
Psychoph ,rm cology¢,985)86:t56,63 lychopharmacology
© Springer-Verlag i 985

Ro 11-2465 (cyan-imipramine), citalopram
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Abstract. Ro I 1-2465 (cianopramine, cyan-imipramine) and Key words: 5-Hydroxytryptamine uptake inhibition - Nor-
citalopram (CIT), putative antidepressant drugs, are very adrenaline uptake inhibition -- Ro !1-2465 - Citalopram
potent and selective 5-hydroxytryptamine (5-HT) uptake - Ro 12-5419 - N-desmethyl citalopram - Antidepressant
inhibitors in vitro. This study investigated the effects of drugs--Rats-Mice
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 The putative antidepressant drugs Ro 11-2465 (Costa e
(4, alpha-dimethyl-metatyramine)-induced displacement of Silva et al. 1983) and citalopram (CIT) (Gottlieb et al. 1980;
5-HT and NA] and on related pharmacological activities. Lindegaard Pedersen et al. 1982; Ofsti 1982; Kragh-Soren-
All the investigated drugs antagonized H 77/77-induced dis- sen 1983; Mertens 1983) are extremely potent and highly
placement of 5-HT in the rat brain, though the effects of selective 5-HT (5-hydroxytryptamine; serotonin) uptake in-
the metabolites were considerably weaker than those of the hibitors in vitro, more potent and more selective than the
parent compounds. The H 77/77-induced displacement of classical drug of this type, clomipramine (Hyttel 1977;
brain NA in rats and mice was antagonized only by Ro 1982; Haefely et al. 1978; Burkard 1980; Ma_treet ai. 1980;
12-5419 and Ro ! 1-2465. All the drugs potentiated the pres- 1982; Da Prada et al. 1982). Therefore, their positive thera-
sor response to 5,HT in pithed rats; however, Ro 12-5419 peutic effect (Gottlieb et al. 1980; Lindegaard Pedersen
and particularly Ro 11-2465 could also block the response et al. 1982; Ofsti 1982; Costa e Silva et al. 1983; Kragh-
when used in higher doses (>0.1 mg/kg). Only Ro 12-5419 S_rensen 1983; Mertens 1983) is attributed to their action

-_ and Ro 11-2465 were able to potentiate the pressor response on the uptake of 5-HT and is regarded as an important
to NA. Ro 12-5419 also potentiated thyrotropin releasing argument for the 5-HT-ergic hypothesis of depression, put
hormone (TRH) hyperthermia and antagonized reserpine forward by Coppen (1967), Lapin and Oxenkrug (1969)
hypothermia in mice; Ro ! 1-2465 potentiated the TRH hy- and van Praag (1974).
perthermia only. CIT and DCIT were inactive in both these However, the selectivity of Ro I 1-2465 seems to be rela-
tests. Ofall the four drugs only CIT and Ro 12-5419 consid- tive and limited only to in vitro conditions; literature data
erably stimulated the hind limb flexor reflex in spinal rats. suggest that in vivo Ro 11,2465 may also inhibit the uptake
However, whereas the stimulatory effect of CIT was inhib- of nor-adrenaline (NA} _Maitre et al. 1980, 1982; Paw-
ited by the 5-ttT antagonists metergoline and cyprohepta- Iowski ctal. 1981 a; Da Prada el al. 1982). Oil the other
dine, that of Ro 12-5419 was countcracted by the NA antag- hand, the inhibitory effect of CIT on the uptake of NA
onist phenoxybenzamine only. Ro 11-2465, when used in in vivo has never been reported, and our own data (Paw-
low doses (ca. I mg/kg), slightly potentiated the flexor re- towski et al. 1981b; Pawlowski and Kwiatek 1983a, b), as
flex, whereas in higher doses (4 16 mg/kg} it had no effect well as those of the other authors {see above), suggest its
itself but antagonized the stimulatory action of the 5-1tT selectivity under in vivo conditions.
agonists fenfluramine, quipazine and LSD. The results ob- take the majority of 5-HT uptake inhibitors, Ro 11-2465
tained indicate that Ro I !-2465 and CIT, as well as their and CIT arc tertiary amines and, as such, may be melabo-
desmcthyl mctaboliles, are also potent 5-11T uptake inhibi- lizcd (dcmelhylalion) to respcclivc secondary amines. As
tors in vivo. However, only CIT and I)(TF arc concurrently a rule. these arc less selective, since they inhibit more po-
dew_id of effect on uptake of NA. in contrast. Ro 11-2465 lenlly the uptake of NA (Carlsson el al. 1969a, b; l.ind-
and parlicularly Ro 12-5419 appear Io ;llso inhibit the tip- brink el al. 1971; I lyltel 1982; Maj cl al. 1982b). For exant-
take of NA. Moreov_ !. Ro 11-2465 appears It) block central pie, dcsmcthylchmtipramine, which inhibits the uptake of
and peripheral 5-HT receptors. 5-HT less potently than clomipramine, is simultaneously

_.1Vely polel|l NA tlplake inhibitor (! lyllel It)82: Maj el al.
O!ll_rintr,'qm,st.vto: 1.. l)awlowski 1982b). according Io I lyllcl t lt),_2} even nit}re potenl

* The rcsulls were prcsenlcd al Ihc 141h('INI' ('ot_grcss. I:h)r- than the classical NA uplakc inhibilors dcsipraminc and
L'I1CC, .|llllt' I t) ?'}, I1,1_'.1 prolriptylinc. I)tlC Io Illis I':|cl. 111C Iherapeulic ;lOtion of

** I'_,'mcrname: Ilalina Kwiatck ch)mipramit_c, which is quickly nlcl:tl_oli/ed Io deslnelhyl-
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clomipramine which accumulates in the patient's body I)oses refer 1o the salts given. The drugs were admin-
(Jones and Luscombe 1976; 1977; Trfiskman et al. 1979), istered intravenously (IV) (into the tail vein) in a volume
should be regarded as an important argument for the NA- of I ml/kg, intraperitoneally (IP) in a volume of 4 ml/kg
ergic hylW_thcsis of depression (Schildkraut 1t)65; Schild- (rats) or I0 ml/kg (nlicc), or subcutaneously (S(?) in a vol-
kraut and Kety 1967) rather than an argument for the ume of 10 ml/kg. Except for metergoline which was sus-
5-HT-ergicone. pended in a 1% aqueoussolutionof Tween80,cyprohepta-

Literature data show that dcsmcthylcitalopram (D('IT), dine and phenoxybenzamin¢ which were dissolved in warm
which is the main metabolite of C'lT in rats, mice, monkeys redistilled water and LSD and reserpine which were dis-
and in man (Frcdricson Overo 1982a, b), is I I times more solved from ampules in redistilled water, all the other drugs
potent than the parent drug in inhibiting NA uptake (ttyltel were dissolved in 0.9% saline.
1977, It)82); concurrently, it is less poteqt as a 5-11'F uptake
inhibitor (Hyttcl 1977, 1982). Parallel data about the des- H 77/77-imhwed deph'tion of bra#t 5-1tT _md NA #s rats
methyl metabolite of Ro 11-2465 are not available, as yet. and mice. Animals were injected twice with H 77/77, 12.5

In view of the above findings, it seemed interesting to mg/kg IP, the doses being administered 2 h apart. The in-
us to compare the effects of Ro 11-2465, CIT and their vestigated drugs or saline were administered IP 30 min be-
desmethyl metabolites on the uptake of 5-HT and NA in fore each dose of H 77/77, the second dose of the tested
vivo anti on related pharmacological activities. In order drugs being half of the first one. The animals were killc'_t
It) measure llle ahilily of these dt'ugs It) inhihil the uptake hy decapilation 2 h al'ler the last dose of l I 77/77 and whole
of the naonoanfines in vivo, we used their antagonism to- brains were immediately removed and frozen until assay.
wards H 77/77 (4,alpha-dimethyl-mctatyramine)-induccd The brains were homogenized in cold 0.4 N perchloric acid.
displacement of cerebral 5-ttT and NA (Carlsson et al. Alter centrifugation, 5-HT and NA were separated accord-
1969a, b; Doogan 1980; Maitre et al. 1980). The tests gen- ing to Earley and Leonard (1978); afterwards NA was de-
eraily employed for evaluating antidepressant drugs, such termined fluorometrically according to the method of
as reserpine hypothermia, TRH hyperthermia, flexor reflex Chang (1964), and 5-HT according to the method of Earley

- test and blood pressure effects of 5-HT and NA, served and Leonard 11978). Each experimental group consisted
as functional models in this study, reflecting the effects of of six to seven animals. The statistical significance of the
the investigated drugs on 5-HT-ergic and/or NA-ergic pro- results was assessed by Student's t-test (two-tailed). The
¢esses. percentageof inhibitionof monoamine(NAor 5-HT)dis-

placement induced by H 77/77 was calculated using the
formula of Bruinvels (1971). The formula takes into ac-

Materials and methods count any changes in monoamine (MA) content caused by
Animals. Male Wistar rats (180-260 g) and male Albino- the test drug when given alone.
Swiss mice (22-36 g) were used throughout. They were kept
in colony cages with free access to food (granular standard MAdru_*)177/77 MAH77/77

MA_r., M Asalinediet, Bacutil) and tap water until the beginning of the exper- "/ Inhibition .............................. ' .-× 100./u

iment, unless stated otherwise. MAn 77/771

Drugs. The drugs administered were: citalopram hydrobro- MA_li"_
mide (CIT) (Lu 10-171-B; H. Ltmdbeck and Co., Ktaben- Reserpine hypothermht and TRI! hyperthermia ht mice. Be-
havn, Denmark), cyproheptadine hydrochloridc (Merck, fore the experiment the mice were adapted for 24 h to the
Sharp and Dohme, Rahway, NJ, USA), desipramine hydro- conditions (temperature of 20__+_1.5° C for reserpine-in-
chloride (Pertofran; Ciba Geigy, Basel, Switzerland), des- duced hypothermia or 21 + I*C Ibr TRH-induced hyper-
methylcitalopram hydrochloride (DCIT) (Lu I1-109-C; H. thermia). The rectal body temperature was measured with
Lundbeck and Co., Kobenhavn, Denmark), d-fenfluramine an Ellab T-3 thermometer at time intervals which are speci-
Ilydrocl'doride (l.es l.aboratoires Serviel', Neuilly-sur-Seine, fled elsewhere in the text. The results are expressed as a

._ France), H 77/77 (4,alpha-dimethyl-meta-tyramine-methyl- change in body temperature (At) with respect to the initial
ester hydrochloride; Astra Liikemedel AB, S6dertiilje, Swe- rectal temperature measured immediately before the injec-
den), imipramine hydrochloride (Polfa, Starogard Gdafiski, tion of investigated drugs. The investigated drugs were ad-
Poland), LSD (Delysid amp.; Sandoz, Basel, Switzerland), ministered IP, 20 h after SC injection of reserpine (2.5 mg/
metergoline (Farmitalia, Milano, Italy), noradrenaline kg) or 30 min before IP injection of TRH (40 mg/kg). Each.
(NA) (Levonor amp.; Poll:a, Warszawa, Poland), phenoxy- group consisted of 10-12 mice. The statistical significance
benzamine hydrochloride (Smith, Kline and French, Phila- of results was assessed by Student's t-test (two-tailed).
delphia, PA, USA), quipazine bimaleate (Miles Laborato-
ries, Inc., Elkhart, IN, USA), reserpine (Rausedyl amp. ; Flexor relTex of the hind limb of the spinal rat. The experi-
Gedeon Richter, Budapest, Hungary), Ro 11-2465 (cyan- ments were performed according to the method described
imipramine hydrochloride, Cianopramine; F. Hoffman-La by Maj et al. (1976). The spinal cord was transsected at
Roche and Co., Basel, Switzerland), Ro 12-5419 (des- the level of Th 8-Th 9 under light ether anesthesia. Reflex
methyl-cyan-imipramine hydrochloride/cyan-desipramine twitches of the anterior tibial muscle, evoked by electric
hydrochloride; F. Hoffmann-La Roche and Co., Basel, stimulation (7-20 V, 50--100 ms at l-min intervals) deliv-
Switzerland), serotonin creatinine sulfate (5-HT) (Sigma, ered to the ipsilateral paw from a pair of needle electrodes
St. Louis, MO, USA), TRH (thyrotropin releasing hor- inserted into the skin of the toes, were recorded. In order
mone, pyroglutamyl-histidyl-prolinamide; Scientific Re- to record twitches of the muscle, its distal tendon was at-
search Division of the Institute of Chemistry of the Univer- tached to an isotonic transducer connected with a pen re-
sityof Gdafisk,Gdafisk,Poland). corder.
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RO 11-2465 (cianopramine, cyan- Table 2. The effect of 4,alpha-dimethyi-meta-tyramine (H 77/77) .:i IilTable 1. The e_ct of citalopram,
imipramine) and their N-desmethyl metabolites (desmethylcitalo- on the brain level of 5-hydroxytryptamine (5-HT) and noradrcr_- i,_
pram and Re 12-5419, respectively) on the displacement of the line (NA) in mice. The influence of citaiopram, Re 11-2465 (ciano- i :!!_ fi'

and noradrenaline (NA) by pramine, cyanimipramine) and their N-desmethyl metabolites (des-
brain 5-hydroxytryptamine (5-HT)
4,alpha-dimethyl-meta-tyramine (H 77/77)in rats methylcitalopram and Re 12-5419, respectively) on the displace....

ment of brain NA induced by H 77/77
Treatment First Drug Drug + % lnhibi-

drug dose alone H 77/77 tion Treatment First Drug Drug+ % Inhibit-
(mg/kg/IP) drug dose alone H 77/77 tion

(ng/g + SEM) (mg/kg 1P)
- (ng/g + SEM)

Brain 5-HT

Saline - 487+ 16 302+ !2**** Brain5-HT
Citalopram 10 454-t-18 420+17"* 80 Saline - 475+38 370+16
Desmethyl-10 424+26 337+21 46

citalopram - BrainNA
Re 11-2465 10 460+19 417+17"* 75 Saline - 390+16 175+!4"***
Re 12-5419 10 456-t-32 311+__12 16 Citalopram 10 416+16 163+ 8 -10

- Saline - 476+15 269__+19"*** Desmethyl- t0 362+26 155-t- 9 - 4
Citalopram 20 473+ 29 481+ 18*** 104 citalopram
Desmethyl- 20 460___14 374+_14"** 57 Re 11-2465 10 398-1-20 204+ 8 11

citalopram Re12-5419 10 355-1-25 211+ 12 26
Re 11-2465 20 4865:15 4625: 8*** 89 Saline - 383+13 178_+16"***
Re 12-5419 20 468+11 332_+10"* 33 Citalopram 20 400+__16 149.+_10 -17

Desmethyl- 20 353+ 6 161)+14 - 2
BrainNA citalopram
Saline - 379+17 1675: 7**** Re 11-2465 20 3585:17 261_+18"** 49
Citalopram 10 339+12 152+ 5 -I Re 12-5419 20 343+10 253-J:18*** 51
Desmelhyl- 10 335+_14 158+ 8 5

citalopram **** P<0.00I when compared with saline value
Re 11-2465 10 351 5:18 177+_ 10 11 *** P<0.001 when compared with saline+ 1t 77/77 value

Re 12-5419 10 354___24 185+_10 15 Mice were injected with two doses of H 77/77 (12.5 mg/kg
Saline - 369+-- 9 145+- 6**** IP) 2 h apart. All animals were killed 2 h after the last dose of
Citalopram 20 346+ 14 129 5:6 -3 H 77/77. Test drugs were administered 30 min prior to each dose
Dcsmethyl- 20 334+- 13 141 -I- 3 5 of H 77/77, the second dose of drug (i.e., 5 or 10 mg/kg IP) being

citalopram half the first. Each result is the mean-I-SEM of six to seven mice.
Re 11-2465 20 353 5:14 172+ 8* t5 The statislical significance of the results was assessed by Student's
Re 12-5419 20 353 + 10 201 + 10"** 29 t-test

**** P<0.001 when compared with saline value
*** P<0.001 ; ** P<0.01 ; * P<0.05 when compared with saline Results

___ + H 77/77 value

Rats were injected with two doses of H 77/77 (12.5 mg/kg H 77/77-indut'ed depletion t_/'the brain 5-1IT and NA in rats
IP) 2 h apart. All animals were killed 2 h afler the lasl dose of an¢t toil't,. |t 77/77 markedly decreased tile level of brain
H 77/77. Test drugs were administered 30 rain prior to each dose 5-HT in rats (Table I) and the level of brain NA in rats
of H 77/77, the second dose of drug (i.e., 5 or 10 mg/kg IP) being and mice (Tables 1, 2). The effect of H 77/77 on the level
half the first. Each result is the mean +SEM of seven rats. The of brain 5-HT in mice was relatively weak and statistically
statistical significance of the results was assessed by Student's t-test insignificant (Table 2): this finding is in agreement with

the earlier data (Carlsson et al. 1969a, b) that tl 77/77 does

not displace brain 5-HT in mice.

Presser respon.s'," to 5-1tT and NA in pithed rats. Rats fasted The potent 5-1tT uptake inhibitors CIT and Re I 1-2465
overnight were anesthetized with pentabarbital (30 mg/kg protected rats against the brain 5-HT displacement pro-
IV). Tracheotomy was then performed and polyethylene duced by H 77/77 in a dose-dependent manner (Table I).
cannulae were installed in the carotid artery and tail vein. DCIT and Re 12-5419 were also active, though their action
The CNS was destroyed by the method of Gillcspie ct al. was considerably weaker than that of the parent com-
(1970) and the rat was simultaneously connected to a pump pounds (Table I ). The order of potencies was as follows:
fi_r artificial respiration. Arterial blood pressure was men- ('IT_ Re 11-2465_1)CIT> Re 12-541_J (see Table 1). Of
sured in the carotid artery with an EK-4 Farum clcctronla- the tcslcd drugs, only Re I 1-2465 and Re 12-5419 were
nometer and Statham P23Db transducer. NA and 5-HT able to protect animals (rats and mice) against the brain

were given IV in doses sufficient co induce an increase in NA displacement caused by H 77/77 (Tables 1, 2); the effect
blood pressure (A blood pressure) by ca. 17 mm ltg of Re 12-5419 was slightly stronger. CIT and DCIT did
(15-20 mm Hg). After obtaining three identical responses, not affect the It 77/77-induced brain NA displacement (Ta-
one ofthe investigated drugs was administered in increasing bles 1. 2). None of the investigated drugs had any effect
doses, and 5 nlin llf|¢I' ellt'h tlose NA or 5-lIT was given alone oll Ihe level of br,|in 5-11"1' or NA in I'llls, or tile
twice in the same dose as that established at the beginning level of brain NA in mice (Tables I, 2).

of the experiment. In control rats, the responses to the dose
of 5-lIT or NA chosen at tile beginning of the experitncnl Rt,._'_,rpin_'h.l,l_otlwrntia and 7'Ril hylwrthermia in mice. The
were identical for at least 2 h. effects of Re 11-2465 (10 mg/kg), CIT (10 mg/kg), Re
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Fig. I A, B. The, il_'clO1'imil_ramine, P,o I 1-24f_5;rod citalopram &mg/k9 iv 16mg/k9 iv 10a_l/kgiv

A, and their respective N-dcsmethyl metabolites desipraminc, Ro Fig. 3. The et'lbct ofdesmcthylcilalopram {4--I6 mg/kg IV) and cila-
12-5419 and dcsmethylcitalopram B upon reserpine (R; 2.5 mg/kg lopram (10 mg/kg IV) on the hind limb flexor reflex {reflex contrac-
SC)-induced hypothcrmia in mice. Drugs were given IP (10 mg/kg tions of the anterior tibial muscle) in the spinal rat
each) 20 h after reserpine. Each group consisted of 10-12 mice.
The results are presented as means + SEM. The double or triple

a._teriskdenotesastatisticallysignificantresuit(P<O.01orO.O01, ' [ III..... " i!_tl .........I ! [li_lij"

respectively) in c()mparison with the control group receiving rescr- i
pine alone {Student's t-test, two-tailed). The mean body tempera- !

ture of control mice at t=0 (i.e., 20 h after reserpine injection) _ i I I
was23.3+0.59°C ! i" I I .,

T i ........I
_t'c , i !

2 "' ..,_-o.oo, _ _ I I

1 Ro11-2/.65 Ro11-2465 Ro'11-2/,G5
.-_ lmg/kg iv /. mg/kg iv 16 mg/kg iv

._ Fig. 4. The effect of Ro 11-2465 (I-16 mg/kg IV) on the flexor
0 reflex in the spinal rat

' _ ab is _ _s _01!¢gii _o, hyperthermia test, as they did not potentiate TRH (40 mg/

_--._ ._IL.INE*TRH&0 kg)-induced hyperthermia in mice (data not shown). In con-o-.-o RO tl-2/.65 0.63 * _ /,0

_---_.,-_r_ t_s,r_0 trast, Ro 11-2465 (O,6252.5mg/kg) and Ro 12-5419
_, .-_ss Zs • r_ =0 (0.3125 1.25 mg/kg) strongly potentiated the hyperthermia

Fig. 2A, B. The eft'cot of A Ro 11-2465 (0.625 2.5 mg/kg IP) and induced by TRH, Ro 12-5419 being approximately twice
i B Ro 12-5419 (0.3125-1.25 mg/kg IP) upon TRH (40 mg/kg IP)- as potent as Ro 11-2465 (Fig. 2).

induced hypcrthermia in mice. The drugs were given 30 min before
TRH. Each group consisted of 12 mice. The results are presented Flexor reflex of the hind limb of the spinal rat. In agreement
as means +SEM. The asterisk or triple asterisk denotes a statisti- with our previous observations (Pawtowski et al. 1981 b),'
tally significant result (P<O.05 or 0,001,respectively) in compari- in the experiment reported here CIT (used in doses of 4
son with the group receiving TRII alone (Student's t-test, two- and 10 mg/kg) produced a dose-dependent stimulation of
tailed) the flexor reflex, which was counteracted by standard doses

of 5-HT antagonists, i.e., 0.5 mg/kg metergoline or I mg/kg

12-5419 (10 mg/kg) and DCIT (10 mg/kg) on reserpine- cyproheptadine (data not shown). Ineontrast to CIT, DCIT
induced hypothermia in mice are shown in Fig. 1. For the (1-16 mg/kg) did not stimulate the flexor reflex (Fig. 3);
sake of comparison, Fig. 1 also includes data concerning however, even at a dose of 16 mg/kg it did not prevent
imipramine (10 mg/kg) and desipramine (10 mg/kg). Of the stimulatory action of CIT (see Fig. 3) which, as demon-
all the tertiary amines shown in this figure, i.e., imipramine, strated earlier (Pawlowski et al. 1981 b), is an indirect 5-IqT
Ro 11-2465 and CIT, only imipramine antagonized reser- receptor agonist.
pine-induced hypothermia (Fig. 1A); accordingly, of the Ro 11-2465, when employed in low doses (ca 1 mg/kg),
secondary amines (desmethyl metabolites) only DCIT did slightly increased the flexor reflex amplitude (Fig. 4). The
not antagonize the hypothermia (Fig. 1 B). CIT (2.5-40 rag/ same drug used in higher doses (4-16 mg/kg) did not stimu-
kg and DCIT (2.5--40 mg/kg) were also inactive in the TRH late the flexor reflex (see Fig. 4); however, at those doses
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AID12"_.II _F.FI0HEP'rAI_IE _ lO
tOml/IcILV. 1mg/kg i.v.

: ' ! 0 OD1 011 i 10 mg/kg tv.

"i. DI_ 11"P_-CITALOPRAM

- i::[!..i_IIHIHJHIIIHIIIIIIIIL ! ..i Fig.6.The effectofdesmethylcitalopram(0.01-I0mg/kg IV)on
the presser response to 5-HT and NA in pithed rats. Each symbol

m--ImT$iii!Uj!ji]ii!j!!ii  II[I iiIiiiL,,,'°°'°'°°""°°""°"a"'°'°'"°b,oo 0.o...o,of five to six rats (left scale), as well as the percent of the respective

__!_ controls(r,ghtseale).Solid,y,bolsindicatethesig,ineantdiffer-

enc¢ from the control value, obtained at the beginning of the exper-
" ' iment hefi_re the drug was injected (P<0.05; Student's t-test for

paired data). The differences between control responses to 5-HT
Re [-5/,19 PHENOXYBENZAMINE and those to NA were very small (scc Methods) and therefore
10mg/kgi.v. 2 ¢_j/kgiv they arc not shown in the figure (the dotted line rcprc,_,entsthe

two control wdues for 5-lIT and for NA)
Fig. 5. The effect ofcyproheptadine (I mg/kg IV) or phenoxybenza-
mine (2 mg/kg IV) on the flexor reflex stimulation induced by

Ro 12-5419(I0mg/kgIV) mmH9 %

30

itantagonizedina dose-dependentmanner theflexorreflex

stimulationproduced by standarddoses of the 5-HT ago- _ 20

nistsd-fenfluramine(Img/kg),LSD (0.006mg/kg) and qui- _ ........... _o

pazine (0.1 mg/kg). The latter data are not given, since they
are very ,_imilar to those reported earlier (Pawtowski et al.
1981a). In contrast to Re 11-2465, Re 12-5419 - when

used in higher doses (over 4 mg/kg) - considerably stimu- _ 10 .so
lated the flexor reflex (Fig. 5). The Re 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- 0. , o
mine (Fig.5). Ro12-S/.e ().01 0",1 i ,5 _ n'_J/kg iv

Fig. 7. The effect of Re 12-5419 (0.0t- l0 mglkg) on the presser

Presser response to 5-ttT and N,4 hi pithed rats. CIT response to 5-tIT and NA in pithed rats. For other exphmations
(0.01-1 mg/kg) dose-dependently potentiated the presser scc Fig. 6
response to 5-HT in the pithed rat but had no effect, even
at higher doses (0.1-10 mg/kg), on the presser response to effect (though a weaker one) on the presser response to
NA (data not shown). DCIT (0.01-10 mg/kg) acted like NA (Fig. 7).
CIT: it potentiated the presser response to 5-HT and had

practically no effect on the pressor response to NA (Fig. 6). Discussion
In contrast to C1T and DCIT, Re 11-2465 (0.01 I mg/kg)

potentiated the presser response to 5-1-t"I"only when era- The present results conlirm and extend our earlier reports
ployed at the lowest dose; at higher doses (0.1--1 mg/kg) (Pawtowski et al. 1981 a, b; Pawlowski and Kwiatek 1983a,
it inhibited the presser response in a dose-dependent man- b) on the effects produced by Re 1 i-2465 and C1T and
ner. On the other hand, Re 11-2465 at a close of I mg/kg provide some original data al'mul the putative main metab-

considerably potentiated the presser response to NA (data elites of these drugs. As shown in Table !, Re 11-2465
not shown). Re 12-5419 in doses ranging from 0.01 to and C1T displayed ;t very potent protective effect against
0.1 mg/kg potentiated bolh the presser lCSl'lOtlsc to 5-lIT b|'ain 5-11'1"di,q_laccnlent product'd by II 77/77 ill rats, art
and the response to NA; however, its effect on the latter effect which proves their ability to inhibit strongly the up-

response was stronger (Fig. 7). Used in higher doses take of 5-HT in vivo (Doogan 1980). In this respect, their
(1--10 mg/kg), Re 12-5419 inhibited dose-dependently the action was similar to that produced by another highly selec-
presser response to 5-HT, while still exerting a potentiating live and very potent 5-1tT uptake inhibitor, fluvoxamine
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(Doogan 1980). DCIT and Ro 12-5419 also protected rats In view of the above data, a question arises why Ro
against H 77/77-induced 5-HT displacement; however, they 11-2465 does not antagonize the reserpine-induced hypo-
were not as potent as the parent drugs. Like fluw_xamine thermia (as a relatively potent NA uptake inhibitor) and
(I)oogan It)80), t'lT and DCIT did not antagonize the II wily it does 11ol stimulate tile flexor reflex (as a very potent
77/77-induced NA depletion in the brain, hi contrast, Ro 5-HT uptake inhibitor). In the light of our previous (Paw-
11-2465 and Ro 12-5419 also reduced the NA depletion lowski et al. 1981a) and present findings, it seems easy to
caused by ii 77/77 (Tables I, 2); this fact, according to answer the second question, as we have demonstrated
several authors (Carisson et al. 1969a, b; Doogan 1980; (flexor reflex model, pithed rat preparation) a relatively po-
Maitre et al. 1980), points to their ability to inhibit the tent anti-5-HT action of Ro 11-2465; i.e., the latter drug
neuronal uptake of NA. Therefore, in filrlhcr experiments undoubtedly counteracts its own effects due to 5-HT uptake
we tried to lind out the functional evidence liar the NA inhibition. The Ihilure of Ro 11-2465 to antagonize the re-
uptake inhibiting action of Ro 11-2465 and Ro 12-5419. serpine hypothermia might be explained by antidopamine
CIT and DCIT, which in the biochemical experiment ap- properties of this drug (Keller et al. 1980), and by the t:act
peared to be 5-1tT uptake inhibitors devoid of any effect that it is such a potent 5-HT uptake inhibitor (Haefely
on the uptake of NA in vivo, served as reference compounds et al, 1978; Burkard 1980; Da Prada et al. 1982; Table 1).
here. Ashas beenrecentlyreported(Majet ai. 1983),5-HTup-

The most striking difference between the action of Ro take blockade may counteract the typical action of NA
11-2405 and Rt) 12-5419, and that of CIT and I)CIT, was uptake inhibitors in the reserpine hypothermia test; how-
observed in the TRH hyperthermia test and in pressor re- ever, the mechanism of this antagonism is unclear, since
sponses to 5-HT and NA in the pithed rat. In both these the action of imipramine (an NA and 5-HT uptake inhibi-
tests, Ro 11-2465 and particularly Ro 12-5419 markedly tor) is not potentiated by the blockade of 5-HT receptors
potentiated the effects of NA, i.e., the effect of NA released (Przegalifiski et al. 1983).
by TRH (Horst and Spirt 1974) and then involved in the In conclusion, the obtained results show that Ro
hyperthermia (Pawlowski and Kwiatek 1983a, b), and the 11-2465 and CIT are very potent 5-HT uptake inhibitors
effect of NA injected IV (pressor response). Such an action, in vivo, and that Ro 11-2465 under in vivo conditions can
observed in the above tests, is characteristic of potent inhib- also inhibit the uptake of NA. These results testify the abili-
itors of the NA uptake (Cavero et al. 1980; Desiles and ty of DCIT and Ro 12-5419 to inhibit the uptake of 5-HT
Rips 1981 ; Pawlowski and Kwiatek 1983a, b; Pawtowski in vivo. They also show that while DCIT is almost as selec-
et al. 1983). As has already been demonstrated here for tive as CIT (no effect on the uptake of NA in vivo), Ro
CIT and DCIT, highly selective 5-HT uptake inhibitors 12-5419 should rather be regarded as an NA uptake inhibi-
(e.g., fluvoxamine, indalpine, fluoxetine) potentiate neither tor, since its inhibitory action on the uptake of 5-HT is
the TRH-induced hyperthermia (Desiles and Rips 1981 ; relatively weak, whereas that exerted on the uptake of NA
Pawtowski and Kwiatek 1983a, b) nor the pressor response is relatively strong. Thus the pharmacological action of Ro
to NA in the pithed rat (G6rka, unpublished). On the other 11-2465 and Ro 12-5419 closely resembles that of clomipra-
hand, 5-HT uptake inhibitors do potentiate the pressor re- mine and desmethylclomipramine, respectively; the latter
sponse to 5-HT, unless they concurrently inhibit the vascu- drugs also potentiate TRH-induced hyperthermia and
lar 5-HT receptors (Petersen et al. 1977; Pawlowski et al. blood pressure response to NA (and 5-HT) and antagonize
1981a, b; Maj et al. 1982a, b). the reserpine hypothermia (clomipramine is almost ineffec-

Ro 12-5419 (but not Ro 11-2465) also behaved as a tive here) and the biochcluical effects induced by NA and
very potent NA uptake inhibitor in the flexor reflex and 5-HT depletors (Siater et al. 1979; Maitre et al. 1980; Maj
reserpine hypothermia tests. It potentiated the flexor reflex et al, 1982b; Pawtowski and Kwiatek 1983a, b). In this
via a phenoxybenzamine- (but not cyproheptadine-) sensi- situation, the positive therapeutic effect of Ro 11-2465
tive mechanism and antagonized the hypothermia. These (Costa e Silva et al. 1983) should not be regarded as an
effects of Ro 12-5419 therefore resemble those of desipra- important argument for the 5-HT-ergic hypothesis of de-
mine, talsupram or oxaprotiline, extremely potent NA up- pression (see Introduction), especially as it may block cen-
take inhibitors (for comparison with other drugs of this tral 5-HT receptors. On the other hand, CIT, which appears
type, see Hyttel 1982) which not only - like the majority to be a highly selective 5-HT uptake inhibitor in vivo, at
of NA uptake inhibitors - antagonize reserpine-induced hy- least as potent as Ro 11-2465, and whose main metabolite
pothermia but also stimulate the flexor reflex by an NA- (DCIT) possesses the same pharmacological profile as the
ergic mechanism (Pawtowski et ai. 1983; Pawlowski, un- parent compound, may be regarded as a useful research
published). Less potent NA uptake inhibitors (e.g., mapro- tool in depression.
tiline, see Maitre et al. 1980 and Hyttel 1982) do not stimu-
late the flexor reflex at all (Pawtowski et al. 1983). Highly Acknowledgements. We would like to thank the following corn-
selective 5-HT uptake inhibitors do not antagonize reser- panics for their generous gift of substances: Astra l._kemedel AB
pine-induced hypothermia (Claassen et al. 1977; Slater for H 77/77 (4,alpha-dimethyl-meta-tyramine), Ciba-Geigy for de-
et al. 1979; Maj et al. 1983), and when they potentiate the sipramine, F. Hoffmann-La Roche and Co. for Ro 11-2465 (ciano-
flexor reflex (very potent 5-HT uptake inhibitors only) their pramine) and Ro 12-5419 (desmethylcianopramine), H. Lundbeckand Co. for citalopram and desmethylcitalopram, Miles Laborato-
effect is easily antagonized by caproheptadine or metergo- ries, Inc. for quipazine and Polfa for imipramine.
line, 5-HT receptor blockers (Pawtowski et al. 1980; 1981 a,
b; Maj et al. 1982a), Therefore, the negative action of CIT
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