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Binding and competitive inhibition of amine uptake at
postsynaptic neurones (transport-P) by tricyclic antidepressants

'S. Al-Damluji & 1.J. Kopin

Clinical Neuroscience Branch, National Institute of Neurological Disorders and Stroke, National Institutes of Health, Bethesda,

Maryland 20892, U.S.A.

1 We have provided evidence for a novel amine uptake process for which prazosin is a substrate in
postsynaptic neurones, characterized by a paradoxical increase in accumulation of the radioligand when
the concentration of the unlabelled drug is increased above 107 M. This increase is due to activation of
a proton-dependent, vacuolar type-ATPase-linked uptake process which is blocked by desipramine but is
resistant to reserpine. We have now examined the effects of tricyclic antidepressants on this uptake
system in a cell line derived from hypothalamic peptidergic neurones, known to be innervated by
noradrenergic nerve terminals in vivo.

2 [*H}-imipramine bound to the cells and was displaced by unlabelled imipramine, desipramine,
amitriptyline and nortriptyline. The data fitted a single binding site model. This is the first demonstration
of antidepressant binding sites in postsynaptic neurones.

3 There was no increase in the binding of [H]-imipramine at high concentrations of unlabelled
imipramine, suggesting that antidepressants inhibit uptake but are not themselves accumulated by
peptidergic gonadotrophin releasing hormone neurones.

4 Accumulation of prazosin was competitively inhibited by antidepressants. Tertiary amines were
slightly more potent than secondary amines and the presence of a nitrogen atom in the heterocyclic ring
enhanced blocking activity.

5 The affinities of the antidepressants for the uptake process are within the range of plasma
concentrations that are observed during therapeutic use of these compounds. Since it is likely that this
uptake process has a physiological function, its inhibition by antidepressants may provide a new avenue

for investigating the mechanism of action of these compounds.
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Introduction

Presynaptic nerve terminals possess transporters for reuptake
of amine and amino acid neurotransmitters. These carrier
molecules are located in the plasma membrane and serve to
recapture released neurotransmitters from the extracellular
synaptic space into the cytoplasm. Other transporters, located
in the membranes of neurosecretory vesicles, then transport
the recaptured neurotransmitters from the cytoplasm for sto-
rage in the vesicles (Iversen, 1967; Axelrod, 1971; Lester et al.,
1994). Neurotransmitters may also be accumulated by trans-
porters into some non-neuronal cells, including myocytes, glia
and endothelial cells (Iversen, 1965; Henn & Hamberger, 1971;
Hosli & Hosli, 1978; Kimelberge & Pelton, 1983; Pines e al.,
1992; Storck et al., 1992; Bouvier et al., 1992; Bryan-Lluka et
al., 1992).

In addition to the amine uptake processes in presynaptic
nerve terminals and in non-neuronal cells, recent evidence has
suggested the existence of a novel uptake process for amines in
postsynaptic neurones. Primary hypothalamic cell cultures and
a cell line of hypothalamic neurones were found to accumulate
amines by a desipramine-blockable process (Al-Damluji &
Krsmanovic, 1992; Al-Damluji ez al., 1993). These cells accu-
mulate amines which are present in nanomolar concentrations
in the extracellular space by an energy-dependent process that
is linked to a vacuolar-type ATPase (V-ATPase) and requires
an electrochemical gradient of protons for its source of energy
(Al-Damluji & Kopin, 1996 ). Uptake is due to a carrier which
is activated by increasing concentrations of prazosin, resulting
in a paradoxical increase in the apparent binding of [*H]-pra-
zosin. While it resembles the presynaptic plasma membrane
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transporters in that it is blocked by desipramine, it differs from
these transporters by its independence of sodium and reliance
on protons for a source of energy. Uptake of prazosin differs
from the vesicular transporters by its insensitivity to reserpine
and blockade by antidepressants (Al-Damluji & Kopin, 1996).
Thus, this carrier is distinguishable from other neuronal
transporters both by its anatomical location and by its func-
tional properties. Uptake of prazosin is insensitive to steroid
hormones and is not absolutely dependent on sodium ions (Al-
Damluji & Kopin, 1996), which distinguishes it from non-
neuronal uptake processes, such as uptake, in myocytes and
the uptake process in pulmonary endothelial cells (Salt, 1972;
Bryan-Lluka et al., 1992).

The postsynaptic uptake process is a site of action of drugs
which act on a;-adrenoceptors (Al-Damluji et al., 1993). We
suggested that the physiological significance of postsynaptic
uptake may be to remove neurotransmitter from the vicinity of
postsynaptic receptors, thus preventing desensitization of the
receptors and maintaining the responsiveness of postsynaptic
neurones to repeated bursts of neurotransmitter released from
presynaptic nerve terminals. In contrast, the presynaptic
transporters are presumably less effective in removing neuro-
transmitter from postsynaptic receptors, as they would rely on
diffusion of neurotransmitter back across the synapse, against
its concentration gradient (Al-Damluji ef al., 1993). Clearly, a
concentration gradient must exist across the synapse to enable
forward diffusion of the transmitter.

Hypothalamic peptidergic neurones are innervated by nor-
adrenergic nerve terminals and noradrenaline plays an im-
portant role in regulating the physiological functions of these
cells (for review, see Al-Damluji, 1993). Tricyclic anti-
depressants are known to inhibit the uptake of amines in
presynaptic nerve terminals. We have now studied the effects
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of a series of tricyclic antidepressants on this novel amine
uptake process in peptidergic gonadotrophin-releasing hor-
mone (GnRH) neurones.

Methods

Uptake assay

Immortalised GT1-1 GnRH neuronal cells were cultured as
previously described in detail (Al-Damluji et al., 1993). The
cells were grown in culture medium consisting of Dulbecco’s
modified Eagle’s medium (DMEM) and Ham’s F-12 (ratio 1:1)
with 10% foetal bovine serum in Costar 12-well plates at an
initial density of 2 x 10° cells/well. Culture media were changed
at 48-h intervals and experiments were carried out after four
days in culture. Uptake studies were performed at 37°C, using
unlabelled prazosin 10~¢ M, unless otherwise indicated. The
concentration of the radioligand was 2x 10~° M. The cells
were incubated in the presence of the indicated drugs for
60 min, after which they were washed and cellular radio-
activity was extracted and assayed as decribed previously (Al-
Damluji et al., 1993). Half-maximal inhibitory concentrations
(ICs) values were calculated both graphically and by the
‘Allfit" programme which uses a four-parameter logistic
equation (De Lean et al., 1978). Similar values were obtained
by the two methods. Potency was defined as the inverse of ICs,.
Relative potencies of compounds were expressed in relation to
desipramine, which was assigned a value of 100.

Binding assay

GT1-1 GnRH cells were grown in Costar 12-well plates at an
initial density of 2 x 10° cells/well and experiments were carried
out after four days in culture. Binding studies were performed
at 37°C, using [*H]-imipramine 10~° M, with or without the
indicated concentrations of unlabelled compounds. Drugs
were dissolved in ‘binding medium’ consisting of DMEM with
25 mM HEPES (N-[2-hydroxyethyl]piperazine-N'-[2-ethane-
sulphonic acid]) and 0.5 x 10> M sodium ascorbate, pH 7.4.
The cells were washed twice with 1 ml binding medium then
incubated in 1 ml binding medium containing the indicated
drugs for 60 min. At the end of the incubation period, the wells
were placed on ice and the cells were washed twice with 1 ml
volumes of ice-cold binding medium. The cells were then so-
lubilized with 2 ml of a warm solution of 0.1% sodium dodecyl
sulphate and 0.1 M NaOH. Aliquots (50 ul) were removed for
protein assay and 10 ml of scintillation liquid (Hydrofluor)
was then added to the cell extract, mixed and radioactivity was
measured in a beta scintillation counter with an efficiency of
50%. Protein content was measured by the bicinchoninic acid
modification of the biuret reaction (Smith et al., 1985) using
albumin standards and reagents supplied by Pierce (Rockford,
Illinois, U.S.A.). The data are presented both as displacement
curves and as Scatchard plots, which were calculated by the
‘Ligand’ curve-fitting programme (Munson & Rodbard, 1980).
The binding affinity (Kp) and maximum binding capacity
(Bumax) Were derived by the ‘Ligand’ programme. In the dis-
placement curves, non-specific binding was defined as the re-
maining cellular radioactivity in the presence of excess
unlabelled imipramine (10~* M). In the Scatchard plots, non-
specific binding reflects the optimum fit to the data (Munson &
Rodbard, 1980). In four separate experiments, non-specific
binding averaged 35% of total counts (Figure 2b).

Materials

[*H]-prazosin (TRK.843; specific activity 73—82 Ci mmol~;
batch numbers 28 and 39) was from Amersham. [*H}-imipra-
mine was from NEN-Dupont (NET-710; specific activity 85.7
Ci mmol~}; lot no. 3043-122). Unlabelled compounds and
culture media were from Sigma.

The data are expressed as the means +s.e.mean. Error bars
are not shown when they are smaller than the size of the
symbol.

Results

[*H]-prazosin (2 x 10~° M) was accumulated in GnRH cells in
a time-dependent manner, reaching equilibrium at approxi-
mately 30 min. In the presence of unlabelled prazosin
(107° M), the GnRH cells, rather than displacing the iso-
topically labelled compound, accumulated greater amounts of
[*H]-prazosin (Figure 1). GnRH cells also accumulated [*HJ-
imipramine and apparent equilibrium was reached by 30 min.
However, addition of unlabelled imipramine 10~° M reduced
the amount of [*H]-imipramine associated with the GnRH cells
(Figure 1).

In the GnRH cells at equilibrium (60 min), [*H]-prazosin (at
2.6x 10~° M) was displaced by unlabelled prazosin in con-
centrations of 10~° to 10~" M (B,: 34,088+908 d.p.m.; un-
labelled prazosin 10~7 M: 25,248+ 520 d.p.m.). However, at
concentrations of unlabelled prazosin greater than 10~7 M,
there was an increase in the accumulation of [*H]-prazosin
(Figure 2; unlabelled prazosin 10~° M: 93,676+2,442 d.p.m.).
Imipramine 10~% M reduced the accumulation of [*H]-prazosin
2.6x107° M (B, 23,372+ 594 d.p.m.; Figure 2). Imipramine
also abolished the increase of [*H]-prazosin at concentrations
of unlabelled prazosin greater than 10~7 M; in the presence of
imipramine, only displacement of [*H]-prazosin by unlabelled
prazosin was seen (Figure 2). Desipramine and amitriptyline
had similar effects to imipramine (Figure 3).

Unlabelled imipramine displaced [*H]-imipramine (at
1.7x 10~° M) from GnRH cells and there was no increase of
the radioligand at high concentrations of unlabelled imipra-
mine (Figure 2). [*H]-imipramine was displaced by unlabelled
imipramine (Kp 84x107°M; B, 7.9 x 1071 mol mg~!
protein), desipramine (Kp 4.7x107°M; Bpax 5.1x1071°
mol mg~'), nortriptyline (Kp 9.7x107¢M; By 1.2x107°
mol mg=!) and amitriptyline (Kp 1.5%107°M; Bpa
1.9x 10~° mol mg~"). Scatchard plots revealed that the dis-
placement curves could be fitted to a single site model for each
of the four antidepressants (Figure 4).

In GnRH cells, the tricyclic antidepressants inhibited the
accumulation of prazosin (10~¢ M) with the following order of
potency: imipramine  (ICsp 10~° M)>desipramine (1.2 x
10-*M) > amitriptyline (1.6 x 10~°M) > nortriptyline
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Figure 1 Effects of unlabelled amines on the accumulation of >H-
labelled amines in GT1-1 GnRH cells: comparison of prazosin and
imipramine. (a) Time course of the accumulation of prazosin in GT1-
1 GnRH cells. The cells were incubated at 37°C with [*H]-prazosin
2x10~%M, with (@) or without (O) unlabelled prazosin 10~ M. (b)
Time course of the accumulation of imipramine in GT1-1 GnRH
cells. The cells were incubated with [*H]-imipramine 2 x 10~°M, with
(@) or without (O) unlabelled imipramine 10~5m. Addition of
unlabelled prazosin caused a greater amount of [*H]-prazosin to be
associated with the cells. In contrast, addition of unlabelled
imipramine displaced [*H]-imipramine and did not cause an increase
in the binding of [*H}-imipramine to the cells.
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(2.0 x 10=° M; Figure 5). The inhibitory effect of imipramine
could be reversed by increasing concentrations of prazosin in
the range 10~ to 3 x 10~¢ M (Figure 5).

Discussion

We found that hypothalamic peptidergic neurones possess
specific binding sites for tricyclic antidepressants, and that
these compounds competitively inhibit amine accumulation in
the cells. These effects of antidepressants at postsynaptic neu-
rones extend our previous findings on desipramine (Al-Dam-
luji et al., 1993), and represent an additional potential site of
action of antidepressant compounds.

In the GnRH cells, [*H]-prazosin 2 x 10~° was displaced by
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Figure 2 (a) Effect of imipramine on [*H]-prazosin (2.6 x 10~°M)
binding in GTI1-1 GnRH cells. In the control experiment (@)
displacement of the radioligand at equilibrium (60 min) was observed
at unlabelled prazosin concentrations of 107° to 107 7M. At
concentrations of unlabelled prazosin greater than 10~7M, there
was a paradoxical increase in the apparent binding of [*H]-prazosin.
In the presence of imipramine 10~>M (Q), the paradoxical effect was
abolished and only displacement was seen. (b) Displacement of PH}
imipramine 1.7x10"°M (@) by unlabelled imipramine in GT1-1
GnRH cells. Only displacement of the radioligand by the unlabelled
compound is seen, indicating the presence of specific binding sites in
these cells. The data represent total bound d.p.m.s.
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Figure 3 Effects of tricyclic antidepressant compounds on HI-
prazosin binding in GT1-1 GnRH cells. In the control experiment,
displacement of the radioligand at equilibrium (60 min) was observed
at unlabelled prazosin concentrations of 10™° to 10~"M. At
concentrations of unlabelled prazosin greater than 10™"M, there
was a paradoxical increase in the apparent binding of [*H]-prazosin.
In the presence of tricyclic compounds, the paradoxical effect was
abolished and only displacement was seen.

unlabelled prazosin in concentrations of 10~° to 10~7 M and
the paradoxical increase was evident at higher concentrations
of unlabelled prazosin (Figures 1 and 2). In the presence of
imipramine, only displacement of [?H]-prazosin by unlabelled
prazosin was seen, presumably representing inhibition of
binding of [*H]-prazosin to a;-adrenoceptors in the GnRH
cells (Al-Damluji ez al.,, 1993). Imipramine inhibited the ac-
cumulation of [*H)-prazosin 2 x 10~° M (Figure 2), indicating
that uptake takes place at these low extracellular concentra-
tions of prazosin. Although imipramine may bind to «;-adre-

a

o ,‘:: 300 rﬁ

£8 .

o =

g S 200

.E-'TU,

E €100

To

L E

L ok ] ] ]
By 7 6 5 4
-log [Unlabelled antidepressant] m

©0.152 N 0012 N
° Desipramine [ Imipramine
w -6 w
* Kp 47107 M *
° °
c c
3 3
cg 0 > ¢ ‘g 0

0 2.5E-7 5E-7 0 3E-7 6E-7

d Bound Bound

02 Amitriptyline 0.2 Nortriptyline
Kp 15010 m Kp9.7:10 m

Bound / Free
o

o
o

Bound / Free
o

|
0 1E-6 2E-6
Bound

] J
7.5E-7 1.5E-6

Bound

Figure 4 (a) Displacement of [PHJ-imipramine 1.6x107°M by
unlabelled tricyclic antidepressants in GT1-1 GnRH cells: (@)
desipramine; (Q) imipramine; ([J) amitriptyline; (ll) nortriptyline.
The data represent specific binding expressed as fmol [*H]-imiprami-
nemg~! protein. Non-specific binding was defined as the remaining
dppm. in the presence of unlabelled imipramine 107*M, and
represented 35% of total bound d.p.m. (see Figure 2b). (b, c, d, )
Scatchard plots of the displacement curves in the upper panel. The
data fit a single binding site model for tricyclic antidepressants in
GnRH cells.
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Figure 5 (a) Inhibition of the uptake of prazosin by tricyclic
antidepressants in GT1-1 GnRH cells. The cells were incubated with
[PH}-prazosin 2x10~°M and unlabelled prazosin 10~°m, with or
without the indicated concentrations of the tricyclic antidepressants:
(@) desipramine; (O) imipramine; ([J) amitryptaline; (ll) nortripty-
line. (b) Reversal of the inhibitory effect of imipramine by increasing
concentrations of the substrate (prazosin): ([J) 3x107%m; (O)
2x107%M; (@) 107%M; indicating that the inhibitory effect of
imipramine is competitive.
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noceptors (U’Prichard et al., 1978), the inhibitory effect of
imipramine on the uptake of [*H]-prazosin 2 x 10~° M is un-
likely to represent displacement from «;-adrenoceptors, as
displacement of [*H]-prazosin by unlabelled prazosin is evident
in the presence of imipramine (Figures 2 and 3). Imipramine
also abolished the paradoxical increase in the binding of [*H]-
prazosin at concentrations of unlabelled prazosin greater than
10~7 M (Figure 2), confirming that this increase is due to cel-
lular uptake of the radioligand (Al-Damluji et al., 1993). The
inhibitory effect of imipramine on the uptake of prazosin
107 M is unlikely to represent displacement from a;-adreno-
ceptors; at a concentration of 107¢ M unlabelled prazosin,
[*H]-prazosin is completely displaced from «;-adrenoceptors
(Al-Damluji & Kopin, 1996). The action of imipramine
therefore represents inhibition of uptake, rather than inhibi-
tion of binding to a,-adrenoceptors.

Prazosin and imipramine appear to be substrates for the
same uptake process in GnRH cells. Thus, [*H]-prazosin and
[*H]-imipramine were accumulated by GnRH cells by a desi-
pramine-sensitive process (Figures 4 and 5) and imipramine
inhibited the uptake of prazosin 10~° M in these cells (Figure
5). Further, the inhibitory effect of imipramine could be re-
versed by increasing concentrations of prazosin (Figure 5),
indicating that blockade of uptake by tricyclic antidepressants
is competitive. This competitive action suggests that prazosin
and the antidepressants may act on the same transporter mo-
lecule in the GnRH cells. In presynaptic noradrenergic nerve
terminals, tricyclic antidepressants inhibited the uptake of
noradrenaline in a competitive manner (Maxwell et al., 1969;
1974), and the tricyclics and noradrenaline were subsequently
shown to act on the same cloned transporter molecule (Giros
et al., 1994; Pacholczyk et al., 1991).

Although imipramine and prazosin are likely to act on the
same site in the GnRH cells, unlabelled imipramine did not
increase the binding of [*H]-imipramine (Figures 1 and 2).
Imipramine is believed to bind to presynaptic plasma mem-
brane neuronal amine transporters but is not internalized by
these neurones (Graefe & Bonisch, 1989). It seems possible
that imipramine may interact with the uptake process in
postsynaptic neurones in a similar manner. Imipramine is
known to dissolve in lipid bilayers by a process that is not
saturable in concentrations up to 7 x 10~* M (Romer & Bickel,
1979). In contrast, [*H]-imipramine bound to GnRH cells in

nanomolar concentrations and was displaced by low con-
centrations of unlabelled antidepressants (Figure 4). This in-
dicated the presence of specific, saturable antidepressant
binding sites which are presumably the transporter molecules
that are responsible for the uptake of prazosin in GnRH cells.

It is difficult to compare the potencies of antidepressants in
inhibiting transport-P to their potencies in inhibiting other
neuronal processes. This is because transport-P differs from
other neuronal transporters and receptors in that it is activated
by its substrate. Thus, the ICs, of imipramine for inhibiting the
uptake of prazosin depends on the concentration of prazosin in
the extracellular space (Figure 5). Nevertheless, it is possible to
compare the concentrations of antidepressants that are ob-
served in vivo to the concentrations that were required to in-
hibit the uptake of prazosin in vitro. The recommended
therapeutic plasma concentrations for antidepressant treat-
ment with imipramine (0.9-1.8 uM), amitriptyline (0.1-
1.0 uM), desipramine (0.4—0.7 uM) and nortriptyline (0.2-
0.6 uM; DeVane & Jarecke, 1992; Gram et al., 1984) are within
the range of concentrations in which these compounds inhibit
the uptake of prazosin 107° M in GnRH cells (0.1-5.0 uM;
Figure 5). In rats, brain concentrations of antidepressants are
over 10 fold greater than their concentrations in plasma (De-
Vane & Jarecke, 1992). Experiments in rats have suggested
that the postsynaptic uptake process may exist in hypotha-
lamic peptidergic neurones (Al-Damluji et al., 1993). It there-
fore seems possible that in the doses used in vivo, the
antidepressants may influence the function of transport-P.

We examined four compounds which have been in clinical
use as antidepressants: a secondary amine and a tertiary amine
dihydrodibenzazepine (desipramine and imipramine, respec-
tively) and a secondary amine and a tertiary amine dibenzo-
cycloheptadene (nortriptyline and amitriptyline). The
dihydrodibenzazepines differ from the dibenzocycloheptadenes
by the presence of a nitrogen atom at the apex of the hetero-
cyclic ring. The nitrogen atom is connected to the side chain by
a single bond, which is believed to result in greater flexibility of
the side chain (Maxwell & White, 1978). Table | summarizes
the effects of these structural features on the interaction of
these antidepressants with transport-P and with other phar-
macological actions of these four antidepressants.

The tertiary amine antidepressants (imipramine and ami-
triptyline) were 25% more potent than their secondary amine

Table 1 Effects of the presence of a tertiary alkyl amine and of a heterocyclic nitrogen atom on the pharmacological activities of

tricyclic antidepressants

Activity Tertiary NH,

Transport-P Enhances 0.25 fold

NA uptake Reduces 4-15 fold
DA uptake No effect
5-HT uptake Enhances 0.4-3.2 fold

Histamine release

H; receptor blockade

H, receptor blockade
Muscarinic receptor blockade
Nicotinic ion channel
a;-Adrenoceptor blockade

D, dopamine receptor blockade

Enhances 1-3 fold
Enhances 1-9 fold

Enhances 0.25-0.6 fold
Enhances 39-59 fold

Reduces 1-1.3 fold
Enhances 1.6-2 fold
Enhances 1.5-2 fold

Heterocyclic N Reference

Enhances 0.6 fold a
Enhances 1-3 fold b,c
Reduces 0.5-1.9 fold
No effect
Reduces 0.15-0.5 fold
Reduces 32-49 fold
Reduces 0.14-1 fold
Reduces 2-7 fold
No effect
Reduces 1-1.4 fold
Reduces 18-22 fold

e T om0 '-»fbvg:c'

2Present study; "Koe, 1976; rat ltliypothalamic (NA) and striatal (DA and 5-HT) synaptosomes; “Pacholczyk et al., 1991; human
noradrenaline transporter cDNA; “Barker et al., 1994; human and rat 5-HT transporter cDNAs; °Frisk-Holmberg & Kleijn, 1972; rat
mast cells; fRichelson,, 1978; mouse neuroblastoma cells; Kanof & Greengard, 1978; guinea-pig brain; bAronstam, 1981; electric organ
of Torpedo ocellata; "U’Prichard et al., 1978; rat brain homogenates; 'Faedda et al., 1989; rat striatal homogenates.

The table compares the effects of these structural modifications on the inhibition by tricyclic compounds of the uptake or release of the
amines prazosin (transport-P), noradrenaline (NA), dopamine (DA), 5-hydroxytryptamine (5-HT) and histamine. It also analyses the
effects of these modifications on the blockade by tricyclic compounds of H, and H; histamine, muscarinic, nicotinic and D; dopamine
receptors and «;-adrenoceptors. The analysis is based on the four tricyclic antidepressants that were used in the present study
(imipramine, desipramine, amitriptyline and nortriptyline). References are representative of published literature and are not intended to

be comprehensive.
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analogues (desipramine and nortriptyline) in inhibiting the
uptake of prazosin in GnRH cells. In most aspects of their
pharmacological activities, tertiary amine tricyclics are more
potent than secondary amines (Table 1). As the tertiary amine
tricyclics are more hydrophobic (Moffat, 1986), these findings
have been assumed to be due to the presence of hydrophobic
regions in the vicinity of the amine-binding sites in the trans-
porter and receptor molecules. Exceptions to this rule are in-
hibition of the uptake of dopamine, in which the configuration
of the amine is unimportant, and inhibition of the uptake of
noradrenaline, in which secondary amines are more potent
than tertiary amines (Table 1). The latter has led to the as-
sumption that the amine-binding site of the noradrenaline
transporter may lie within a relatively hydrophilic pocket
(Maxwell & White, 1978).

The dihydrodibenzazepines were 60% more potent than
their dibenzocycloheptadene analogues, suggesting that the
presence of a heterocyclic nitrogen enhances blocking activity.
Similar results have been described for inhibition of the uptake
of noradrenaline in rat brain and rabbit aorta (Table 1). The
presence of a heterocyclic nitrogen has no effect on the potency
of these compounds in inhibiting the uptake of 5-hydro-
xytryptamine, but in most of their other actions, a heterocyclic
nitrogen reduces the potency of tricyclic antidepressants (Table
1).

It is difficult to compare the potency of the compounds in
blocking uptake to their potency in displacing [*H]-imipra-
mine, because potency of uptake blockade is dependent on the
concentration of prazosin. Examination of the relative po-
tencies of the antidepressants in inhibiting the binding of [*H]-
imipramine reveals that as for inhibition of the uptake of
prazosin, the dihydrodibenzazepines (imipramine and desi-
pramine) were 80—100% more potent than their respective
dibenzocycloheptadene analogues (Figure 4). This confirms
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