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INTRODUCTION 

Tryptaminergic mechanisms are thought t o  be involved in the secretory 

function of the pancreatic @-cells (4 ,7 -9 ,20 ) .  Studies on the uptake and sub- 

cellular distribution of radioactively labelled 5-hydroxytryptamine (5-HT) in 

pancreatic islets suggested that the amine is transported into the islet cells 

and associated with the insulin secretory granules (6 ,13) .  The present ex- 

periments were undertaken to further characterize the 5-HT uptake; I have in- 

vestigated whether transport mechanisms for 5-HT similar to those in thrombo- 

cytes and synaptosomes (14 ,16 ,19 )  operate in the pancreatic islets. Islets 

rich in 6-cells were isolated from non-inbred ob/ob mice, and their uptake of 

labelled 5-HT was characterized with respect to its kinetics and dependence on 

cellular metabolism and inorganic cations. To further analyze the different 

steps in B-cell uptake of 5-HT, the effects of imipramine and reserpine have 

been studied. The possible involvement of non-B-cell structures in islet 5-HT 

uptake has been studied by using partially purified 8-cell suspensions. 

METHODS 

Adult, non-inbred obese-hyperglycemic mice (ob/ob) were starved overnight, 

killed by rapid decapitation and their pancreatic islets isolated by free hand 

microdissection (5). The medium used throughout was a Hepes-buffered Krebs- 

Ringer solution, pH 7 . 4 ,  equilibrated with ambient air. Unless differently 

stated, all media contained 3 mM D-glucose. Reserpine was first dissolved in 

dimethylsulfoxide and then taken 1 p 1  per 1 ml into the incubation medium to 

get the concentration stated in the legends. 

unless stated otherwise. 

Temperature was kept at 37OC 

After a 30 min preliminary incubation, groups of 2-4 islets were trans- 
3 ferred to vials containing 200 p1 of medium supplemented with 5-hydroxy(G- H)- 

tryptamine creatinine sulphate and various test substances, (U- C)sucrose was 
added as a marker for the extracellular space. After the incubation period 
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islets were freeze-dried overnight, weighed on a quartz-fibre balance and 

analyzed for radioactivity in a scintillation spectrometer. 

pressed as pmol of 5-HT equivalents with the same specific radioactivity as in 

the incubation medium. The procedures for isolating 6-cells from pancreatic 

islets (10,12) and for studying transmembrane transport into isolated B-cells 

(11) have been described. 

Results are ex- 

RESULTS AND DISCUSSION 
Figure 1 shows that at an extracellular 5-HT concentration of 0.2 or 1.5 

uM,uptake proceeded for at least 2 h. The values correspond to an accumulation 

of 60 or 28 times the extracellular concentration of 5-HT. The ability to con- 

centrate labelled 5-HT from the medium was markedly temperature-dependent. 

This makes it seem unlikely that any major part of the 5-HT uptake is due to 

surface binding of the amine, since such binding would not be expected to be 

very temperature-dependent. 

/ I  

Figure 1 Time-and temperature-de- 
pendence of 5-hydroxytryptamine 

ed for various periods of time in 3 medium containing 5-hydroxy(G- H)- 
tryytamine (458 TBq/mol) and 40 uM 
(U- C)-sucrose (14.1 TBq/mol). An- 
cubations were carried out at 37 C 
with either 0.2 pM (0) or 1.5 UM 
5-HT (0). Some experiments were 
performed at O°C (ice-bath) with the 
two 5-HT concentrations (solid sym- 
bols). Mean values for 4-6 sepa- 

37 ' c  (5-HT) uptake. Islets were incubat- 

rate experiments; vertical bars 
show SEM. 

60 120 
INCUBATION TIME (rnin) 

Figure 2(a) shows the concentration-dependent uptake of 5-HT during the 

first 5 min - i.e. the apparent initial uptake. The Scatchard plot of the 

same data (Fig 2b) shows that the uptake mechanisms are complex. There is one 

component with high affinity for 5-HT which is saturated at around 1-3 UM 

extracellular amine and one component with lower affinity which is not saturat- 

ed up to at least 1 mM. The apparent association constant for the saturable 

component was about 1.6 x 10 M . 6 -I 
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Figure 2(a) 
tryptamine (5-HT). 
ed with 50 nM to 1 mM ( H)-5-HT (458 TBq/mol) and 40 VM ( 
TBq/mol). 
bols) for 4 to 8 separate experiments. 
5-HT concentrations plotted on a logarithmic scale. 
given as a Scatchard plot. 

Concentration-dependence of short-term uptake of 5-hydroxy- 
Islejts were incubated for 5 min in baTt1 medium supplement- 

Mean values (with bars when SEM is larger than width of mean sym- 
The inset gives the results with higher 

(b) The data (a) are 

C)-sucrose (14.1 

Table 1 shows that at low concentrations of 5-HT, when the high-affinity 

mechanism is preponderant, the uptake is sodium dependent. The low affinity 

mechanism shows no such sodium dependence. 

of potassium, calcium or magnesium does not  affect initial uptake rates. Block- 

ing the metabolism (Table 2)  affects the uptake only at low 5-HT concentra- 

tions. Thus, only the high-affinity uptake mechanism is clearly dependent on 

cellular metabolism. 

It can also be seen that omission 

Table 1 Effects of cations on the 
islet uptake of labelled 5-hydroxy- 
tryptamine (5-HT) 

Omission 
of cations 

Uptake of labelled 
5-HT (pmol/kg dry 
wt of islets) 

0.2 VM 5-HT 
Noye (control) 1.87+0.45(7) 

0.58i0.22 (7)* 
1.18+0.19(7) K 

No?? (control) 2.69+0.93(7) 
2.73+0.46(7) 
1.96+0.46(7) 

N8 

Ca2+ 
Mg 

1.5 pM 5.HT 
Noqe (control) 24.7k5.9 (9) 

20.3i5.5 (9) * 
27.1 +7.9(9) 

;$ 

25 ~.IM 5-HT 
Nope (control) 231.1+19.7( 15) 
Na 221.1+29.8(13) 

Pancreatic islets were incubated for 
5 min in basal medium supple ented 
with the concentrations of ( H)-5- 
HT list?$ (18.3 to 458 TBq/mol) and 
40 pM ( C)-sucrose (14.1 TBq/mol). 
In  the test media catiops were o- 
mitted as indicate+d; Na 
placed by choline . The ionic modi- 
fications also applied to a prelimi- 
nary incubation for 30 min. 
values fSEM for the numbers of ex- 
periments stated in parentheses. 
nPc0.05. 

'4 

was re- 

Mean 
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Table 2 Effects of metabolic blockade on the islet uptake of labelled 
5-hydroxytryptamine (5-HT) 

Uptake of labelled 5-HT 
(pmol/kg dry wt of islets) 

Cont ro 1 
5-HT Incubation 
(UM) time (rnin) 

0.2 
0.2 
1.5 
1.5 
25 

5 1 
20 8 
5 16 
20 46 
5 231. 

64r0.04(5) 1 .38?0.05 (5) 
93kO. 92 ( 8 )  7.79+1 .15(8) 
2 *1.9 (6) 15.7 k2.6 (6) 

2 19.7(15) 207.5*28.3(13) 
9 k5.8 (5) 55.3t2.1 (5) 

Islets were 
trations of ( H)-5-HT listed (18.3 to 458 TBq/mol) and 40 V I M  ( C)-sucrose 
(14.1 TBq/mol). The test media also contained 0.5 mM 2,4-dinitrophenol in 
combination with 0.1 mM antimycin A .  These substances were also present during 
the preliminary incubation for 30 min. Mean values ? SEM for the numbers of 
experiments stated in parentheses. *P<O.O2. 

gcubated for 5 or 120 min in basal medium containigg the concen- 

The uptake of 5-HT by the @-cells shows complex kinetics with one high- 

affinity/low-capacity mechanism having some features of an active transport, 

and one low-affinity/high-capacity mechanism lacking these features. However, 

also the low-affinity mechanism gave an accumulation of 5-HT of more than 20 

times the extracellular concentration. These findings conform well with the 

uptake of 5-HT in thrombocytes and neurones (1,2,16,18,19). The finding (Table 

3 )  that imipramine inhibited initial uptake is also in agreement (3,14). 

Table 3 Imipramine inhibits the uptake of 3H-labelled 5-HT by pancreatic 
islets 

Imipramine 5-HT 
(llM) ( llM) 
0 0.2 
50 0.2 
0 1.5 
50 1.5 

Uptake of labelled 5-HT 
(Umol/kg dry wt of islets) 

0.86tO .08 (8) 
0.64k0.07 ( 8 ) *  
10.92+1.67(8) 
6.87?1.02(8)* 

Islets were incubated for 5 min in basal medium suppleypted with 0.2 UM (458 
TBq/mol) or 1.5 llM (458 TBq/mol) ( H)-5-HT and 40 VM ( C)-sucrose (14.1 
TBq/mol) and with or without imipramine at the concentration given. In the 
test groups imipramine was present also during a 30 min preliminary incubation 
period. Mean + SEM for the number of experiments given. *P<O.O5. 

3 

However, there are also differences between pancreatic 6-cells on the one 

hand (Table 4) and thrombocytes or neurones on the other (15,17),since re- 

serpine had no effect whatsoever on the islet uptake of labelled 5-HT. 
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An isolated and partially purified 8-cell suspension accumulated 5-HT to 
the same degree and with the same sodium dependence as whole islets (Table 5). 

This strongly indicates that the islet uptake is mainly confined to the B-cells. 
The fact that we have uncovered transport mechanism of 5-HT operating at 

very low extracellular concentrations of biogenic amine emphasizes the possibi- 

lity that the incorporation of amines into the B-cell is a mechanism of 

physiological relevance. 

Table 4 Reserpine has no effect on islet uptake of labelled 5-HT 

Reserpine Incubat ion 5-HT Uptake of labelled 5-HT 
concentra- time (min) concen- (Umol/kg dry wt of islets) 
tion (uM) tration 

(UM) 
5 
5 

120 
120 
5 
5 

120 
120 

0.2 
0.2 
0.2 
0.2 
1.5 
1.5 
1.5 
1.5 

2.08+0.12(7) 
2.85k0.78 (6) 
7.68k0.86 (4) 
8.38k3.72 (4) 
18.27+1.46(9) 
17.35+0.89(9) 
43.36+3.72(8) 
40.15?4.67(8) 

Groups of two to four islets were incubated in basal medium supplemented with 
0.2 I.~M (458 TBq/mol) or 1.5 pM (458 TBq/mol) ( H)-5-HT. Mean _+ SEM f o r  the 
number of experiments given. 

3 

Table 5 Sodium deficiency lowers the uptake of labelled 5-HT in isolated 
beta-cells 

Uptake of labelled 5-HT (Umol/kg dry wt of cells) 

Con tro 1 
Omission of sodium 

0.2 uM 100 UM 

3.09+0.53(6) 1522.9'236.5(9) 
2.49kO. 40 (6)** 1329.2+224.2(9)* 

Suspensions of isolated pancreatic islet cells were incubated for 5 min in 
basal metiurn supplemented with 0.2 or 100 fl ( H)-5-HT (6.2-458 TBq/mol) and 
40 fl (+ C)-sucrose (14.1 TBq/mol). 
choline . 
period. 
thesis. **P<0.02. *P<O.O5. 

3 

In the test medium Na was replaced by 
This modification also applied to the 30 min preliminary incubation 

Mean values k SEM for the numbers of experiments stated in paren- 
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