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Biochemical and pharmacological tests for the 
rediction of ability of monoamine uptake blockers P to inhibit the uptake of noradrenaline in-vivo: the 

effects of desipramine, maprotiline, femoxetine and 
citalopram * 
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The ability of desipramine and maprotiline (NA uptake inhibitors), as well as citalopram 
and femoxetine (5-HT uptake inhibitors) to protect mice against brain NA depletion 
induced by H 77/77 (4-cw-dimethyl-m-tyramine), has been compared with their ability to 
counteract reserpine (2.5 mg kg-1)- or apomorphine (16 mg kg-’)-induced hypothermia 
and to potentiate TRH (40 mg kg-l)-induced hyperthermia in mice. While both NA uptake 
inhibitors antagonized the action of H 77/77, maprotiline being weaker than desipramine, 
femoxetine and citalopram were inactive. However, in contrast to citalopram, femoxetine 
was active in the other tests, being about twice as weak as maprotiline, which itself was 
several times weaker than desipramine in those tests. On the basis of the results obtained it 
is concluded that functional in-vivo tests for NA uptake inhibitors are more sensitive than 
the H 77/77 biochemical test; moreover, femoxetine, which in in-vitro studies is less 
selective than citalopram, may inhibit the uptake of NA in-vivo. 

Most antidepressant drugs are noradrenaline (NA)- 
uptake inhibitors (Richelson & Pfenning 1984), 
some (e.g. desipramine, maprotiline, oxaprotiline, 
protriptyline) being extremely potent and/or highly 
selective (Maitre et al 1980; Hyttel 1982; Richelson 
L% Pfenning 1984). Therefore the view that the 
antidepressant effect can be achieved by inhibition of 
NA uptake (Glowinski & Axelrod 1964) has become 
widely accepted. However, among the new potential 
antidepressants that have been, or are being, tested 
in the clinic, are drugs such as zimelidine (Aberg & 
Holmberg 1979; Coppen et a1 1979; Montgomery 
1980; Aberg 1981; Montgomery et a1 1981), femoxe- 
tine (Ghose et all977; B~ jho lm et a1 1979; Reebye et 
a1 1982), cianopramine (Hormazabal et a1 1985) and 
citalopram (Gottlieb et a1 1980; Bfsti 1982), which 
are potent and relatively selective inhibitors of the 
Wake  of 5-hydroxytryptamine (5-HT) (for compari- 
son with other drugs of this type see: Maitre et a1 
1980; Hyttel 1982). These drugs have been devel- 
oped as a consequence of the 5-HT theory of 
depression, put forward by Coppen (1967), Lapin & 
Oxenkrug (1969) and van Praag (1974) after the 
discovery that imipramine, besides its known effect 
on the NA uptake (Glowinski & Axelrod 1964), also 
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inhibited the uptake of 5-HT. The clinical efficacy of 
these ‘selective’ drugs (more selective than clomip- 
ramine) remains to be proven (see: Ghose et a1 1977; 
Maitre et a1 1980); up to the present only the efficacy 
of zimelidine has been sufficiently documented 
(Maitre et al 1980), but it has failed because of its 
potential to cause neurological disorders. From the 
theoretical point of view (see above), it must also be 
established whether these drugs (including their 
metabolites) are actually devoid of any effect on the 
uptake of NA. Clomipramine, which for several 
years had been considered a fairly selective 5-HT 
uptake inhibitor (on the basis of the in-vitro results), 
and an antidepressant which acts exclusively through 
the 5-HT system, only recently has been recognized 
as a relatively potent NA uptake inhibitor under 
in-vivo conditions (Maj et a1 1982; Ogren et a1 1983; 
Pawiowski & Kwiatek 1983a, b). As has recently 
become known, its main metabolite, desmethyl- 
clomipramine, which accumulates in the body of 
patients treated with clomipramine (Jones & Lus- 
combe 1977; Traskman et al 1979), very potently 
inhibits the uptake of NA in-vivo and in-vitro (Hyttel 
1982; Maj et a1 1982; Pawiowski & Kwiatek 1983b). 

We have previously shown (Pawtowski & Mazela 
1984; Pawtowski et al 1984, 1985) that some of the 
new ‘specific’ 5-HT uptake inhibitors (e.g., ciano- 
pramine) or, at least, their N-desmethyl metabolites 
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(e.g., desmethylcianopramine, norzimelidine) be- 
haved as inhibitors of NA uptake in a series of 
appropriate pharmacological tests, such as reserpine 
hypotherrnia in mice (Slater et al 1979; Maj et al 
1982, 1983; Przegalinski et al 1983), apomorphine 
hypotherrnia in mice (Puech et al 1981; Pawbwski & 
Mazela 1986) and T R H  hyperthermia in mice 
(Desiles & Rips 1981; Pawlowski & Kwiatek 1983a, 
b). Moreover, we found that cianopramine and 
desmethylcianopramine could protect rat and mouse 
brain against NA depletion caused by H 77177 
(Pawtowski e t  a1 1984, 1985). Such a protection is 
also characteristic of NA uptake inhibitors (Carlsson 
et a1 1969; Maitre et al1980). Thus, the results of our 
studies suggest that those antidepressants previously 
regarded as selective 5-HT uptake inhibitors on the 
basis of in-vitro data, may, like clomipramine, also 
influence N A  uptake in-vivo. At  the same time, our 
results (Pawbwski e t  al 1984, 1985) have suggested 
that the above simple pharmacological tests (Slater 
et a1 1979; Desiles & Rips 1981; Puech et  al 1981; 
Maj et al1982,1983; Pawbwski & Kwiatek 1983a, b;  
Przegalinski et al 1983; Pawbwski & Mazela 1986), 
initially used in the screening of potential antide- 
pressant agents, are much more sensitive as indica- 
tors of a drug's ability to inhibit the uptake of NA 
in-vivo than is the classical biochemical test using 
H 77/77 (Carlsson et al 1969; Maitre et al 1980). 

T o  find whether this suggestion is true, we have 
compared the effects of four monoamine uptake 
blockers (desipramine. maprotiline, femoxetine, 
citalopram) in the H 77/77 test and in pharmacolog- 
ical tests for N A  uptake inhibitors. Among the drugs 
tested, desipramine is regarded as an extremely 
potent and highly selective NA uptake inhibitor, 
maprotiline as a moderately potent but extremely 
selective N A  uptake inhibitor, femoxetine as a 
potent 5-HT uptake inhibitor, more selective than 
clomipramine, and citalopram is rated as an 
extremely selective and potent 5-HT uptake inhibi- 
tor (Ogren et  al 1983). The ability of these four 
drugs, and other related compounds, to inhibit the 
uptake of NA and 5-HT in-vitro is shown in Table 1, 
which presents the data obtained in the same 
laboratory by Hyttel (1982) and Hyttel & Larsen 
(1985). 

M A T E R I A L S  A N D  M E T H O D S  

Animals 
Male Albino-Swiss mice (18-34 g) were kept in 
colony cages with free access to food (granular 
standard diet, Bacutil) and tap water until the 
beginning of the experiment. 

Drugs 
The drugs were used: apomorphine hydrochloride 
(Sandoz), citaloprarn hydrobromide (Lundbeck), 
desipramine hydrochloride (Pertofran; Ciba Geigy), 
femoxetine hydrochloride (FG 4963; Ferrosan), 
H 77/77 (4p-dimethyl-rn-tyramine methylester 
hydrochloride; Astra), maprotiline hydrochloride 
(Ludiomil; Ciba Geigy), norfemoxetine hydro- 
chloride (Ferrosan), norzimelidine dihydrochloride 
(Astra), reserpine . (Rausedyl, amp.; Gedeon 
Richter), TRH (thyrotropin releasing hormone, 
pyroglutamyl-histydyl-prolinamide; Scientific Re- 
search Division of the Institute of Chemistry of the 
University of Gdansk), zimelidine dihydrochloride 
(Astra). Doses refer to  the salts given. The drugs 
were administered intraperitoneally (i.p.) or subcu- 
taneously (s.c.) in a volume of 10 mL kg-I. Except 
for apomorphine, H 77/77 and TRH,  which were 
dissolved in 0.9% NaCl (saline), all the other drugs 
were dissolved in redistilled water. To  avoid the 
oxidation of apomorphine, its solution was always 
prepared freshly, i.e. not later than 5-10 min before 
the administration. 

H 77177-induced depletion of brain NA 
Mice were injected twice with H 77/77, 12.5 rng kg-1 
i.p., the doses being administered 2 h apart. The test 
drugs or the solvent were administered i.p. 30 min 
before each dose of H 77177, the second dose of the 
test drugs being half the amount of the first dose. The 
animals were decapitated 2 h after the last dose of 
H 77177 and whole brains were immediately removed 
and frozen until assay. The  brains were homogenized 
in cold 0.4 M perchloric acid. After centrifugation, 
NA was extracted according to Earley & Leonard 
(1978) and then determined fluorornetrically accord- 
ing to Chang (1964). Each experimental group 
consisted of six to seven animals. The statistical 
significance of the results was assessed by Student's 
t-test (two-tailed). The percentage inhibition of NA 
displacement induced by H 77/77 was calculated 
using the formula of Bruinvels (1971). 

Reserpine- and upomorphine-induced hypothermia 
and TRH-induced hypertherniia 
Before the experiment the mice were allowed to 
adapt for 24 h to the conditions (temperature of 20 2 
1.5 "C for reserpine-induced hypothermia, 21 _+ 1 "C 
for apomorphine-induced hypothermia or 22 k 1 "C 
for TRH-induced hyperthermia). Rectal tempera- 
ture was measured with an Ellab T-3 thermometer at 
times specified in the Tables. The results are 
expressed as a change in body temperature (AT) 
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Table 1. Effects of established and potential antidepressant drugs, and some of their metabolites on the uptake of 
[s~lamines into rat brain synaptosomes according to Hyttel(1982) and Hyttel6i Larsen (1985). The results are expressed 
as 1 ~ 5 0  values in nM. - 

Drug (IC50 values in nM) 
Imipramine* 
Desipramine* 
Maprotiline* 
Clomipramine*. * *  
Desmethylclomipramine*. * *  
Cianopramine*, * *  
Desmethylcianopramine* * 
Femoxetine". * *  
Norfemoxetine* 
Zimelidine * * * 
Norzimelidine*. * *  
Citalopram*' * *  
Desmethylcitalopram *. * * 
Didesmethylcitalopram * * 
Citalopram-N-oxide*. * * 

NA 
20 
0.97 
8.4 

0.46 

1.4 

24 

46 

410 
410 

3200 
260 

8800 
780 

1500 
3200 

5-HT 
35 

210 
3000 

41 

15 

1.5 

0.87 

8.3 
2.1 

9.6 
1.8 
1.4 

59 

24 
56 

NAI5-HT 
0.57 
0.0046 
0.0028 

0.01 1 

0.093 

16 

53 

49 
195 
54 
27 

4889 
105 
63 
57 

* Results from Hyttel (1982). 
** Results from Hyttel & Larsen (1985) 

with respect to  the initial rectal temperature 
measured immediately before the injection of the 
test drugs. These were administered i.p., 20 h after 
S.C. injection of reserpine (2.5 mg kg-1) or 30 min 
before injection of apomorphine (16 mg kg-l s.c.) or 
TRH (40mgkg-1 i.p.). Each group consisted of 
5-12 mice. The statistical significance of results was 
assessed by Student's t-test (two-tailed). 

R E S U L T S  
77177-induced depletion of brain NA 

The effects of the monoamine uptake inhibitors 
(desipramine, maprotiline, citalopram, zimelidine, 
femoxetine) and some of their N-desmethyl metabol- 
ites (norzimelidine, norfemoxetine) on H 77177- 
induced brain NA displacement are shown in 
Table 2. Desipramine potently antagonized the brain 
NA depletion induced by H 77/77, and its potency 
(the range of effective doses) was almost exactly the 
Same as that reported earlier by Carlsson et  al(l969). 
Also maprotiline dose-dependently antagonized the 
depletion, but its active doses (producing more than 
a 10% inhibition of the effect of H 77/77) were much 
higher than those of desipramine. Thus, the lowest 
dose of maprotiline which produced a statistically 
Significant inhibition of the effect of H 77/77 was as 
high as 40 + 20mg kg-1 (127.3 + 63.6 pmol kg-l); 
an analogous dose for desipramine was 5 + 
2.5 mg kg-1 (17.3 + 8.6 pmol kg-I). The other 

used in doses up to 40 + 20 mg kggl(99-121.5 
+ 49.5-60.7 pmol kg-*), were inactive in the test; 
the higher doses, i.e. 80 + 40 and 160 + 80 mg kg-l. 

were not tested, since in a preliminary experiment 
they caused a 4&100% mortality. 

Reserpine- and apomorphine-induced hypothermia 
and TRH-induced hyperthermia 
At the doses used, the monoamine uptake inhibitors 
(desipramine, maprotiline, citalopram, femoxetine) 
either did not affect body temperature in mice or  
decreased it (data not shown). 

Of the four drugs, desipramine (0.3125-1.25 mg 
kg-1; 1-4.3 pmol kg-I), maprotiline (1.25-5 mg 
kg-I; 3.9-15.9 pmol kg-1 and femoxetine (2.5-10 mg 
kg-1; 7.2-29.1 pmol kg-1) were active in the all three 
tests, having antagonized the reserpine (2.5 mg kg-1)- 
and apomorphine (16 mg kg-')-induced hypother- 
mia, and having potentiated the T R H  (40 mg kg-1)- 
induced hyperthermia in a dose-dependent manner. 
The order of potencies was as follows: desipramine 
>> maprotiline > femoxetine (see Tables 3-5). In 
contrast, citalopram ( 2 . 5 4 0  mg kg-1; 6.1-99 pmol 
kg-I) was inactive in all of these tests (Tables 3-5). 

None of the active drugs, nor citalopram, antag- 
onized hypothermia induced by 1 mg kg-1 of apo- 
morphine which, according to Puech et a1 (1981) and 
Pawtowski & Mazela (1986), is antagonized easily by 
dopamine receptor blockers but not my monoamine 
(NA) uptake inhibitors (data not shown). 

D I S C U S S I O N  

The present results confirm and extend our earlier 
findings (Pawtowski e t  a1 1984, 1985) that the 
pharmacological (functional) in-vivo tests for NA 
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Table 2. Effects of monoamine uptake inhibitors and some of their N-desmethyl metabolites (norzirnelidine, 
norfemoxetine) on the displacement of the brain noradrenaline (NA) by 4a-dimethyl-rn-tyramine (H 77/77) in mice. 

Treatment 
Solvent 
Desipramine 
Desipramine 
Desipramine 
Maprotiline 
Maprotiline 
Maprotiline 
Citalopram 
Zimelidine 
Norzimelidine 
Femoxetine 
Norfemoxetine 

First drug 

(mg kg-c i.p.) 
dose - 

- 
2.5 
5 

10 
10 
20 
40 
40 
40 
40 
40 
40 

Drug alone Drug + H 77/77 

BrainNA(ngg-' k s.e.m.) 
393 f 21 193f  8**** 
398 f 18 
385 f 20 
352 f 24 

211 f 14 
233 f 12* 
244 f 14* 

385 f 45 199 f 10 
366 I 15 218 Z i7 
352 f 20 248 f 11** 
330 f 23 
366 f 22 
392 f 23 

189 f 27 
197 f 16 
193 f 25 

369 f 14 197+ 8 
343 f 14 197 f 12 

Yo 
Inhibition 

8 
22 
40 

5 
2i 
42 

P < 0.001 when compared with solvent value; * *  P < 0.01; * P < 0.02 when compared with solve;nt + H 77/77 
value. 

Mice were injected with two doses of H 77/77 (12.5 mg kg-' i.p.) 2 h apart. All animals were killed 2 h after the last dose 
of H 77/77. Test drugs were administered 30 min before each dose of H 77/77, the second dose of drug being half the first. 
Each result is the mean f s.e.m. of 6-7 mice. The statistical significance of the results was assessed by Student's t-test. 

* * * *  

uptake inhibitors are much more sensitive than the 
biochemical (H 77/77) test originally introduced by 
Carlsson et a1 (1969) and recommended by Maitre et a1 
(1980) as a test of choice for the in-vivo screening of 
monoamine uptake blockers. Although the classical 
NA uptake inhibitor desipramine was very active in 
the H 77/77 test, since a dose of 5 + 2.5 mg kg-1 
significantly protected the mice against brain NA 
depletion caused by the agent, the drug was more 
active in the pharmacological tests (Tables 3-5). 
Maprotiline, which in-vitro is a NA uptake inhibitor 

about 8-9 times weaker than desipramine (see Table 
l), was also proportionally weaker in the H77/77 test, 
but its lowest effective dose (i.e. 40 + 20 mg kg-1) in 
that test was only twice as low as the lethal one (i.e. 80 
+ 40 mg kg-1) which produced death in about 50% of 
animals. On the other hand, in pharmacological tests, 
maprotiline was active in its normal dose range, i.e. 
2.5-20 mg kg-1 (see Tables 3-5). 

In view of these findings, a question arises whether 
negative results from the H 77/77 test necessarily 
mean that the compound tested is devoid of an 

Table 3. Effects of monoamine uptake inhibitors upon reserpine (2.5 mg kg-1)-induced hypothermia in mice kept at the 
ambient temperature of 20 f 1.5 "C. 

Compound mg kg-1. 
Solvent 
Desipramine 1.25 
Solvent 
Maprotiline 1.25 
Maprotiline 2.5 
Maprotiline 5 
Solvent 
Femoxetine 5 
Femoxetine 10 
Solvent 

Citalopram 10 
Citalopram 40 

Citalopram 2.5 

Inital 
temperature "Cb 

22.4 f 0.45 
22.8 f 0.51 
21.4 f 0.24 
22.3 ? 0.66 
21.8 f 0.44 
21.8 f 0.44 
24.1 f 0.91 
22.8 f 0.53 
22.9 f 0.87 
24.6 f 1.28 
28.0 f 1.25 
22.3 +_ 0.90 
26.0 f 1.48 

60 min 
1.7 f 0.52 
4.9 f 0.57**" 
2.3 f 0.33 
1.9 f 0.35 
3.4 f 0.64 
3.9 f 0.82 
2.4 f 0.60 
2.5 f 0.39 
4.8 f 0.79* 
2.5 f 1.11 

-0.3 f 1.02 
3.0 5 0.97 
0.6 2 1.24 

At ("C k s.e.m.) after 

120 min 180 min 240 min 
2.5 f 0.68 3.8 f 0.80 4.8 f 0.88 
8.8 f 0.45*** 9.3 f 0.42*** 9.1 f0.40*** 
3.3 f 0.61 4.5 f 0.68 5.3 f 0.71 
3.7 f 0.57 6.5 f 0.85 7.5 f 0.90 
5,4 f 0.55 6.6 f 0.60* 6.9 f 0.54 
7.0 f 0.92** 
4.0 f 0.90 5.5 f 0.92 6.1 f 0.95 
5.1 f 0.87 6.4 f 0.90 7.0 f 0.98 

8.2 f 0.68 8.0 f 0.90** 
3.0 f 1.19 2.7 f 1.13 2.6 f 1.30 

8.1 f 0.78** 8.5 f 0.52* * * 

9.1 f 0.72** 

0.0 i 1.52 -0.5 i.74 i.3 f i.75 
3.7 f 1.04 3.2 f 1.04 2 . 6 f  1.16 
0.5 f 1.29 0.5 f 1.31 0.2 f 1.41 

a The drugs were administered 20 h after the reserpine injection. 

* P < 0.85; * *  P < 0.01; * * *  P < 0.001 (difference from the controlisolventigroup; Student's r-test). 

The rectal temperature of the mice before the reserpine injection was 36.8-38.4 "C. Each experimental group consisted 
of 8 (citalo ram) or 10-12 (desipramine, maprotiline, femoxetine) mice. 
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Table 4. Effects of desipramine (DMI), maprotiline (MAP), femoxetine (FEM) and citalopram (CIT) on apomorphine 
( A ~ ~ ;  16 mg kg-I)-induced hypothermia in mice kept at the ambient temperature of 21 f 1 "C. 

Change from baseline rectal temperature (AT) 
at x min after challenge ("C f s.e.m.) 

Treatment 
mg kg-la 

DMI 0.3125 
DMI 0.625 
DMI 1.25 

MAP 1.25 
MAP 2.5 
MAP 5 

FEM 2.5 
FEM 5 
FEM 10 

CIT 2.5 
CIT 10 
CIT 40 

APO 16 
+ APO 16 + APO 16 + APO 16 

APO 16 + APO 16 
+ APO 16 + APO 16 

APO 16 
+ APO 16 + APO 16 
+ APO 16 

APO 16 + APO 16 
+ APO 16 + APO 16 

x = 30 
-4.3 f 0.66 
-3.4 f 0.51 
-2.2 f 0.59* 
-1.5 f 0.60* 
-4.7 f 0.35 
-4.0 f 0.47 
-3.6 f 0.40 
-2.6 f 0.46** 
-5.0 f 0.49 
-4.3 f 0.35 
-4.2 f 0.47 
-3.0 f 052* 
-5.1 f 0.49 
-4.2 f 0.45 
-5.2 f 0.33 
-5.9 f 0.51 

x = 45 
-4.8 f 0.58 
-3.9 f 0.70 
-2.9 f 0.64 
-1.4 f 0.52** 
-4.5 f 0.44 
-3.8 f 0.50 
-3.5 t 0.44 
-2.8 f 0.50* 
-5.1 f 0.55 
-4.4 f 0.37 
-4.6 f 0.46 
-3.6 f 0.49 
-5.8 f 0.55 
-4.7 f 0.44 
-5.5 f 0.37 
-5.6 f 0.53 

x = 60 
-4.4 f 0.35 
-4.2 2 0.53 
-3.4 f 0.58 
-1.5 f 0.52** 
-4.1 f 0.53 
-3.6 f 0.51 
-3.4 f 0.45 
-3.1 f 0.32 
-4.3 f 0.61 
-3.7 f 0.51 
-4.2 f 0.42 
-4.2 f 0.44 
-5.8 f 0.57 
-4.4 f 0.47 
-4.6 f 0.41 
-5.2 f 0.37 

a The dru s (or solvent) were injected 30 min before apomorphine. Each experimental group consisted of 5 

* *  P < 0.01 (difference from the respective control group receiving apomorphine alone; Student's t-test). 
(d:sipraminey to 10 (maprotiline, femoxetine, citalopram) mice. 

P < 0.05; 

inhibitory effect on the uptake of NA in-vivo. Our & Mazela 1984; Padowski et a1 1984, 1985) studies, 
present results clearly suggest that in some instances only citalopram may be regarded as completely 
biochemical in-vivo tests (e.g. the H 77/77 test) may devoid of any effect on the uptake of NA in-vitro and 
yield false negative results, since they are not in-vivo. It affects the uptake of NA in-vitro exclu- 
sensitive enough to detect a negligible inhibitory sively at extremely high, 'non-physiological' concen- 
effect on NA uptake. Of the monoamine uptake trations, and its main metabolites (desmethylcitalo- 
blockers tested by us in this and previous (Pawbwski pram, didesmethylcitalopram and citalopram-N- 

Table 5. Effects of desipramine (DMI), maprotiline (MAP), femoxetine (FEM) and citalopram (CIT) on TRH 
(4 mg kg-1)-induced hyperthermia in mice kept at the ambient temperature of 22 f 1 "C. 

Treatment 
mgkg-la 

DMI 0.3125 
DMI 0.625 
DMI 1.25 

MAP 1.25 
MAP 2.5 
MAP 5 

TRH 40 
+ TRH 40 
+ TRH 40 
+ TRH 40 

TRH 40 
+ TRH 40 
+ TRH 40 
+ TRH 40 

TRH 40 + TRH 40 + TRH 40 + TRH 40 
TRH 40 

+ TRH 40 + TRH 40 
+ TRH 40 

Change from baseline rectal temperature (AT) 
at xmin after challenge ("C f s.e.m.) 

x =  15 
1.1 f 0.20 
2.3 f 0.25** 
2.8 f 0.19*** 
3.0 f 0.20*** 

x = 30 
0.8 f 0.24 
0.6 f 0.29 
0.8 f 0.29 
1.1 f 0.27 

x = 45 
0.5 f 0.22 
0.3 f 0.20 
0.1 f 0.22 
0.6 f 0.27 

x = 60 
0.3 f 0.29 

-0.1 f 0.21 
-0.4 f 0.33 

0.2 f 0.33 
0.8 f 0.14 0.8 f 0.23 0.6 f 0.23 0.6 t 0.22 
1.2 f 0.22 1 .O f 0.29 0.7 f 0.28 0.5 t 0.26 
1 . 7 f  0.22** 0.8 f 0.30 0.4 f 0.36 0.1 f 0.27 
2.4 f 0.25*** 0.7 f 0.25 1.4 f 0.22 0.9 f 0.29 
1.2 f 0.29 
1.6 f 0.44 
2.0 f 0.36 
2.4 f 0.53* 

1.2 f 0.20 
1.6 f 0.30 
1.7 f 0.23 
2.0 f 0.35 

0.9 f 0.22 
0.6 f 0.26 
1.2 t 0.25 
1.4 f 0.27 

0.9 f 0.24 
0.7 f 0.13 
0.9 f 0.32 
1 .0 * 0.26 

1.1 f 0.16 
1.3 f 0.23 
1.4 f 0.17 
1.7 f 0.40 
0.7 f 0.25 
0.6 t 0.11 
0.8 t 0.28 
0.5 f 0.18 

0.9 f 0.16 
0.9 f 0.18 
1.0 f 0.15 
1.2 f 0.33 
0.6 f 0.27 
0.5 f 0.13 
0.7 f 0.20 
0.3 f 0.09 

The drugs (or solvent) were injected 30 min before TRH. Each experimental group consisted of 8-12 mice. 
f' 0.05; * *  P < 0.01; * * *  P < 0.001 (difference from the respective control group receiving TRH alone; Student's 

r-test). 
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oxide) d o  not differ from the parent drug in this 
respect (see Table 1). In addition, citalopram is 
devoid of any effect on postsynaptic N A  receptors 
(Hyttel 1982; Hall e t  a1 1984). As a consequence, 
citalopram yields negative results in all the tests used 
to evaluate N A  uptake inhibitors in-vivo (Maitre et 
a1 1980; Hyttel 1982; Ogren et a1 1983; Pawtowski & 
Kwiatek 1983a, b; Pawtowski & Mazela 1984, 1986; 
Pawlowski e t  a1 1984,1985; results of this study). The 
selectivity of the other 5-HT uptake inhibitors seems 
questionable: femoxetine, norzimelidine (an active 
metabolite of zimelidine) and cianopramine inhibit 
the uptake of NA in-vitro 20-190 times more 
strongly than citalopram, however, they are still 
much weaker ( 6 5 0  times) than maprotiline in this 
respect (Table 1). Therefore, if these three drugs 
were active in the H 77/77 test, their effective doses 
might be expected to be proportionally (see the 
results obtained with desipramine and maprotiline) 
at least 5-7 times as high as the lowest effective doses 
of maprotiline; but such high doses of monoamine 
uptake blockers immediately produce a 100% mor- 
tality (Pawtowski, unpublished data). Cianopramine 
may be exceptionally effective in this test (its lowest 
effective dose is 20 + 10 mg kg-1; Pawtowski e t  a1 
1985), since its main metabolite desmethylciano- 
pramine inhibits the uptake of N A  more potently 
than maprotiline (Table 1). Actually, when we 
investigated norzimelidine and femoxetine in the 
H 77/77 test-using doses up to 40 + 20 mg kg-l 
(higher doses were toxic), we did not observe any 
protective effect against the N A  depletion. 
However, in the pharmacological tests for NA 
uptake inhibitors (for literature see Introduction and 
Pawtowski & Mazela 1984) both these drugs were 
active, being about twice as weak as maprotiline 
(Pawtowski & Mazela 1984; Tables 3-5). 

On the basis of the data in Table 1, we find it 
somewhat surprising that drugs such as femoxetine or  
norzimelidine display a relatively potent activity in the 
functional tests for N A  uptake inhibitors, in compari- 
son with maprotiline. This apparent paradox becomes 
clearer when the postsynaptic action of these drugs is 
taken into account. As shown by Hall & Ogren 
(1981), maprotiline and several other drugs of this 
type (imipramine, desipramine, clomipramine, ami- 
triptyline, nortriptyline), display some affinity for 
central N A  receptors, being weak blockers of these 
receptors. Femoxetine and norzimelidine (as well as 
citalopram) are devoid of such effects (Hall & Ogren 
1981; Hall e t  a1 1984). Hence, in contrast to 
maprotiline, femoxetine and norzimelidine are not 
able to  counteract-via N A  receptor blockade- 

their own effects connected with the ability to inhibit 
the uptake of NA. As was demonstrated earlier 
(Pawtowski & Kwiatek 1983a, b; Przegalinski e t  a1 
1983; Pawkowski & Mazela 1986), functional NA 
receptors are essential for positive results in the 
pharmacological tests for NA uptake inhibitors. 

It may also be argued that some other factors, 
different from inhibition of N A  uptake, are respons- 
ible for the action of norzimelidine and femoxetine in 
the functional tests. One of the factors in question 
might be the potential to  inhibit monoamine oxidase, 
the other being the ability to  inhibit phospho- 
diesterase (for literature see Pawtowski & Mazela 
1984). However, to  our knowledge, neither norzi- 
melidine nor femoxetine (or its desmethyl metabolite 
norfemoxetine) inhibit the activity of the above- 
mentioned enzymes in-vitro. Besides, the drugs that 
inhibit monoamine oxidase yield, in consequence of 
enzyme inhibition, false positive results in the H 77/77 
test (Waldmeier et a1 1985), while phosphodiesterase 
inhibitors do not antagonize apomorphine-induced 
hypothermia, although they d o  counteract this 
induced by reserpine (Przegalinski & Bigajska 1983). 
Thus, as we have found that norzimelidine and 
femoxetine are active in the apomorphine hypo- 
thermia test, and inactive in the H 77/77 test, their 
inhibitory effect in-vivo on at least one of the 
enzymes seems to  be extremely unlikely. 

In conclusion, the data presented here provided 
further support for the findings that the results 
obtained in the H 77/77 test correspond well with the 
results obtained in-vitro as already reported by Maitre 
et a1 (1980). However, they also reveal some 
limitations of this test and, at the same time, show the 
functional tests as being more sensitive indicators of a 
drug’s ability to inhibit uptake of NA under in-vivo 
conditions. By means of these tests it was possible to 
demonstrate the noradrenergic activity of femoxe- 
tine, which has frequently been regarded as a fairly 
selective 5-HT uptake inhibitor (Bajholm et a1 1979; 
Reebye et a1 1982). In view of the noradrenergic and 
5-HT theories of depression (see Introduction), it 
would be interesting to  find whether the weak effect of 
femoxetine on the noradrenergic system, demon- 
strated by those and also other authors (Buus Lassen 
et a1 1975; Ghose et a1 1977; Petersen 1979), is of 
importance in its clinical action (B~jhol rn  et a1 1979; 
Reebye et a1 1982). 
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