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Abstract—Inisolated blood platelets of rabbits, the passive in- and outflow of 5-hydroxy-
tryptamine (SHT)—as measured under various experimental conditions (i.c. in the
absence of glucose, after reserpine treatment, with metabolic inhibitors)—is markedly
decreased by lowering the incubation temperature.. The SHT liberation induced by
sympathomimetic amines and reserpine shows a simifar temperature sensitivity which
is independent of the mechanism of action of the drugs on SHT storage and may there-
fore be due to alterations in the passive outflow of liberated SHT. From these experi-
ments, it seems possible that changes of the passive SHT in- and outflow also occur in
vivo, especially in hypo- and hyperthermia.

MARKED temperature dependence of biological transport phenomena (e.g. uptake and
storage of monoamines) frequently indicates the presence of active (energy-requiring)
mechanisms. In a preliminary report it has, however, been demonstrated that the
outflow of SHT from isolated blood platelets of rabbits is highly dependent upon
temperature under conditions in which energy-requiring transport mechanisms do
not seem to be involved.!

This paper presents a more complete report on the temperature dependence of the
passive in- and outflow of SHT in blood platelets under various experimental con-
ditions.

EXPERIMENTAL

Blood platelets of rabbits were isolated as previously described,? and the following
experiments were carried out at pH 7-5: '

1. Pre-incubation of platelets in glucose-free isotonic K-phosphate at 37°C for 1 hr,
resuspension of the platelets in new buffer and incubation for various times at 37°C
and for 120 min at various temperatures with and without presence of ouabaine,

2. Incubation of platelets at various temperatures in modified Tyrode solution*
and plasma supplemented with KCN, p-chloro-N-methyl-8-phenethylamine (Ro
4-6861), tyramine or reserpine

3. Pre-incubation of platelets at 10° in Tyrode solution supplemented with CHzHgl
for} h.r; re-incubation of the centrifuged washed platelets in Tyrode solution or plasma
at various temperatures.

¥ NaCl 7-60 g/l NaHCO; 210 g/l

\Ilcegle gg(z) gﬁ gﬂucose 200 g/l
sene -80 g ucrose 4-50 g/l
NaH:zP04.2H20 014 g/l. i &
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4. Pre-incubation of platelets from reserpinized rabbits (treated with 5 mg reserpine/kg
i.v. 16 hr previousty) in Tyrode solution at 37° with 500 pg/mi SHT for 1 hr; resus-
pension of the centrifuged plateiets in Tyrode solution and incubation af various
temperatures.

5. Pre-incubation of platelets from reserpinized rabbits (treated as outlined ander 4
for 1 hir in glucose-free K-phosphate. Re-incubation of the platelets with 500 pg/mi
5SHT in glucose-free K-phosphate for ] hr at various temperatures. Before measuring
the SHT content of the platelets, they were washed twice with ice-cold K-phosphate.
6. Measurement of the inflow of 3H-labelled* Ro 4-6861 into platelets suspended in
Tyrode solution at various temperatures, After incubation for 120 min, the platelets
of 2 ml suspension were separated from the medium by centrifugation, washed in ice-
cold Tyrode, homogenized with -1 mi HCIOs (30%) plus 14 mi HCI (0] N) and
recentrifuged. The total radioactivity of the supernatant was measured in a liquid
scintillation spectrometer.

If not otherwise stated, the suspensions contained twice the platelet amount of the
original plasma. The SHT of the platelets was measured by a spectrophotofiuorimetric
procedure.? The difference in the SHT values of platelets {(contained in 1 ml suspension)
before and after incubation was considered as the amount of amine having left the
platelets (outflow of 5HT).

time 0}
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5HT centent of platelets in % of content

immediately after reincubation {

incubation time {minutes}

Fi6. 1. Spontaneous liberation of 5-hydroxyiryptamine (SHT) from isclated blood platelets of rabbits

pre-incubated in glucose-free K-phosphate for 60 min at 37° and re-incubated in new buffer at 37°.

Each point indicates an average of 3 experiments 1 S.E. Absolute SHT value of platelets immediately
afier re-incabation (controls): 12-2 + 11 pg/ml.

RESULTS
Platelets pre-incubated in glucose-free K-phosphate rapidly lose the SHT if they are
re-incubated in new buffer. After 90 min, their 5HT content is only 14 4 19 of that
present at the beginning of the re-incubation period (Fig. 1). This 3HT outfiow is
not modified by ouabaine in concentrations of 10-250 ug/ml. A similar marked 5HT
depletion can be seen if the platelets are incubated with KCN in Tyrode or plasma

* Prepared by Drs. H. Bruderer and J. Wiirsch, Chemicai Research Department, F. Hoflmann-
La Roche & Co. Ltd., Basle. 3H-labelled in a-position of the amino group.
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and if the platelets are preincubated with CH3zHgl and re-incubated in Tyrode or
plasma. Furthermore, platelets of reserpinized rabbits loaded with exogenous SHT
(by previous incubation with 500 ug/ml 5HT) also lose a considerable part of the
amine on re-incubation in plasma or Tyrode {Table 1).2

TABLE 1. EFFECT OF TEMPERATURE ON THE 5-HYDROXYTRYPTAMINE (SHT) ocutiLow
FROM PLATELETS OF RABBITS INCUBATED IN TYRODE AND PLASMA UNDER VARIOUS
EXPERIMENTAL CONDITIONS

Concentr.
Compounds of Medium Incub. SHT outflow
compounds time —
(ug/ml) {min) 37° 20° 20°/37°

CH;Hgl* 60 Tyrode 93 81 +7 27 47 032 L G-07

Plasma 20 79 -4 23 -8 28 = 008

KCN 400 Tyrode 90 80 - 4 P41 802 = 001

Plasma 30 78 + 7 042 013 L 004

Ro 4-6861 140 Tyrode 120 7% 42 13+ 4 316 - 0-03

. Plasma 120 5245 4 41 OOR + 007

Tyramine 200 Tyrode 120 66 + 1 i3 +5 019 = 08

300 Plasma 120 53 4 10 341 007 + 004

Reserpine 5 Tyrode iz 35 +£3 54+ 2 14 - 007

5 Plasma 120 364 045 401 + 008

Exogenous SHTY 500 Tyrode 120 76 4+ 3 37+ 8 0-47 + G-08

in reserpinized Plasma 120 73 4 4 29 4+ 4 040 4 007

platelets

The figures indicate the percentage of the platelet SHT which left the platelets during the incubation
period. Each figure represents an average of 3-8 experiments - S.E.
* Pre-incubation with CHsHgi in Tyrode at 10° for 30 min.

1 Rabbits treated with 5 mg reserpine/kg i.p. before isolation of the platelets. Platelets pre-incubated
with 500 ug/ml SHT in Tyrode for 30 min at 37°, washed with Tyrode and re-incubated in Tyrode or
plasma respectively. Absolute concentration of platelet SHT before re-incubation: 184 £ 1-5 ug/mi
(the suspension contained 3 times the amount of plztelets as the original plasma).

[a-a)

The outflow of the SHT from the platelets is very sensitive to temperature. Thus,
in platelets suspended in glucose-free K-phosphate, incubation at 33° decreases the
outflow to about 50% {as compared to controls incubated at 37°), and at 20° it is
practically abolished. Elevation of the temperature to 40° increases the outflow io
119%,. The SHT outflow from platelets pre-incubated with CHaHgl and re-incubated
in plasma shows a similar temperature dependence (Fig. 2). Furthermore, in all
the experimental conditions as mentioned above) the SHT outflow at 20° is merkedly
less than that at 37°. No principal difference exists whether the platelets are incubated
in plasma or in Tyrode {Table 1). :

The SHT outfiow from platelets induced by tyramine, Ro 4-6861 and reserpine is
progressively diminished with decreasing temperature (Fig. 3). The percentage diminu-~
tion is similar for ali the three drugs. Thus, in Tyrode solution at 36° and 20°, only
about 609 and 109, respectively of the 5HT leave the platelets as compared to the
value at 37° (100%,). In plasma the SHT amount which leaves the platelets is decreased
to less than 59 at an incubation temperature of 20° (Table 1).

Decrease of the temperature diminishes the inflow of Ro 4-6861 into the piatelets
to a relatively small degree (penetration of 83% at 20° in comparison to that at 37%)

(Fig. 4).
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FiG. 2. Effect of temperature on the passive 5-hydroxytryptamine (SHT) outflow from isolated blood

platelets of rabbits under different experimental conditions. O——Q platelets pre-incubated in

glucose-free K-phosphate for 60 min at 37° and re-incubated in new buffer for 60 min; @ ~—~ @

platelets pre-incubated with 20 pg/ml CHsHglI in Tyrode, washed and re-incubated in plasma for
90 min. Each point indicates an average of 4-6 experiments - S.E.
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FiG. 3. Effect of temperature on the drug-induced 5-hydroxytryptamine (SHT) liberated from plate-
lets of rabbits incubated in Tyrode at 37° for 120 min. O——O reserpine 5 pg/ml; O — ———— ©
tyramine 200 pug/ml; O ------ O Ro 4-6861 140 pg/ml. Each point represents an average of 3-7
experiments + S.E. Absolute SHT content of isolated platelets incubated for 120 min without drugs:
14-0 4 0-8 pg/ml (the suspensions contained an equal amount of platelets per ml as the original

plasma).
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FiG. 4. Penetration of SH-labelled Ro 4-6861 into isolated blood platelets of rabbits incubated in
Tyrode at various temperatures for 120 min. Concentration of Ro 4-6861 in the incubation medium:
865 pg/ml.
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In glucose-free K-phosphate the inflow of SHT into reserpinized platelets pre-
incubated without glucose is markedly inhibited by decreasing the temperature. A
reduction -of the temperature to 32° causes an approximately 509 diminution of
the SHT penetration, whereas an increase to 40° enhances the inflow of the amine
to 1269 (Fig. 5).
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Fic. 5. Effect of temperature on the inflow of 5-hydroxytryptamine (SHT) into blood platelets from

reserpinized rabbits (5 mg/kg reserpine i.p. 16 hr prior to the isolation of the platelets). The platelets

were pre-incubated for 60 min in glucose-free K8phosphate and re-incubated for 15 min at various

temperatures in new buffer containing 500 xg/ml SHT. Prior to the SHT determination, the platelets

were washed twice with glucose-free K-phosphate. Each point indicates an average of 3 experiments

-4 S.E. Absolute SHT content of platelets (a) before incubation with exogenous 5HT: 0-09 & 0-01
pg/ml, (b) 15 min after incubation with SHT at 37°: 895 + 092 ug/ml.

DISCUSSION

Under physiological conditions—i.e. in plasma or glucose-containing buffers
(e.g. Tyrode)—isolated blood platelets of rabbits lose at the most small amounts
(1-5%) of their endogenous SHT.% 5 This is probably due to storage of the amine
in the platelets by an active process which maintains a concentration gradient between
the platelets and the incubation medium.

The storage of SHT is no longer possible in platelets incubated in glucose-free
K-phosphate, with metabolic inhibitors or in reserpinized platelets having been loaded
with exogenous SHT. It may be assumed that under these conditions active processes
which are responsible for the maintenance of high intracellular SHT levels are
abolished, e.g. by lack of energetic substrates (glucose), interference with the glucose
metabolism (metabolic inhibitors) or by impairment of granular storage of 5HT
(reserpine). Therefore, passive processes (e.g. diffusion of SHT through membranes,
absorption to macromolecules) seem to become the limiting factors for the 5HT
outflow from the platelets. The missing effect of ouabaine also indicates a passive
mechanism by which SHT leaves the platelets incubated in glucose-free K-phosphate.

The experiments in which platelets were incubated with exogenous SHT show that
not only the outflow but also the inflow of 5HT is highly sensitive to changes of
temperature (Fig. 5). It is unlikely that under the conditions of these experiments an
active SHT uptake occurs, since the platelets originate from reserpinized animals and
since the incubation medium does not contain energy-supplying substrates such as
glucose.
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The temperature-dependence of the passive SHT in- and outflow of piatelets cannot
be due to a mere alteration of the thermic molecular movements, because this
mechanism weuld not explain the magnitude of the temperature effect in the above
experiments. An artifact due to the synthetic media {e.g. K-phosphate, Tyrode
buffer) is unlikely, because similar temperature effects can alsc be demonstrated with
plasma. Since the in- as well as the outflow of 5HT is decreased by lowering of the
temperature, it may be assumed that alterations in the physico-chemical properties
of the platelet membranes are involved. It has, for instance, been shown that films
of fatty acids and other lipids increase their surface area abruptly with temperature
rising within a relatively narrow range.® Since membranes and other biclogical
structures contain lipid constituents, similar changes might occur in the living call.
The quantitative differences in the ternperature-induced changes of the SHT cutflow
as seen under various experimental conditions {Table 1} might be due to a divect
influence of drugs and metabolic inhibitors (e.g. reserpine, CHzHgl) on membrane
structures.

The present experiments also show that the temperature dependence of the SHT
outflow is independent of the type of drug-induced 5HT liberation. Thus, the sympa-~
thomimetic amines tyramine and Ro 4-6861 on the one hand and reserpine on the
other hand probably liberate SHT by different mechanisms, i.e. by displacement?
and by interference with active storage® respectively. Despite this difference, the
temperature dependence of the SHT liberation is closely similar with the two types
of drugs indicating that the passive outflow of the liberated SHT might be altered.
A major temperature dependence of the penetration of the drugs into the platelets
is not likely, since measurements with 3H-labelled Ro 4-6861 show only a relatively
small diminution of its inflow with decreasing temperature (Fig. 4).

The high temperature dependence of passive mechanisms is not only seen with
5HT. Thus, in previous experiments the spontaneous liberation of norepinephrine
from isolated granules of sympathetic nerves has been shown tc be markedly
diminished by lowering of the temperature.¥ This norepinphrine outflow is probably
passive since under the conditions of the experiment (isolated granules in ghucose-free
K-phosphate) active storage and transport are unlikely to oceur,

In conclusion, the high temperature sensitivity of the passive in- and outfiow of
monoamines in vitro, especially within the range of 30-40°, suggests the possibility
of similar changes in vive, e.g. in hypothermia or hyperpyrexia.
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