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Abstract. The effects of various antidepressant drugs and 
some other therapeutic agents on the depression of loco- 
motion and exploratory activity induced by clonidine 
(0.1 mg/kg IP) were investigated in the Mongolian gerbil 
(Meriones unquiculatus). In parallel experiments, the effect of 
yohimbine on clonidine-induced sedation was observed. The 
following behavioral components were analysed: ambu- 
lation, rearing and novel object investigation. Yohimbine 
antagonized the effects of clonidine in a dose-dependent 
manner. All antidepressants similarly antagonized the effect 
of clonidine on ambulation but they differed to a greater 
extent in their potency in counteracting the clonidine action 
on exploration, particularly the novel object investigation. On 
the other hand diazepam and neuroleptic agents such as 
pimozide and flupentixol failed to antagonize the clonidine 
effects. The antagonism of clonidine-induced behavioral 
depression might be used in the selection of antidepressants. 
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A great deal of evidence suggests that brain norepinephrine 
(NE) neurons play an essential role in mechanisms of affective 
disorders. Daily excretion of urinary 3-methoxy-4-hydroxy- 
phenyglycol (MHPG), the major metabolite of brain NE is 
decreased in patients with endogenous depression (Maas et al. 
1968). The turnover rate of brain NE in the ascending NE 
system is decreased in rats repeatedly exposed to stress 
(Kitayama et al. 1980). Drugs which enhance NE synaptic 
transmission e.g. desmethylimipramine attenuate depression. 
On the other hand, clonidine which is known to inhibit NE 
release due to stimulation of presynaptic c~ 2 adrenoceptors 
(Langer 1974; Starke et al. 1975) has been recently reported to 
possess antimanic activity (Jouvent et al. 1980). 

Clonidine produces numerous symptoms of behavioral 
depression in laboratory animals. Sedation and suppression 
of exploratory behavior have been reported in rats and mice 
treated with this drug (Drew et al. 1977; Delini-Stula et al. 
1979). Other depressive effects such as suppression of avoid- 
ance behavior (Robson et al. 1978; Kostowski et al. 1981) and 
inhibition of self-stimulation (Franklin and Herberg 1977) 
have been described in clonidine-treated rats. 

The sedative action of clonidine is mediated through c% 
adrenoceptors since it is blocked by e2 adrenoceptor antag- 
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onists such as yohimbine and piperoxan (Drew et al. 1977; 
Delini-Stula et al. 1979 ; Gower and Marriott 1980). There is, 
therefore a correlation between the ~2 agonistic property and 
the central depressive action of clonidine. 

Some biochemical and neurophysiological findings also 
indicate that the action of clonidine is closely related to brain 
NE neurons. Tang et al. (1979) and Warsh et al. (1981) found 
decreased brain MHPG concentrations in rats treated with 
clonidine. This indicates reduced turnover of brain NE. 
Moreover, Svensson et al. (1975) reported that this drug was 
able to reduce the firing of ascending NE neurons in the brain. 
The rate of firing was decreased when clonidine was either 
injected intravenously or applied directly in the vicinity of the 
locus coeruleus pericarya, the well known group of NE cell 
bodies. 

The depressive effects of clonidine may provide a new 
approach to finding improved antidepressant drugs and be 
suitable for use as a simple animal model of depression 
(Gower and Marriott 1980; Kostowski and Malatyfiska 
1980; Kostowski 1981). In fact, preliminary data suggests 
that both clonidine-induced inhibition of NE release and 
clonidine-induced behavioral depression could be antag- 
onized by antidepressants (Dubocowich et al. 1979; Gower 
and Marriott 1980; Kostowski and Malatyfiska 1980; 
Spyraki and Fibiger 1980). 

In the present report, we describe the results of experi- 
ments which indicate that antidepressants antagonize 
clonidine-induced sedation in the Mongolian gerbil 
(Meriones unquiculatus). This rodent has gained increasing 
acceptance as an experimental animal in behavioral tests 
(Thiessen 1973 ; Chea11978) since it is easy to maintain, shows 
high intensity of locomotor activity and readily explores and 
investigates objects in the environment. 

Materials and Methods 

Animals. Mongolian gerbils (Meriones unquiculatus) were 
housed in plastic cages, 40 x 30 x 20 cm, in mated pairs. 
After weaning the gerbils were maintained in groups of 5.- 6 
(per cage) of the same sex in normal laboratory conditions 
(temperature 20-22~  natural day-night cycle) with free 
access to food and water. Male animals were tested when 
adults (60-70  g). All experiments were performed between 
10.00 a.m. and 1.00 p.m. 

Apparatus and Procedure. All tests were conducted in the 
Universal Motility Meter (UMA-I-06, COTM, Biatystok, 
Poland) consisting of a transparent circular plastic arena 
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(27 cm in the diameter) surrounded by a wall 16 cm high and 
equipped with vertical and horizontal movement detectors. 
Each impulse produced by horizontal movements (ambu- 1000- 
lation) and vertical movements (rearing) was automatically 800- 
recorded by an electronic counter. Experiments were per- 
formed in a special sound-proof  room separated from the 6oo- 
observer by a one-way glass window. The apparatus was 
illuminated by a 25 W bulb. The animals were not previously ~00- 
adapted to the apparatus. 200- 

Gerbils were placed singly in the apparatus and both 
ambulation and rearing were recorded (as a number of  
counts) over a period of  10 min. Then to induce interest 
following habituation, the "novel object" (a wooden block, 
5 x 5 x 5 cm) was placed in the center of the arena and the 
animals explored this object vigorously. Investigation was 
defined as direct orientation of  the animals to the object while 
touching, sniffing or licking the object. The duration of  
investigation of  the object was recorded with a stopwatch 
accurate to 0.1 s. The total time that the animal spent 
investigating was recorded over a period of 5 rain. 

Clonidine (0.1 mg/kg IP) was injected 30min before % 
testing. Since relatively consistent behavioral effect with small 10o- 
variations between the groups was observed at a dose of 
0.1 mg/kg, this dose was used for subsequent interaction 80- 
studies. Generally, other drugs were given subcutaneously 
once a day (10.00 - 11.00 a.m.) for 4 consecutive days preced- 
ing the clonidine and the last dose was given 30 min prior to 60- 
clonidine (for doses see Fig. 3). Yohimbine was injected in a 
single doses (1.0 and 2.5 mg/kg) 30 min prior to clonidine. ~0- 
Flupentixol was injected twice - 2 mg/kg SC 4 days before 
clonidine and 1.0 mg/kg 24 h before clonidine. The effects of  20- 
drugs alone without interaction with clonidine were assessed 
in a separate experiment. Control animals received saline 0 
(0A ml SC) once a day for 5 consecutive days. The animals 
were tested 30 rain after last injection. 

Drugs. The drugs used were clonidine (Boehringer-Ingelheim, 
FRG),  yohimbine HC1 (Merck, Darmstadt, FRG), amitrip- 
tyline (Hoffmann-La Roche, Basel, Switzerland), desipramine 
HC1 (Ciba-Geigy, Basel, Switzerland), mianserine HC1 
(Organon, Oss, The Netherlands), imipramine HC1 (Ciba- 
Geigy), clomipramine HC1 (Ciba-Geigy), nomifensine hy- 
drogen maleate (Hoechst AG, Frankfurt  am Main, FRG), 
D(+) amphetamine sulphate (Smith Kline and French 
Laboratories, Philadelphia, PA, USA), diazepam (POLFA, 
Kutno, Poland), pimozide (Janssen Pharmaceutica N.V., 
Beerse, Belgium), flupentixol decanoate (Flupentixol depot. 
Lundbeck, Copenhagen, Denmark). With few exceptions 
drugs were dissolved in 0.9 % NaCI and injected in a volume 
of  2ml/kg. Diazepam was suspended in a 1% carboxy- 
methyl-cellulose aqueous solution, flupentixol was suspended 
in rape oil. 

Statistics. Statistical analysis of the data was performed using 
the Mann-Whitney two-tailed test. 

R e s u l t s  

In a dose of  0.05 mg/kg IP clonidine already decreased both 
locomotor activity (ambulation) and exploration of the novel 
object but only slightly reduced rearing. There were further 
reductions at higher doses (Fig. 1). As previously mentioned, 
a dose of 0.1 mg/kg was chosen for subsequent interaction 
studies. The clonidine dose-dependent depressant effect is 
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Fig. l. Effect of clonidine on behavior of gerbils. Mean counts + SEM of 
locomotor activity (ambulatory movements), rearing and exploration of 
the novel object (see text for details). The number of animals tested at 
each dose level was 12-16. All animals received single daily injections of 
saline (0.1 ml IP) for 4 consecutive days and then on day 5 saline (S) or 
clonidine in progressive doses: 1, 0.05mg/kg, 2, 0.1mg/kg, 3, 
0.15 mg/kg, 4, 0.2mg/kg, P<0.01 as compared with saline-treated 
animals (Mann-Whitney, two-tailed test). 
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Fig. 2. Effect of yohimbine on clonidine-induced behavioral depression in 
gerbils. The height of the bars represents the mean response calculated as 
a percent of control reaction of saline-treated animals. All animals were 
pretreated 4 days with saline (see Fig. 3[) and on day 5 received either 
saline or yohimbine (yoh) 30 min prior to clonidine (clon) at the dose of 
0.1 mg/kg. Doses of yohimbine marked on the diagram (mg/kg). The 
number of animals tested in each group was 12-14. Abbreviations are: 
a, ambulation; b, rearing, c, exploration of the novel object. The raw 
control scores (saline treated animals) from which the percentages were 
derived are: ambulation 1082 _+ 150.0, rearing 104 + 20.0, exploration 
of the novel object 45 _+ 6.1 (mean values _+ SEM from 20 animals). 
�9 = P<0.05, o e e  = P<0.01 in respect to clonidine (clon) group 
(Mann-Whitney. two-tailed test) 

presented using raw data. However, to avoid variations 
between the groups the interaction data are presented as 
percentage changes (although the statistics were performed 
on raw data). 

Yohimbine antagonized the clonidine-induced behavioral 
depression in a dose-dependent manner (Fig. 2). The gerbils 
pretreated with antidepressants were less susceptible to 
clonidine. However, there were substantial differences be- 
tween particular drugs. The differences involved mostly the 
exploration of  the novel object. Desipramine, imipramine, 
clomipramine and mianserine clearly antagonized all of  the 
behavioral effects of clonidine, whilst amitriptyline and 
nomifensine did not have any particular influence on explor- 
ing the novel object. Similarly, amphetamine (given in a single 
dose) antagonized the inhibition of ambulation and rearing 
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Fig. 3. Effects of drugs on clonidine-induced suppression of locomotion 
and exploratory activity in gerbils. The height of the bars represents the 
mean response calculated as percent of control response of saline treated 
animals (for raw values see Fig. 2). All drugs were given in single daily 
doses for 4 consecutive days and then the last dose was given 30 rain 
before clonidine (for dosage of flupentixol see text). The number of 
animals tested in each group was 12-16. Abbreviations are: a, ambu- 
lation; b, rearing; c, exploration of the novel object; IMI, imipramine 
(single daily dose 2 mg/kg); DMI, desipramine (2 mg/kg); AMI, amitryp- 
tiline (2mg/kg); CMI, clomipramine (2mg/kg); N, nomifensine 
(4mg/kg); M, mianserine (2mg/kg); A, amphetamine (1 mg/kg); D, 
diazepam (I mg/kg), F, flupentixol; P, pimozide (0.2mg/kg); clon, 
clonidine-treated animals pretreated with saline (see Fig. 2), �9 = P 
<0.05, � 9  = P< 0.02 and � 9 1 4 9 1 4 9  = P<0.01 in respect to clonidine (don) 
group (Mann-Whitney, two-tailed test) 
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Fig.4. Effects of drugs given alone on locomotion and exploratory 
activity in gerbils. All drugs were given in a manner similar to that 
described in Fig. 3, the only difference was that saline (0.1 ml) instead of 
clonidine was injected 30 rain after the last dose of drug. Animals were 
tested 30 rain later. The number of animals tested in each group was 12- 
14. The height of the bars represents the mean response calculated as a 
percent of reaction of saline treated gerbils (solid horizontal line, s). The 
rawvalues of the saline treated group (n = 12) are: ambulation, 890 + 98.0; 
rearing, 87.0 4-18.0 and exploration of the novel object 29.0 + 8.767. 
Note that only amphetamine (A) and nomifensine (N) produced signifi- 
cant change 'in locomotion (*= P< 0.05, Mann-Whitney two-tailed 
test) 

produced by clonidine but failed to antagonize the clonidine 
effect on investigation of  the novel object (Fig. 3). 

Other drug classes such as the benzodiazepines (e.g. 
diazepam) and neuroleptics (flupentixot and pimozide) lack- 

ed an anticlonidine action and even potent iated clonidine- 
induced sedation (Fig. 3). Pimozide potent iated all clonidine 
effects whilst flupentixol increased clonidine-induced sup- 
pression of  explorat ion of  the novel object. None of  the 
antidepressant drugs alone influenced the behavior of gerbils 
(see Fig. 4). The effects of imipramine and mianserine are not  
shown. The only exception was nomifensine which, like 
amphetamine, increased by itself locomotion (ambulation) of  
untreated gerbils. 

Discussion 
A depressant effect of clonidine on locomotion and explo- 
ratory behavior of normal  gerbils was manifested by a 
marked, dose-related decrease in ambulat ion,  rearing and 
exploration of  the novel object. This result is consistent with 
other observations that clonidine almost uniformly induces 
behavioral  depression in rats and mice (Laverty and Taylor  
1969; Delbarre and Schmitt 1973; Str6mbom 1975 ; Hano  et 
at. 1978; Delini-Stula et al. 1979; Gower  and Marr io t t  1980; 
Kostowski and Malatyfiska 1980; Kostowski et al. 1981; 
Kostowski 1981). 

We suppose that  all the components  of the behavior of the 
gerbils are at least part ial ly mediated by central presynaptic c~ 2 adrenoceptors since these are blocked by clonidine and 
restored with yohimbine, an antagonist  of 0~ 2 adrenoceptors  
(Borowski et al. 1976; Andbn et al. 1976). A number of 
investigators have shown that biochemical and behavioral  
effects of  clonidine can be antagonized by drugs possessing 
preferential presynaptic e receptor-blocking activity such as 
yohimbine, piperoxan and tolazoline (Str6mbom 1975; 
And6n et al. 1976; Delini-Stula et al. 1979). It should be noted 
that the action of yohimbine was not  simply the result of  an 
stimulant action of this drug, since yohimbine is known to 
decrease rather than increase explorat ion of untreated rats 
(Delini-Stula et al. 1979) and gerbils (Kostowski and Mala- 
tyfiska, unpublished results). 

Interestingly, not all the components  of  the behavior of 
the gerbils were influenced to the same extent by anti- 
depressants and stimulants used in our study. Ambula t ion  
was increased by all drugs approximately to the same extent, 
but  substantial differences were recorded when rearing and 
novel object explorat ion were measured. Neither amphet-  
amine nor nomifensine restored the latter component  in 
clonidine-treated gerbils. This behavioral  component  is in our 
opinion related rather to the "mot iva t ional"  than "loco- 
motor"  aspects of explorat ion and may be useful in dis- 
tinguishing drugs acting upon  motivat ional  processes from 
those acting mainly upon locomotor  activity. In fact, the 
pharmacological  profile of amphetamine and nomifensine is 
somewhat different from that of tricyclic antidepressants. 
Amphetamine is a psychostimulant  which inhibits amine 
uptake and releases catecholamines from nerve terminals 
(Carlsson et ai. 1965; Van Rossum 1970). Nomifensine is 
known to inhibit dopamine neuronal uptake,  and unlike the 
tricyclic antidepressants (but similarly to amphetamine) 
produces locomotor  excitation and EEG arousal  (Hoffman 
1973; Gerhards et al. 1974; S amanin et al. 1975; Miller and 
Wheatley 1978). 

Desipramine and mianserine were relatively the most 
potent  among the antidepressants in preventing the clonidine 
suppression of  exploratory behavior and locomotion in 
gerbils. Desipramine like other secondary amines preferen- 
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tially inhibits the uptake of NE (Carlsson et al. 1969; Meek et 
al. 1970). Chronic treatment with this drug has been recently 
reported to antagonize effects of clonidine on noradrenergic 
neurons as well as clonidine-induced sedation (Dubocovich et 
al. 1979; McMillan et al. 1980; Spyraki and Fibiger 1980; 
Gower and Marriott 1980). Mianserine, a tricyclic compound 
with an additional "side chain cycle" increased NE neuro- 
transmission by a presumed presynaptic ~ adrenoceptor 
blocking action (Baumann and Maitre 1977) and has been 
also found to reduce both biochemical and behavioral effects 
of clonidine (Gower and Marriott 1980). 

Both imipramine and clomipramine showed an effective 
anticlonidine activity and antagonized all ctonidine effects 
including suppression of exploration of the novel object. 
These drugs belong to tertiary amines of tricyclic anti- 
depressants and inhibit strongly the uptake of serotonin 
(Carlsson et al. 1969; Modigh 1973) being relatively less 
active upon NE uptake mechanisms. 

Antidepressants could inhibit clonidine effects in several 
ways. If we consider that the depressive action of clonidine is 
related to reduced release of NE due to stimulation of 
presynaptic inhibitory c~ 2 adrenoceptors, antidepressants 
could counteract this effect by inhibiting reuptake of NE and 
by blocking (e.g. mianserine) the presynaptic e2 adrenocep- 
tots. The problem seems, however, to be more complex since 
at least some of the clonidine effects are related to action upon 
~2 adrenoceptors located postsynaptically. Clonidine has 
been reported to inhibit the firing of the NE neurons of the 
locus coeruleus either by acting on presynaptic or postsynap- 
tic receptor sites (Svensson et al. 1975;-Str6mbom 1975). 
Besides noradrenergic receptors, clonidine affects also other 
neuronal and receptor systems: it stimulates central epi- 
nephrine receptors (Bolme et al. 1974) and histamine H2 
receptors (Audiger et al. 1976). There are also limited effects 
on central serotonergic and cholinergic neurons (And6n et al. 
1970; Svensson et al. 1975; Maj et al. 1975). 

More recent studies have shown that chronic adminis- 
tration of antidepressants produced changes in NE neuro- 
transmission owing to the development of compensatory 
receptor mechanisms. Thus it has been reported that multiple 
injections of tricyclic antidepressants produce phenomena 
indicating a reduction of sensitivity of e2 presynaptic adre- 
noceptors (Svensson and Usdin 1978; Vetulani et al. 1980; 
Vetulani et al. 1982) and postsynaptic adenyl cyclase-linked 
receptor systems (Vetulani et al. 1976; Schultz et al. 1978; 
Sulser 1979). In light of these observations, antidepressants 
could counteract the clonidine effect by reducing sensitivity of 
presynaptic receptors on central NE neurons. It is uncertain, 
however, whether this mechanism can be considered in 
relation to our experiment since gerbils were treated with 
antidepressants for relatively short periods (5 days). Vetulani 
et al. (1982) found that 4-week but not 1-week pretreatment 
with imipramine significantly depressed the binding of 3H- 
clonidine to cortical membranes in rats. Moreover, Spyraki 
and Fibiger (1980) reported that 15-day but not 2-day 
pretreatment with desipramine significantly reduced the 
effect of clonidine on exploratory behavior. On the other 
hand, Gower and Marriott (1980) reported the inhibition of 
clonidine-induced sedation in mice by single doses of anti- 
depressants (imipramine, amitriptyline and mianserine) ad- 
ministered orally 1 - 5  h prior to clonidine. Our results 
indicate that a 5-day pretreatment with antidepressants was 
sufficient to produce changes in NE transmission counteract- 
ing the clonidine-induced inhibition. Unpublished obser- 

vations indicate that single doses of antidepressants used by 
us given 30 min before clonidine failed to produce the same 
effects as 5-day pretreatment in gerbils. The only exception 
was nomifensine which significantly improved the locomotor 
activity (ambulation) but not exploratory behavior 
(Kostowski and Malatyfiska, unpublished results). 

Our test seems to be highly sensitive, since relatively low 
doses of antidepressants were able to antagonize the effects of 
clonidine. For example Spyraki and Fibiger (1980) used 
desipramine at a dose of 5 mg/kg twice daily for 15 days, 
Vetulani et al. (1982) used imipramine at 10mg/kg for 
4 weeks, Gower and Marriott (1980) tested tricyclic anti- 
depressants in single doses from 10 to 80 mg/kg. 

Another possible mechanism of action of antidepressants 
which may account for facilitatory action on NE neurotrans- 
mission is the antiserotonin action. Certain antidepressants 
such as imipramine, nortriptyline and mianserine possess 
serotoninergic receptor blocking activity in doses near to 
those causing amine uptake inhibition (Ogren et al. 1979). 
Chronic treatment with some antidepressants leads to re- 
duced serotonergic transmission (Fuxe et al. 1977). Since 
serotonergic neurons are supposed to exert an inhibitory 
influence upon NE neurons the antiserotonergic action of 
antidepressants may be considered as '~ their 
noradrenergic action (Kostowski 1980, 1981). 

Unexpectedly, amitriptyline, like amphetamine and nomi- 
fensine did not affect exploration of the novel object in 
clonidine-treated gerbils. This tertiary amine, like clo- 
mipramine is a potent inhibitor of serotonin uptake (Modigh 
1973). There is, however, a substantial difference between 
amitriptyline and other tricyclic antidepressants used in our 
study. Evidence has been presented which indicates that 
amitriptyline is several times more potent than other anti- 
depressants in blocking postsynaptic c~ adrenoceptors in the 
brain (Palmer 1976; U'Prichard et al. 1978). Moreover, 
amitriptyline has been shown to be a potent histamine H 1 
receptor antagonist (Taylor and Richelson 1980). It has been 
suggested that both the antiadrenergic and antihistaminic 
action of amitriptyline may contribute to its sedative action 
(U'Prichard et al. 1978; Taylor and Richelson 1980). 

Our findings indicate that the anti-clonidine action of 
antidepressants is not simply due to the stimulating action 
upon the behavior of gerbils. Only amphetamine and nomi- 
fensine slightly increased locomotion (ambulation) without 
effect upon exploratory activity. 

Our preliminary data indicate that major and minor 
tranquilizers and psychostimulants are rather ineffective in 
antagonizing clonidine-induced behavioral depression in ger- 
bils. Amphetamine failed to prevent clonidine inhibition of 
exploration of the novel object. It was, however, effective in 
counteracting the effect of clonidine upon rearing and 
ambulation. Diazepam remained without effect upon be- 
havioral pattern in clonidine-treated animals, whilst neuro- 
leptics (flupentixol and pimozide) enhanced behavioral de- 
pression. Further studies including other drug classes such as 
monoamine oxidase inhibitors, cholinolytics and antihista- 
minic agents are obviously needed. Our test also requires most 
extensive testing of other atypical antidepressants and should 
be extended to longer treatment and other doses of drugs. 
Nevertheless, it appears that clonidine-induced behavioral 
depression in gerbils may be suitable for use as a simple 
animal model of depression and could provide a method 
for the selection of drugs suspected to have antidepressant 
action. 
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