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On the mechanism of 5-hydroxytryptamine
release by thymoleptics

A. CARLSSON, J. JONASON AND M. LINDQVIST
Department of Pharmacology, University of Gdoteborg, Giteborg, Sweden

Rabbits were treated with nialamide followed by chlorimipramine,
imipramine, desipramine or amitriptyline. Cortical brain slices were
prepared and incubated with Krebs-Henseleit solution. Release of
S5-hydroxytryptamine (5-HT) into the incubation medium was
measured. Chlorimipramine, imipramine and amitriptyline caused
release of 5-HT, whereas desipramine was without effect. The ability
of cortical brain slices to retain 5-HT was dependent on energy
supply, involving both aerobic and anaerobic metabolism. The
data support the view that the antidepressant drugs block the
membrane pump of 5-HT neurons. The observations also indicate that
5-HT is involved in thermoregulation.

Previously we have shown that the amine uptake by the membrane group of 5-hydroxy-
tryptamine (5-HT) neurons could be blocked by tertiary amines belonging to the
group of tricyclic antidepressants, for example, imipramine, chlorimipramine and
amitriptyline. Chlorimipramine proved particularly potent in this respect. Secondary
amines, however, such as desipramine and protriptyline, were more efficient in
blocking the membrane pump of noradrenaline than of 5-HT neurons (Carlsson,
Corrodi & others, 1969a,b).

In a recent paper (Carlsson, Fuxe & others, 1969) we have reported that blockade
of the membrane pump of 5-HT neurons leads to potentiation of the response to
monoamine oxidase (MAO) inhibitors. If chlorimipramine was given, for example,
to rabbits pretreated with nialamide, shivering-like tremors with marked increase
in rectal temperature occurred. When cortical slices obtained from animals treated
in this manner were incubated in a Krebs-Henseleit solution a highly significant
release of brain 5-HT occurred, as compared to control animals treated with nialamide
only.

In the present report we extend the earlier observations with chlorimipramine to
include also imipramine, desipramine and amitriptyline. Furthermore, we have
investigated the problem of whether the ability of the brain tissue to retain 5-HT
is dependent on energy supply.

EXPERIMENTAL

White female rabbits (1-:2-2-5 kg) were treated with nialamide (100 mg/kg, i.p.)
about 16 h before the administration of chlorimipramine or other antidepressant
drugs. The rectal temperatures were measured before the antidepressant drug was
given and immediately before death. The animals were killed by air embolism
30 min after administration of the antidepressant drug. The chest cavity was then
opened and the rabbits were exsanguinated before removing the brains. Cortical
slices were prepared according to Mcllwain & Rodnight (1962). The slices (about
1 g) were incubated at 37° in 10 ml of Krebs-Henseleit solution* equilibrated with 5%

* Each litre of Krebs-Henseleit solution contained: NaCl, 689 g; KCl, 0-35 g; CaCl;, 0-:28 g;

MgSOy, 0:14 g; EDTA.2H,O0, 0-015 g; KH,PO,, 0-16 g; NaHCO;,, 2-0 g; glucose, 2:0 g; ascorbic
acid, 0-02 g.
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carbon dioxide in oxygen. In some experiments 5% carbon dioxide in nitrogen
was used instead, or the glucose in the Krebs-Henseleit solution was omitted, or both.
After 40 min incubation, tissue and incubation fluid were separated by centri-
fugation, and both fractions were analysed for 5-HT by the method of Andén &
Magnusson (1967). The release was calculated as the ratio of the 5-HT in the
incubation medium to that in the incubation medium plus the brain tissue.

RESULTS

Table 1 shows the effects of imipramine, desipramine, chlorimipramine and
amitriptyline when given in different doses to rabbits pretreated with nialamide
(100 mg/kg, i.p. 16 h beforehand) on the 5-HT content of slices and incubation fluid,
and on rectal temperature and on gross behaviour. Chlorimipramine proved to be the
most potent of the drugs tested in releasing 5-HT from cortical brain slices during
incubation in Krebs-Henseleit solution. The release of 5-BT after 6-25, 12-5 and
25 mg/kg, i.p. was 24, 32 and 369, respectively, compared to 9% in controls treated
with nialamide only. Amitriptyline was less active than chlorimipramine, a release
of 199, being observed after both 12-5 and 25 mg/kg. Imipramine, 12-5 mg/kg,

Table 1. S-HT content of cortical brain slices and incubation medium after incubation
Jfor 40 min in Krebs-Hensleir solution. Rabbits were treated with nialamide
alone, 100 mg/kg, i.p., 16 h beforehand (controls) or in combination with
various doses of antidepressant drugs. The animals were killed 30 min
after the injection of the antidepressant drug. Values (ug/g tissue) are
given as means -+ s.e. Figures within brackets indicate number of experi-
ments. Shown also are the average rectal temperatures immediately
before the injection of the antidepressive drug and before Kkilling the

animals.
Incuba- Initial Final
Dose tion Brain Release tempera- tempera-
Treatment mg/kgi.p. medium tissue %, total ture ture
Control .. .. .. — 0:06 (31) 0-59(30) 89(30) 38-8(24) 389(18)
+0:007 4-0-027 +0-78
Imipramine HCl .. .. 125 0:14(3) 054(3) 21-2(3) 386(3) 39203
+0-024 +0-035 +3-82
25 0:05(3) 063(3) 7-5 (3) 39:3(3) 39503
4-0-004 +0-133 +1-51
50 004 (1) 0741 51(1) 391 (1) 393(1D)
Desipramine HCl .. .. 625 0:06(1) 073(Q1) 7:6 (1) 38:5(1) 39-3 (1)
12-5 0:05(1) 0-60(1) 77 (1) 38-2(1)  38-1(1)
25 006(12) 071(2) 75Q) 394 (2) 39-5(2)
+0-015 +0-075 4255
50 010(2) 067(2) 12:3(2) 3902 39-5(2)

Chlorimipramine HCl .. 625 018(3) 053(3) 236(3) 392(3) 40203

125 026 (19) 0-55(20) 31-5(19) 390(17) 40-7(17)
+0030  £0-033 4-2-95
25 031 (3) 060(3) 355(3) 391(3) >41-7(3)
$0-047  10-168 +3-42
Amitriptyline HCI .. oo 125 017(3) 071(3) 189(3) 393(3) 39503
+0-024  3+0-104 +0-54
25 015(3) 062(3) 186(3) 388(3) 38903
+0050  +0-096 +3-35
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appeared to be as efficient as the corresponding dose of amitriptyline but at higher
dose levels (25 or 50 mg/kg) no effect was found. Desipramine was ineffective in all
doses investigated.

In the experiments with chlorimipramine a correlation between the effect on gross
behaviour (shivering-like tremors), rise in rectal temperature and 5-HT release appeared
to exist. In the individual rabbits the response varied considerably.

Amitriptyline caused less marked tremor than chlorimipramine and almost no
effect on temperature. The rabbits were heavily sedated, lying on their sides.

After imipramine and desipramine, following nialamide pretreatment, the rabbits
were restless and tense, but no tremor and no rise in temperature were observed.

Combination of chlorimipramine with imipramine or desipramine was also tried.
The doses of imipramine and desipramine were 25 mg/kg. When imipramine was
given together with chlorimipramine, 25 mg/kg, the effects on behaviour, temperature
and 5-HT release were about the same as after chlorimipramine alone. Combination
of chlorimipramine, 12-5 mg/kg, with desipramine caused only a slight rise in tem-
perature, and with imipramine the release of 5-HT seemed to be lower than that
after chlorimipramine alone (Table 2).

Table 2. Effect of combined treatment with chlorimipramine and imipramine or desi-
pramine on 5-HT content of cortical brain slices and incubation medium
after incubation for 40 min in Krebs-Hensleit solution. Rabbits were treated
with nialamide, 100 mg/kg 16 h beforehand, followed by chlorimipramine
alone or in combination with imipramine or desipramine. The chlorimi-
pramine plus imipramine or desipramine were injected simultaneously
and the animals were killed after 30 min. For further explanations see

Table 1.
Incubation Brain Release Initial Final
medium tissue % total temperature temperature
Chlorimipramine 12-5 mg/kg 0-26 (19) 0-55 (20) 31-5(19) 39-0 (17) 40-7 (17)
+0-030 40-033 +2:95
Chlorimipramine 25 mg/kg 031 (3) 060 (3) 35-5(3) 391 (3) >41-7 (3)
+0-047 +0-168 +3-42
Imipramine 25 mg/kg + 0-13(3) 062 (3) 17-2(3) 39-2(3) 397 (3)
chlorimipramine 12-5 mg/kg +0-063 -+0-080 +8-99
Imipramine 25 mg/kg + 032 (3) 0-46 (3) 401 (3) 39-5(3) 409 (3)
chlorimipramine 25 mg/kg +40-075 +0-092 +1-33
Desipramine 25 mg/kg + 0-17 (3) 0-51 (3) 22:9(3) 388 (3) 39-1(3)
chlorimipramine 12-5 mg/kg +0-067 +0-049 +6-58

The ability of the brain tissue to retain 5-HT seemed to be dependent on energy
supply. In experiments with rabbits treated with nialamide alone, cortical slices
were incubated in glucose-free Krebs-Henseleit solution under an atmosphere of
N, and CO,. The release of 5-HT increased to about 709 compared to about 9%,
if the incubation was performed with glucose under O, and CO, (Table 3). If either
glucose was omitted or oxygen replaced by nitrogen, intermediate release values
were obtained.

Chlorimipramine given to rabbits pretreated with nialamide caused a release of
about 35% in the presence of glucose and oxygen. If both glucose and oxygen were
omitted (i.e. oxygen replaced by nitrogen) the release of 5-HT was about the same
as after nialamide alone under these conditions. If either of the two was omitted
intermediate values were obtained.
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DISCUSSION

Imipramine and amitriptyline treatment of nialamide pretreated rabbits caused
a moderate increase in the release of 5-HT from cortical brain slices in vitro. In this
respect these drugs were less potent than chlorimipramine, whereas desipramine had
no effect. This order of activity corresponds to our earlier observations on 5-hydroxy-
tryptophan potentiation and the ability to block the membrane pumps of 5-nr
neurons, using 5-HT depletion by 4-methyl-a-ethyl-m-tyramine (H75/12) as indi-
cator. It therefore seems reasonable to assume that the 5-HT release induced by
antidepressant drugs, as observed in the present investigation, is due to blockade
of the membrane pump of 5-HT neurons, unmasking a rather pronounced leakage
of 5-HT following inhibition of monoamine oxidase. In support of this assumption
it was observed that the ability of cortical tissue to retain 5-HT was dependent on
energy supply. Moreover, deprivation of energy supply eliminated the 5-HT releasing
action of chlorimipramine.

To obtain a maximum 5-HT release it was necessary to deprive the tissue of both
oxygen and glucose. The data indicate that the membrane pump of 5-HT neurons
can derive its energy supply both from aerobic metabolism and anaerobic glycolysis.

The correlation between 5-HT release and rise in body temperature observed in
the present investigation supports the hypothesis of Feldberg & Myers (Feldberg
& Myers, 1963 ; Feldberg, 1968; cf. Corrodi, Fuxe & Hokfelt, 1967) that 5-HT is
involved in thermoregulation.

Our results suggest a certain degree of antagonism between chlorimipramine and
imipramine/desipramine as regards 5-HT release and rise in temperature. Further
work is needed to establish the mechanism involved. It is tempting to speculate
on an interaction between 5-HT and noradrenaline neurons. Such an interaction
might also explain the apparently dual action of imipramine, indicated by an irregular
dose-response relationship.

Acknowledgements

The research reported in this paper has been supported by grants from the Swedish
Medical Research Council (No. B69-14X-155-O5A), Fonden f6r neurobiologisk
forskning, Svenska sillskapet for medicinsk forskning and Wilhelm och Martina
Lundgrens Vetenskapsfond.

The skilful technical assistance of Mrs. Ingrid Berg, Mrs. Birgitta Nystrém and
Miss Gunilla Wilén is gratefully acknowledged.

For generous gifts of drugs we thank J. R. Geigy Ltd. (imipramine, desipramine,
chlorimipramine), Merck, Sharp and Dohme Ltd. (amitriptyline) and the Swedish
Pfizer Ltd. (nialamide).

REFERENCES

ANDEN, N.-E. & MaGNuUssoN, T. (1967). Acta physiol. scand., 69, 87-94.

CARLSSON, A., Corropl, H., Fuxg, K. & HOKFELT, T. (1969a). Europ. J. Pharmac., S5, 357-366.

CARLSSON, A., Corropi, H., Fuxg, K. & HOKFELT, T. (1969b). Ibid., 5, 367-373.

CArwLssoN, A., Fuxg, K., JonasoN, J. & Linpqvist, M. (1969). Brain Res., 12, 456-460.

Corropi, H., Fuxe, K. & HOkreLT, T. (1967). Advances in Pharmacology, Vol. 6B, pp. 49-54,
New York: Academic Press Inc.

FELDBERG, W. & MyERrs, R, D. (1963). Nature, Lond., 200, 1325,

FELDBERG, W. (1968). Recent Advances in Pharmacology, pp. 349-397. London: Churchill.

M%I}prfi,l H. & RobnNiGHT, R. (1962). Practical Neurochemistry, pp. 109-133. London:

urchill.



