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EFFECT OF MIANSERIN ON NORADRENERGIC TRANSMISSION IN
THE RAT ANOCOCCYGEUS MUSCLE
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1 The effects of mianserin on the accumulation of (—)-[3H]-noradrenaline and on contractile re-
sponses to field stimulation, exogenously applied (—)-noradrenaline, and to tyramine were studied in
the rat anococcygeus muscle.

2 Mianserin (10”° to 10~° M) and nortriptyline (10™° to 10™° M) inhibited the accumulation of
(—)[*H]-noradrenaline. In this aspect mianserin had a similar potency to nortriptyline, the most
potent tricyclic antidepressant in inhibiting noradrenaline accumulation in this tissue.

3 Mianserin 1072 or 10~8 M alone had no effect on contractile responses to field stimulation and to
(—)-noradrenaline but inhibited the responses to tyramine. The responses to field stimulation at low
frequencies and to (— )-noradrenaline were potentiated by 10~7 and 10~% M mianserin. It is suggested
that the inhibitory effect mianserin has on neuronal accumulation is primarily responsible for these
effects. Mianserin 10~° M inhibited responses to field stimulation and to (—)-noradrenaline.

4 In the presence of nortriptyline (107 M), the contractile responses to field stimulations were
potentiated by mianserin (1078, 10”7 and 107° M), 1078 M being the most potent in this aspect.
Mianserin 1078, 1077, 107¢ and 10~° M had a similar inhibitory effect on responses to (—)-norad-
renaline. In the absence of neuronal uptake, the potentiating effect of mianserin on responses to field
stimulation may be due to antagonism at presynaptic a-adrenoceptors. In the presence of 107° M
nortriptyline, 10”™° M mianserin abolished responses to field stimulation.

5 Following incubation of the tissue in the presence of 6-hydroxydopamine (10”2 M for 3 h),
mianserin (10”7, 1076 and 10~ M) nortriptyline (10”7 and 10~° M) and phentolamine (5 x 10~% and
5 x 10~7 M) inhibited contractile responses to (— }-noradrenaline. This illustrates the ability of these
agents to inhibit the responses to noradrenaline at a postsynaptic site. The inhibitory effect was
dose-related with nortriptyline and phentolamine; this illustrates the ability of these agents to antag-
onize postsynaptic a-adrenoceptors. The inhibitory effect observed with mianserin was not dose-
related. This suggests that in addition to its reported ability to antagonize postsynaptic a-adrenocep-
tors, mianserin may have another post-synaptic action at the level of, or distal to, the a-adrenoceptor.

6 These results illustrate that, in the rat anococcygeus muscle, mianserin is a potent inhibitor of
noradrenaline accumulation and may be an antagonist at presynaptic a-adrenoceptors. Mianserin
also inhibits the responses to exogenously applied noradrenaline in this tissue by an action or actions
at the level of, or distal to, the postsynaptic a-adrenoceptor.

Introduction

Mianserin, 1,2,3,4,10,14b-hexahydro-2-methyldibenzo-
[c,fIpyrazino [1,2-a]azapine, is clinically an effective
antidepressant agent (reviewed by Brogden, Heel,
Speight & Avery, 1978) which differs from tricyclic
antidepressants not only chemically but in several
other aspects. Mianserin lacks anticholinergic and
cardiotoxic effects (reviewed by Peet & Behagel, 1978;
Brogden et al, 1978) and has unusual effects on
monoamine metabolism (Leonard, 1978). Thus mian-
serin, but not tricyclic antidepressants, increases the
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turnover of noradrenaline in the rat brain. Further-
more, it seems likely that the effects of mianserin on
noradrenergic transmission are quantitatively differ-
ent from those observed with tricyclic antidepressants.

Tricyclic antidepressants are potent inhibitors of
the neuronal uptake of noradrenaline both in vivo and
in vitro (reviewed by Biel & Bopp, 1974). Mianserin
does inhibit the neuronal uptake of noradrenaline in
vitro but is generally less potent than the tricyclic
antidepressants (Raiteri, Angelini & Bertollini, 1976;
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Baumann & Maitre, 1977; Goodlet, Mireylees &
Sugrue, 1977; Harper & Hughes, 1977; de Paulis,
Kelder Ross & Stjernstrom, 1978). Furthermore, it
has been demonstrated that mianserin is effective, but
less potent than imipramine, both in vivo and in vitro
in inhibiting the neuronal uptake system (rat brain,
Baumann & Maitre, 1977; rabbit brain, Goodlet et
al., 1977).

In addition to its effects on noradrenaline uptake,
mianserin influences noradrenergic transmission at
the level of the a-adrenoceptor. Mianserin has a simi-
lar potency to phentolamine as an antagonist at pre-
and postsynaptic a-adrenoceptors (Borowski, Ehrl &
Starke, 1976; Doxey, Everitt & Metcalf, 1978). In this
aspect it seems likely that mianserin is more potent
than the tricyclic agents. High concentrations of the
tricyclic antidepressants are necessary to antagonize
the post-synaptic a-adrenoceptors (Sturmann, 1971;
Doggrell & Woodruff, 1977). Similarly the relatively
high potency mianserin has as an antagonist at pre-
synaptic a-adrenoceptors is not shared by desipra-
mine (Baumann & Maitre, 1977).

In the present paper, the effects of mianserin on the
accumulation of (—)-[3H]-noradrenaline in the rat
anococcygeus muscle are described. The effects of
mianserin on contractile responses to field stimulation
and to exogenously applied (—)-noradrenaline and
tyramine in this tissue have also been studied.

Methods

Mature male Wistar rats were killed by a blow at the
base of the skull and exsanguinated. Anococcygeus
muscles were dissected as described by Gillespie
(1972). All experiments were performed in the pres-
ence of a modified Krebs solution of the following
composition (mM): NaCl 116, KCl 54, CaCl, 2.5,
MgCl, 1.2, NaH,PO, 1.2, NaHCO, 22.0, p-glucose,
11.2 and Na,EDTA 0.04, equilibrated with 5%, CO,
in O,, at 37°C.

Determination of (— )-[3H]-noradrenaline accumulation

Each anococcygeus muscle was mounted on a wire
frame under 0.2 to 0.5 g tension in 10 ml Krebs solu-
tion. The tissues were equilibrated for 15 min and
5 x 1078 M (—)-[*H]-noradrenaline was then added
for 10 min. The muscles were blotted and transferred
to 10 ml of drug-free Krebs solution for a final 10 min
wash after which they were blotted and weighed. Each
muscle was placed in a test tube with 1 ml of ‘Proto-
solve’ (NaOH 120 g in one litre of methanol). When
the tissue had dissolved, 10 ml of a toluene-based
scintillation fluor and 0.5 ml of glacial acetic acid
were added. The tritium in the tissue and medium was
determined by liquid scintillation spectrometry.

Quenching was’ corrected for by the channels ratio
method.

When studying the effect of either mianserin or nor-
triptyline on noradrenaline accumulation, different
concentrations of these drugs were added to the
Krebs solution 5 min before the incubation with
(—)-[*H]-noradrenaline. Tissue:medium ratios were
calculated.

Recording of contractile responses

Individual anococcygeus muscles were mounted
under 0.5 g tension in 5 ml organ baths containing
Krebs solution. The tissues were allowed to recover
for 30 min, the resting tension being maintained
throughout. Tissues were placed between two plati-
num electrodes, and were stimulated to contract using
biphasic pulses of 1 ms duration and supramaximal
voltage. Dose-response curves for agonists were deter-
mined non-cumulatively. Stimulation or exposure to
agonist was continued for 30 s or, if a maximum re-
sponse was not reached in that time, until a maximum
response was obtained. The tissues were then allowed
to recover fully, with a minimum period of 5 min,
before further stimulation or addition of agonist
occurred. Contractile responses were recorded isome-
trically with force displacement transducers (Grass
model FTO03.C) connected to a polygraph (Grass
model 79B).

When studying the effect of mianserin alone on re-
sponses or in the presence of nortriptyline, the drugs
were present in the Krebs solution from the beginning
of the recovery period. For the 6-hydroxydopamine
experiments, the isolated muscles were incubated in
the presence of 10~* M 6-hydroxydopamine for 3 h
after which they were washed by overflow for 30 min
in Krebs solution. When the effects of miaserin, nor-
triptyline or phentolamine on contractile responses
following 6-hydroxydopamine incubation were stud-
ied, the drugs were present in the Krebs solution from
the beginning of the wash period.

The values obtained, under different conditions,
were compared by Student’s paired ¢ test and were
considered to be significantly different when P < 0.05.

When the maximum responses (g), in the presence
and absence of drugs, were not significantly different,
responses were calculated as a percentage of the maxi-
mum response of the individual dose-response curve
(i.e., normalized). pD, values (negative logarithm of
molar concentration of agonist producing 50%; of the
maximum response) were determined by regression
line analysis (over the range 20 to 80°% of the maxi-
mum response) by a computer (Wang 600). The
ability of drugs to potentiate or inhibit responses
is expressed as the dose-ratio (the antilog of the
difference between the pD, values in the presence
and absence of drugs). pA, values (the negative
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logarithm of molar concentration of antagonist which
causes a twofold shift of the dose-response curve for
the agonist) were determined using the formula
pA; = pA, + log (x — 1), where pA, is the negative
logarithm of the molar concentration of antagonist
and x is the dose-ratio (inhibition).

When the maximum responses, in the presence and
absence of drugs were significantly different, responses
were calculated as a percentage of the maximum re-
sponse of the control dose-response curve. In this
case, it was not possible to determine pD, or pA,
values. v

(—)[*H]-noradrenaline with a specific activity of
2.2 Ci/mmol was obtained from the New England
Nuclear Corporation. The other drugs used were
phentolamine mesylate* (Ciba), nortriptyline hydro-
chloride* (Eli Lilly and Co. Ltd), mianserin hydro-
chloride* (Organon), and 6-hydroxydopamine hydro-
chloride, (—)noradrenaline bitartrate and tyramine
hydrochloride (Sigma Chemicals Ltd). Compounds
indicated with an asterisk were generously donated by
the companies shown. ‘

Results

Effects of mianserin and nortriptyline on noradrenaline
accumulation

Following a 10 min incubation in the presence of
5 x 10~ % M (—)-[*H]-noradrenaline, the rat anococ-
cygeus muscle accumulated noradrenaline giving a
tissue: medium ratio of approximately 7:1 (Table 1).
This accumulation was inhibited by 10~° M mianserin
and 10~° M nortriptyline to a similar degree; 30%,
and 33%, respectively (Table 1). Higher concentration
of these agents also reduced the accumulation: 1078
‘and 10”7 M nortriptyline had a greater inhibitory

effect than 107% and 10~7 M mianserin, respectively
(Table 1). At 107 and 107° M nortriptyline and
mianserin were equipotent (Table 1).

Contractility studies

Mianserin had no effect on the resting tone of the rat
anococcygeus muscle.

The effect of mianserin alone in Krebs solution Low
concentrations of mianserin (10~° and 10~ M) had
no effect on contractile responses to field stimulation;
this included the magnitude of the maximal response
(Table 2). The effect of 10”7 M mianserin on the mag-
nitude of the maximal response to field stimulation
was tested in 4 preparations; a smaller maximum re-
sponse was observed in 3 preparations and a larger
maximum response seen in the other preparation;
10”7 M mianserin potentiated the responses to field
stimulation at 1 to 10 Hz (Figure 1a). At 107 M,
mianserin reduced the magnitude of the maximal re-
sponse to field stimulation in all preparations tested
(n = 8, see Table 2) but potentiated the responses at
some lower frequencies, i.e., 2 and 5 Hz (Figure 2b).
The responses to field stimulation at 1 and 2 Hz and
at 5 to 40 Hz were abolished and greatly reduced,
respectively, by 10~ % M mianserin (Figure 1c).

Mianserin (107° to 10”5 M) had no effect on the
magnitude of the maximal responses to (—)-nor-
adrenaline (Table 2). The responses to (— )-noradrena-
line were unaffected by 10~° M mianserin (Table 3).
At 1077 and 10~ ¢ M, mianserin potentiated responses
to (—)-noradrenaline to a similar extent, ie. x11,
whereas 10™° M mianserin inhibited the responses
(Table 3).

Mianserin 10™° M had no effect on the maximum
responses to tyramine (Table 2) and inhibited the re-
sponses at lower concentrations (Figure 2a) with a

Table 1 The effect of mianserin and nortriptyline on (—)-[*H]-noradrenaline accumulation in the rat anococcy-

geus muscle

Tissue/medium ratios
(Mean + s.e. mean)

(A)  Control 740 + 0.76 (6) (B)

(Mianserin)

107° M 5.22 + 0.65(8)*
1078 m 5.78 + 0.20(8)

1077 m 4.70 + 0.56 (6)

107%™ 267 +0.19(4)

1075 ™ 0.88 + 0.08 (4)

* P < 0.05, compared-to control by unpaired ¢ test.

Control 6.56 + 0.78 (6) NS
(Nortriptyline)

1079 M 438 + 047(5* NS
1078 m 3.66 + 0.28 (4) **
107" ™M 2.82 + 0.42(6) **
1076 M 2.25 + 0.54(6) NS
1075 ™M 0.98 + 0.15(6) NS

The tissue/medium ratios in the presence of the same concentration of mianserin or nortriptyline were compared
by unpaired ¢ test; NS = not significantly different, ** P < 0.0125.

(n) = number of observations.
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Figure 1. Effect of mianserin on responses to field
stimulation in the rat anococcygeus muscle. Responses
to field stimulation in Krebs solution (@), and in the
presence of (a) 10”7 M mianserin (@), (b) 107® M mian-
serin (A) and (c) 10~ M mianserin (). Responses in (a)
are expressed as a percentage of the maximum response
of the individual dose-response curves and in (b) and (c)
as a percentage of the maximum response of the control
dose-response curve. Each value is the mean from 4 to
6 preparations; vertical lines show s.e. mean.
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Figure 2 Effect of mianserin on responses to tyramine
in the rat anococcygeus muscle. Responses to tyramine
in Krebs solution (@), and in the presence of (a) 107° M
mianserin (A) and (b) 10~ ® M mianserin (H). Responses
in (a) are expressed as a percentage of the maximum
response of the individual dose-response curves and in
(b) as a percentage of the maximum response of the
control dose-response curve. Each value is the mean
from 4 preparations; vertical lines show s.e. mean.

Table 2 The effect of mianserin alone in Krebs solution on maximal responses to field stimulation, (—)-nor-

adrenaline and tyramine in rat anococcygeus muscle

Field stimulation

Maximum response
(Mean + s.e. mean)

(—)-Noradrenaline T yramine

(a) (i) Control 401 + 0.70(4)
(i) Mianserin 107° M 440 + 1.16(4)
(b) (i) Control 6.04 + 042 (4)
(i) Mianserin 1078 M 5.66 + 0.71 (4)
(c) (i) Control 6.33 + 0.38(4)
(i) Mianserin 10”7 M 4.63 + 1.04(4)
d) (i) Control 7.71 + 0.56(8)
(i) Mianserin 1076 M 549 + 0.41(8)**
(e) (i) Control 540 + 0.79(5)

(i)

Mianserin 10™% M

0.77 + 0.68 (5)**

* P < 0.025, paired ¢ test; ** P < 0.0025, paired ¢ test.
(n) = number of observations.

6.54 + 1.21(4)
7.26 + 0.65 (4)
6.56 + 0.64 (4)
701 + 1.08 (4)
6.90 + 0.45(5)
6.26 + 0.93(5)
7.63 + 0.59 (10)
7.28 + 0.27(10)
7.63 £ 0.76 (4)
6.71 + 0.32(4)

470 + 0.67(4)
331 + 1.50(4)
641 + 0.78 (4)
3.51 + 0.26 (4)*
6.45 + 0.37(4)
3.64 + 0.89 (4)*
4.71 1 099 (4)
0.19 + 0.13 (4)**
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dose-ratio of 9; this inhibition was competitive in
nature as the slopes of the dose-response curves, in
the presence and absence of 10™° M mianserin, were
not significantly different. With higher concentrations
of mianserin (1078, 10”7 and 10™° M; for results with
10~8 M mianserin see Figure 2b), the inhibitory effect
on responses to tyramine included a reduction in the
magnitude of the maximum response and was, there-
fore, non-competitive.

In the presence of nortriptyline (1076 M) 1078, 1077
and 107° M mianserin had no effect on the magni-
tude of the maximum responses to field stimulation
(Table 4). The responses to lower frequencies of
stimulation were potentiated by mianserin (10™% to
107° m); 10~ 8 M was the most potent and potentiated
responses at 5 to 20 Hz (Figure 3a), 10”7 M mianserin
potentiated responses at 5 to 15 Hz, and 107¢ M
mianserin was the least potent in this aspect and
only potentiated responses at 5 and 10 Hz (Figure 3b).
In the presence of 10~ M nortriptyline, 10~ M mian-
serin abolished all responses to field stimulation
(Table 4).

In the presence of nortriptyline (107¢ M), the
magnitude of the maximum response to (—)-nor-
adrenaline was unaltered by mianserin, 1078, 10~
and 1075 M (Table 5). Mianserin inhibited the re-
sponses to (— }-noradrenaline (Table 5) and this inhi-
bition was not dose-related; thus the responses were
inhibited x 7.6 + 3.3(5) [mean dose-ratio (inhibition)
+se. mean n=15], x6.7 +26(6), x6.6 + 0.7(4),
x2.5+ 0.5(5) by 10781077, 107° and 10> M mian-
serin, respectively. As a consequence of this, the
apparent pA, values for mianserin decreased with
increasing concentrations of rianserin (Table 5).
Furthermore, the pA, values obtained with different
concentrations of mianserin were significantly differ-

245

T

100

80

60 |

40+

20F

100 |

80

60

Contractile response (% of maximum)
o

20

Stimulation frequency (Hz)

Figure 3 In the presence of nortriptyline, the effect of
mianserin on responses to field stimulation in the rat
anococcygeus muscle. All responses were obtained in
. the presence of 10~ M nortriptyline; control responses
(®) and responses in the presence of (a) 10~ M mian-
serin (M) and (b) 10~® M mianserin (V) are shown. All
responses are expressed as a percentage of the maxi-
mum response of the individual dose-response curve.
Each value is the mean from 4 to 5 preparations; verti-
cal lines show s.e. mean.

Table 3 The effect of mianserin alone in Krebs solution on responses to (— )-noradrenaline

Control
Mianserin 107° M
Control
Mianserin 1078 M
Control
Mianserin 10°7 M
Control
Mianserin 107% M
Control
Mianserin 1075 M

(a) (iy
(i)

(b) (i)
(i)

(c)

(d)

(i)
(ii)
(e)

)
(ii)
)
(i)

(—)Noradrenaline
pD, Dose-ratio
5.58 + 0.12(4)

582 + 0.13(4)
5.81 + 0.18(4)
6.02 + 0.09 (4)

547 £ 0.19(4) 11.01 + 5.84 (4)

6.29 + 0.19 (4)* (Potentiation)
543 1+ 0.10(6) 10.45 + 6.10(6)
6.12 + 0.25(6)* (Potentiation)
5.48 + 0.07(4) 3.24 1+ 0.68 (4)
5.00 + 0.09 (4)* (Inhibition)

Each value is the mean + s.e. mean (n) where n = number of observations.

* P < 001, paired ¢ test.
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ent; thus the pA, values obtained in the presence of
107® M mianserin were significantly larger than the
pA, values obtained in the presence of 10”° M mian-
serin, and those values obtained in the presence of
10~® M mianserin were greater than the pA, values
obtained with 10~7 M mianserin (comparison of indi-
vidual values by unpaired t test).

After 6-hydroxydopamine (10~ 3 M) incubation for 3 h,
the responses to (—)-noradrenaline are potentiated
and the responses to tyramine and other indirectly
acting amines are abolished in the rat anococcygeus
muscle (Doggrell & Woodruff, 1978). After such treat-
ment, mianserin (10”7, 1076 and 10™° M), nortripty-
line (10”7 and 107° M) and phentolamine (5 x 10”8

Table 4 In the presence of 10~° M nortriptyline, the
effect of mianserin on maximum responses to field
stimulation

Field stimulation
maximum response
In the presence of Nortriptyline 9)
107 M (Mean + s.e. mean)

(a) (i) Control 3.59 + 0.38 (4)
(ii) Mianserin 1078 M 4.25 + 0.64 (4)
(b) (i) Control 405 +0.774)
(ii) Mianserin 10”7 M 3.55 + 0.56 (4)
(c) (i) Control 3.05 + 0.50 (4)
(i) Mianserin 107° m 3.39 + 0.51 (4)
(d) (i) Control 3.53 + 0.47(6)

(i) Mianserin 107° M 0.00 (6)*

* P < 0.0005, paired 1 test.
(n) = number of observations.

Table 5 In the presence of 107 M nortriptyline: the effect of mianserin on responses to (— )-noradrenaline in the

rat anococcygeus muscle
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Figure 4 Following 6-hydroxydopamine incubation,
the effect of mianserin and phentolamine on responses
to (—)-noradrenaline in the rat anococcygeus muscle.
All responses were obtained following 6-hydroxydopa-
mine incubation (10~ 2 M for 3 h): (a) (i) control (®) and
in the presence of 10”7 M mianserin (O), and (ii) control
(V) and in the presence of 10~ M mianserin (V¥); (b) (iii)
control (M) and in the presence of 5 x 10~8 M phento-
lamine (O) and (iv) control (A) and in the presence of
5x 1077 M phentolamine (A). All responses are
expressed as a percentage of the maximum response of
the individual dose-response curve. Each value is the
mean from 4 to 6 preparations; vertical lines show s.e.

mean.

-3

In the presence of
10~¢ M nortriptyline

(a)
(b)

)
(i)
(M

Control
Mianserin 1078 m
Control

5.59 + 0.82(5)
6.28 + 0.52(5)
5.07 £ 0.71 (6)

(ii) Mianserin 10”7 M 5.04 + 0.70 (6)
() (i) Control 5.23 + 0.30(4)
(i) Mianserin 107¢ M 5.09 + 0.56 (4)

(d)

(@
(i)

Control
Mianserin 1075 M

5.57 £ 0.61(5)
5.08 + 0.49(5)

(_

Maximum response (g)

)-Noradrenaline
pD, value

6.35 + 0.19(5)
5.63 + 0.05 (5)*
6.37 £+ 0.14(6)
5.74 £+ 0.13 (6)*
6.71 £ 0.15(4)
5.89 + 0.11 (4)**
6.10 + 0.12(5)
5.73 £ 0.11 (5)**

Each value is the mean + s.e. mean (n), where n = number of observations.
* P < 0.0025, paired ¢ test.
** P < 0.0005, paired ¢ test.

pA, value
8.56 + 0.26(5)
7.36 + 0.33(6)
6.72 £+ 0.06 (4)

5.10 £ 0.14(5)



MIANSERIN AND NORADRENERGIC TRANSMISSION 247

and 5 x 1077 M) had no effect on the magnitude of
the maximum responses to (—)-noradrenaline and in-
hibited the submaximal responses (Table 6). Under
these conditions, the inhibitory effect of mianserin on
responses to (— )-noradrenaline was not dose-related;
1077, 107® and 107° M inhibited the responses
x11.4 + 47(6), x10.7 + 4.6(6) and x 18.8 + 5.6(4),
respectively. This lack of dose-related effect with
mianserin resulted in apparent pA, values for mian-
serin ranging from 6.20 to 7.65 (Table 6). Further-
more, the pA, values obtained in the presence of 10~
M mianserin were significantly greater than those
obtained in the presence of 10~ 5 M mianserin.

Under similar conditions, the inhibitory effects of
both nortriptyline and phentolamine were dose-
related. Thus the responses to (— )-noradrenaline were
inhibited x 4.6 + 1.4(5) and x19.3 + 9.2(6) by 107’
and 107% M nortriptyline respectively, and by
x8.7 + 3.3(4) and x70.4 + 34.2(4) by 5 x 1078 and
5 x 1077 M phentolamine, respectively. The pA,
values for nortriptyline and phentolamine were inde-
pendent of concentration used and approximated 7.20
and 8.00, respectively (Table 6). The differing effects of
mianserin and phentolamine on responses to (— )-nor-
adrenaline are illustrated in Figure 4.

Discussion

Mianserin is a potent inhibitor of the accumulation of
(—)-[*H]-noradrenaline in the rat anococcygeus

muscle. In the presence of low concentrations of nor-
adrenaline, accumulation represents neuronal uptake
minus any efflux. Noradrenaline releasing agents, e.g.
guanethidine, labetalol, cause contractions of the rat
anococcygeus muscle (Doggrell & Paton, 1978a, b).
As mianserin had no effect on the tone of this prep-
aration it seems unlikely that mianserin releases nor-
adrenaline to any great extent. This suggests that
mianserin is a potent inhibitor of neuronal uptake in
this tissue.

Of a series of ten tricyclic antidepressants tested for
their ability to inhibit noradrenaline uptake in the rat
anococcygeus muscle, Doggrell & Woodruff (1977)
demonstrated that nortriptyline was the most potent.
In the present study at a concentration of 107° M,
mianserin was equipotent with nortriptyline in pro-
ducing a 30% inhibition of the neuronal uptake of
noradrenaline. The effect of nortriptyline, but not of
mianserin, on noradrenaline uptake was closely dose-
related. Thus 107°, 1078 and 10”7 M mianserin had
similar inhibitory effects on neuronal uptake; the
reason for this is not immediately apparent. Under
these circumstances the calculation and comparison
of an ICs, value (concentration causing 50% inhibi-
tion of uptake) for nortriptyline and mianserin is not
valid. However, a valid comparison may be made at
each concentration level. Thus the inhibition pro-
duced by 1078 and 10™7 M mianserin was less than
that observed with 1078 and 10~7 M nortriptyline,
respectively. At higher concentrations (10~ ¢ and 10~°
M), mianserin and nortriptyline were equipotent.

Table 6 Following 6-hydroxydopamine incubation (10~2 M for 3 h): the effect of mianserin, nortriptyline and
phentolamine on responses to (— )-noradrenaline in the rat anococcygeus muscle

Following 6-hydroxydopamine
incubation (10~3 M for 3 h)

Maximum response

(—)-Noradrenaline

pD, value pA, value

(a) (i) Control 591 + 1.16(6)
(ii) Mianserin 1077 M 4.80 + 0.99 (6)
(b) (i) Control 449 + 0.58 (6)
(i) Mianserin 107¢ M 5.10 + 1.09(6)
(c) (i) Control 546 + 0.73 (4)
(ii) Mianserin 107% M 5.08 + 0.65(4)
(d) (i) Control 546 + 1.07(5)
(i) Nortriptyline 10”7 M 7.26 + 0.87(5)
(e) (i) Control 4.89 + 0.62(6)
(i) Nortriptyline 107¢ m 6.89 + 1.09 (6)
(f) (i) Control 5.40 + 0.23 (4)
(ii) Phentolamine 5 x 1078 M 496 + 0.20(4)
(g) (i) Control 500 + 1.15(4)
(ii) Phentolamine 5 x 10~7 M 440 + 042(4)

6.78 + 0.17(6)
596 + 0.10 (6)*
6.58 £ 0.11(6)
5.78 £ 0.26 (6)*
6.38 + 0.08 (4)
5.14 + 0.09 (4)**
6.77 % 0.07(5)
6.18 + 0.09 (5)*
6.72 1 0.14(6)
5.59 + 0.18 (6)**
6.56 + 0.12(4)
5.76 + 0.10 (4)*
6.71 £ 0.18(4)
498 1 0.10 (4)**

Each value is the mean + s.e. mean (n), where n = number of observations.
* P < 0.0025, paired 1 test.
** P < 0.0005. paired t test.

7.65 + 0.29 (6)
6.68 + 0.26 (6)
6.20 + 0.14(4)
7.40 + 0.19(5)
7.08 + 0.16 (6)
7.99 + 0.27(4)
798 + 0.22(4)
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Although previous workers have suggested that
mianserin is less potent than the tricyclic antidepres-
sants in inhibiting the neuronal sites for noradrena-
line uptake (rat brain, Raiteri et al., 1976; Baumann
& Maitre, 1977; de Paulis et al., 1978; rat heart, Bau-
mann & Maitre, 1977; rabbit brain, Goodlet et al.,
1977; rabbit heart, mouse atria and vas deferens,
Harper & Hughes, 1977) significant inhibition has
been observed with low concentrations of mianserin
ie. 10”7 M. Furthermore, the possibility of a signifi-
cant inhibition with a very low concentration of
mianserin (e.g., 10°° M) has not been discounted in
many of these studies. Thus, although mianserin is
less potent than tricyclic antidepressants in inhibiting
neuronal uptake into some tissues, it seems likely that
this inhibitory effect may be an important deter-
minant of the overall effect observed with mianserin.

In the presence of an inhibitor of neuronal uptake
the contractile responses to noradrenaline are poten-
tiated and the responses to tyramine are inhibited
(Trendelenburg, 1972). In the present study, mianserin
alone in Krebs solution at 10”7 and 10™° M poten-
tiated the contractile responses to field stimulation at
low frequencies and to noradrenaline and inhibited
the responses to tyramine. It seems likely that inhibi-
tion of neuronal uptake observed with these concen-
trations of mianserin is primarily responsible for these
effects.

There was not a good correlation between the
ability of mianserin to inhibit neuronal uptake and
to potentiate contractile responses to noradrenaline.
The postsynaptic a-adrenoceptor blocking activity of
mianserin (Borowski et al., 1976; Doxey et al., 1978)
may be responsible for this effect. Low concentrations
of mianserin (10~° and 10~8 M) had no effect on re-
sponses to noradrenaline. With these low concen-
trations, the effect of mianserin on neuronal uptake
and, possibly, at a-adrenoceptors may be too small to
produce an effect on contractile responses to nor-
adrenaline. However, this seems unlikely as these con-
centrations of mianserin did inhibit responses to tyra-
mine. This suggests that, in regard to responses to
noradrenaline, with low concentrations of mianserin
the inhibitory effect mianserin has on neuronal
uptake is countered by its postsynaptic a-adrenocep-
tor blocking activity and, hence, no effect overall is
observed on responses to noradrenaline. In the pres-
ence of 10”7 and 107 M mianserin, the inhibitory
effect of mianserin on neuronal uptake appears to be
the more prominent effect and, thus, the responses to
noradrenaline are potentiated. With a high concen-
tration of mianserin (105 M) the inhibitory effect on
postsynaptic a-adrenoceptors becomes the pro-
nounced effect and the responses to noradrenaline are
inhibited.

It seems likely that these two inhibitory actions of
mianserin, i.e. on neuronal uptake, and at postsynap-

tic a-adrenoceptors, are involved in its effects on con-
tractile responses to tyramine. Firstly, by inhibiting
the neuronal uptake process, mianserin will inhibit
the uptake of tyramine. Consequently, less noradrena-
line than usual will be released by tyramine. Secondly,
the responses elicited by the released noradrenaline
will be antagonized at the postsynaptic a-adrenocep-
tors by mianserin. The additive nature of these two
effects with regard to inhibition of responses to tyra-
mine explains the high potency mianserin has in this
respect, ‘inhibition of responses to tyramine being
observed with 10”° M mianserin.

To eliminate, as far as possible, any effects of mian-
serin due to the inhibition of neuronal uptake, further
contractility studies were carried out in the presence
of nortriptyline. In the presence of 10~ M nortripty-
line, mianserin (10”8, 10~7 and 107 M) potentiated
responses to field stimulation and inhibited responses
to exogenously applied noradrenaline. There are two
possible mechanisms which may account for this
potentiating effect of mianserin on responses to field
stimulation. Firstly, mianserin may be acting at pre-
synaptic a-adrenoceptors. It is generally accepted that
when an a-adrenoceptor antagonist potentiates the
contractile responses to field stimulation but not to
exogenously applied noradrenaline, the potentiating
effect may be due to antagonism at presynaptic
a-adrenoceptors. Presynaptic a-adrenoceptors have
been demonstrated in all noradrenergically innervated
tissues so far studied (see review by Starke, 1977).
Thus in the rat anococcygeus muscle these receptors
have been demonstrated both by direct methods, i.e.
measuring 3H overflow following preloading with
[*H]-noradrenaline (McGrath & Olverman, 1977;
Idowu & Zar, 1978) and indirectly from contractility
studies (Idowu & Zar, 1976). Such an antagonistic
effect of mianserin at presynaptic a-adrenoceptors has
previously been demonstrated in the rabbit pulmon-
ary artery (Borowski er al., 1976) in the rat brain
(Baumann & Maitre, 1977) and in the pithed rat and
vas deferens of the rat (Doxey et al., 1978). Secondly,
mianserin may reduce the effect of stimulation of the
inhibitory nerves. Field stimulation of the rat anococ-
cygeus muscle activates a noradrenergic motor inner-
vation and an inhibitory innervation (Gillespie, 1972);
thus any drug that reduces the inhibitory effect may
potentiate the overall response to field stimulation.

The antagonism of responses to exogenously
applied noradrenaline observed with mianserin was of
an unusual nature. Thus, in the presence of nortripty-
line, the degree of antagonism observed with mian-
serin was independent of concentration, i.e. the inhibi-
tory effect of mianserin on responses to noradrenaline
was similar whether 1078 or 107° M mianserin was
used. Such an effect with mianserin has not been
reported by other workers (rabbit pulmonary artery,
Borowski et al., 1976; rat anococcygeus muscle,
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Doxey et al., 1978). In the present study, a similar
non-dose-related antagonism was observed with
mianserin after 6-hydroxydopamine incubation.

Following incubation of the rat anococcygeus
muscle in the presence of 6-hydroxydopamine (1073 M
for 3 h) the contractile responses to tyramine were
abolished, responses to noradrenaline were poten-
tiated and [*H]-noradrenaline accumulation was
reduced (Doggrell & Woodruff, 1978). This suggests
that the incuation with 6-hydroxydopamine causes a
depletion of noradrenaline stores and a partial de-
struction of noradrenergic neurones. Under these con-
ditions, any effects of mianserin on responses to exo-
genously applied noradrenaline must occur, predomi-
nantly, postsynaptically. Following this treatment, the
antagonism of responses to noradrenaline observed
with phentolamine and nortriptyline, but not with
mianserin, was dose-related. As nortriptyline has a
similar ability to mianserin to inhibit neuronal uptake
in this tissue, this suggests the effect observed with
mianserin is not related to any residual ability to in-
hibit neuronal uptake. Also it seems unlikely that the
effect of mianserin postsynaptically is identical to that
observed with phentolamine, a classical a-adrenocep-
tor antagonist.

One possible explanation of the lack of concentra-
tion-dependence of the inhibitory effect of mianserin
on responses to noradrenaline is as follows. Firstly,
there is an increasing antagonism at postsynaptic
adrenoceptors with increasing concentrations of
mianserin. Secondly, increasing concentrations of
mianserin, in some way, increase the postsynaptic sen-
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