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LUND, A. AND N. MJELLEM. Chronic, combined treatment with desipramine and mianserin: Enhanced 5-HT,, recep-
tor function and altered 5-HT,,/5-HT, receptor interaction in rats. PHARMACOL BIOCHEM BEHAYV 45(4) 777-783,
1993. - A greater percentage of depressed patients respond to combined treatment with a tricyclic antidepressant and the
tetracyclic antidepressant mianserin than to treatment with these drugs given alone. The functional sensitivity of the 5-
hydroxytryptamine (5-HT),, receptor, and the functional interaction between the 5-HT,, and the 5-HT, receptors were
investigated after treatment with desipramine and mianserin either alone or combined for 21-28 days. Pretreatment with
desipramine and mianserin in combination induced the most intense 5-HT syndrome and the greatest fall in colonic tempera-
ture after injection of the 5-HT,, agonist 8-hydroxy-2-(di-n#-propylamino)-tetralin (8-OH-DPAT). The rats pretreated with
desipramine alone had the largest elevation of the response temperature in the increasing temperature hot-plate test after
injection of 8-OH-DPAT . After the combined pretreatment with desipramine and mianserin, no enhanced functional
response in these tests was found when the 5-HT,, and the 5-HT, receptors were stimulated simultaneously using 8-OH-DPAT
and the 5-HT, agonist, (+)-1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane HCl (DOI), contrasting the findings for desipra-
mine or mianserin treatments given alone, where an increased functional response was found for the colonic temperature and
the response temperature in the increasing temperature hot-plate test. In vitro receptor binding using [*H]-8-OH-DPAT as
ligand revealed an increase in K, and B, in the spinal cord after chronic treatment with the combination of desipramine and
mianserin. In the hippocampus and the frontal cortex the changes were small. Thus, the combination of desipramine and
mianserin increased the functional response to 5-HT,, receptor stimulation, and decreased the response to simultaneous
stimulation of the 5-HT,, and 5-HT, receptors, when compared to treatments with either one of the antidepressants alone, or
controls. These rather large functional changes were not clearly reflected in the receptor binding study, indicating that changes
in the postreceptor signal transduction may be of importance.

Desipramine Mianserin 5-HT,, receptor

5-HT, receptor

Behavior Rats

MOST types of antidepressant treatments seem to lead to the
same long-term result, namely an increased sensitivity of post-
synaptic neurons to 5-hydroxytryptamine (5-HT) (4,7), and a
downregulation of the 8-adrenoceptors in the brain (36). Sev-
eral 5-HT receptor subtypes are described (30). In the human
brain, 5-HT,,, 5-HT,., and 5-HT, receptors mediate the post-
synaptic effects of 5-HT, while the 5-HT,, receptor also func-
tions as autoreceptor on the 5-HT cell bodies in the raphe
nuclei (20). The 5-HT,, receptor has been localized with high
concentration in the limbic regions and in the dorsal raphe
nucleus, and is also found in the spinal cord and the frontal
cortex, while the highest level of 5-HT, receptors is in layer
IV of the cerebral cortex (18,30).

The details of the modulation of serotonergic systems by
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antidepressants are contentious, but several studies indicate
that the 5-HT,, and 5-HT, receptor subtypes are of special
importance (9,10,13-16,21,22,26,33,34,37,40,41). It has been
proposed that the 5-HT),, receptor may be downregulated and
the 5-HT, receptor may be upregulated in depression, and that
antidepressants reverse this imbalance (9).

Opposing effects of 5-HT, and 5-HT, receptors in different
behaviors (sleep, sexual behavior, temperature regulation) are
often reported (13), but a potentiation of behavior has also
been reported after simultaneous stimulation of these two
receptor subtypes in rats: the ability of the 5-HT,, agonist,
8-hydroxy-2-(di-n-propyl-amino)tetralin (8-OH-DPAT) to in-
duce forepaw treading was increased twentyfold after cotreat-
ment with 1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane
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(DOI), which is predominantly a 5-HT, agonist (1). As far
as we know, no investigations on this interaction have been
conducted after antidepressant treatments.

The acute effect of tricyclic antidepressants (TCAs) is
mainly to inhibit the reuptake of noradrenaline or 5-HT (3),
while mianserin is an antagonist both of the 5-HT, receptor
(35) and of the presynaptic o, receptor (31). There is some
evidence indicating that chronic treatment with TCAs may
have a different mode of action on the 5-HT receptors in
humans than chronic treatment with mianserin (5), and a dif-
ference may also be found in rats (11).

Resistance to antidepressant treatment is a well-known
phenomenon (28). Lithium has been reported to increase the
antidepressant effect of TCAs, due to a synergistic action en-
hancing some aspects of brain 5-HT function in humans (6). It
has also been reported that a greater percentage of depressed
patients respond to antidepressant treatment when a TCA is
combined with a tetracyclic antidepressant (2). The combina-
tion of different TCAs and mianserin has been investigated
specifically, and relief of depression is found in a greater per-
centage of patients receiving this combination than those re-
ceiving either treatment given alone (27). In this preliminary
study, five treatment-resistant patients are described in detail,
all with a remarkable antidepressant effect of the combination
therapy after a few days, and it is stated that 40 other patients
have received the same treatment, mainly with a favorable
outcome.

In the present study, a combined desipramine/mianserin
treatment was compared to these treatments given alone in
different behavioral tests, reflecting the functional sensitivity
of the 5-HT,, receptor. The functional interaction between
this receptor and the 5-HT, receptor was also studied. In vitro
receptor binding studies of the 5-HT,, receptor was performed
in the hippocampus, the frontal cortex, and the spinal cord in
rats after these treatments.

METHOD
Drugs

Desipramine HCl (DMI, gift from Ciba-Geigy, Switzer-
land) and mianserin HCl (MIAN, gift from Organon, The
Netherlands) were dissolved in tap water in a concentration of
0.15 mg/ml. A combination of the two drugs was adminis-
tered in the same way in a concentration of 0.075 mg/ml of
each. This was the only source of drinking water in the three
treatment groups, yielding a dose of DMI of approximately 8
mg/kg/24 h (23), of MIAN about 12 mg/kg/24 h (a larger
volume was drunk in this group), and of approximately 5 mg/
kg/24 h of each of the two antidepressants when combined
(DMI1/MIAN). The antidepressants were given for 21-28 days
before the behavioral experiments and for 35-42 days before
the receptor binding experiments. 8-Hydroxy-2-(di-n-propyla-
mino)-tetralin (8-OH-DPAT, Research Biochemicals Inc.,
USA) was dissolved in 0.9% NaCl and injected subcutane-
ously (SC), 0.02 mg/kg, in a volume of 5 ml/kg. 1-(2,5-
Dimethoxy-4-iodophenyl)-2-aminopropane (DOl, Research
Biochemicals Inc.), 0.25 mg/kg in 0.9% NaCl, was adminis-
tered together with 8-OH-DPAT in some experiments. The
doses of 8-OH-DPAT and DOI were based on preliminary
experiments, and chosen so as to make possible the observa-
tion of both an increase and a decrease in the behavioral re-
sponse.

Animals

Male Sprague-Dawley rats (Mol: SPRD, Mellegaard, Den-
mark), weighing 300-380 g at the end of the experiments, were
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used. The rats were housed at 22-24°C in standard macrolone
cages, two to three in each cage, and kept on a 12L : 12D cycle
with lights on at 7:00 a.m. Food and tap water were freely
available for the control animals, and food and tap water with
the antidepressants were freely available for the treatment
groups. One week before the behavioral testing started, the
animals were put in single cages, and stayed there for the rest
of the experiment.

Behavioral Testing

All animals were handled during the period of drug treat-
ment. During this handling, they were exposed once to the
increasing temperature hot piate without heating the plate.

The animals were brought to the test room at least 1 h
before the behavioral experiments started. Each animal re-
ceived one injection of 8-OH-DPAT, and one injection of
8-OH-DPAT and DOI SC, with at least 7 days between the
two experiments. Control animals were injected with the same
volume of the vehicle. Ambient temperature was between 22
and 24°C.

For the scoring of the 5-HT behavioral syndrome, the ani-
mal was put back in its home cage after the injection and
videotaped for 30 min in a sound-attenuated room, inter-
rupted for the hot-plate test and the measurement of colonic
temperature 10 min after the injection. The scoring of the
behavioral 5-HT syndrome was modified from that previously
described (8). Since a low dose of 8-OH-DPAT was adminis-
tered, the only behavioral categories observed were flat body
posture, hyperlocomotion, and Straub tail (increased tonus or
stiffness of the tail). Each category was scored on a scale from
0 to 3 (0: absent, 1: just present, 2: definitely present, 3:
intense). For a total score, the scores for all categories were
added. The behavior was scored for 1-min sessions, 4-5 min,
9-10 min, 14-15 min, 19-20 min, 24-25 min, and 29-30 min
after the injection.

Colonic temperature was measured immediately before
each test on the increasing temperature hot plate. A thermo-
couple probe was inserted 5-6 cm from the anus while the
animal was loosely restrained by the tail, allowing some mov-
ing around.

The increasing temperature hot-plate test was performed
as described previously (39). The temperature of the plate was
increased from 42°C at a rate of 3°C per min, and a cut-off
temperature of 50°C was set to avoid tissue damage. The
second time the animal licked one of the hindpaws was used
as the endpoint of the test; the first time was not used to avoid
the scoring of nonspecific licking. The response temperature
was recorded by means of a computer. The hot-plate test was
performed prior to injection of 8 OH-DPAT and 10 and 60
min after the injection.

Binding of [’ H]8-OH-DPAT to 5-HT,, Receptors

The rats were killed by decapitation, and the brain and
spinal cord were quickly removed. The frontal cortex, the
hippocampus, and the spinal cord were dissected on an ice-
cold plate, and immediately homogenized in 10 vol. of ice-cold
buffer (50 mM Tris HCI, pH 7.8; 4 mM CaCl,; 0.1% ascorbic
acid) with a Teflon-glass homogenizer, and then sonificated.
The homogenates were centrifuged at 18,000 rpm for 12.5
min, and the supernatant was removed. The pellet was resus-
pended with the same buffer, sonificated, and centrifuged as
the first time. Sucrose (3.0 ml 0.32 M) was added to the pellet
and another sonification was done before storing at —35°C
until the binding assay. The same buffer was added again,
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FIG. 1. The colonic temperature (°C) (mean = SEM; n = 6-10)
after the injection of 8-OH-DPAT (0.02 mg/kg SC) to rats pretreated
with desipramine (DMI), mianserin (MIAN), the combination of the
two (DMI/MIAN), or vehicle (VEH) in the drinking water for 21-
28 days. *p < 0.05, **p < 0.005 (t-test, subsequent to a significant
overall ANOVA).

sonification was performed, and dilution to the final protein
concentration of 0.50-0.66 mg/ml. Pargyline (5 mM) was
added to the suspension to a final concentration of 10 uM.
[’H]8-OH-DPAT (concentration: 0.2-8.0 nM for the frontal
cortex and the hippocampus, and 0.2-6.0 nM for the spinal
cord) was used as ligand, and nonspecific binding was deter-
mined in the presence of 5-HT (10 uM). The tubes were har-
vested in a 7025 Skatron cell harvester with auto-wash pro-
gram using glass fiber filters. The filter discs were placed in
scintillation vials, along with 6-m! filter-count scintillation
fluid, and radiation was counted in a LKB 1219 RackBeta
Spectral Liquid Scintillation Counter, counting efficiency 56-
57%. All binding assays were carried out in triplicate, and at
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FIG. 2. The response temperature (°C) (mean + SEM; n = 6-10)
in the increasing temperature hot-plate test after injection of 8-OH-
DPAT (0.02 mg/kg SC) to groups of rats pretreated with desipramine
(DMI), mianserin (MIAN), the combination of the two (DMI/
MIAN), or vehicle (VEH), in the drinking water for 21-28days.
*» < 0.05, **p < 0.005 (r-test, subsequent to a significant overall
ANOVA).
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least three separate experiments (different groups of animals)
were performed with separate homogenates from each treat-
ment group and controls.

Protein concentrations were determined by a standard
method, using bovine plasma gamma globulin as the standard.

Statistics

Analysis of variance (ANOVA) and ANOVA with repeated
measures were used. Subsequent to a significant overall
ANOVA, t-tests were used where appropriate. For the data
from the behavioral 5-HT syndrome, nonparametric statistics
were performed (Kruskall-Wallis ANOVA by ranks). Statisti-
cal significance at the 5% level was accepted.

RESULTS

Body Weight and Drinking Volume

The animals receiving DMI treatment alone or in combina-
tion with MIAN drank less than controls, and they gained
somewhat less body weight. After 3 weeks of treatment, the
mean weight (g £ SEM) of the animals in the different groups
were: DMI: 288.3 + 3.5, MIAN: 325 + 7.5, DMI/MIAN:
287.3 £ 9.2, and VEH: 321.3 + 12. The drinking volume
(ml/kg body weight/24 h + SEM) for the same groups after
3 weeks of treatment were: DMI: 54.8 + 2.3, MIAN: 82.1
+ 3.8, DMI/MIAN: 68.3 + 1.5, and VEH: 83.9 + 3.9,

Functional Tests Before the Injection of Receptor Agonists

After pretreatment with DMI (8 mg/kg/24 h), MIAN (12
mg/kg/24 h), or the combined treatment with DMI (5 mg/kg/
24 h) and MIAN (5 mg/kg/24 h) (DMI/MIAN), the colonic
temperature was lower (Fig. 1) and the hot-plate response
temperature higher (Fig. 2) than in controls (VEH) before the
administration of 8-OH-DPAT.

Functional Tests After the Injection of 8-OH-DPAT

The low dose of 8-OH-DPAT given (0.02 mg/kg) induced
only a weak 5-HT syndrome in the controls (Fig. 3). Pretreat-
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FIG. 3. The behavioral 5-HT syndrome (mean + SEM; n = 6-10)
after the injection of 8-OH-DPAT (0.02 mg/kg SC) to groups of rats
pretreated with desipramine (DMI), mianserin (MIAN), the combina-
tion of the two (DMI/MIAN), or vehicle (VEH) in the drinking water
for 21-28 days. The values given are the sum of the score of three
behavioral categories (maximum score 9). *p < 0.05, **p < 0.005
(Kruskall-Wallis ANOVA by ranks).
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ment with DMI or with MIAN tended to increase this behav-
ior, and for the combined treatment (DMI/MIAN), a great
and statistically significant increase in the 8-OH-DPAT-
induced behavioral syndrome was found after 10, 15, 20, and
25 min (Fig. 3; Kruskall-Wallis ANOVA by ranks, between
DMI/MIAN group and controls). Significant differences were
also found between the DMI/MIAN group and the DMI
group at 5 and 10 min, and between DMI/MIAN group and
MIAN group at 10 min (Kruskall-Wallis ANOVA by ranks,
data not shown).

The fall in the colonic temperature after injection of 8-OH-
DPAT was also greater for the DMI/MIAN-pretreated group
than for either pretreatment given alone in higher doses (Fig.
1; ANOVA with repeated measures: p < 0.001 for the pre-
treatment; p < 0.001 for the repetition; and p = 0.004 for
the interaction between the two).

In the increasing temperature hot-plate test, a significant
increase in response temperature after 8-OH-DPAT injection
was observed in the DMI group, and in the DMI/MIAN group
(Fig. 2; ANOVA with repeated measures: treatment variable:
P < 0.001; repetition factor: p < 0.001; and the interaction
between the two: p = 0.007).

Functional Tests After the Coadministration of 8-OH-DPAT
and DOI

When DOI (0.25 mg/kg) was administered together with
8-OH-DPAT (0.02 mg/kg), the fall in colonic temperature
and the increase in hot-plate response temperature were
greater for all groups except for the DMI/MIAN group, com-
pared to the groups injected with 8-OH-DPAT only (Figs. 4
and 5). In the DMI/MIAN group, the fall in colonic tempera-
ture was not significantly changed by the additional adminis-
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FIG. 4. The difference between test and pretest value for the colonic
temperature (°C) after the injection of 8-OH-DPAT (0.02 mg/kg)
plus DOI (0.25 mg/kg), or 8-OH-DPAT alone to different groups:
(A) pretreatment with DMI, (B) pretreatment with DMI/MIAN, (C)
pretreatment with MIAN, (D) VEH. *p < 0.05, **p < 0.005 (¢-test).
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FIG. 5. The difference between test and pretest for the response tem-
perature in the increasing temperature hot-plate test (°C) after the
injection of 8-OH-DPAT plus DOI, or 8-OH-DPAT alone to differ-
ent groups: (A) pretreatment with DMI, (B) pretreatment with DMI/
MIAN, (C) pretreatment with MIAN, (D) VEH. *p < 0.05 (#-test).

tration of DOI (Fig. 4), and neither was the response tempera-
ture in the increasing temperature hot plate test (Fig. 5). As
for the behavioral 5-HT syndrome, the DMI/MIAN group
showed almost no detectable 5-HT syndrome after coadminis-
tration of 8-OH-DPAT and DOI (Fig. 6B), in contrast to the
group pretreated with DMI only (Fig. 6A) or with VEH (Fig.
6D), where the additional administration of DOI increased
the 8-OH-DPAT effect 25 and 30 min after injection. In the
MIAN-pretreated group, the additional administration of
DOI did not change the behavioral response (Fig. 6C). The
administration of this dose of DOI alone to the different treat-
ment groups neither induced any detectable behavioral syn-
drome, nor any significant effects on colonic temperature or
hot-plate response temperature (data not shown).

Binding of [’H]8-OH-DPAT

The results of the study of [’H]-8-OH-DPAT binding are
shown in Table 1. In the DMI/MIAN group, a statistically
significant increase of B, (22.7%) and K, (46.5%) was found
in the spinal cord, and of B,,, in the hippocampus (11.2%).
In the DMI group, a decrease in X (10.7%) and B, (12.5%)
was found in the frontal cortex, as well as a decrease of K in
the spinal cord (15.7%). The data for the DMI group have
been published previously (24).

Concentration of Desipramine and Mianserin in Serum

The serum concentration (mean + SEM) of desipramine
in the DMI group was 107.8 + 35.4 ng/ml (356 + 116.4
nmol/l), and of mianserin in the MIAN group 10.1 + 0.8
ng/mi (33.4 + 2.6 nmol/l). In the DMI/MIAN group, the
concentration of desipramine was 26.6 + 5.2 ng/ml (88.5 =
17.2 nmol/l) and of mianserin 9.6 + 4.3 ng/ml (32 + 14.5
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FIG. 6. The behavioral 5-HT syndrome after injection of 8-OH-
DPAT (0.02 mg/kg) plus DOI (0.25 mg/kg), or 8-OH-DPAT alone
to different groups: (A) pretreatment with DMI, (B) pretreatment
with DMI/MIAN, (C) pretreatment with MIAN, (D) VEH. <
0.05, **p < 0.005 (Kruskall-Wallis ANOVA by ranks).

781

nmol/l). The blood was collected when the animals were sacri-
ficed, after 35-42 days.

DISCUSSION

The combined pretreatment with DMI and MIAN for 21-
28 days induced a significant increase in sensitivity of the
5-HT,, receptor to 8-OH-DPAT stimulation, as measured
functionally by both the 5-HT syndrome and the fall in co-
lonic temperature. After pretreatment with either DMI or
MIAN alone, only moderate changes in the 5-HT syndrome
and the colonic temperature were found. In the increasing
temperature hot-plate test, however, pretreatment with DMI
alone induced the greatest increase in response temperature
after injection of 8-OH-DPAT. Thus, various behavioral tests
reflect differently the upregulation of 5-HT,, receptor sensi-
tivity after pretreatment with various antidepressants. The 5-
HT syndrome and the increasing temperature hot-plate test
both seem to reflect the function of postsynaptic receptors
after stimulation with 8-OH-DPAT, while for the fall in co-
lonic temperature jt is somewhat unsettled whether pre- or
postsynaptic involvement is of major importance in rats [see
references in (24)].

In animals pretreated with the combination of DMI and
MIAN, the additional administration of the 5-HT, agonist,
DOI, almost completely inhibited the 5-HT syndrome induced
by injection of 8-OH-DPAT. There was no significant change
in the colonic temperature or the hot-plate response tempera-
ture when compared to injection of 8-OH-DPAT alone. In
the VEH- and the DMI-pretreated rats, however, there was
an increase in the effect in all the behavioral tests used after
the coadministration of 8-OH-DPAT and DOI. In MIAN-
pretreated rats, the additional administration of DOI induced
either a weak enhancement of the 8-OH-DPAT effect (colonic

TABLE 1
BINDING OF ['H]8-OH-DPAT
Hippocampus Frontal Cortex Spinal Cord

Pretreatment K, Diff. (%) K, Diff. (%) K, Diff. (%)
DMI 1.88 + 0.09 -2.203) 2.03 + 0.07 -10.7* (3) 1.68 + 0.10 —15.7* (4)
VEH 1.92 + 0.09 2.27 + 0.11 1.99 + 0.14

MIAN 1.47 + 0.13 -0.8(3) 1.59 + 0.16 -1.0Q3) 2.19 £ 0.33 -05@®
VEH 1.48 + 0.13 1.60 + 0.14 2.20 + 0.40

DMI/MIAN 1.67 £ 0.13 +12.6(3) 1.71 + 0.17 +6.7(3) 3.23 + 0.48 +46.57 (4)
VEH 1.48 + 0.13 1.60 + 0.14 2.20 + 0.40

By Brax Bunax

DMI 616.9 + 21.8 +1.1(3) 2424 + 5.1 ~12.51 (3) 29.8 + 2.8 ~-2.9(4)
VEH 610.5 + 21.6 276.9 + 9.8 30.7 £ 2.8

MIAN 446.3 + 22.3 +1.7Q3) 198.3 + 11.9 +6.8(3) 21.4 + 2.6 -534
VEH 4389 + 219 185.7 + 9.3 226 £ 29

DMI/MIAN 488.1 + 24.4 +11.7* (3) 201.5 + 12.1 +8.5(3) 27.8 + 3.3 +22.7* (4)
VEH 438.9 + 21.9 185.7 + 9.3 226 + 2.9

Ky (nM) and B,,, (fmol/mg protein), and the difference (%) compared to controls (VEH). Rats were treated with
desipramine (DMI), mianserin (MIAN), or DMI/MIAN for 35-42 days, and [’H]8-OH-DPAT binding was studied in

membrane preparations from hippocampus, frontal cortex,
in parentheses.

*» < 0.05.

p < 0.01.

and spinal cord. Number of separate experiments is indicated
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temperature and hot plate response temperature) or no addi-
tional effect (5-HT syndrome).

Thus, the combination of DMI and MIAN results in an
increased function of the 5-HT,, receptor, compared to either
DMI or MIAN alone. In the combined treatment group, addi-
tional stimulation of the 5-HT, receptors either antagonizes
5-HT,, stimulation (5-HT behavior) or is without effect (co-
lonic temperature and hot-plate response temperature), in
contrast to the findings in the groups pretreated with either
DMI or MIAN alone, where stimulation of the two S-HT
receptor subtypes has synergistic effects.

The increased effect of 5-HT,, receptor stimulation after
pretreatment with the combination of DMI and MIAN could
not be explained by changes in serum concentration after this
combined treatment. The enhanced function was neither
clearly reflected in the receptor binding experiment, except for
the increase in By, in the spinal cord. However, the affinity
of the receptor in the spinal cord was decreased (increased
K. The functional consequences of these partly opposing or
small changes of the receptor are difficult to predict. It seems
possible that the functional changes may have its main sub-
strate on the postreceptor signal transducing system (32).

In order to keep the number of animals at a minimum, the
same animals were used in the behavioral experiments and in
the receptor binding part of the study, performed at least 1
week after the behavioral experiment. Because of this, the
treatment periods before the behavioral testing and the recep-
tor binding experiments were different. This difference is not
likely to affect our conclusions, since previous experiments
have shown that treatment with these antidepressants in rats
induces the same behavioral changes both after 3 and 6 weeks
of treatment (unpublished data).

We have not used any washout period for the antidepres-
sants before the experiments were conducted in order to
obtain information about the functional and in vitro status
during antidepressant therapy, and not about a withdrawal
phenomenon some days after discontinuation of treatment.
With this design, the antidepressants investigated may of
course influence the investigated receptors. For mianserin, the
pk; is approximately 6 for the 5-HT,, receptor and approxi-
mately 8 for the 5-HT, receptor. Nevertheless, the mianserin
group has a greater fall in colonic temperature and a higher
response temperature in the increasing temperature hot-plate
test after the combined injection of 8-OH-DPAT and DOI
than after the injection of 8-OH-DPAT alone. This indicates
that DOI has an effect at the 5-HT, receptor also during mi-
anserin treatment.
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8-OH-DPAT, which is used both as an agonist in the func-
tional studies and as a ligand in the in vitro receptor binding
part of the study, has been shown to bind selectively to the
5-HT,, receptor (17), and has become a reference compound
in both binding studies and in behavioral studies of 5-HT,,
receptor function. A small dose of 8-OH-DPAT, based on
previous experiments in our group, was used to make possible
the observation of increases in receptor sensitivity. DOI has
an affinity for both 5-HT, and 5-HT,. receptors, but the affin-
ity for the 5-HT, receptor is fortyfold higher (38).

The serum concentrations of desipramine and mianserin
measured are comparable to those reported to be therapeutic
in humans (12,19,29), and it seems unlikely that any important
pharmacokinetic interaction between the drugs has taken
place. With most antidepressants, a plasma concentration of
25 nM or higher is required to obtain a clinical effect, al-
though 1-5 nM is sufficient to occupy the binding sites for
these antidepressants on the serotonin transporter (25). It has
also been claimed that serum concentrations above 160 ng/ml
in humans may reduce the therapeutic response (12).

The study indicates an interaction between 5-HT,, and 5-
HT, receptor subtypes, as previously reported (1). In the
DMI/MIAN group, no synergistic interaction between the 5-
HT,, agonist and the 5-HT, agonist was found. This lack of
enhancement may indicate that the 5-HT,, receptors are either
maximally upregulated, as measured functionally after the
combined treatment, or that the 5-HT, receptors are almost
inactive functionally after the combined treatment, at least as
regards the influence on the 5-HT,, receptors, and that no
additional effect is possible to gain from the interaction be-
tween these two receptor subtypes.

In agreement with many clinical reports, this study sup-
ports the hypothesis of an increased sensitivity of the 5-HT,,
receptors after chronic antidepressant treatments. The combi-
nation of desipramine and mianserin further enhances this
increase. The functional response to costimulation of the 5-
HT,, and 5-HT, receptor subtypes is altered after the com-
bined treatment, indicating that a further elucidation of the
interaction between them may be of importance for our under-
standing of the action of antidepressant treatments.
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