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MOGILNICKA. E.. C. G. BOISSARD, P. C. WALDMEIER AND A. DELINI-STULA. The cftects of single and
repeated doses of maprotiline, oxaprotiline and its enantiomers on foot-shock induced fighting in rats. PHARMACOL,
BIOCHEM BEHAYV 19(4) 719-723, 1983.—Foot-shock induced fighting behavior (SIF) in rats was tested after single and

repeated dose-treatment (10 mg/kg IP twice daily for 10 days) of maprotiline, oxaprotiline and of (+)- and (

)-enantiomers

of oxaprotiline. Marked facilitation of SIF was observed after repeated but not single administration of all drugs including

the NA-uptake inactive (

J-enantiomer of oxaprotiline. No enhancement of SIF was seen after multiple dose-treatment

with promethazine, an antihistaminic. or atropine. The mechanism of the facilitation of SIF induced by antidepressants
maprotiline and oxaprotiline as well as by its enantiomers is unclear. The clear-cut dissociation of the effect of (+)- and
¢ -)-oxaprotiline on the rate of NA-disappearance. but their similar enhancing effect on SIF challenges the assumption of a
primuary importance of central NA-system in this behavior. By contrast, the increase in jumping behavior recorded
additionally to SIF. seems to be a great extent dependent on NA-uptake inhibiting properties of tested drugs.
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IN CONTRAST to the well established inhibitory effects of
antidepressants (ADs) on predatory aggression (muricide
behaviour). their influence on affective types of aggressive-
ness produced by isolation or footshock-stimulation appears
to be variable. Thus for instance after single doses, certain
ADs do not change affective aggressive reactions or slightly
increase it. others by contrast inhibit it in a dose-dependent
fashion. Very little is at present known about the effect of
long-term treatment with ADs on such affective types of
aggressiveness and only few reports dealing with this prob-
lem have been published until now [S, 13.17]. In view of the
fact that chronic effects of ADs in animals may be of greater
relevance for their ¢linical antidepressant activity than those
observed after single doses. we found of interest to study the
effects of maprotiline (MAP). oxaprotiline (+) OX and of its
(+) and (--)-enantiomer on shock induced fighting (SIF) in
the rat. This particular aggression model has been selected
for the study because of the suspected role of noradrenaline
(NA) in cliciting this type of affective response [6].

In recent studies it has been shown that single doses of
maprotiline exert inhibitory effects on foot-shock-induced
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fighting in mice. but not in rats [3.9]. (x)OX, (a hy-
droxyderivative of MAP) showed similar antiaggressive
properties in mice as MAP [2]. however, its effects tn rats
have not yet been reported. Also, possible influence of re-
petitive treatment with these two drugs on SIF has not yet
been studied. In this respect. particularly interesting was to
test the effects of (+) and (- )-enantiomer of (=)OX since its
highly selective NA-uptake inhibiting propertics are
stereoselective and entirely confined to the (+)-form [21].
Promethazine. an antihistaminic. and atropine were tested
for comparison. Moreover. studies of the rate of NA-
disappearance in the rat brain after repeated treatment with
()OX and its enantiomers were also carried out in order to
clarify a possible role of effects thereon in the SIF facilitating
properties of (2)OX and its enantiomers.

METHOD
Male albino rats (Tif: RAI f (SPF). Tierfarm Sisseln,
Switzerland) weighing 170-190 g at the beginning of the
treatment were housed in groups of 10 animals per cage
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under standard laboratory conditions (a continuous 12 hr

light-dark cycle, constant humidity and temperature) with
free access to food and water. All rats were allowed one day
of adaptation to the laboratory in which the tests were per-
formed.

Experiment |

Rats (n=20 per dose) were treated with one single dose
(10 mg/kg) of MAP. (£)OX. (+)OX or (—)OX. Pairs of rats
were selected at random from each treatment group and
placed 2 hr after the administration of the drug in experi-
mental chambers in which they were subjected to mild clec-
tric shocks delivered by a shock scrambler (Ruedin [.AS
8010y through an clectrifiable grid-floor (sce later).

Experiment 2

Animals received twice a day injections of vehicle or 10
mg/kg of drugs for 10 consecutive days (chronic experiment);
or were injected twice daily with vehicle for 9 consecutive
days. On the 10th day they received a single dose of the
tested drug (acute experiment). Thereafter. they were sub-
Jected to the test as in Experiment 1.

Fxperinient 3

Animals were treated twice daily with either vehicle.

promethazine (10 mg/kg) or atropine sulphate (S mg/kg) for

10 consecutive days.

StF-Procedure

Two hours after the last injection of the vehicle or drugs,
pairs of rats (vehicle-vehicle, drug-drug). cach rat from dif-
ferent home cage. were placed in an experimental shock-
chamber (24x24x42 ¢m). After I-min adaptation period.
fighting was induced by mild electric foot-shock. A constant
current. every 3 sec for S min (1 mA intensity and 0.5 sce
duration). was delivered by a shock-scrambler (Ruedin LLAS
8010) through an clectrificable grid-floor. The latency to the
onset of the first attack. the number of attacks. and the dura-
tion of fighting were recorded during S-min pertod. An attack
was scored when an animal, in responsc to shock assumed
an upright posture and faced its partner with forepaws in
touch. The duration of fighting was defined as total time the
rat spent in an upright position during § min of exposure to
shock. In addition to fighting. the number of individual jump-
ing episodes occurring in fighting-free intervals was counted.

Statistics

The results were statistically analysed by the Mann-
Whitney U-test.

Drugs

Hydrochloride salts of MAP. (£)OX and its (+) and (—)-
enantiomers (Ciba-Geigy). atropine sulphate (Fluka) and
promethazine hydrochloride (Rhone-Poulenc) were injected
intraperitoneally as agueous solutions in a volume of 2 ml/kg.
The doses of drugs refer to the forms used.

Biochemical Methods

Determination of the disuppearance of endogenons NA in
rat cortex after tvrosine hydroxylase inhibition. Groups of S
females Tif: RAIF (SPF) rats (Tierfarm Sisseln. Switzerland)
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weighing 180-200 g at the beginning of the treatment were
treated with (2)OX (10 mg/kg PO) or (+)- or (-)OX (S mg/kg
PO) once or once daily for 2. 4 or 10 days. Two hours after
the last treatment, they received «-methyl-p-tyrosine meth-
ylester HCI (H 44:68, Labkemi AB. Gothenburg, Sweden: 250
mg-kg IP) and were decapitated 4 hr later. Brains were dis-
sected. and cortices homogenized in acidified n-butanol. NA
was extracted after addition of n-heptane into 0.2 M HCI
essentially as described by Maickel ¢r «f. {8]. Fluorometric
estimation of the catecholamine was performed according to
Waldmeier ¢r «afl. [22]. Statistical calculations were per-
formed by means of Dunnett’s test.

RESULTS

None of the investigated substances given acutely (10
mgkg) changed the quality or frequency of fighting in com-
parison to respective control. Thus. in experiments, where
the animals received only one injection of vehicle or one
dose of drugs (Experiment 1), the mean number of fighting
episodes during S min of exposure was about 30-40 and the
average duration of fighting about 80-160 sec (Table 1),

In the experiment (Experiment 2) in which the animals
were handled and treated with vehicle prior to the single
dose of drugs. the fighting episodes induced by shocks were
very sparse (3-7/5 min) and short-lasting (5-18 sec) both in
controls (vehicle-vehicle) and drug-treated (vehicle-drug)
groups (Table 1. Generally. these rats behaved differently
from the rats which received only single injections and no
previous handling. They showed longer latency to the onset
of the first attack and became passive shortly (1 min) after
shock delivery: they did not fight or try to escape.

By contrast. reptitive administration of 10 mgikg MAP,
OX and its both enantiomers (twice daily injections for 10
dayvs) produced an enhanced aggressive response to foot-
shock in that the number of fighting episodes was clearly
higher, duration of attacks longer and the latency to the first
attack remarkably shorter by comparison to the parallel and
identically handled controls. The difference between these
drug and control groups (Control 2) was highly significant.
These drug-treated amimals were, however, in respect to
their responsiveness to shock not significantly ditferent from
the animals which have not experienced repetitive handling
beforehand (Controt 1).

As shown in Table I, in the Experiment 2, the number of

Jjumps was markedly increased by comparison to controls

either in rats receiving chronic saline plus single dose of
( )OX or (+)OX or in rats receiving multiple doses of these
two substances. MAP and (—)OX also increased jumping
frequency. but markedly less than either (40X or (-)-
enantiomer. After subchronic treatment. the increase of

jumping produced by (+)OX and ( H)OX was significantly

higher (p<20.01) than that obscerved after (-)0X.

Chronic pretreatment with promethazine and atropine
shightly and non-significantly reduced fighting. Latency to
the first attack as well as jumping behavior was also not
significantly changed (median values. duration: control—11,
promethazine - 3. atropine-4: fighting frequency: con-
trol- 4.5, promethuzine —61. atropine —88.5: jumping fre-
quency: control=6, promethazine -8, atropine  6).

Biochenical Results

Treatment with either (=)OX or the enantiomers did not
alter the endogenous concentration of NA in the rat cortex.
irrespective of the duration of the treatment (results not
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TABLE 1

THE INFLLUENCE OF ACUTE AND REPETITIVE TREATMENT WITH MAPROTILINE, ¢ +)
OXAPROTILINE AND ITS ENANTIOMERS ON THE FOOTSHOCK-INDUCED FIGHTING IN RATS

Fighting Behavior
median values

Jumping
median values

I atency Duration Frequency Frequency
Treatment (sec) (sece) (n fights) (n jumps) n
Experiment |
Acutes
Vehicle (Control 1) 21.8 99 42 6 (20
Maprotiline 18.5 158 56 7 (10)
t +) Oxaprotiline 26.5 114 43 8 (m
( +) Oxaprotiline 41 7 31 16.5 (10)
() Oxaprotiline 24.5 93 37 4.5 [§10)]
fxperiment 2
Acuted
Vehicle (Control 2) 70 S.3 3 3 (30)
Maprotiline 86.5 18.0 7.5 18.0* (1))
t+) Oxuprotiline 70 4.5 2 42.0* (10)
(=) Oxaprotiline 79.5 1.5 3 35.5% (10)
() Oxaprotiline 101.5 1.5 6 18.0* (10)
Chronic
Muprotiline 21.5¢ 133# 49 8% 14% 19
(- ) Oxaprotiline 18.5% 122* 45.0°% 6% (20
€ +) Oxaprotiline 15.07 124, 8% 49, 8% 27.5¢ 20)
() Oxaprotiline 14,57 137% S0.8¢ 1].0% (20)

All of the compounds were administered in a single dose of 10 mg'kg IP or twice daily for 10
consccutive days. The last dose was administered 2 hr before the test.

All values are expressed as medians, n=number of pairs,

:Single injections of the drugs or vehicle in previously non-handled animals.

$Single injections of the drugs in animals previously handled and treated with ph. saline.

-

0.01 by comparison to corresponding controls, Mann-Whitney-U-test.

pe 0,00 by comparison to € +) oxaprotiline or to ( - ) oxaprotiline.

shown). None of the compounds affected the disappearance
of NA in this arca after acute treatment. However, repeated
administration of the racemate and the (+)-cnantiomer sig-
nificantly enhanced the disappearance of the catecholamine:
in contrast, the ( —)-enantiomer was inactive in this respect
(Fig. ). With the racemate. in the experiment in which the
drug was given acutely and for 2 or 4 days respectively, it
became evident that this increase in NA utilization occurred
already after the second administration, and seemed to be
slightly enhanced after the fourth. In the experiment with the
enantiomers. in which the compounds were administered
acutely or for 4 or 10 days. respectively. it was noted that the
enhancement of NA disappearance observed after 4 days
treatment was not further altered after 10 days. indicating
that a stable situation with respect to the influence on NA
utilisation has been reached after this time.

DISCUSSION

The present study shows that chronic treatment with te-
tracyclic ADs, MAP., and (+)OX, as well as with its (+)- and
(—)-cnantiomer facilitates SIF.

Single doses of these drugs. irrespectively of the pre-
treatment conditions. did not influence SIF.

Increased SIF was shown after repeated doses of desip-
ramine [S.17] as well as after imipramine, amitriptyline,
mianserine and iprindole [5.13]). The fact that MAP and
(#10X., drugs having antidepressant activity [7.18]. also be-
have in SIF-test simtlarly to other ADS. supports the as-
sumption. that facilitation of SIF is a common property of
chronically administered ADs. The mechanism of this action
is not clear. However. a significant role of the NA-ergic
system in this phenomenon is generally suspected. Eichel-
man and Barchas (5] have related the enhancement of SIF to
an increased N A turnover after chronic AD treatment. Since
in contrast to (=)OX and (+)OX. chronic treatment with
( )OX does not produce an increase in NA-disappearance in
the rat cortex (Fig. ). this mechanism of action seems highly
unlikely. Other authors [13] suggested the relationship be-
tween possible changes in the central «-adrenergic receptor
sensitivity and SIF. It is known indeed, that (—=)OX has «-
antagonistic properties, in common with ( £)OX and ( +)YOX.
These are even stronger than thosc of the racemate and the
(+)-form and comparable to those of imipramine [21]. There-
fore. one could speculate that chronic treatment with ( -)OX
may lead to «,-adrenoceptor supersensitivity and that this
effect is responsible for the observed enhancement of SIF.
«,-Adrenoceptor supersensitivity was found after long-term
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treatment with imipramine and amitriptyline [10,20]. How-
ever, preliminary estimations by means of 3H-WB-4101 bind-
ing assay indicated that neither (+)OX. (+)OX nor (-)OX,
given chronically change the sensitivity of «,-adrenoceptors
in the rat cortex (K. Hauser, personal communication).

The role of a,-adrenoceptors in the mediation of SIF is
not yet established. Stimulation of those receptors by small
doses of the a.-agonist clonidine has been. however, re-
ported to inhibit SIF [19]. Speculatively. therefore it could
be expected that the subsensitivity of «a.-adrenoceptors may
result in an enhancement of SIF. However, at present there
1s no evidence that a,-subsensitivity develops—after multi-
ple dose treatment with (—)OX [4]. This is in contrast to
MAP. (=)OX and (+)OX which under similar treatment
conditions clearly change the a,-adrenoceptor mediated re-
sponses. It is also not likely that g-adrenoceptor subsen-
sitivity 18 the cause of enhanced SIF after the treatment with
(-)OX. There are at least two reasons for this assumption:
first, after chronic treatment with (—)OX no changes in the
*H-DHA-binding characteristics or in the formation of cAMP
in response to NA in the rat cerebral cortex were observed
{1. 4. 11]. second. facilitation of SIF was observed in rats
after the treatments inducing B-adrenoceptor supersensitiv-
ity [6.12].

In discussing the possible mechanisms implicated in the
enhanced SIF response it should be mentioned that the
facilitator roles of cholinergic [ 16] and histaminergic systems
were recently postulated [14]. Since ()OX and its
enantiomers have rather strong antihistaminic properties
and, although weak. anticholinergic effects [2.4]. changes in
the reactivity of these two systems induced by prolonged
administration of these compounds can be assumed to play a
role in the enhancement of SIF. However. under our exper-
imental conditions neither promethazine nor atropine have
produced any significant modification of SIF. Thus. at pres-
ent, we lack data which could help to clarify the mechanism
of SIF enhancement produced by chronically given ADs. In
spite of that. more and more data suggest that facilitation of
SIF. observed after multiple-dose treatment with ADs, may
be a common and characteristic property of these drugs. In
the light of this. our results could indicate potential,
antidepressant activity of ( - )X, It is noteworthy. that in a
preliminary double-blind cross over study in hospitalized
depressed patients with (£)OX and (—)OX antidepressant-
like activity of (—)OX has been observed [4].

In our study. in addition to fighting, the jumping behavior
of rats subjected to foot-shock stimulation has been also re-

corded. Significant and marked increase in the frequency of

jumping after single and multiple-dose treatment with (=)0OX
and (+)OX. strongly suggests that this effect can be to a
great extent related to NA inhibiting properties of used
drugs. As mentioned before. (#)OX is highly selective and
potent NA-uptake inhibitor. Its NA-uptake inhibiting action
is stereospecific and entirely confined to the (+)OX [21]. The
involvement of NA in jumping behavior is also supported by
recent observations [15] that «-adrenergic stimulation by
clonidine increases the footshock induced jumping in rats.
Finally. an interesting observation in our study was that
rats subjected to reptitive handling and manipulations show
little response to footshock stimulation by comparison to
nonhandled amimals. Although it is generally recognized that
repetitive handling may modulate behavioral responses there
are little data on the particularity or mechanisms of such
changes. This phenomenon requires further investigation. At
present our findings once again emphasize the necessity
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FIG. 1. NA-disappearance induced by «a-MT i rats” cortex after
treatment with () OX and its enantiomers. Two separate experi-
ments were carried out. In Experiment A, groups of S rats received
10 mg/kg PO (< -oxaprotifine once or once daily for 2 or 4 days. In
Fxperiment B, the animals were treated with S mg/kg PO of either
(4) or { oxaprotiline once or once daily tor 4 or 10 days. Two
hours after the last treatment. they were given 250 mg/kg 1P
a-methyl-p-tyrosine methyester HCOV (e MT) and  decapitated 4
hours later. NA ¢oncentrations were determined in the cortex. Data
represent means =S ECMLin ng/g tissuc: statistical caleulations were
done by means of Dunnett’s 7-test. *p- 0,05, **p-0.01 vs. «-MT
alone.

and importance of matched and identically handled controls
in chronic animal experiments.

In conclusion: the results of the present investigation
demonstrate an enhancement of SIF after multiple-dose
treatment with MAP. (=)OX and NA-uptake active as well
as NA-uptake inactive enantiomers of (2)OX. The mech-
anism responsible for this enhancement is unclear and needs
further investigation. Strong facilitation of shock-induced
jumping behavior by (=)OX and (+)OX seems. however, to
reflect the NA-uptake inhibiting properties of drugs.



ANTIDEPRESSANTS AND SIF

1]

10.

723

REFERENCES

. Bittiger, H.. A. Delini-Stula, K. Hauser and P. Waldmeier. Ox-
protiline. a new antidepressant. Stereospecificity of behavoural
and biochemical effects. In: Abstracts of 8th International Con-
gress of Pharmacology. Tokyo, 1981, p. 479.

. Delini-Stula, A.. K. Hauser, P. Baumann. H.-R. Olpe. P.
Waldmeier and A. Storni. Stereospecificity of behavioural and
biochemical responses to oxaprotiline a new antidepressant. In:
Tvpical and Atypical Antidepressants: Molecular Mechanisms,
edited by K. Costa and G. Racagni. New York: Raven Press.
1982, pp. 265-275.

. Delini-Stula. A. and A. Vassout. Differential effects of psycho-
active drugs on aggressive responses in mice and rats. In: Psy-
chopharmacology of Aggression. edited by M. Sandler. New
York: Raven Press. 1979, pp. 41-60.

. Delini-Stula. A.. A."Vassout, K. Hauser. H. Bittiger. 0. Buich
and H.-R. Olpe. Oxaprotiline and its enantiomers: do they open
new avenues in the research of the mode of action of
antidepressants. In: Frontiers in Newropsvehiatric Research,
edited by E. Usdin. New York: Macmillan Press. in press.

. Eichelman, B. and J. Barchas. Facilitated shock-induced ag-
gression following antidepressive medication in the rat. Phar-
macol Biochem Behav 3: 601-604, 1975,

. Eichelmann, B. The role of biogenic amines in aggressive be-
haviour. In: Psychopharmacology of Aggression, edited by M.,
Sandler. New York: Raven Press. 1979, pp. 61-94.

. Kuhn, R. Clinical experiences with a new antidepressant. In:
Depressive Hiness, editd by P. Kielholz. Hans Huber. 1972, pp.
195-208.

. Maickel. R. P.. R. H. Cox. J. J. Saillant and F. P. Miller. A
method for the determination of serotonin and norepinephrine in
discrete areas of the rat brain. Int J Newropharmacol 7: 275-
281. 1968.

. Maitre. 1... P. C. Waldmeier. P. M. Greengrass. J. Jaekel. S.

Sedlacek and A. Delini-Stula. Maprotiline—its position as an

antidepressant in the light of recent neuropharmacological and

neurobiochemical findings. J Int Med Res 3: Suppl 2, 2-5. 1975,

Menkes. D. B.. G. K. Aghajanian and R. B. McCall. Chronic

antidepressant  treatment  enhances  alpha-adrenergic  and

serotonergic responses in the facial nucleus. Life Sci 27: 45-55,

1980,

1.

il

. Nishikawa, T.,

Mishra. R.. D. D. Giliespie, R. A. Lovell, R. D. Robson and F.
Sulser. Oxaprotiline: induction of central noradrenergic sub-
sensitivity by its (+)-enantiomer. Life Sci 30: 1747-1755, 1982.

. Mogilnicka. E.. D. J. Dooley, C. G. Boissard and A. Delini-

Stula. Facilitation of shock-induced fighting in the rat after
DSP-4, a selective noradrenergic neurotoxin.  Pharmacol
Biochem Behav, in press.

. Mogilnicka, E. and B. Przewtocka. Facilitated shock-induced

aggression after chronic treatment with antidepressant drugs in
the rat. Pharmacol Biochem Behav 14: 129-132, 1981.

. Nath, C.. A. Gulati, K. N. Dhawan, G. P. Gupta and K. P.

Bhargava. Evidence for central histaminergic mechanism in
footshock aggression. Psvchopharmacology (Berling 76: 228
231, 1982,

M. Tanaka. Y. Kohno, A. Tsuda and N.
Nagasaki. Invovlement of noradrenergic and dopaminergic
neurons in shock-induced jumping in rats. Fur J pharmacol 71z
429-436. 1981.

. Powell. D. A.. W. L. Milligan and K. Walters. The effects of

muscarinic cholinergic blockade upon shock-elicited aggres-
sion. Pharmacol Biochem Behav 1: 303-314, 1973,

- Prasad. V. and M. H. Sheard. Effect of lithium upon desip-

ramine c¢nhanced shock-elicited fighting in rats. Pharmacol
Biochem Behav 17: 377-378, 1982.

. Roffman. M., E. Gould, S. Brewer. M. lLan. B. Sachais. R.

Dixon. L.. Kaczmarck and A. LeSher. A double-blind compara-
tive study of oxaprotiline with amitriptyline and placebo in
moderate depression. Curr Ther Res 32: 247-256, 1982,

. Sheard, M. H. The role of drugs affecting catecholamines on

shock-elicited fighting in rats. In: Catecholamines: Basic and
Clinical Frontiers. edited by E. Usdin. New York: Pergamon,
1979, pp. 1690-1692.

. Vetulani, J. and A. Pilc. Postdecapitation convulsions in the rat

measured with an animex motiity meter: relation to central ad-
renoceptors. Fur J Pharmacol 85: 269-275. 1982,

. Waldmeier. P. C.. P. A. Baumann. K. Hauser. L.. Maitre and A.

Storni. Oxaprotiline, a noradrenaline uptake inhibitor with an
active and inactive enantiomer. Biochem Pharmacol 31: 2169-
2176, 1982,

Waldmeier, P. C.. P. DeHerdt and 1.. Maitre. Simultaneous
automated estimation of noradrenaline and dopamine in brain
tissue. Clin Chem 20: 81-83, 1974,



