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

M~K~D 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 5HT 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. 1 

This paper presents a more complete report on the temperature dependence of the 
passive in- and outflow of 5HT in blood platelets under various experimental con- 
ditions. 

E X P E R I M E N T A L  

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 rain 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-fl-phenethylamine (Ro 
4-686•), tyramine or reserpine 
3. Pre-incubation of platelets: at 10 ° in Tyrode solution supplemented with CHsHgI 
for ½ hr; re-incubation of the centrifuged washed platelets in Tyrode solution or plasma 
at various temperatures. 

* NaCI 7"60 g/1 NaHCOz 2-10 g/l 
KCI 0"42 g/l Glucose 2.00 g/1 
Vcrsene 0.80 g/1 Sucrose 4.50 g/l 
NaH2PO4.2H~O 0"14 g/l. 
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4. Pre,incttbation ofplatelets from reserpinJzed rabbits ('created with 5 mg resel~ine/kg 
i.v. I6 hr previously) in Tyrode solution at 37 ° with 500/xg/ml 5HT for 4- hr; resz~s- 
pension of the centrifuged plateiets in Tyrode solutior~ and incubation at vario~zs 
temperatures° 

5. Pre-inc~dbation of piatelets f rom reserpinized rabbits (treated as o~tlined under 4) 
for 1 hr in gkteose-free K-phosphate. Re-incubation of the plateiets with 500 y,g/mi 
5HT in glucose-free K-phosphate for -~ hr at various temperatures. Before measuring 
the 5HT content of the platelets, they were washed twice with ice-cold Kophosphate. 
6. Measurement of  the inflow of 3H~!abelted* Ro d-686~ into piatelets s~Jsper~ded i~ 
Tyrode soIution at various temperamreso After incubation for 120 rain, the piatelets 
of  2 ml sttspension were separated f rom the medium by centrifngatio~, washed in ice° 
cold Tyrode, homogenized wi.th 0-1 ml HC104 (30~)  pIus 1.4 mi HCI (0.I N) and 
recentrifuged. The total radioactivity of  the snpernatant was measured in a !iq~id 
scintillation spectrometer. 

I f  not  otherwise stated, the suspensions contained twice the platelet amount  of  the 
original plasma. The 5HT of  the platetets was measured by a spectrophotofluorimetric 
procedure:  ~ The difference in the 5HT values ofp!atelets (contained in 1 mI suspension) 
before and after i,c~abation was considered as the amount of  amine having ieR the 
platelets (outflow of 5HT). 

E 
8= 

II 

~.o_ 

m 

D 

%-g 

i.n .= 

50- 

0 ~ [ ' I ~ ~  
O 50 !0~ 

!ncub~ti0n ~.ime {rninu~es) 

F;o. 1. Spontaneous liberation of 5-hydroxytryptamine (5HT) from isolated blood ptatelets of rabbits 
pre-incubated in glucose-free K-phosphate for 60 rain at 37 ° and re-incubated in new buffer at 37 °. 
Each point indicates an average of 3 experiments b_ S.E. Abso!ute 5HT value of p!atelets immediately 

after re-incubation (controls): 12.2 ± 1.t/~g/ml. 

RESULTS 
Platelets pre-incubated in glucose-free K-phosphate rapidly tose the 5HT :ifthey are 

re-incubated in new buffer. After 90 min, their 5HT content is onIy 14 ~ I ~ of  that 
present at the beginning of the re-incubation period (Fig. 1). This 5HT outflow is 
not modified by ouabaine in concentrations of  10-250 ~g/ml. A similar marked 5HT 
depletion can be seen if the platelets are incubated with K C N  in Tyrode or piasma 

* Prepared by Drs. H. Bruderer and J. Wiirsch, Chemicat Research Department, F. Hoffmann- 
La Roche & Co. Ltd., Basle. 3H-labelled in a-position of the amino group. 
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and  i f  the plateIets  are  p re incuba ted  with  C H 3 H g t  and  r e4ncuba ted  ~;n Tyrode  or  
pIasma.  Fu r the rmore ,  plate le ts  o f  reserpinized rabbi t s  l oaded  with exogenous 5HT 
(by previo~as incubat ion  with 500 t~g/ml 5HT) a!so lose a cons ideraNe  pa r t  of  the 
amine  on re- incubat ion  in p !asma  or  Tyrode  (Table  1). z 

TABLE I. EFFECT OF TEMPERATURE ON THE 5-HYDROXYTRYPTAMgNE (5HT) OUT]?LO-W 
FROM PLATELETS OF RABBITS INCUBATED ~N TYRODE AND PLASMA UNDER VARIOUS 

EXPERIMENTAL CONDITIONS 

Concentr. 
Compounds of Medium incub. 5HT outflow 

compounds time 
(~g/ml) (rain) 37 ° 20 ° 200/37 ° 

CH3HgI* 60 Tyrode 99 81 ~ 7 27 ± 7 0,32 ± 9.07 
Plasma 90 79 ± 4 23 ± 8 0-28 Jr 0-08 

KCN 400 Tyrode 90 80 -~- 4 i ± I 0,02 ~- 0.01 
Plasma 90 78 ± 7 10 ± 3 0.13 z__ 0.04 

Ro 4-6861 i40 Tyrode 120 79 ~ 2 13 ± 4 0-16 ~-: 0.05 
Plasma !20 52 ± 5 4 ± 1 0`08 a__ 0~2 

Tyramine 200 Tyrode 120 66 ± ! 13 ± 5 0.19 ± 0.08 
300 Plasma i20 53 ± f0 3 ± I 0.07 ~c 0.04 

Reserpine 5 Tyrode 120 35 ± 3 5 ± 2 0-14 ± 0.07 
5 Plasma i20 36 ± 4 0 ± 5 0.01 ± 0.08 

Exogenous 5HTf 500 Tyrode 120 76 ± 3 37 ± 8 0"47 ± 0.08 
in reserpinized Plasma 120 73 ± ~ 29 ± 4 0.40:5 0-07 
platelets 

The figures indicate the percentage of the platelet 5HT which Ieft the pIate!ets during the incubatioa 
period. Each figure represents an average of 3-8 experiments ~ S.E° 

* Pre-incubation with CHaHg[ in THode at 10 ° for 30 rain. 
t Rabbits treated with 5 mg reserpine/kg i.p. before isolation of the platelets. Platelets pre-inoabated 

with 500 ~g/ml 5HT in Tyrode for 30 rain at 37 °, washed with Tyrode and re-incubated i~ Tyrode or 
plasma respectively. Absolute concentration of platelet 5HT beibre re-incubation: 18'4 ± 1.5 t~g/mi 
(the suspension contained 3 times the amount of platelets as the original plasma), 

The  outf low of  the  5HT f rom the platele ts  is very sensitive to  tempera t~re ,  Th~2s, 
in pla te le ts  suspended in glucose-free K-phospha te ,  incubat ion  at  33 ° decreases the 
outf low to a b o u t  5 0 ~  (as c o m p a r e d  to co~atrols incuba ted  at  37°), and  at  20 o it is 
prac t ica l ly  abol ished.  Elevat ion  o f  the t empera tu re  to  40 ° increases the oat f low to 
119 ~ .  The  5HT outf low f rom plate le ts  p re - incuba ted  with C H a H g I  and  re - incubated  
in p l a s m a  shows a s imilar  temperat 'a re  dependence  (Fig.  2). Fu r the rmore ,  in a~l 
the exper imentaI  condi t ions  as ment ioned  above)  the 5HT outflow at 20 ° is markedty  
less than  tha t  at  37 °. N o  pr inc ipa l  difference exists whether  the platelets  are  incubated  
in p l a sma  or  in Tyrode  (Table  1). 

The 5HT outflow f rom platele ts  induced by tyramine,  Ro  4-6861 and  resetDine is 
progressiveIy d imin ished  with  decreasing t empera tu re  (Fig. 3). The  percentage  dimiwa- 
t ion is s imilar  for  oil the three drugs.  Thus,  in Tyrode  solut ion at  30 ° and  20 °, onty 
a b o u t  60 % and  10 % respectively of  the 5HT leave the platelets  as compared  to t1~,e 
value at  37 ° (100 ~ ) .  In  p l a sma  the 5HT amoun t  which leaves the platelets  is decreased 

to less than  5 ~ at  an incuba t ion  t empera tu re  of  20 ° (Table 1). 
Decrease  o f  the t empera tu re  diminishes the inflow of  Ro 4-686I into the piatelets  

to a relat ively small  degree (pene t ra t ioa  o f  83 ~o at  20 ° in compar i son  to tha t  at  37 °) 

(Fig. 4). 
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FIG. 2. Effect of temperature on the passive 5-hydroxytryptamlne (5HT) outflow from isolated blood 
platelets of rabbits under different experimental conditions. O O platelets pre-incubated in 
glucose-free K-phosphate for 60 rain at 37 ° and re-incubated in new buffer for 60 rain; • - - -  • 
platelets pre-incubated with 20 t~g/ml CHaHgI in Tyrode, washed and re-incubated in plasma for 

90 rain. Each point indicates an average of 4-6 experiments -t- S.E. 
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Fla. 3. Effect of temperature on the drug-induced 5-hydroxytryptamine (5HT) liberated from plate- 
lets of rabbits incubated in Tyrode at 37 ° for 120 rain. O O reserpine 5 t~g/ml; <3 . . . . .  (D 
tyramine 200 t~g/ml; O . . . . . .  O Ro 4-6861 140 t-*g/ml. Each point represents an average of 3-7 
experiments :~ S.E. Absolute 5HT content of isolated platelets incubated for 120 rain without drugs: 
14"0 4- 0"8 t~g/ml (the suspensions contained an equal amount of platelets per ml as the original 

plasma). 
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FIG. 4. Penetration of 3H-labelled Ro 4-6861 into isolated blood platelets of rabbits incubated in 
Tyrode at various temperatures for 120 rain. Concentration of g o  4-6861 in the incubation medium: 

86.5 t*g/ml. 
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In glucose-free K-phosphate the inflow of 5HT into reserpinized platelets pre- 
incubated without glucose is markedly inhibited by decreasing the temperature. A 
reduct ion of the temperature to 32 ° causes an approximately 50 ~ diminution of  
the 5HT penetration, whereas an increase to 40 ° enhances the inflow of the amine 

to 126 ~o (Fig. 5). 
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F]o. 5. Effect of temperature on the inflow of 5-hydroxytryptamine (5HT) 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 rain in glucose-free K8phosphate and re-incubated for 15 min at various 
temperatures in new buffer containing 500/zg/ml 5HT. Prior to the 5HT determination, the platelets 
were washed twice with glucose-free K-phosphate. Each point indicates an average of 3 experiments 
4- S.E. Absolute 5HT content of platelets (a) before incubation with exogenous 5HT: 0-09 -4- 0.01 

t~g/ml, (b) 15 rain after incubation with 5HT at 37 °: 8.95 4- 0.92/~g/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 5HT. 4, 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 5HT is no longer possible in platelets incubated in glucose-free 
K-phosphate, with metabolic inhibitors or in reserpinized platelets having been loaded 
with exogenous 5HT. It may be assumed that under these conditions active processes 
which are responsible for the maintenance of high intracellular 5HT levels are 
abolished, e.g. by lack of  energetic substrates (glucose), interference with the glucose 
metabolism (metabolic irdaibitors) or by impairment of granular storage of  5HT 
(reserpine). Therefore, passive processes (e.g. diffusion of 5HT 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 5HT leaves the platelets incubated in glucose-free K-phosphate. 

The experiments in which platelets were incubated with exogenous 5HT 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 5HT 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 5HT in- and outflow of platelets cannot 
be due to a mere alteration of the thermic moIecttlar movements, because this 
mechanism would ~ot explain the magnitude of the temperature effect in the above 
experiments° An artifact due to the synthetic media (e.g. K-phosphate, Tyrode 
bltffer) is unlikely, because similar temperature effects can also be demonstrated wit~ 
plasma. Since the in- as well as the outflow of 5HT is decreased by lowering of  the 
temperature, it may be assmned that alterations ~n the p~ysico-chemicaI properties 
of the platelet membranes are involved. It has, for instance, been shown tha~ fitms 
of  fatty acids and other Iipids increase their surface area abruptly wizh temperat-are 
rising within a relatively narrow range, a Since membranes and other biologica~ 
structures contain Iipid constituents; simi!ar changes might occur ~a ~he living ceil 
The quantitative differences in the temperature-induced changes of the 5HT mztflow 
as seen under various experimental conditions (TabIe 1) might be d'ae to a direct. 
influence of drugs and metabolic Inhibkors (e.g~ reserpine, CHaHgt) on r~embrane 
stpactures. 

The present experiments also show that the temperature dependence of the 5HT 
outflow is independent of the type of drug-induced 5HT liberation. T_~us, the sympa~ 
thomimefie amines tyramine and Ro 4-6861 on the or~e hand and reserpine on the 
other hand probably liberate 5HT by different mechanisms, i.e. by displacement_ 7 
and by interference with active storage s respectively. Despite this difference, the 
temperature dependence of  the 5HT ~iberation is closely simitar with the two tSrl~es 
of drugs indicating that the passive outflow of the liberated 5HT migkt be altered. 
A m ~ o r  temperature dependence of the penetration of the drugs into the platelets 
is not !ikely, since measurements wit11 ~H-labelted Ro 4-6861 show only a relatively 
small diminution of its inflow wi~  decreasing temperature (Fig. 4)° 

The high temperature dependence of passive mechanisms is not only seerz with 
5HT. Thus, in previous experiments the spontaneous liberation of norepineplarine 
from isolated granules of sympathetic nerves has been shown to be marked!y 
diminished by lowering of the temperature. 9 This norepinphrir_~e omflow is probably 
passive since under the conditions of the experiment (isolated granules in glucose-free 
K-phosphate) active storage and transport are unlikeiy to occ~ar, 

In conclusion, the high temperature sensitivity of the passive ~n- and omflow of 
monoamines in vitro, especially within the range of 30-40°~ suggests the possibility 
of similar changes in vivo, e.g. in hy'pothermia or hype~yrexia.  
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