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AbstracS-The new antidepressant drug, oxaprotiline, and its two enantiomers were investigated with 
respect to their effects on noradrenaline (NA) and serotonin (5HT) uptake In oitru and in uivo after 
acute and repeated treatment. Moreover, the alpha-adrenolytic effects in uifro were ~lsu studied. 
OxaprotiXine proved ta be a highly potent and selective inhibitor of NA uptake in rat synaptusomal 
preparations in u&o and in the rat heart and brain in v&o. The NA uptake-inhibiting pxopcrtics were 
found to be confined entirely ta the (+)- or S-e~ant~om~r: (-)- or R-oxaprotili~~~ the absolute 
configuration of which corresponds to that of the naturally occurring (-)-NA, was about lO(IU times 
less potent than the (+)-form in uitro, and was inactive in uiuo at doses exceeding the ED~,~ of the latter 
16X%fold. The selectivity of oxaprotifine with respect to NA up?ake inhibition was retained after 10 daily 
adm~~~s~r~t~ofls. No sign rtf cumulation or attenuarion of the effect was evident. No ~ptake~~~~~~~~~~~ 
effect of f-.I-axapro&ne appeared after 10 daify ad~~~~s~ra~~~s of high doses, indiceting that no 
ra&em~a~io~ occurred in the organism. Tfie ~~-~dre~~~e~~~r an~agoa~st~~ effect of oxa~r~t~l~~~~ as 
d~t~rrn~~ed by the &i&y to displace- ~~~~prazos~n~ was in the range of that of imjpramin~, tile 
(-)-enantiomer being somewhat more potent than the <+)-form, fn contrast to ~m~pramin~, o~aprot~l~ne 
was devoid of @adrenoceptor antagonjst~c effects* as judged by the ability to affect the ~rnpu~s~-r~~at~~ 
release of [3HjNA from rat cortical &es. Since oxaprotiline proved to be an effective an~d~pr~ssa~t, 
clinical testing of its two enantiamers might be helpful with respect to the validation of tke cat~ck~~amjn~ 
hypothesis of degxession. 1Moreover, in animal studies, they migkt kefp to determine which effects of 
an~~~~~r~s~~~s are r&ted to NB qxake inhibition and wkick are not. 

The catecholamine hypothesis of depression [l-3] 
was based in essence un the pharmacological actions 
oE the antidepressant agents, which inhibit the degra- 
dation of catecholamines (MAO inhibitors) or their 
elimi~atior~ from the synaptic cleft (uptake inhibi- 
tors). There has been and still is considerable criti- 
cism of the monoamine hypotheses of affective dis- 
orders in general and of the noradrenaline (NA) 
hypothesis in p~r~~~~~~~ [4-71, the major point of 
attack being the, latency of the onset of the anti- 
depressant effect uf the drugs, in contrast to their 
immediate pha~rn~~~l~~~~al actions. 

On the other hand, progress has been made in 
recent years in the ~~de~stan~in~ of changes in trans- 
mitter synthesis or release and receptor function, 
occurring secondary to alterations in synaptic trans- 
mitter ~on~~nt~ati~~s induced by ~tidepressan~ 
agents. Adaptational phenomena have been 
described at the fevel of NA turnover I&-txO] as we11 
as at its pre- and pos~sy~apti~ recepmrs tll-I4f. 
which could well expfain why the antidepressant 
effect does not show a time-course comparable to 
that of the acute pha~ma~olo~i~a1 effects (for a dis- 
cussion see [Is]). 

In consequence, the question whether intensifi- 
cation of noradr~~e~~ic transmission constitutes a 
true possibility for achieving an antidepressant effect 
has not been settled yet. Most, if not all of the 
currently available drugs possess manifold pharma- 
cological properties, including NA uptake inhibition, 

* Author to whom correspondence should he addressed. 

iz-adrenotytic, antiserotoner~ic, a~~~istarn~n~~ and 
anticholinergic effects. This makes it difficult to 
determine which of the properties are important for 
the clinical effect. A kind of ‘active placebo”, sharing 
a number of pharmacalogical effects with true anti- 
depressants, but lacking a property considered cru- 
cial according to a particular hypothesis, would 
therefore be of considerable value, In this paper, we 
will describe a pair of enantiomers, one ef which 
could serve such a purpose. 

Oxaprotiline (C-49802~B-E&) has beefi reported 
to be a highly potent and selective inhibitor of NA 
uptake in rat heart and brain in triuo [lb]. It has 
recently been shown to possess a~t~d~p~~ssant effects 
in man [17, 18]. Oxaprotiline contains a chiral center, 
and the two optical isomers have been resolved. The 
structures and absolute ~onfi~~rat~o~s (C. Ribs, in 
preparation) are shown in Fig. 3. The effects of the 
racemate and its enant~omers on NA and seroronin 
(S-I/IT) uptake in rat tissue in airro and In uivo and 
on ~1 and ~2 adreno~eptors in vitro are described 
b&W. 

Amine ~0~~~~~~~~~~~. For the determination of 
NA, 5-IiT and ~-hydroxyindol~~~~ti~ acid (S- 
HIAA), tissues were homogenized in acidified n- 
butanol. After addition of n-heptane, the amines 
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Fig. 1. Absolute configurations of the enantiomers of 
oxaprotiline and noradrenaline. 

were back-extracted into 0.2N HCl, and 5-HIAA 
in a subsequent step was extracted into 0.5 M phos- 
phate buffer of pH 7 (a combination of the methods 
described by Maickel et al. [19] and Curzon and 
Green [20]). The compounds were quantitated 
fluorometrically [20,21]. 

Uptake of (3H]NA into the rut heart. 1-[3H]NA 
(100 @/kg, sp. act. 8-10 Ci/mmole, Radiochemical 
Centre, Amersham, U.K.) was injected 1 hr, or as 
indicated, after treatment with the drugs to be tested. 
One hour later, the animals were decapitated, the 
hearts removed and [3H]NA isolated by alumina 
adsorption or by butanol extraction as above, and 
radioactivity counted [22]. 

Antagonism by 4,a-dimethylmetatyramine (H 771 
77) of brain NA and by 4-methyl-cvethylmetatyramine 
(H 75112) of brain 5-HT depletion. The antagonism 
by drugs of the depleting effects of H 77177 on brain 
NA and of H 75112 on brain 5-HT were used as 
measures of NA and 5-HT uptake inhibition in uiuo 
[23,24]. The drugs to be tested were administered 
30 min before the depletors (obtained from Labkemi 
AB, Goeteborg, Sweden), which were injected S.C. 
in doses of 6.25 mg/kg (H 77/77) and 25 mg/kg (H 
75/12). The animals were decapitated 4 hr later and 
whole brain NA and 5-HT determined as described 
above. 

Uptake of [3H]NA and [3H]-5-HT into rat bruin 
synaptosomes in vitro and after pretreatment. The 
uptake of 1-[3H]NA (sp. act. 4_6Ci/mmole, New 
England Nuclear, Boston, MA) and [3H]-5-HT 
(12.5 Ciimmole, New England Nuclear) into syn- 
aptosomes obtained from the midbrain-dience- 
phalon region of rats was determined as described 

recently [25]. The concentrations of NA and 5-HT 
in the incubation media were lo-” and 2.5 x lOmy M, 
respectively. The incubation periods were 15 min for 
[3H]NA and 6 min for [3H]-5-HT. For ex uivo experi- 
ments, synaptosomes were used from animals which 
were treated with the drugs to be tested 1 hr prior 
to decapitation. 

Binding of [3Hlprazosin to rat cortical membranes. 
Twenty male Tif: RAIf(SPF) rats weighing about 
200 g were decapitated, the cerebral cortices rapidly 
dissected and homogenized in 40ml of 0.05 M 
Tris-HCI buffer, pH 7.7. Centrifugation and washing 
of the membrane fraction was carried out as 
described by Dooley and Bittiger [26]. The final 
pellet was suspended in 40ml of the same buffer; 
2ml aliquots were frozen in liquid propane and 
stored in liquid nitrogen. Just before use, membranes 
were thawed quickly at 3&37”, and [3H]prazosin 
binding was carried out according to Greengrass and 
Bremner [27], as modified by Dooley and Bittiger 
[26]. Reactions were carried out in 2ml 50mM 
Tris-HCl, pH 7.4, containing 0.05% ascorbic acid, 
ca 3OOpg membrane protein, and 0.25-0.3 nM 
[3H]prazosin (New England Nuclear, 17 Ci/mmole). 
Nonspecific binding was defined in the presence of 
10m6 M prazosin. 

Release of [3H]NA from rat cortical slices by elec- 
trical field stimulation. A slightly modified version 
of the method of Farnebo and Hamberger [28] was 
used. Cortical slices from adult male rats were incu- 
bated for 30 min in Krebs-Ringer bicarbonate buffer 
(equilibrated with 5% CO* in 0,) at 37” in the pres- 
ence of 1.5 x lo-‘M 1-[3H]NA (sp. act. 4-6 Cii 
mmole, New England Nuclear). The slices were 
transferred to stimulation chambers and superfused 
at 37” (1 ml/min) with Krebs-Ringer buffer contain- 
ing 2 X 1O-5 M cocaine to prevent NA uptake. The 
superfusate was collected in 5-min fractions. After 
superfusion for 30 min, the slices were stimulated 
for 2 min in an electrical field (monophasic pulses 
2msec, 3Hz, 12mA). The drug to be tested was 
then added to the superfusion medium and the slices 
were stimulated again for 2mir1, 20min after the 
first stimulation. The radioactivity of the fractioned 
superfusion medium and of the slices (after solubil- 
ization in 1 ml Soluene-lOO@) was measured after 
addition of 10ml Instagel@ or Aquasol@ and Dim- 
ilume@ scintillator solution, respectively. The 
stimulation-induced 3H-overflow was calculated by 
subtracting the estimated spontaneous 3H-overflow 
from the total “H-overflow as described by Farnebo 
and Hamberger [28]. It was expressed as a percent- 
age of the total tritium content in the slices at the 
onset of each stimulation. The overflow resulting 
from the first stimulation (S 1) served as a control 
for the overflow produced by the second (S 2), before 
which the drug had been added to the superfusion 
medium. 

RESULTS 

Acute experiments 

Effects of oxaprotiline and its enantiomers on the 
uptake of [3H]NA into the rat heart. After oral 
administration, (?)-oxaprotiline dose-dependently 
inhibited the accumulation of [3H]NA into the rat 
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Fig. 2. Effects of oxaprotiline and its enantiomers on NA uptake in rat heart and brain. In the heart 
experiments, rats were treated with the drugs 1 hr before the injection of [rH]NA, and were decapitated 
1 hr later. Four animals were used per group. Data are given as percentage of control uptake ? 
confidence limits at the 5% level. For the assessment of drug effects on NA uptake in the brain, drugs 
were administered 30 min before H 77177 and the brains removed 4 hr later. Five animals were used 
per group. Percentage uptake inhibition was set equal to percentage reversal of NA depletion [23,24], 
Bars represent confidence limits at the 5% level, calculated according to [33] for equal and according 

to [34] for different variances. 

heart with an EDGE of 0.8 mg/kg. The same was 

observed with its (+)-enantiomer, which had an EDSO 
of 0.35 mg/kg. In contrast, (-)-oxaprotiline was 
ineffective up to 300 mg/kg (Fig. 2). 

The ~~~0s of (?)-oxaprotiline after subcutaneous 
and intravenous administration were 1.2 and 
0.55 mg/kg, respectively. 

Effects on the depletion of rat brain NA induced 
by H 77177. The depletion of brain NA by H 77177 
was dose-dependently antagonized by (t)- and 
(+)-oxaprotiline, with respective EDITS of 10 and 
2 mg/kg p.o. The (-)-enantiomer was completely 
devoid of such activity at doses up to 300 mglkg p.o. 
(Fig. 2). Neither drug induced a significant alteration 
in cerebral NA levels when given alone, at any dose 
used. 

Time-courses of the effects of (*)-onaprotiline on 
the uptake of 13H]NA into the rat heart and on the 
depletion of cerebral NA by H 77177. The time-course 
of the effect of (t)-oxaprotiline on [3H]NA uptake 
into the rat heart at a dose of 30 mg/kg p.o. is shown 
in Fig. 3. For comparison, the time-courses of the 
corresponding effects of imipramine (30 mgikg p.o.) 
and maprotiline (100 mg/kg p.0.) are also given. The 
uptake inhibitory effects of oxaprotiline and imipra- 
mine had vanished after 72 hr; maprotiline still 
showed a slight effect at that time. The half-lives of 
the disappearance of the uptake inhibiting effects of 
the three compounds, determined graphically from 
these data, were approximately 20 hr for (?)-oxa- 
protiline and imipramine and about 30 hr for 
maprotiline. 

______________________-_____-______ 
l -m oxaprotillns 30 mwkg pa. 

mr---em knipramina 30 mgdcg p.0. 

Fig. 3. Time-course of the effect of (?)-oxaprotiline on [3H]NA uptake in the rat heart. The animals 
received 30 mg/kg p.o. (?)-oxaprotiline or, for comparison, 30 mg/kg p,o. imipramine or 100 mg/kg 

p.o. maprotiline at the times indicated before the administration of [3H]NA, and were decapitated 1 hr 
later. Results are given as percentage of controls * confidence limits at the 5% level (n = 5). 
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Fig. 4. Time-course of the effect of (+-)-oxaprotiline on the depletion of brain NA by H 77/77. The 
animals received 30 mgikg p.o. oxaprotiline or, for comparison, 30 mgikg p.o. imipramine or 100 mg/ 
kg p.o. maprotiline at the times indicated before H 77177. The animals were decapitated 4 hr later. 
Data represent percentage uptake inhibition (set equal to percentage reversal of NA depletion) _’ 

confidence limits at the 5% level (n = 5). 

Table 1. Effects of oxaprotiline and its enantiomers on the uptake of [jH]NA 
and [3H]-5-HT into rat brain synaptosomes in vitro 

Treatment 

(*)-Oxaprotiline 
(+)-Oxaprotiline 
(-)-Oxaprotiline 
Imipramine 
Maprotiline 

13H]NA uptake 
GO (PM) 

0.0046 
0.0036 
3 
0.046 
0.046 

[‘HI-5-HT uptake 
tcio (PM) 

25 
ND 
ND 
0.55 

>lOU 

IC~Q Values were determined by graphical interpolation from 
concentration-response curves (spaced by factors of 10) run in duplicates; 
ND = not detected. 

3H-NA uptake 3H-5-HT uptake 

t 
% of controls 

L , P 

1 3 10 30 300 mg/kg p.o. 

Fig. 5. Effects on the uptake of [‘HHJNA and [3H]-5-HT into rat brain synaptosomes after pretreatment. 
Synaptosomes were prepared from brains of rats pretreated for 1 hr. Data represent means + S.E.M. 

as percentage of controls (n = 6). 
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The time-course of the effect of (?)-oxaprotiline 
on the H 77177 induced depletion of brain NA was 
investigated with oxaprotiline racemate at a dose of 
30 mg/kg p.o. For comparison, corresponding 
experiments were performed with imipramine 
(30mg/kg p.o.) and maprotiline (lOOmg/kg p.0.). 
As shown in Fig. 4, the effects of the three com- 
pounds had disappeared 48 hr after treatment. The 
half-lives of the disappearances were 15 hr for oxap- 
rotiline and imipramine and about 30 hr for 
maprotiline. 

Effects on the uptake of [3H]NA and [‘HI-5-HT 
into rat brain synaptosomes in vitro. Table 1 contains 
the 1~50 values, determined graphically from 
concentration-response curves, of (L)-oxaprotiline, 
its enantiomers, and, as reference compounds, 
imipramine and maprotiline. The racemate of oxa- 
protiline was about 10 times more potent with respect 
to inhibition of [3H]NA uptake than imipramine and 
maprotiline; (+)-oxaprotiline was similarly potent, 
whereas the (-)-enatiomer was approximately 1000 
times weaker. (?)-Oxaprotiline was about 5000 
times weaker with respect to [3H]-5-HT uptake than 
in inhibiting [3H]NA uptake, comparable to mapro- 
tiline. The enantiomers were therefore not tested 
separately. 

Effects on the uptake of [3H]NA and [3H]-5-HT 
into rat brain synaptosomes after pretreatment. When 
rats were pretreated for 1 hr with graded doses, 
(&)-oxaprotiline dose-dependently inhibited the in 
vitro accumulation of [3H]NA into synaptosomes 
from their brains (ED50 = 5.5 mgikg p.0.). The (+)- 
enantiomer had approximately the same effect 
(EDSO = 4.5 mg/kg p.o.), whereas the (-)-enan- 
tiomer was completely inactive up to a dose of 
300mg/kg p.o. (Fig. 5). Neither the racemate nor 
the enantiomers inhibited the uptake of [3H]-5-HT 
into synaptosomes from rats pretreated with 
300 mg/kg p.o. 

Effects on the depletion of brain 5HT induced by 
H 75/12. Neither (?)-oxaprotiline nor its enantio- 
mers were able to reduce the depletion of cerebral 
5-HT induced by H 75112 at doses of 30 mg/kg p.o. 
(cf. Table 4). The racemate has previously been 

shown to be inactive in this respect up to a dose of 
300 mg/kg p.o. [16]. 

Effects on the binding of [3Hlprazosin to rat cortical 
membranes. Oxaprotiline racemate was about 2-fold 
less active than imipramine and 30-fold less active 
than phentolamine in displacing [3H]prazosin from 
its binding sites. (+)-Oxaprotiline was about 6-fold 
less active than the (-)-enantiomer (Table 5). Since 
prazosin is thought to bind specifically to aq adreno- 
ceptors in the brain [27,29], this indicates that the 
CY~ antagonistic properties of the racemate of oxa- 
protiline are comparable to those of imipramine, 
and that the (-)-enantiomer is more potent in this 
respect than the (+)-form. 

Effect of oxaprotiline racemate on the field-stimu- 
lated release of [3H]NA from rat cortical slices. 
(?)-Oxaprotiline at concentrations of 10e6 and 
10e5 M did not exhibit any effect on impulse- 
mediated release of radioactivity (3H-overflow) from 
cortical slices prelabelled with [“H]NA (Table 5), 
but caused some spontaneous release at the higher 
concentration. In view of this lack of effect, the two 
enantiomers were not tested separately. 

Imipramine caused a 50% increase in 3H-overflow 
at concentrations about 40 times higher than those 
which displaced [3H]prazosin by 50%; phentolamine 
did so in concentrations comparable to those which 
affected [3H]prazosin binding. 

Since these experiments were carried out in the 
presence of cocaine, the increases in 3H-overflow are 
likely to reflect cuz antagonistic properties of the 
compounds. 

Repeated administration 

Effects on [3H]NA uptake into the rut heart. Rats 
were treated once or once daily with (*)-oxaprotiline 
and the enantiomers. For the racemate and the active 
enantiomer, a dose below and a dose close to or 
somewhat above the EDGE were chosen to be able to 
detect possible cumulative effects or attenuations. 
The inactive (-)-enantiomer was administered in 
high dosages to detect possible late effects, e.g. due 
to racemization in the organism. 

The effect of (+)-oxaprotiline orl [3H]NA uptake 

Table 2. Effects of oxaprotiline and its enantiomers on the uptake of [‘H]NA into the rat 
heart after single and 10 daily administrations 

Treatment 
mdkg 

p.0. 
% of control uptake 

Single administration 10 daily administrations 

(*)-Oxaprotiline 0.1 71 ” 5* (5) 73 t 8 (5) 
1 39 ? 61- (5) 45 t 4t (4) 

(+)-Oxaprotiline 0.1 74 ? 2 (5) 60 + 2t$(4) 
1 21 + 4t (5) 27 + 3t (4) 

(-)-Oxaprotiline 10 104 2 9 (5) 1112 13 (5) 
30 1202 8 (5) 105 2 7 (5) 

100 99 t 7 (5) 83 2 8 (5) 

* P < 0.05, t P < 0.01 vs controls (Dunnett’s t-test). 
$ P < 0.001 vs single administration (Student’s f-test). 
The animals were treated once or once daily for 10 days. One hour after the last treatment, 

[3H]NA (100 &i/kg) was injected into the tail vein and the animals sacrificed 1 hr thereafter. 
[3H]NA was extracted from the hearts and counted. Data are given as percentages of 
controls * S.E.M. The number of animals per group is indicated in brackets. Endogeneous 
NA levels were also determined; there was no significant difference with respect to controls 
in any of the treated groups. 
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Table 3. Effects of oxa~rot~lin~ and its ~nantiom~rs on the de~I~t~~n of cerebral NA by 
H 77177 after single and 10 daily administrations 

Treatment 
(mgikg p.o. x days) 

NA concentration (ngig) 

-- H 73177 f H 77177 

Percontagc 
uptake 

inhibition 

ControIs 321 i iI [9f 1595 R@] 0 
~~~-~xa~rot~lin~ 3x1 326 t -3151 208 -+ I3 f4] 29 (G-43) 

3 x IO 337 r 7jSf 236 + 7151 43 (32-54 
~~)~~xa~r~~j~in~ 

j 
3 X I 324 c I? ]S] 257 t 13 [S] 59 $41-79) 
3X IO 344 -t 5j5J 246% 

f-)-Oxaprotiiine 
hfJJ 37 (37-57) 

30 X 1 353 2 12 f5] 144% 4[5] -S(-23- 6) 
30 X 10 367 I12 [5] 162 t 3 f5] I(-12-13) 

Imipramine 10x 1 245 c Y[S] 53 (33-72) 
~~-~-_l___-...__ 

Rats were treated once or once daily for 10 days with oxaprntilinr or its enantiomers. 
Thirty minutes after the last administration, H 77177 (6.25 mgikg s.c.) was injected and the 
animals decapitated 4 hr later. Whole brain NA concentrations are c;ivcn in nnie it S.E.M.: 
the number of animals per group is indicated in square brackets. In~he last c$&m, uptake 
inhibition is caicufated accord& to Car&on erai. 123.241; in brackets. the confidence timits 
at the 5% level, calculated a&&ding to Fieiler Ji3] for>equat and to Chakravarti 1341 for 
unequaf variances. 

Whole brain dopamine levels were also determined in the groups without H ~7~7?r~atment, 
No s~gni~&a~~f changes (Dunnett’s f-test) were observed. 

info the rat heart was similar in extent, whether the 
drug was given acutely or IO times once daily (Table 
2). With (+)-oxaprotiline, the effect of the lower 
dose was slightly more pronounced after repeated 
than after acute administration, and this was stat- 
istic&y ~i~ni~cant at the 0.1% level. No such dif- 
ference was noted with the higher dose. (-)-Qxa- 
protiline was ineffective also after 30 daily 
administrations even at the high doses used (up to 
300 mg/kg p.o.>. 

~~~~go~~~~~ Cq Mf ~~~~~~ X4 ~~~~~~~o~ l?,!r N 77177. 
A simitar experiment was carried out to investigate 
the effects of o~a~rotili~e and its enantiomers on 
NA uptake in the brain after repeated administration 
(Table 3). An acute dose of imipramine (10 mg/kg 
po.) was included in this experiment for reference 
purpases. The dose of (?)- and (+)-oxaprotiline 
(3 mg/kg p.0.) was chosen close to the EDVIS deter- 
mined previously (Fig. 2), and (-)-oxaprotiline was 
given at a 10 times higher dose. 

~~~-~xaproti~~ne was slightly less effective acutely 
than if administered IO times; this difference was, 
however, not statistic~liy significant. The (-t)-enan- 
tiomer showed the same effect whether given acutely 
or repeatedly, and the (-)-enantiomer remained 
inactive after 10 daily treatments {Table 3). 

None of the compounds changed NA concen- 
trations, neither after acute nor after repeated 
administration. 

A~~~~~~~~~ of mf braitr 5-f-C ~~~~~~~~~ by H 751 
12. At a dose of 30 mgikg p.o., neither the racemate 
nor the enantiomers caused a reduction of the 
depfeting effect of H 75512, whether the drugs were 
given acutely or repeatedly. This indicates that the 
compounds do not affect 5-HT uptake. 

Moreover, no change in S-HT levels was observed 
after acute or repeated administration. Neither were 
there significant alterations of 5-HIAA concentra- 
tions; tendencies tawards reductions were noted, 
however, after repeated administration of the race- 

Table 4. Effects of oxaprotiline and its cnanticlmers on the H W/12-induced 5-HT depletion and un SHT and S-HIAA 
concentrations in rat brain after single and repeated treatment 

S-HT (r&g) Per rent 
Treatment Without %%h f-HT uptake 
(m&kg p.o, x days) H 3YI2 H 75112 in~i~?~ti~~ 5-w&X {n&z) 

.- - 

CO&“& 3hS 2 14 is] 183 f 6*fs] 243 + 71-F] 
f * )-Qxaprotiline 30 X I 349 + 9[5] 212 t s f4] 17 @--.%I) 232 fi his] 

30 x III 350 c 7 [A] 198 -f 15 IS] Y ( ‘- t2-26f 2172 7j5J 
~~~-~x~p~ot~lin~ 30 X 1 346 rt 11 151 190 t 9 [S] 4 (- l4-20) 2.50 r?r 16 [5] 

30x IO 336 t 7[4] 197 r 7 [5] 9 j-4-21) 215 I 13 [S] 
(-)*~xa~rotiiin~ 30 X 1 367 -r H[5] 185 f 5 151 1 \-rO-llt 2492 9(5] 

30 x 10 369 f 5 [3J 178 + 2 ]4] -3(-G” 6) 2531- V[S] 
_” I-, P- 

* P <: O.Ol vs controls (Dunnett’s r-test), The three compounds were given at the dose of 30 mgikg p-o. once or once 
daitv for 10 days. H 75112 (25 mgikg s.e,j was administered 30 min after the last tr~~Itment and the animafs decapitated 
4 h;fater. The vatues represent means t S.E.M.: the number of animats used per group is indicated in square brackets. 
Uptake ~n~ib~ti~n was cafe&ted as percentage reversal of the depletion induced by I-f ?5ii2 [23,24]. Confidence limits 
at the 5% level (in bra~k~~s~ were calculated according to Fiefter f33J for equal or to Chakravarti [34] for unequal 
variances. None of the values of the combined groups was sign~~~ant~~r different fram H 75il2 alone. None of the va&es 
of 5-HT or 5-HIAA of the groups treated with the drugs &me was si~n~~~antly different from controls (Dunnett’s t- 
test). 
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mate and the (+)-form, but not of (-)-oxaprotiline 
(Table 4). 

DISCUSSING 

Oxaprotiline is a highly potent and selective inhib- 
itor of NA uptake in vitro and in uivo, as shown by 
the above experiments in the rat. In synaptosomes 
in vitro, it is 5000 times more potent as an inhibitor 
of NA than of 5-HT uptake, and in rat brain in viva, 
no 5-HT uptake inhibiting effects could be detected 
at doses 100 times higher than the EDX for NA uptake 
inhibition (see also [16]). As a NA uptake inhibitor 
in oivo, compared under identical conditions, it is 
as potent as desipramine in the brain, and several- 
fold more potent than the latter in the heart [30]. 

The duration of action after a high dose (30mgi 
kg p.o.), corresponding to about 30 times the EDSO 

in the heart and about 3 times that in the brain, was 
between 48 and 72 hr in the former and about 48 hr 
in the latter. This is similar to what is observed with 
imipramine or maprotiline, and means that a once 
daily administration is a valid procedure for studies 
of the effects of repeated treatment in the rat. After 
10 daily administrations, the selectivity of oxapro- 
tiline with respect to NA uptake inhibition was main- 
tained: no 5-HT uptake inhibiting effects were seen 
at a daily dose of 30 mgikg p.0. There was also no 
cumulation of the NA uptake inhibitory effect with 
doses close to the respective EDSOS in heart and brain. 

The study of the effects of the enantiomers of 
oxaprotiline showed the NA uptake inhibiting effects 
to be confined entirely to the (+)- or S-enantiomer. 
The (-)- or R form was about 1000 times less active 
than the (+)-form in synaptosomes in vitro. This 
minimal effect can probably by ascribed to traces of 
the (i-)-form remaining from the separation of the 
enantiomers. In viva, (-)-oxaprotiline was devoid 
of NA uptake inhibiting properties in doses exceed- 
ing the ED~OS of the (+)-form by a factor of about 
100 in both heart and brain. 

After 10 daily treatments, the effect of the (+)- 
enantiomer on NA uptake did not cumulate in heart 
or brain, nor did it affect 5-HT uptake at higher 
doses, in agreement with what had been found pre- 
viousJy with the racemate. The (-)-form remained 
inactive after repeated treatment, both with respect 
to NA as well as .5-HT uptake, suggesting that no 

racemization occurred in the organism during the 
treatment period. Both (*)- and ( I-)-oxaprotiline, 
but not the (-)-form, exhibited a tendency to lower 
S-HIAA concentrations after repeated treatment. 
Although these effects were not statistically sig- 
nificant, they might indicate an interference of these 
compounds with 5HT transmission after repeated 
treatment. Since the (-)-form was ineffective and 
both enantiomers appear to lack antiserotonergic 
effects [32], one might suspect a causal relationship 
with the NA uptake inhibiting properties of (?)- and 
(+)-oxaprotiline. In any case, more detailed studies 
of the phenomenon are necessary. 

The lack of NA uptake inhibiting properties of the 
(-)-form of oxaprotiline does not mean that it is 
simply an inactive compound, however. For 
instance, it possesses antihistaminic and antiaggres- 
sive properties to a similar extent as the (+)-form 
[31,32]. Moreover, its CYI antagonistic properties are 
stronger than those of the (+)-enantiomer, and com- 
parable to those of imipramine. The cu? antagonistic 
effects of both enantiomers are in all probability 
negligible, since the racemate did not exhibit any at 
very high concentrations. 

In fact, the most clearcut difference between the 
two enantiomers detected hitherto consists in their 
effect on NA uptake. It is of interest to note that 
the absolute configuration of the inactive form cor- 
responds to that of (-)-NA, the naturally occurring 
enantiomer of the catecholamine (see Fig. 1). There 
is no explanation available at present for this 
phenomenon, 

Oxaprotiline has been found to be an effective 
antidepressant with remarkably little side effects in 
the two studies hitherto published [17, 181. This 
impression is backed up by the unpublished material 
presently available (approximately 300 cases). It is 
therefore of considerable interest to investigate the 
relevance of NA uptake inhibition by comparing the 
antidepressant action of the two enantiomers in 
patients. In other words, such a comparison would 
be an important test for the validity of the catechol- 
amine hypothesis of depression. Moreover, this pair 
of enantiomers can also be expected to be useful in 
animal studies, especially in chronic experiments. 
For example, it permits the determination of those 
effects of antidepressants which are ultimately due 
to NA uptake inhibition and which are related to 

Table 5. Effects of oxaprotiline and its enantiomers on the binding of [3H]prazosin 
to cortical membranes and on imp&e-mediated release of (‘H]NA from cortical 

slices of the rat 

(3H]&azosin binding 
Treatment 

[“WINA release 
(rcsu, M) (KxI. M) 

(I)-Oxaprotiline 10-b 0 at 10e6 and 10-j 
(+)-Oxaprotiline 3 x lo’-6 
(-)-Oxaprotiline 5 x 10-7 
Imipramine 4 x IO’.’ 1.6 x IOF 
Phentolamine 3 x 10-x 1.6 x 10-x 

IQ and ECS~, (concentration at which [3H]overflow is increased by 50%) were 
determined by graphical interpolation. 

The stimulation-induced 3H-overflow in the presence of 2 X IO-‘M cocaine, but 
without test drug (St; see Methods) was between 4.4 and 6.1 per cent of the 
radioactivity present in the siices at the onset of the first stimulation period (S,). 
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other properties. To serve such a purpose, however, 
a complete characterization of the pharmacological 
properties of the two compounds is mandatory. 
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