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Ro 11-2465 (cyan-imipramine), citalopram

and their N-desmethyl metabolites:
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and noradrenaline in vivo and related pharmacological activities*

L. Pawlowski, G. Nowak, Z. Gorka, and H. Mazela**

Institutc of Pharmacology, Polish Academy of Sciences, 12 Smetna Strect, 31-343 Krakow, Poland

Abstract. Ro 11-2465 (cianopramine, cyan-imipramine) and
citalopram (CIT), putative antidepressant drugs, are very
potent and selective S-hydroxytryptamine (5-HT) uptake
inhibitors in vitro. This study investigated the effects of
these drugs and their desmethyl metabolites, Ro 12-5419
(desmethylcianopramine, cyan-desipramine) and desmeth-
ylcitalopram (DCIT), respectively, on the uptake of 5-HT
and noradrenaline (NA) in vivo [protection against H 77/77
(4, alpha-dimethyl-metatyramine)-induced displacement of
S5-HT and NA] and on related pharmacological activities.
All the investigated drugs antagonized H 77/77-induced dis-
placement of 5-HT in the rat brain, though the effects of
the metabolites were considerably weaker than those of the

. parent compounds. The H 77/77-induced displacement of

brain NA in rats and mice was antagonized only by Ro
12-5419 and Ro 11-2465. All the drugs potentiated the pres-
sor response to S-HT in pithed rats; however, Ro 12-5419
and particularly Ro 11-2465 could also block the response
when used in higher doses (0.1 mg/kg). Only Ro 12-5419
and Ro 11-2465 were able to potentiate the pressor response
to NA. Ro 12-5419 also potentiated thyrotropin releasing
hormone (TRH) hyperthermia and antagonized reserpine
hypothermia in mice; Ro 11-2465 potentiated the TRH hy-
perthermia only. CIT and DCIT were inactive in both these
tests. Of all the four drugs only CIT and Ro 12-5419 consid-
erably stimulated the hind limb flexor reflex in spinal rats.
However, whereas the stimulatory effect of CIT was inhib-
ited by the S-HT antagonists metergoline and cyprohepta-
dine, that of Ro 12-5419 was countcracted by the NA antag-
onist phenoxybenzamine only. Ro 11-2465, when used in
low doses (ca. 1 mg/kg), slightly potentiated the flexor re-
flex, whereas in higher doses (4-16 mg/kg) it had no effect
itsell but antagonized the stimulatory action of the S-HT
agonists fenfluramine, quipazine and LSD. The results ob-
tained indicate that Ro 11-2465 and CIT. as well as their
desmethyl metabolites, are also potent S-H1 uptake inhibi-
tors in vivo. However, only CI'T and DCIT are concurrently
devoid of effect on uptake of NA. In contrast, Ro 11-2465
and particularly Ro 12-5419 appear to also inhibit the up-
take of NA. Morcover. Ro 11-2465 appears to block central
and peripheral 5-HT receptors.
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The putative antidepressant drugs Ro 11-2465 (Costa e
Silva et al. 1983) and citalopram (CIT) (Gottlieb et al. 1980;
Lindegaard Pedersen et al. 1982; Ofsti 1982; Kragh-Seren-
sen 1983; Mertens 1983) are extremely potent and highly
selective 5-HT (5-hydroxytryptamine; serotonin) uptake in-
hibitors in vitro, more potent and more selective than the
classical drug of this type, clomipramine (Hyttel 1977;
1982; Haefely et al. 1978; Burkard 1980; Maitre et al. 1980;
1982; Da Prada et al. 1982). Therefore, their positive thera-
peutic effect (Gottlieb et al. 1980; Lindegaard Pedersen
et al. 1982; Ofsti 1982; Costa e Silva et al. 1983; Kragh-
Serensen 1983; Mertens 1983) is attributed to their action
on the uptake of 5-HT and is regarded as an important
argument for the 5-HT-ergic hypothesis of depression, put
forward by Coppen (1967), Lapin and Oxenkrug (1969)
and van Praag (1974).

However, the selectivity of Ro 11-2465 seems to be rela-
tive and limited only to in vitro conditions; literature data
suggest that in vivo Ro 11-2465 may also inhibit the uptake
of nor-adrenaline (NA) (Maitre et al. 1980, 1982; Paw-
lowski et al. 1981a; Da Prada ct al. 1982). On the other
hand, the inhibitory effect of CIT on the uptake of NA
in vivo has never been reported, and our own data (Paw-
towski et al. 1981 b; Pawlowski and Kwiatek 1983a, b), as
well as those of the other authors (sce above), suggest its
selectivity under in vivo conditions.

Like the majority of S-HT uptake inhibitors, Ro 11-2465
and CIT are tertiary amines and, as such, may be metabo-
lized (demethylation) to respective secondary amines. As
a rule. these are less selective, since they inhibit more po-
tently the uptake of NA (Carlsson et al. 1969a, b; Lind-
brink ct al. 1971 Hyttel 1982: Maj et al. 1982b). For exam-
ple, desmethylclomipramine, which inhibits the uptake of
5-HT less potently than clomipramine, is simultancously
a very potent NA uptake inhibitor (Hyttel 1982 Maj et al.
1982 b), according to Hyttel (1982)  even more potent
than the classical NA uptake inhibitors desipramine and
protriptyline. Due to this fact, the therapeutic action of
clomipramine, which is quickly metabolized to desmethyl-
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clomipramine which accumulates in the patient’s body
(Jones and Luscombe 1976; 1977; Triiskman ct al. 1979),
should be regarded as an important argument for the NA-
ergic hypothesis of depression (Schildkraut 1965; Schild-
kraut and Kcty 1967) rather than an argument for the
5-HT-ergic onc.

Literature data show that desmethylcitalopram (DCIT),
which is the main metabolite of CIT in rats, mice, monkeys
and in man (Fredricson Overp 19824, b), is 11 times more
potent than the parent drug in inhibiting NA uptake (Hyttel
1977, 1982); concurrently, it is less potent as a 5-HT uptake
inhibitor (Hy(tel 1977, 1982). Parallel data about the des-
methyl metabolite of Ro 11-2465 are not available, as yet.

In view of the above findings, it seemed interesting to
us to compare the effects of Ro 11-2465, CIT and their
desmethyl metabolites on the uptake of 5-HT and NA in
vivo und on related pharmacological activities. In order
to measure the ability of these drugs to inhibit the uptake
of the monoamines in vivo, we used their antagonism to-
wards H 77/77 (4,alpha-dimethyl-mctatyramine)-induced
displacement of cerebral 5-HT and NA (Carlsson et al.
1969a, b; Doogan 1980; Maitre et al. 1980). The tests gen-
erally employed for evaluating antidepressant drugs, such
as reserpine hypothermia, TRH hyperthermia, flexor reflex
test and blood pressure effects of 5-HT and NA, served
as functional models in this study, reflecting the effects of
the investigated drugs on 5-HT-ergic and/or NA-ergic pro-
cesses.

Materials and methods

Animals. Male Wistar rats (180-260 g) and male Albino-
Swiss mice (22-36 g) were used throughout. They were kept
in colony cages with free access to food (granular standard
diet, Bacutil) and tap water until the beginning of the exper-
iment, unless stated otherwise.

Drugs. The drugs administered were: citalopram hydrobro-
mide (CIT) (Lu 10-171-B; H. Lundbeck and Co.. Koben-
havn, Denmark), cyproheptadine hydrochloride (Merck,
Sharp and Dohme, Rahway, NJ, USA), desipramine hydro-
chloride (Pertofran; Ciba Geigy., Basel, Switzerland), des-
methylcitalopram hydrochloride (DCIT) (Lu 11-109-C; H.
Lundbeck and Co., Kabenhavn, Denmark), d-fenfluramine
hydrochloride (Les Laboratoires Scrvier, Neuilly-sur-Seine,
France), H 77/77 (4,alpha-dimethyl-meta-tyramine-methyl-
ester hydrochloride; Astra Likemedel AB, Sodertiilje, Swe-
den), imipramine hydrochloride (Polfa, Starogurd Gdanski,
Poland), LSD (Delysid amp.; Sandoz, Basel, Switzerland),
metergoline (Farmitalia, Milano, Italy), noradrenaline
(NA) (Levonor amp.; Polfa, Warszawa, Poland), phenoxy-
benzamine hydrochloride (Smith, Kline and French, Phila-
delphia, PA, USA), quipazine bimaleate (Miles Laborato-
ries, Inc., Elkhart, IN, USA), reserpine (Rausedyl amp.;
Gedeon Richter, Budapest, Hungary), Ro 11-2465 (cyan-
imipramine hydrochloride, Cianopramine; F. Hoffman-La
Roche and Co., Basel, Switzerland), Ro 12-5419 (des-
methyl-cyan-imipramine hydrochloride/cyan-desipramine
hydrochloride; F. Hoffmann-La Roche and Co., Basel,
Switzerland), serotonin creatinine sulfate (5-HT) (Sigma,
St. Louis, MO, USA), TRH (thyrotropin releasing hor-
mone, pyroglutamyl-histidyl-prolinamide; Scientific Re-
search Division of the Institute of Chemistry of the Univer-
sity of Gdansk, Gdansk, Poland).
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Doses refer 1o the salts given. The drugs were admin-
istered intravenously (IV) (into the tail vein) in a volume
of 1 ml/kg, intraperitoneally (IP) in a volume of 4 ml/kg
(rats) or 10 ml/kg (mice), or subcutancously (SC) in a vol-
ume of 10 ml/kg. Except for metergoline which was sus-
pended in a 1% aqueous solution of Tween 80, cyprohepta-
dine and phenoxybenzamine which were dissolved in warm
redistilled water and LSD and reserpine which were dis-
solved from ampules in redistilled water, all the other drugs
were dissolved in 0.9% saline.

H 77[77-induced depletion of brain 5-HT and NA in rats
and mice. Animals were injected twice with H 77/77, 12.5
mg/kg IP, the doses being administered 2 h apart. The in-
vestigated drugs or saline were administered IP 30 min be-
fore each dose of H 77/77, the second dose of the tested
drugs being half of the first one. The animals were killed
by decapitation 2 h afier the last dose of H 77/77 and whole
brains were immediately removed and frozen until assay.
The brains were homogenized in cold 0.4 N perchloric acid.
After centrifugation, 5-HT and NA were separated accord-
ing to Earley and Leonard (1978); afterwards NA was de-
termined fluorometrically according to the method of
Chang (1964), and 5-HT according to the method of Earley
and Leonard (1978). Euch 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 of inhibition of monoamine (NA or 5-HT) dis-
placement induced by H 77/77 was calculated using the
formula of Bruinvels (1971). The formula takes into ac-
count any changes in monoamine (MA) conlent caused by
the test drug when given alone. :

MAdrug+H77/77 _MAH77/77
MA MA

. drug

9 Inhibition = —- saline o 1.

MAsulinc

Reserpine hypothermia and TRH hyperthermia in mice. Be-
fore the experiment the mice were adapted for 24 h to the
conditions (temperature of 20+ 1.5°C for reserpine-in-
duced hypothermia or 21+ 1° C for TRH-induced hyper-
thermia). The rectal body temperature was measured with
an Ellab T-3 thermometer at time intervals which are speci-
fied elsewhere in the text. The results are expressed as a
change in body temperature (4¢) with respect to the initial
rectal temperature measured immediately before the injec-
tion of investigated drugs. The investigated drugs were ad-
ministered IP, 20 h after SC injection of reserpine (2.5 mg/
kg) or 30 min before IP injection of TRH (40 mg/kg). Each
group consisted of 10-12 mice. The statistical significance
of results was assessed by Student’s ¢-test (two-tailed).

Flexor reflex of the hind limb of the spinal rat. The experi-
ments were performed according to the method described
by Maj et al. (1976). The spinal cord was transsected at
the level of Th 8-Th 9 under light ether anesthesia. Reflex
twitches of the anterior tibial muscle, evoked by electric
stimulation (7-20 V, 50-100 ms at 1-min intervals) deliv-
ered to the ipsilateral paw from a pair of needle electrodes
inserted into the skin of the toes, were recorded. In order
to record twitches of the muscle, its distal tendon was at-
tached to an isotonic transducer connected with a pen re-
corder.
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Table 1. The effect of citalopram, Ro 11-2465 (cianopramine, cyan-
imipramine) and their N-desmethyl metabolites (desmethylcitalo-
pram and Ro 12-5419, respectively) on the displacement of the
brain S-hydroxytryptamine (5-HT) and noradrenaline (NA) by
4 alpha-dimethyl-meta-tyramine (H 77/77) in rats

Treatment First Drug Drug + % Inhibi-
drug dose alone H 77/717 tion
(mg/kg/1P)
(ng/g+SEM)
Brain 5-HT
Saline - 487+16 3024 12%*** .
Citalopram 10 454418 420+ 17** 80
Desmethyl- 10 424+26  337+21 46
citalopram
Ro 11-2465 10 460+19 417+ 17** 75
Ro 12-5419 10 456+32  311+12 16
Saline - 476+ 15 269 4 19¥***
Citalopram 20 473429 481+ 18*** 104
Desmethyl- 20 460+ 14 374 14%*>* 57
citalopram
Ro 11-2465 20 486415 462+ 8*** 89
Ro 12-5419 20 468 + 11 3324 10** Rk}
Brain NA
Saline - 379417 1674+ T+
Citalopram 10 339+12 152+ 5 -1
Desmethyl- 10 335+t4 158+ 8
citalopram
Ro 11-2465 10 351 +18 177410 1
Ro 12-5419 10 354+24 185410 15
Saline - 369+ 9 1454 6****
Citalopram 20 346+ 14 129+ 6 —~3
Dcsmethyl- 20 334413 141+ 3 5
citalopram
Ro 11-2465 20 353+ 14 1724+ 8* 15
Ro 12-5419 20 353410 201 4 10*** 29

*+%*x p0.001 when compared with saline value
*#4% P<0.001; ** P<0.01;* P<0.05 when compired with saline
+H 77/77 value
Rats were injected with two doses of H 77/77 (12.5 mg/kg
IP) 2 h apart. All animals were killed 2 h after the last dose of
H 77/77. Test drugs werc administered 30 min prior to each dose
of H 77/77, the second dose of drug (i.c., 5 or 10 mg/kg IP) being
half the first. Each result is the mecan +SEM of seven rats. The
statistical significance of the results was assessed by Student’s r-test

Pressor response to 5-HT and NA in pithed rats. Rats fasted
overnight were anesthetized with pentabarbital (30 mg/kg
IV). Tracheotomy was then performed and polyethylene
cannulae were installed in the carotid artery and tail vein.
The CNS was destroyed by the method of Gillespic ct al.
(1970) and the rat was simultaneously connected to a pump
for artificial respiration. Arterial blood pressure was mea-
sured in the carotid artery with an LIK-4 Farum clectronma-
nometer and Statham P23Db transducer. NA and 5-HT
were given TV in doses sufficient to induce an increase in
blood pressurc (4 blood pressure) by ca. 17 mm Hg
{15-20 mm Hg). After obtaining three identical responses,
one of the investigated drugs was administered in increasing
doses, and S min after eich dose NA or S-HT was given
twice in the same dose as that established at the beginning
of the experiment. In control rats, the responses to the dose
of 5-HT or NA chosen at the beginning of the experiment
were identical for at least 2 h.

Table 2. The effect of 4,alpha-dimethyl-meta-tyramine (H 77/77)
on the brain level of 5-hydroxytryptamine (5-HT) and noradrena-
line (NA) in mice. The influence of citalopram, Ro 11-2465 (ciano-
pramine, cyanimipramine) and their N-desmethyl metabolites (des-
methylcitalopram and Ro 12-5419, respectively) on the displace- -
ment of brain NA induced by H 77/77

Treatment First Drug Drug+ % Inhibit-
drug dose alone H 77/77 tion
(mg/kg IP)
(ng/g + SEM)
Brain 5-HT
Saline - 475438 370+16
Brain NA
Saline - 390416 1754 14%***
Citalopram 10 416+16 163+ 8 -10
Desmethyl- 10 362426 155+ 9 — 4
citalopram
Ro 11-2465 10 398+20 204+ 8 1
Ro 12-5419 10 355425 211+12 26
Saline - 383+13 1784+ 16%***
Citalopram 20 400+16  149+10 -17
Desmethyl- 20 353+ 6 160+ 14 -2
citalopram
Ro 11-2465 20 358417 261+ 18+*+* 49
Ro 12-5419 20 343410 2534 18*** 51

**xx P 0.001 when compared with satine value
*** p0.001 when compared with saline+H 77/77 value

Mice were injected with two doses of H 77/77 (12.5 mg/kg
1P) 2 h apart. All animals were killed 2 h after the last dose of
H 77/77. Test drugs were administered 30 min prior to each dose
of H 77/77, the second dose of drug (i.e., 5 or 10 mg/kg IP) being
half the first, Each result is the mean+SEM of six to seven mice.
The statistical significance of the results was assessed by Student’s
t-test

Results

H 77]77-induced depletion of the brain 5-HT and NA in rats
and mice, H 77/77 markedly decreased the level of brain
5-HT in rats (Table 1) and the level of brain NA in rats
and mice (Tables 1, 2). The effect of H 77/77 on the level
of brain 5-HT in mice was relatively weak and statistically
insignificant (Table 2); this finding is in agreement with
the earlier data (Carlsson ct al. 1969a, b) that H 77/77 does
not displace brain 5-HT in mice.

The potent 5-H'T uptake inhibitors CIT and Ro 11-2465
protected rats against the brain 5-HT displacement pro-
duced by H 77/77 in a dose-dependent manner (Table 1).
DCIT and Ro 12-5419 were also active. though their action
was considerably weaker than that of the parent com-
pounds (Tablc 1). The order of potencics was as follows:
CIT=Ro 11-2465> DCITZ= Ro 12-5419 (sce Table 1), Of
the tested drugs, only Ro 11-2465 and Ro 12-5419 were
able to protect animals (rats and mice) against the brain
NA displacement caused by H 77/77 (Tables 1. 2); the effect
of Ro 12-5419 was slightly stronger. CIT and DCIT did
not alfect the H 77/77-induced brain NA displacement (Ta-
bles 1. 2). None of the investigated drugs had any effect
alone on the fevel of brain ST or NA in rits, or the
level of brain NA in mice (Tables 1, 2).

Reserpine hypothermia and TR hyperthermia in mice. The
cffects of Ro 11-2465 (10 mg/kg), CI'T (10 mg/kg), Ro
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Fig. 1 A, B. The citeet of imipramine, Ro 11-2465 and citalopram
A, and their respective N-desmethy! metabolites desipramine, Ro
12-5419 and desmethylcitalopram B upon reserpine (R; 2.5 mg/kg
SC)-induced hypothermia in mice. Drugs were given 1P (10 mg/kyg
each) 20 h alter reserpine. Each group consisted of 10-12 mice.
The results are presented as means +SEM. The double or triple
asterisk denotes a statistically significant result (P <0.01 or 0.001,
respectively) in comparison with the control group receiving reser-
pine alone (Student’s -test, two-tailed). The mean body tempera-
ture of control mice at t=0 (i.c., 20 h after reserpine injection)
was 23.3+0.59°C )
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Fig. 2A, B. The cffect of A Ro 11-2465 (0.625 2.5 mg/kg 1P) and
B Ro 12-5419 (0.3125-1.25 mg/kg IP) upon TRH (40 mg/kg IP)-
induced hyperthermiu in mice. The drugs were given 30 min belore
TRH. Each group consisted of 12 mice. The results are presented
as means + SEM. The asterisk or (riple asterisk denotes a statisti-
cally significant result (£ <0.05 or 0.001, respectively) in compari-
son with the group recciving TRI1 alone (Student’s i-test, (wo-
tailed)

12-5419 (10 mg/kg) and DCIT (10 mg/kg) on reserpine-
induced hypothermia in mice are shown in Fig. 1. For the
sake of comparison, Fig. 1 also includes data concerning
imipramine (10 mg/kg) and desipramine (10 mg/kg). Of
all the tertiary amines shown in this figure, i.e., imipramine,
Ro 11-2465 and CIT, only imipramine antagonized reser-
pine-induced hypothermia (Fig. 1A); accordingly, of the
secondary amines (desmethyl metabolites) only DCIT did
not antagonize the hypothermia (Fig. 1B). CIT (2.5-40 mg/
kg and DCIT (2.5-40 mg/kg) were also inactive in the TRH
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Fig. 3. The effect of desmethylcitalopram (4-16 mg/kg IV) and cita-
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Fig. 4. The effect of Ro 11-2465 (1-16 mg/kg 1V) on the flexor
reflex in the spinal ral

hyperthermia test, as they did not potentiate TRH (40 mg/
kg)-induced hyperthermia in mice (data not shown). In con-
trast, Ro 11-2465 (0.625 2.5 mg/kg) and Ro 12-5419
(0.3125 1.25 mg/kg) strongly potentiated the hyperthermia
induced by TRH, Ro 12-5419 being approximately twice
as potent as Ro 11-2465 (Fig. 2).

Flexor reflex of the hind limb of the spinal rat. In agreement
with our previous observations (Pawlowski et al. 1981b),
in the experiment reported here CIT (used in doses of 4
and 10 mg/kg) produced a dose-dependent stimulation of
the flexor reflex, which was counteracted by standard doses
of 5-HT antagonists, i.e., 0.5 mg/kg metergoline or 1 mg/kg
cyproheptadine (data not shown). Incontrast to CIT, DCIT
(1-16 mg/kg) did not stimulate the flexor reflex (Fig. 3);
however, even at a dose of 16 mg/kg it did not prevent
the stimulatory action of CIT (see Fig. 3) which, as demon-
strated earlier (Pawlowski et al. 1981b), is an indirect 5-HT
receptor agonist.

Ro 11-2465, when employed in low doses (ca 1 mg/kg),
slightly increased the flexor reflex amplitude (Fig. 4). The
same drug used in higher doses (4-16 mg/kg) did not stimu-
late the flexor reflex (see Fig. 4); however, at those doses
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Fig. 5. The effect of cyproheptadine (1 mg/kg V) or phenoxybenza-
mine (2 mg/kg IV) on the flexor reflex stimulation induced by
Ro 12-5419 (10 mg/kg IV)

it antagonized in a dose-dependent manner the flexor reflex
stimulation produced by standard doses of the 5-HT ago-
nists d-fenfluramine (1 mg/kg), LSD (0.006 mg/kg) and qui-
pazine (0.1 mg/kg). The latter data are not given, since they
are very similar to those reported earlier (Pawlowski et al.
1981a). ln contrast to Ro 11-2465, Ro 12-5419 — when
used in higher doses (over 4 mg/kg) — considerably stimu-
lated the flexor reflex (Fig. 5). The Ro 12-5419-induced
stimulation was unaffected by cyproheptadine (1 mg/kg),
but was easily antagonized by a relatively low dose (2 mg/
kg) of the alpha-adrenoceptor antagonist phenoxybenza-
mine (Fig. 5).

Pressor response to 5-HT and NA in pithed rats. CIT
(0.01-1 mg/kg) dose-dependently potentiated the pressor
response to 5-HT in the pithed rat but had no effect, even
at higher doses (0.1-10 mg/kg), on the pressor response to
NA (data not shown). DCIT (0.01-10 mg/kg) acted like
CIT: it potentiated the pressor response to 5-HT and had
practically no effect on the pressor response to NA (Fig. 6).
In contrast to CIT and DCIT, Ro 11-2465 (0.01- 1 mg/kg)
potentiated the pressor response to 5-HT only when em-
ployed at the lowest dosc; at higher doses (0.1--1 mg/kg)
it inhibited the pressor response in a dose-dependent man-
ner. On the other hand, Ro 11-2465 at a dose of 1 mg/kg
considerably potentiated the pressor response 1o NA (data
not shown). Ro 12-5419 in doses ranging from 0.01 to
0.1 mg/kg potentiated both the pressor response to S-1FT
and the response to NA: however, its effect on the latter
response was stronger (Fig.7). Used in higher doses
(1-10 mg/kg), Ro 12-5419 inhibited dose-dependently the
pressor response to 5-HT, while still exerting a potentiating
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Fig. 6. The effect of desmethyicitalopram (0.01-10 mg/kg IV) on
the pressor response to 5-HT and NA in pithed rats. Each symbol
represents a mean change in the blood pressure (4 blood pressure)
of five to six rats (left scale), as well as the percent of the respective
controls (right scale). Solid symbols indicate the significant differ-
ence from the control value, obtained at the beginning of the exper-
iment before the drug was injected (P<0.05; Student's r-test for
paired data). The differences between control responses to S-HT
and those to NA were very small (scc Mcthods) and therefore
they are not shown in the figure (the dotted line represents the
two control values - for 5-11T and for NA)
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Fig. 7. The effect of Ro 12-5419 (0.01-10 mg/kg) on the pressor
response to 5-HT and NA in pithed rats. I‘or other explanations
see lig. 6

effect (though a weaker one) on the pressor response to
NA (Fig. 7).

Discussion

The present results confirm and extend our carlier reports
(Pawlowski et al. 1981 a, b; Pawlowski and Kwiatek 1983 a,
b) on the effects produced by Ro 11-2465 and CIT and
provide some original data about the putative main metab-
olites of these drugs. As shown in Table 1, Ro 11-2465
and CIT disptayed a very potent protective effect against
brain 5-1'T deplacement produced by T 77/77 in rats, an
effect which proves their ability to inhibit strongly the up-
take of 5-HT in vivo (Doogan 1980). In this respect, their
action was similar to that produced by another highly selec-
tive and very potent 5-HT uptake inhibitor, fluvoxamine




(Doogan 1980). DCIT and Ro 12-5419 also protected rats
against H 77/77-induced 5-HT displacement; however, they
were not as potent as the parent drugs. Like fluvoxamine
(Doogan 1980). CIT and DCIT did not antagonize the 1
77/77-induced NA dcepletion in the brain. In contrast, Ro
11-2465 and Ro 12-5419 also reduced the NA depletion
caused by H 77/77 (Tables 1, 2); this fact, according to
several authors (Carlsson et al. 19694, b; Doogan 1980;
Maitre et al. 1980), points to their ability to inhibit the
neuronal uptake of NA. Therefore. in further experiments
we tried to lind out the lunctional evidence tor the NA
uptake inhibiting action of Ro 11-2465 and Ro 12-5419.
CIT and DCIT, which in the biochemical experiment ap-
peared to be 5-HT uptuke inhibitors devoid of any effect
on the uptake of NA in vivo, served as reference compounds
here.

The most striking difference between the action of Ro
11-2465 and Ro 12-5419, and that of CIT and DCIT, was
observed in the TRH hyperthermia test and in pressor re-
sponses to 5-HT and NA in the pithed rat. In both these
tests, Ro 11-2465 and particularly Ro 12-5419 markedly
potentiated the effects of NA, i.e., the effect of NA released
by TRH (Horst and Spirt 1974) and then involved in the
hyperthermia (Pawlowski and Kwiatek 19834, b), and the
effect of NA injected 1V (pressor response). Such an action,
observed in the above tests, is characteristic of potent inhib-
itors of the NA uptake (Cavero et al. 1980; Desiles and
Rips 1981; Pawlowski and Kwiatek 1983a, b; Pawlowski
etal. 1983). As has already been demonstrated here for
CIT and DCIT, highly selective 5-HT uptake inhibitors
(e.g., fluvoxamine, indalpine, fluoxetine) potentiate neither
the TRH-induced hyperthermia (Desiles and Rips 1981;
Pawlowski and Kwiatek 1983 a, b) nor the pressor response
to NA in the pithed rat (Gorka, unpublished). On the other
hand, 5-HT uptake inhibitors do potentiate the pressor re-
sponse to 5-HT, unless they concurrently inhibit the vascu-
lar 5-HT receptors (Petersen et al. 1977; Pawlowski et al.
1981 a, b; Maj et al. 19824, b).

Ro 12-5419 (but not Ro 11-2465) also behaved as a
very potent NA uptake inhibitor in the flexor reflex and
reserpine hypothermia tests. It potentiated the flexor reflex
via a phenoxybenzamine- (but not cyproheptadine-) sensi-
tive mechanism and antagonized the hypothermia. These
effects of Ro 12-5419 therefore resemble those of desipra-
mine, talsupram or oxaprotiline, extremely potent NA up-
take inhibitors (for comparison with other drugs of this
type, see Hyttel 1982) which not only - like the majority
of NA uptake inhibitors — antagonize reserpine-induced hy-
pothermia but also stimulate the flexor reflex by an NA-
ergic mechanism (Pawlowski et al. 1983; Pawtowski, un-
published). Less potent NA uptake inhibitors (e.g., mapro-
tiline, see Maitre et al. 1980 and Hyttel 1982) do not stimu-
late the flexor reflex at all (Pawlowski et al. 1983). Highly
selective S-HT uptake inhibitors do not antagonize reser-
pine-induced hypothermia (Claassen et al. 1977; Slater
et al. 1979; Maj et al. 1983), and when they potentiate the
flexor reflex (very potent 5-HT uptake inhibitors only) their
effect is easily antagonized by caproheptadine or metergo-
line, 5-HT receptor blockers (Pawlowski et al. 1980; 19814,
b; Maj et al. 19824). Therefore, the negative action of CIT
and DCIT in the reserpine hypothermia test and the positive
action of CIT (but not DCIT) in the flexor reflex test are
in agreement with the biochemical findings (see above) and
cited literature data.
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In view of the above data, a question arises why Ro
11-2465 does not antagonize the reserpine-induced hypo-
thermia (as a relatively potent NA uptake inhibitor) and
why it does not stimulate the flexor retlex (as a very potent
5-HT uptake inhibitor). In the light of our previous (Paw-
fowski et al. 1981a) and present findings, it seems easy to
answer the second question, as we have demonstrated
(flexor reflex model, pithed rat preparation) a relatively po-
tent anti-5-HT action of Ro 11-2465; i.e., the latter drug
undoubtedly counteracts its own effects due to S-HT uptake
inhibition. The failure of Ro 11-2465 to antagonize the re-
serpine hypothermia might be explained by antidopamine
propertics of this drug (Keller et al. 1980), and by the fact
that it is such a potent 5-HT uptake inhibitor (Haefely
et al. 1978; Burkard 1980; Da Prada et al. 1982; Table 1).
As has been recently reported (Maj et al. 1983), S-HT up-
take blockade may counteract the typical action of NA
uptake inhibitors in the reserpine hypothermia test; how-
ever, the mechanism of this antagonism is unclear, since
the action of imipramine (an NA and 5-HT uptake inhibi-
tor) is not potentiated by the blockade of 5-HT receptors
(Przegalinski et al. 1983).

In conclusion, the obtained results show that Ro
11-2465 and CIT are very potent 5-HT uptake inhibitors
in vivo, and that Ro 11-2465 under in vivo conditions can
also inhibit the uptake of NA. These results testify the abili-
ty of DCIT and Ro 12-5419 to inhibit the uptake of 5-HT
in vivo. They also show that while DCIT is almost as selec-
tive as CIT (no effect on the uptake of NA in vivo), Ro
12-5419 should rather be regarded as an NA uptake inhibi-
tor, since its inhibitory action on the uptake of 5-HT is
relatively weak, whereas that exerted on the uptake of NA
is relatively strong. Thus the pharmacological action of Ro
11-2465 and Ro 12-5419 closely resembles that of clomipra-
mine and desmethylclomipramine, respectively; the latter
drugs also potentiate TRH-induced hyperthermia and
blood pressure response to NA (and 5-HT) and antagonize
the reserpine hypothermia (clomipramine is almost ineffec-
tive here) and the biocheinical effects induced by NA and
5-HT depletors (Slater et al. 1979; Maitre et al. 1980; Maj
et al. 1982b; Pawlowski and Kwiatek 1983a, b). In this
situation, the positive therapeutic effect of Ro 11-2465
(Costa e Silva et al. 1983) should not be regarded as an
important argument for the 5-HT-ergic hypothesis of de-
pression (see Introduction), especially as it may block cen-
tral 5-HT receptors. On the other hand, CIT, which appears
to be a highly selective 5S-HT uptake inhibitor in vivo, at
least as potent as Ro 11-2465, and whose main metabolite
(DCIT) possesses the same pharmacological profile as the
parent compound, may be regarded as a useful research
tool in depression.
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