aggre-
gation. However, if the blood was pretreated with
dCF (5 uM), a tight-binding inhibitor of ADA, Ado
strongly inhibited platelet aggregation (ICsp=
22 uM). Preincubation of blood with ITu {10 uM),
an inhibitor of Ado kinase, did not evoke Ado-
mediated inhibition. However, when the actions of
both ADA and Ado kinase were blocked by the addi-
tion of dCF and ITu, the 1Csq of Ado was reduced

to about 1.5 uM. Comparable inhibition (IC5, =
2.2 uM) was produced when the blood was pre-
incubated with the NTS inhibitor dilazep (1 uM).
The presence of dCF did not alter the Ado-mediated
inhibition seen after preincubation of blood with
dilazep. This suggests that, in the presence of a
nucleoside transport inhibitor, inactivation of ADA
does not further delay the transport and metabolism
of Ado. Essentially similar effects were also seen
with dipyridamole (i1cso=1.7 M) or NBMPR
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Fig. 6. Effects of RA 233, NBMPR, dilazep and dipyridamole on [**C]Ado uptake by blood cells in

human whole blood. Whole blood (1 ml) containing dCF (5 M) was incubated for 3 min at 37° with

(O) normal saline or ethanol (0.24%, v/v); (W) RA 233, 10 uM; (A) NBMPR, 1 uM; (A) dilazep,

1 uM; or (O0) dipyridamole, 10 uM. Then [“C]Ado (10 uM, sp. act. = 10 uCi/umole) was added, and

aliquots (50 ul) were removed at various time periods. The [**Clactivity in cell pellets was determined

as described in Materials and Methods. [**C]Activity (%, fraction of total activity added) is the X = S.E.
of three experiments performed in duplicate.
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Fig. 7. Effects of Ado in the presence of inhibitors of Ado-
metabolizing enzymes (ADA and Ado kinase) or of the
NTS on ADP-induced human platelet aggregation in whole
blood. Whole blood (1 ml) with (@, A, H) or without (O,
O, X) dCF, 5uM, was incubated at 37° with (O) ITu,
10 uM, for 5 min; (O) normal saline for 5 min; (@) dCF,
5 uM; (A) dilazep, 1 uM, for 3 min; (X) dilazep, 1 uM, for
3 min; or (M) ITu, 10 uM, for 5 min; then Ado (1-50 uM)
was added. After 5 min, ADP (10 uM) was added to induce
aggregation. dCF was present in the sodium citrate solution
at the time of blood collection. Results are the X + S.E.
(N = 6-12). Percent inhibition of platelet aggregation was
calculated as described in the legend of Table 1.

(icso = 3.2 uM), i.e. marked potentiation of the anti-
aggregatory action of Ado in whole blood. These
studies demonstrate that the loss of Ado-mediated
inhibition of platelet aggregation in whole blood
resulted from the uptake and metabolism of Ado
by erythrocytes and was restored by blocking these
processes.

DISCUSSION

These studies demonstrate the importance of inhi-
bition of erythrocytic nucleoside transport in the
antiplatelet actions of drugs such as dipyridamole
and dilazep. Although the antiaggregatory effect and
the decreased rate of degradation of exogeneous
adenosine in whole blood in vitro caused by dipy-
ridamole was observed about 20 years ago [40, 41],
the definitive mechanism of the antiplatelet action
of this agent is still not clear. Many hold the view
that it acts by inhibiting platelet cAMP PDE, with a
resulting potentiation of the elevation in cAMP levels
caused by stimulators of adenylate cyclase such as
Ado or prostacyclin [42—44]. It must be noted, how-
ever, that dipyridamole is a relatively weak PDE
inhibitor (reported K; values are 12 and 20 uM)
[14, 15], and pharmacologically active plasma levels
are usually well below these values. Of significance
are the results of studies with RA 233, NBMPR and
dilazep. RA 233, an analog of dipyridamole, is a
more potent PDE inhibitor (K; = 0.6 uM) [14] but
was not an inhibitor of the NTS at the concentration
studied (see Fig. 6). On the other hand, dilazep and
NBMPR are potent NTS inhibitors but are probably

. Dawicki, K. C. AGARWAL and R. E. PARKS, JR.

devoid of PDE inhibitory activity at the con-
centration studied, since no potentiation of Ado
inhibition occurred in PRP (Table 1). Thus, although
RA 233 potentiated the antiaggregatory action of
Ado in PRP, it was without effect in whole blood
since it did not delay Ado metabolism. In contrast,
dipyridamole, dilazep and NBMPR impeded Ado
metabolism by blocking its influx into erythrocytes,
thus evoking the Ado antiaggregatory effect in whole
blood. Thus we propose that a major component of
the antiplatelet effects of drugs such as dipyridamole
and dilazep resides in their ability to inhibit potently
the NTS, thus elevating the steady-state extracellular
concentrations of the vasodilatory and antiplatelet
agent, Ado. This concept is supported by the findings
that MTA, which blocks Ado-induced inhibition in
PRP [35], also exhibited this effect in whole blood
pretreated with a nucleoside transport system inhibi-
tor. In addition, when the two key enzymes of eryth-
rocytic Ado metabolism, ADA and Ado Kkinase,
were both blocked by the specific inhibitors, dCF
and ITu, inhibition of aggregation by Ado was
potentiated markedly (see Fig. 7).

A puzzling question relates to the observation
that, although several NTS inhibitors display high
affinity in vitro, i.e. apparent K, or K; values of
50nM or less, it is necessary to employ con-
centrations of 1 uM or greater to achieve inhibitions
in whole blood or in vivo. In preliminary studies of
the inhibition of platelet aggregation in whole blood,
1 uM dipyridamole was ineffective and a 10 uM level
was required to obtain inhibition equivalent to that
seen with 1 uM dilazep or NBMPR. The answer
appears to lie in two areas. First, it has been shown
that non-specific binding can alter significantly the
effective free drug levels of compounds such as
NBMPR [25,28] and dipyridamole [25]. For
example, the blood levels of free dipyridamole are
affected markedly by binding to plasma proteins and
can vary substantially from one individual to another
[16,17]. As reported by Mahony et al. [16], the
average binding of dipyridamole to plasma protein
is 99.13 = 0.24% with the free drug ranging from
0.55 to 1.19%. A second important factor is the
absolute number of NTS sites in the erythrocytes of
whole blood. It has been shown that each erythrocyte
has 104 NTS sites [24, 28]. Since a liter of erythrocytes
contains about 1013 cells, there are about 107 NTS
sites per liter of erythrocytes. From Avogadro’s num-
ber, it may be determined that each liter of eryth-
rocytes contains about 1.67 X 1077 moles of NTS
sites and that a liter of whole blood (hematocrit =
45%) would contain about 0.75 x 10”7 moles of NTS
sites. Therefore, concentrations of free drug greater
than 1 x 1077M would be required to titrate all of
the erythrocytic NTS sites. The combined factors of
non-specific drug binding and the absolute number
of erythrocytic NTS sites may account for the unex-
pectedly high concentrations of NTS inhibitors
required for therapeutic activity. For further con-
sideration of the above topic see Ref. 33.

A recent publication offers findings consistent with
the above conclusions [18]. It was shown that the
metabolism of Ado (10 uM) by human blood diluted
12-fold with isotonic saline is strongly inhibited by
1% 107°M dipyridamole. The threshold concen-
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tration at which inhibition appears is about 1 x
1077 M. In the present study with undiluted human
blood, Ado-mediated inhibition first appeared at
about 1 x 1079 M dipyridamole with full effects seen
at1x1075M.,

Since the impedance method for studying platelet
aggregation in whole blood is relatively new, it is
not yet fully understood. From the above studies, it
appears that the Ado inhibitory effect was greater in
whole blood as measured by impedance changes than
in PRP as measured by changes in light transmission
(see Table 1). It is likely that the impedance results
are a composite of platelet adhesion as well as aggre-
gation [4], whereas the densitometric method meas-
ures primarily changes in platelet morphology and
aggregation [3]. Consequently, antiplatelet agents
can display different potencies in whole blood and
PRP depending on the technique employed.

Although these studies point to the importance of
erythrocytic Ado uptake and metabolism in modu-
lating the antiaggregatory effect of Ado, an
additional component of potential importance is the
role played by vascular endothelium. Recently, Nees
and Gerlach [9] reported that cultured guinea pig
coronary endothelial cells can secrete Ado into the
medium and the rate of delivery is considerably
increased by physiologically important factors, e.g.
elevated pCO,, decreased pO,, and histamine and
adrenergic agonists. Thus it appears that, through its
ability to take up purine nucleosides and synthesize
Ado, vascular endothelium may play a key role in
vivo, not only in the phenomenon of vasodilatation,
but also in the control of blood platelet aggregation.
For a recent discussion of many aspects of the regu-
latory role of Ado, see Ref. 45.

Since there is widespread concern about con-
trolling the activity of blood platelets in a wide range
of disease conditions (e.g. ischemic heart disease,
thromboembolism, and diabetes), there is obvious
interest in designing new therapeutic agents that are
superior in activity to dipyridamole. An important
consideration in the clinical effectiveness of dipy-
ridamole is the fact that plasma levels of free drug
vary greatly among patients receiving the same dose
[16,17]. It seems possible that the techniques used
above could be adapted to the monitoring of the
effectiveness of dipyridamole dosages in the clinic.
The above studies also permit the speculation that
an ideal antiplatelet agent should have the ability to
inhibit both the NTS and platelet PDE at phar-
macologically achievable tissue levels. It is proposed
to test this concept by using combinations of drugs
that combine these properties, e.g. dilazep plus RA
233.
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