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Abstract—Human platelets suspended in plasma or Krebs solution were incubated
with radioactive guanethidine, debrisoquin, amiloride or guanidine and the platelet-
bound radioactivity was measured. Guanethidine and debrisoquin were taken up by a
saturable energy-dependent process inhibited by 5-hydroxytryptamine (5-HT), desipra-
mine, amphetamine, cocaine and quinidine. Amiloride and guanidine entered by a non-
saturable mechanism not affected by metabolic-inhibitors, 5-HT or drugs which interfere
with the 5-HT transport process. Unlike guanethidine, amiloride released 5-HT from
loaded platelets and accumulation was partly blocked by reserpine. We suggest that
guanethidine and debrisoquin probably utilize the 5-HT transport mechanism while
amiloride and guanidine enter the cells by diffusion. However, because amiloride re-
leased 5-HT from loaded cells some of the bound amiloride may be related to 5-HT
binding sites.

Evidence for intracellular binding was obtained in efflux experiments. When platelets
loaded with amiloride or guanethidine were resuspended and incubated in drug-free
plasma, most drug was retained and efflux was not affected by metabolic inhibitors.
When the effects of 5-HT, reserpine and amphetamine were tested for their ability to
enhance efflux of guanethidine and amiloride we found that only amphetamine was
active. It released guanethidine but not amiloride, thus suggesting that a specific type of
binding site may be invoived. Clearly accumulation of these drugs by platelets is not by
means of a continuous uptake and loss mechanism in the outer membrane.

THERE is now considerable evidence supporting the view that the platelet may serve as
a model for the uptake and binding systems in serotonergic and dopaminergic nerve
endings in the brain and noradrenergic nerve endings in the periphery.’~3 Use of the
model need not be limited to studies of biogenic amines but may be extended to
various drugs which affect these systems. The first reports on platelet uptake of sub-
stances other than endogenous amines included reserpine and guanethidine.®~8 Both
drugs have potent effects on nerve cells and are accumulated by them.®~*2 Since such
neuropharmacologically-active compounds are taken up by platelets, further studies
in this area were warranted. We have previously reported the accumulation of the
adrenergic neuron blocking agents guanethidine,”-® debrisoquin!® and the diuretic
amiloride’* by platelets. This work is an extension of these earlier findings, as we

* This work has been accepted in partial fulfillment for the degree of Ph.D. in Pharmacology for
R. A. O’Brien at the University of Vermont.
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wished to find out some more information on the mechanism of accumulation and
retention and observe effects on endogenous 5-HT stores. Because the above sub-
stances all contain the guanidine-moiety we included guanidine in our experiments.

MATERIALS AND METHODS

Preparation of platelets. Blood was obtained and prepared by the method of Boullin
and O’Brien® from normal human volunteers of either sex using polycarbonate
laboratory utensils. The packed platelet volume was measured as described by
Hardisty and Stacy.'s

Uptake experiments. One ml of platelet-rich-plasma was incubated with various
drugs, added in a volume of 10-50 ul of distilled water. Incubations were carried out
in a Dubnoff metabolic incubator in an atmosphere of 59, CO, in O, at 4, 22 or 37°.
Prior to the addition of drugs, the platelet samples were first equilibrated by incubation
for 10 min. In experiments where the effects of potential inhibitors of uptake were in-
vestigated, these substances were added after the 10 min equilibration period and
incubated for 1-60 min before the addition of the radioactively-labeled compound
whose uptake was under study.

Efflux experiments. After cells were loaded with drug by incubation for 60-90 min,
they were centrifuged at 8,000 g for 5 min; the resulting cell-free supernatant was
decanted and the tubes wiped out with absorbent tissue. Sufficient plasma or Krebs
solution ¢ was added to restore the incubation volume to the original value, and then
the platelets were resuspended by agitation on a Vortex mixer. The platelets were then
reincubated for various times, as described in Results.

Estimation of uptake. At the end of the incubation period the platelet suspension
was centrifuged at 20,000 g to form a dense button. The incubation medium was de-
canted and the tube interior wiped dry. One ml of distilled water was added and each
pellet was disrupted by sonication with a “Biosonik 2” sonifier, probe setting 50
(Bronwill Sci., Rochester, N.Y.). The drug content in the pellet extract was estimated
by liquid scintillation spectrometry using a Triton—X 100: toluene based scintillatorand
a Beckman 1.5-250 liquid scintillation spectrometer. To allow for the quantity of drug
trapped in the interstices between cells we incubated samples of platelet-rich plasma
with [*“Clcarboxylic acid-inulin (specific activity 3-08 xC,;/mg, New England Nuclear
Corp, Boston, Mass.). The amount of radioactivity recovered in the platelet pellet was
taken as the “trapped cell volume”. This volume was in the range 0-5-1-0 ul/ul packed
cells. Uptake of drugs is expressed as nmoles/ml packed platelets.

5-HT estimation. In some experiments cells were loaded with 5-HT by incubation
in 103 M 5-HT for 90 min. The platelet 5-HT content was determined by spectro-
photofluorimetry.!”

Drugs. The following were used: [**Clamiloride (N-amidino-3,5-diamino-6-
chloro ['#C;]pyrazine carboxamide hydrochloride), 0-89 m Ci/mmole, (Merck and Co.,
Inc., Phila., Pa.); cocaine hydrochloride; [*#C]-debrisoquin (3,4-dihydro-2[IH] iso-
quinoline ['#CJcarboxamidine sulfate), (0-2. m Ci/mmole) (Roche Products, Ltd.,
Welwyn Garden City, Herts, England); desipramine hydrochloride, dexamphetamine
sulfate, dinitrophenol; [*#C]guanethidine (2-(octahydro)-1-azocinyl), ethyl ['*C]-
guanidine) sulfate (0-93 m Ci/mmole) and [*H]guanethidine (2-(octahydro-1-[*H,]-
azocinyl) [*H, Jethyl guanidine sulfate (32-64 m Ci/mmole), (Ciba Laboratories, Ltd.,
Horsham, Sussex, England); and ['*C]guanidine hydrochloride (50 m Ci/mmole,
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Tracerlab, Waltham, Mass.); 5-hydroxytryptamine creatinine sulfate (Regis Chem.
Co., Chicago, 1I1.), iodoacetic acid; N-ethyl-maleimide (N-EM); ouabain, quinidine
sulfate; and reserpine sulfate.

RESULTS
When platelets were suspended in plasma and incubated with **C-labeled debriso-
quin, guanethidine, amiloride or guanidine for up to 90 min, the cells accumulated
radioactivity. The concentration of drug in the platelet (nmole/ml packed cells, C)
always exceeded the final plasma concentration (nmole/ml, C; (Fig. 1). Amiloride,
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Fic. 1. The uptake of guanidine and derivatives by platelets. Platelets in plasma were incubated with

10~% M *H-guanethidine (@), **C-debrisoquin (A), **C-amiloride (O) or **C-guanidine (A) for up to

90 min. Results are plotted as the ratio of the concentration of drug in platelets (c,) to the final plasma

concentration at the end of incubation (C,) in relation to time. Values are the mean 4 S.E. of 6-9
determinations,

debrisoquin and guanethidine have a basic structural similarity being heterocyclic
substituted guanidines, and in each case C,/C; was high, in the range 6-20:1 after
90 min incubation. In contrast, platelets concentrated guandidine itself only two-fold.
The actual quantities of drug accumulated are given in Table 1; uptake of guanethidine
and debrisoquin was considerably greater than the other substances.

These data suggested that amiloride, debrisoquin and guanethidine were actively
accumulated by energy-dependent mechanisms whereas guanidine entered platelets by
diffusion. Support for this view was obtained in the case of debrisoquin and guanethi-
dine from plotting C,/C; against C,. With these two drugs, C;/C, declined with in-
creasing C, (Fig. 2), indicating also a saturable component in their uptake processes.
On the other hand, C;/C; for amiloride and guanidine did not change with C,, suggest-
ing that, in fact, their uptake was by passive diffusion and did not involve saturable
mechanisms.
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TaBLE 1. ACCUMULATION OF GUANIDINE-CONTAINING DRUGS BY PLATELETS*

Uptake
(nmoles/ml packed platelets)
Plasma congentration 107 M 10-* M 1074 M
Guanethidine 217 + 1-6 1790 + 7-5 1094-0 + 101-3
Debrisoquin N.D. 1475 + 1007 9780 4 855
Amiloride T 564 + 3-8 5092 + S1-3
Guanidine 1-35 + 0-17 134 + 13 186-1 4 193

* Platelets in plasma were incubated for 90 min with labeled drugs. Values
are mean - standard error of the mean (S.E.) of 4-8 determinations.

+ Uptake at 5 x 107% M was 27-4 + 3-2 nmoles/m! packed platelets. N.D.
—not determined.

In the interpretations of results of the accumulation of drugs by cells, it is important
to know the degree of binding to plasma proteins because this will affect the free drug
concentration in plasma. In particular, if a drug is bound to plasma proteins to any
significant extent, C, may be much lower than is actually apparent. Therefore, we
measured drug uptake by platelets in Krebs solution, and compared the results with
those obtained with plasma. Uptake of debrisoquin and amiloride was not decreased
in plasma compared with Krebs solution; it is already known that guanethidine bind-
ing to plasma proteins does not exceed 4 per cent.*

Mechanism of uptake. Further information on the nature of the uptake processes
involved was obtained by studying the effects of metabolic inhibitors and low tempera-
tures (Table 2). Incubation at 4° caused complete inhibition of the uptake of all drugs,
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Fic. 2. Relationship between concentration of amiloride, debrisoquin, guanethidine and guanidine in

platelets (C;) and the final plasma concentration after 90 min incubation (C,). C//Cy is plotted

arithmetically (ordinate) against log C, (abscissa). Results are the mean + 8.E. of 5-10 determina-
tions.
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TABLE 2. EFFECT OF FACTORS WHICH INHIBIT ENERGY-DEPENDENT PROCESSES ON THE UPTAKE OF GUANI-
DINE AND ITS DERIVATIVES*

% Inhibition

Experiment Guanethidine Debrisoquin Amiloride Guanidine
4° 980 & 0-1 975 + 1-3 810 £ 12 88-3 4 4-1
22° 876 4- 1-1 72:1 4 69 950 + 3-7 367 £+ 44
Quabain 105 M 52:0 4- 29 313 4+ 67 309 £+ 5-5 493 4 30
Iodoacetate and DNP 10-* M 756 4 63 710 4 2:4 30-8 & 66 307 £+ 4-1
N-ethylmaleimide 10-* M 919 4 1-5 81-2 + 08 80 £ 03 387 £ 33

* The potential inhibitors were incubated with platelet-rich-plasma for 60 min before addition of
labeled drug (10~3 M). Incubation was then continued a further 90 min. The uptake (nmoles/ml
packed platelets) in the absence of inhibitor was: guanethidine, 184-0 4 8-9; debrisoquin, 139-9 4-
9-8; amiloride, 61-3 1+ 5-8; and guanidine; 12:2 £ 1-0. Results are mean S.E. of 4-6 determinations.

but incubation at 22° produced more selective effects; 72-95 per cent inhibition of up-
take of the heterocyclic guanidine derivatives, but much less blockade of guanidine
accumulation.

The metabolic inhibitors caused variable responses, but generally the uptake of
guanethidine and debrisoquin was inhibited to a much greater degree than amiloride
or guanidine.

Unfortunately, we were unable to draw any firm conclusion from these results re-
garding the involvement of metabolic processes in the accumulation of amiloride and
guanidine, although the effects observed in regard to debrisoquin and guanethidine
agreed with the idea that accumulation was energy-requiring. Accordingly, we turned
our attention to other indications of metabolic processes in platelets, by observing the
effects of 5-HT; of inhibitors of 5-HT uptake by platelets'®-2° and of inhibitors of
noradrenaline uptake into sympathetic nerves?! upon the accumulation of the four
drugs we were investigating. The rationale for this approach was that 5-HT accumula-
tion is known to involve an energy-requiring mechanism.?-3

We incubated platelets with desipramine, cocaine, dexamphetamine, guanidine or
5-HT for 20 min before addition of guanethidine, debrisoquin or amiloride. Apart

TaBLE 3. EFFECT OF DRUGS ON UPTAKE OF ANTIHYPERTENSIVE AGENTS

% Inhibition of uptake

Experiment Guanethidine Debrisoquin Amiloride
5-HT 105 M 800 + 4-1 80-8 4 59 419 4 37
Desipramine 10-5 M 79-0 4+ 33 60-9 + 1-9 2:1 4 0-9%(43)
Cocaine 10~5 680 + 4-1 59-8 + 42 0-8 + 1:3*(21)
Dexamphetamine 10~ M 610 + 3-2 61-0 + 7-7 59-1 +1-8
Quinidine 10~ M 594 + 12 614 + 63 241 +1-8

The potential inhibitory drugs were added to platelet-rich-plasma 20 min before incuba-
tion with labeled compound (10~% M). Incubation was then continued for a further 90 min.
Results are mean -+ standard error of 4-6 determinations, and are expressed as nmoles/ml
packed platelets.

* Values in parentheses refer to the percentage inhibition obtained with 10~* M inhibitor.



1822 R. A. O’BreeN and D. J. BouLLIN

from dexamphetamine, the pharmacological antagonist of guanethidine?2:23 each sub-
stance inhibited guanethidine and debrisoquin uptake to a much greater degree than
amiloride (Table 3). These experiments suggest that while guanethidine and debriso-
quin may utilize a transport mechanism at the outer platelet membrane which is very
similar to that for 5-HT, amiloride transport may be of a different nature.

Drug efflux. Our next experiments were designed to give an indication of the affinity
of amiloride and the adrenergic neuron blocking agents for binding sites on the platelet
membrane or within the interior of the cell. Unfortunately, efflux studies with de-
brisoquin were not possible due to the low specific activity of the radioactive compound.
We loaded platelets with amiloride or guanethidine and then resuspended them in
fresh medium and observed the rate and time course efflux.

The initial efflux caused by the procedure of resuspension carried out at 2° (see
Methods) gives an indication of the localization of drugs within the platelet membrane.
This loss was greater in the case of guanethidine (15-2 - 4-4 nmole/ml cells, five ex-
periments) than amiloride (6-15 4- 1-07 nmole/ml cells, five experiments), but when
efflux was expressed as a percentage of the drug content of the loaded cells the differ-
ence was minimized. Thus, the loaded platelets contained 245 -+ 12-1 nmole/ml cells
of guanethidine and lost 10-3 4 1-8 per cent, whereas the amiloride content was
59-7 -+ 8-5 nmole/ml cells and only 6-2 4 1-8 per cent was lost during resuspension.

These small losses suggest that both amiloride and guanethidine were firmly bound
to platelets, and that the small amounts lost were from such readily accessible sites as
the platelet membrane.
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Fic. 3. Efflux of guanethidine and amiloride from platelets. The cells were labeled with *H-guanethidine

or *C-amiloride by incubation in 10~* M for 90 min and resuspended as stated in Methods. Before

resuspension the platelets contained 245-0 4- 12-1 nmoles guanethidine or 59-7 4- 8-5 nmoles amilo-

ride per ml packed platelets. The resuspension procedure alone caused the loss of 10-3 - 1-8 per cent

guanethidine and 6-2 - 1-8 % amiloride in addition to that shown here. Each result is the mean -
S.E. of 5 determinations.

The subsequent efflux occurring when loaded cells were reincubated for 10-60 min
is shown in Fig. 3. In both experiments only a small proportion of the bound sub-
stance leaves the cells, indicating that amiloride and guanethidine are firmly bound to
platelets, probably having an intracellular localization. Further evidence for this view
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TABLE 4. FACTORS AFFECTING GUANETHIDINE AND AMILORIDE EFFLUX FROM
HUMAN PLATELETS

% Loss of drug

Experiment Guanethidine Amiloride
Control (no drug) 11:6 £ 0-5 14-8 4- 1°1
QOuabain 1074 M 10-5 + 13 170 = 19
Iodoacetate and dinitrophenol 103 M 130 4 21 15-6 + 21
5-HT 1074 M 11-3 + 09 17-3 4 2:6
Dexamphetamine 10~* M 18-5 & 0-5* 150 + 1-6
Reserpine 10-* M 109 4+ 0-3 1341 4- 111

Platelets were labeled with drug and resuspended as described in Methods,
and incubated for 30 min either with or without a metabolic inhibitor or other
drug.

* Values are mean -+ S.E. of 6-8 determinations. P < 0-05.

is given by the results of Table 4, which show that metabolic inhibitors, 5-HT and
reserpine all fail to release either guanethidine or amiloride. However, amphetamine
did produce a significant increase in the loss of guanethidine in a concentration ten
times less than that required to release platelet 5-HT2# (Table 4, see ref. 8).

The releasing properties of reserpine and 5-HT were also examined to see if the
guanidines were bound at the same subcellular sites as 5-HT. Neither reserpine nor
5-HT had an effect (Table 4). Reserpine is known to damage 5-HT binding sites in
cells?5-27 and would therefore be expected to release drugs from these sites, whereas
5-HT would produce the same effect by displacement.

Another way of studying the question of the relationship of guanethidine and
amiloride binding sites to 5-HT stores was to see what accumulation took place after
alteration of the 5-HT storage sites by reserpine. Therefore, we measured the uptake
of guanethidine and amiloride by platelets which had been preincubated with 10~5 M
reserpine for 2 hours. Table 5 shows that at this concentration reserpine produced
considerable blockade of amiloride accumulation while having no effect on guanethi-
dine. This suggests that amiloride may be binding to the 5-HT storage sites. Table 6
gives further evidence for this. Thus 107% M amiloride released 39-6 per cent of the
5-HT from**C-5-HT loaded platelets but guanethidine had no effect in concentrations

TABLE 5. EFFECT OF RESERPINE ON THE UPTAKE OF AMILORIDE AND GUANETHIDINE

Reserpine concentration Uptake
M) (nmoles/m! packed platelets)
Amiloride Guanethidine
0 60-1 4- 7-4 1450 & 11-2
10-5 142 4- 09 152:0 4- 179

Platelets were incubated in plasma for 2 hr with 105 M reserpine; 105 M
[*H] guanethidine (or *C-amiloride), was then added and incubation con-
tinued for 90 min. Results are mean -+ S.E. of 4 determinations.
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TABLE 6. EFFECT OF GUANETHIDINE AND AMILORIDE ON PLATELET 5-HT CONTENT

5-HT Content
(umoles/ml packed platelets)

Loaded Unloaded
Initial 1-87 - 0-30 0-28 + 0-02
After incubation
with amiloride 10-5M 113 4 0-20F 0-28 + 0-02*
After incubation
with guanethidine 10~ M 1-87 4- 0-25* 0-28 + 0-01*
107*M 1-87 -~ 0-20* 0-28 + 0-01*

Platelets were loaded with 5-HT by incubation in 10~5 M for 90 min. After
resuspension, incubation was carried out in plasma with guanethidine 10~ M
or 10~% or 10~3 amiloride. Amiloride, 10~* M could not be tested since it
interfered with the 5-HT spectrophotofluorometric assay. Values are the
mean =+ S.E. of 4-5 determinations.

* Not significantly different from initial value.

P < 0-05.

up to 1074 M. 10~* M Amiloride could not be tested since this concentration inter-
fered with the spectrophotofluorometric assay for 5-HT.

In 5-HT loaded platelets, amiloride uptake was inhibited to a significantly greater
degree (33 per cent) than guanethidine (16 per cent) (Table 7) implying that at least a
fraction of the amiloride may be binding to 5-HT storage sites.

TABLE 7. EFfFecT OF 5-HT LOADING ON GUANETHIDINE AND AMILORIDE UPTAKE

% Uptake of drug

S5-HT loaded Unloaded
Guanethidine 10~5 M 833 4 69 100
Amiloride 105 M 67 + 58 100

Platelets were loaded with 5-HT (see Table 6), resuspended and incubated jin
plasma containing 10~° M !4C-guanethidine or '*C-amiloride for 90 min.
Values are the mean -+ S.E. of 4-5 experiments.

DISCUSSION

Although none of the substituted guanidines are accurmulated to the extent of 5-HT
(i.e. C;/C; = 1000:1), there is much evidence that guanethidine and debrisoquin
utilize the 5-HT transport system, or some system that is very similar. Thus uptake is
blocked by cocaine, desipramine, dexamphetamine and quinidine which are all potent
inhibitors of 5-HT uptake; and 5-HT itself is the most active inhibitor. Although the
uptake of guanethidine plotted as 1/V against 1/S did not conform to the Michaelis—
Menten equation for saturable enzymatic reactions, there is really no reason why it
should. Figure 2 does indicate that there is a saturable component involved in the up-
take process because C,;/C; declines as C is increased. This is also true for debrisoquin.
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On the other hand, amiloride did not appear to utilize a saturable uptake component,
since C,/C;, did not change with increasing C,.

The effects of metabolic inhibitors also support the contention that amiloride uptake
was by diffusion because the inhibitory effects of ouabain, DNP -+ IAC and NEM did
not exceed 30 per cent (Table 2). However, low temperatures did produce very con-
siderable inhibition. These effects are difficult to explain on any simple basis. It is quite
conceivable that low temperatures affect intracellular binding in addition to membrane
configuration, metabolic transport processes and the overall shape of the cell.

The actual binding sites for the substituted guanidines are not known, although the
efflux data tell us several things about the mechanism of retention. The strong attach-
ment of these drugs is comparable to that of 5-HT?#:3° and suggests that like 5-HT
they are bound intracellularly. Since there is no increase in efflux in the presence of
metabolic inhibitors, this is further grounds for belief that amiloride and guanethidine
are bound within the cell and are not retained by an energy-dependent pumping process
located in the platelet membrane. Evidence that guanethidine does not use S5-HT
binding sites is substantial: guanethidine does not release endogenous or exogenous
5-HT; it is not released by S-HT or reserpine. Moreover, guanethidine uptake is not
reduced by previous saturation of the 5-HT binding sites. The objection to this view is
that amphetamine did release some guanethidine. However this may merely indicate
that amphetamine acts upon more than one type of storage site. Indeed, most of the
work concerning interactions of guanethidine and amphetamine involve noradrenaline
stores and not 5-HT. Also the concentration of amphetamine required to release 5-HT
from platelets was approximately ten times greater than that required to release
guanethidine,?* possibly indicating great potency in releasing substances from other
types of stores.

Although most of the evidence suggests that amiloride does not have the same sub-
cellular localization in platelets as 5-HT (i.e. does not release endogenous 5-HT, is not
released itself by 5-HT, amphetamine or reserpine), the strong effect of reserpine on
amiloride accumulation (Table 5) cannot be ignored and may allude to the fact that a
fraction of the amiloride may be associated with 5-HT storage organelles.

Some of our results with debrisoquin®® have been confirmed and extended by
Pocelinko and Solomon.?® They confirmed that uptake was energy-dependent and
utilized a saturable process. Additionally, they showed by kinetic experiments that
debrisoquin, guanethidine and 5-HT compete for the same uptake mechanism. Of
special interest was their finding that debrisoquin was lost rapidly from loaded cells.
This is in contrast to our findings with guanethidine, which was tightly bound.
However, since debrisoquin releases 5-HT?! and guanethidine does not (this work),
they most likely do not exhibit the same intracellular localization.

The large amount of guanethidine accumulated in contrast to debrisoquin and the
other drugs (Table 1) suggests that it might be the most likely platelet-bound drug to
play a pharmacological role in vivo as we have discussed earlier.8

A study of drug effects on platelet function has yielded results which support some
of our findings on drug localization. Zbinden and Tomlin3? incubated platelets with
debrisoquin and guanethidine for one hour, which we find is sufficient time for a con-
siderable intracellular accumulation. They found no effect on platelet adhesiveness,
platelet aggregation, release of platelet factor 3 or clot retraction. However, adhesive-
ness was enhanced when measured immediately after addition of drugs. This is the

B.P. 21/13—D
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only observation which can be explained on the basis of guanethidine being localized
in the outer platelet membrane. Since platelet adhesion is essentially a2 membrane
phenomenon, their other experiments using this criterion certainly suggest that very
little guanethidine or debrisoquin was present in the platelet membrane after 60 min
incubation,

As the characteristics of accumulation of amiloride are rather different from the
other drugs it is reasonable to suppose that this is due to differences in chemical struc-
ture. Hence the amidine group in amiloride appears to give it an entirely different
chemical reactivity from either guanethidine or debrisoquin. The straight-chain
guanidine moiety itself may not be essential since guanidine was distributed only by
diffusion. However, combination of this guanidine grouping with some types of hetero-
cyclic ring system seems essential although a larger series of compounds would have
to be investigated to test this hypothesis.

We conclude that our experiments show that although guanethidine and debrisoquin
are taken up by platelets by an energy dependent system related to the 5-HT system,
their storage sites are different. Amiloride enters platelets by diffusion and like
guanethidine is firmly bound by the platelet, but not in the outer membrane.

Storage of both drugs is largely intracellular involving more than one site, one of
which may be the 5-HT stores.

Acknowledgements—We are grateful for the dopations of radicactively-labeled amiloride, debriso-
quin and guanethidine by the drag firms mentioned in Methods, and to Dr. A, R. Green for helpful
discussion of the manuscript.

REFERENCES
1. M. K. PaasonNeN, J, Pharmace. 17, 681 (1965).
2. M. K. PAASONEN, Am. Med. exp. Fenn, 46, 416 {1968)
3. A. PLETSCHER, Br, J. Pharmac. 32, 1 (1968).
4. 1. H. PaGs, N.Y. Yr, Bk, Med. Pub. 37, 0 (1968).
5. D.J. BouLLi~y and R. A. O’BRrIEN, Br. J. Pharmac, 39, 779 (1970),
6. H. M. Soromon and P. D. Zieve, J. Pharmac. exp. Ther. 155, 112 (1967).
7. D. J. BouLLIN, Pharmacologist, 9, 251 (1967),
8. D. J. Bouruw and R. A. O’BRrieN, Br. J. Pharmac. 35, 90 (1969).
9. 8. M. Hess, P. A. Suore and B. B. BrRODIE, J. Pharmac. exp. Ther. 118, 84 (1956).
10. E. Costa, C. C. Caanc and B. B. Bropig, Pharmaw?agzst 6, 174 {1564).
11. L. S. Scaanker and A. Mowrrison, Int. J. Newropharmac. 4, 27 (1965},
12. D. 1. BouLLIN, Br, J. Pharmgc. Chemother. 28, 289 (1966)
13. D. 1. Bovruw and R. A. O'Brien, J. Pharm. Pharmac, 20, 403 (1968},
14. D. J. BourLiN and R. A, O’Bruen, J, Physiol., Lond. 203, 63 (1969).
15. R. M. Harpisty and R. S. Stacey, J. Physiol., Lond. 130, 711 {1955).
16. W, Umsrerr, R. Burris and J. STAUFFER, Manometric Techniques, 132, 000 (1964).
17. D. F. BoGDANSKI, A, PLETSCHER, B. B. Bropit and S, UDENFRIEND, J. Pharm. exp. Ther. 117, 82
(1956).

. S. Stacey, Br. J. Pharmac. Chemother. 16, 284 (1961).

. M. Yates, A. Toprick and A, Tarr, J. Pharm. Pharmac. 16, 460 (1964),

. Brapaes and M, BALDINI, Nature., Lond. 210, 1364 (1966),

. IverseN, The Uptake and Storage of Noradrenaline, (Lond.) Cambridge University Press,
(1967)

D Day and M. 1. RaNp, Br. J. Pharmac. Chemother. 20, 17 (1963).

. Matsumoto and A. Horia, Biockem. Pharmac, 12, 295 (1563).

24, M DA Prapa, 1. P. TrRaANZER and A, PLETSCHER, J. Pharmuae, exp. Ther. 158, 394 (1967).
25, P. A. SHorg, S. L. Siwver and B. B. Bropig, Science, 122, 284 (1955},

26, B. B. Bropis, A. PLerscaer and P. A, SHORE, Science, 122, 968 {(1955).

27. A. CARLSSON, P. A, SHORE and B. B. Bropig, J, Pharmac. exp. Ther. 120, 334 (1957},

vt
ENZ_F=0R
Ar-Z



28.
. R. PoceLinko and H. M. SoLomoN, Biochem. Pharmac. 19, 697 (1970).
30.
31.
32.

Accumulation, storage and release of neuron blocking agents 1827
C. V. BornN and R. E. GiLLsoN, J. Physiol. 146, 472 (1959).

D. J. BourLLin, M. CoLeMaN and R. A. O’BRrIEN, J. Physiol., Lond. 204, 128 (1969).
H. M. SoLoMoN, C. AsaLEY, N. SPIrRT and W. B, ABrAMS, Clin. Pharmac. Ther. 10, 229 (1969).
G. ZBINDEN and S. TOMLIN, Arch. int. Pharmacodyn 181, 153 (1969).



