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The present study evaluated the effect of subchronic oral treatment of psychosocially stressed male tree shrews with diazepam
on locomotor activity, marking behavior, avoidance behavior, and urinary cortisol and noradrenaline. To mimic a realistic sit-
uation of anxiolytic intervention, the treatment started 14 days after the beginning of psychosocial stress; at that time, the
stress-induced behavioral and endocrine alterations had been established. The drug (5 mg/kg/day) was administered orally in
the morning, while the psychosocial stress continued during the whole treatment period; the therapeutic action of diazepam
treatment was followed across 7 days. Twenty-four hours after the last application serum concentrations of diazepam and its
major metabolites were determined via HPLC. The results revealed concentrations of 7 ng/ml for diazepam, 106 ng/ml for
nordiazepam, 22 ng/ml for temazepam, and 30 ng/ml for oxazepam. Treatment of subordinate animals with diazepam did not
reveal a beneficial effect to any of the parameters studied. This contrasts to earlier findings showing that the behavioral and
neuroendocrine alterations produced by this stress paradigm are sensitive to chronic treatment with the tricyclic antidepres-
sant clomipramine. The present results support the view that in male tree shrews the state induced by psychosocial stress
might be more depression related than anxiety related. © 2000 Elsevier Science Inc.
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DURING recent years, many experimental paradigms have
been developed to investigate laboratory animals in relation
to their responses to challenging or stressful situations
(42,56). These preclinical models are of particular importance
and interest, because in humans, stress is thought to initiate or
exacerbate a number of psychiatric disorders such as general-
ized anxiety, posttraumatic stress syndrome, or major depres-
sion (21,48,55). Consequently, animal models have been ex-
tremely useful in elaborating and detecting the effects of
psychotropic drugs. However, in some of the models the
stressors used bear little or no relationship to the biology of
the species investigated because they involve noxious stimuli
or perturbations of the physical environment such as electric
foot shock, forced swimming, physical restraint, water and

food deprivation, or cold exposure. Moreover, animals, pre-
dominantly rodents, are investigated during their sleeping
phase, picked up and removed from their home cage, and
transferred to an unfamiliar environment such as an open
field, a swimming tank, or a shuttle box. These settings clearly
contrast to the situation in humans where most common
stressors are of a more psychological type. To improve our
knowledge of the causal mechanisms of stress-related disor-
ders, and to bridge the gap between experimental models and
the situation in humans, we need in animal studies more natu-
ralistic models with psychological types of stressors. Evidence
has accumulated in recent years that the psychosocial stress
model in male tree shrews (

 

Tupaia belangeri

 

) may represent a
promising paradigm. Phylogenetically tree shrews are re-
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garded as an intermediate between insectivores and primates
(35). In their natural habitats in Southeast Asia, adult male
tree shrews display an intense territoriality (25) that can be
used to establish a naturally occurring challenge situation un-
der experimental control in the laboratory. Coexistence of
two males in visual and olfactory contact leads to a stable
dominant–subordinate relationship, with subordinates show-
ing distinct stress-induced behavioral, physiological, and cen-
tral nervous alterations. Their marking behavior and locomo-
tor activity is clearly suppressed (2), their circadian rhythm is
profoundly disturbed (17,47), and their sleeping pattern is
characterized by an increasing number of early waking epi-
sodes in the second half of the night (2). The reduction of
body weight from the moment of subjugation onwards is due
to a diminished food and water intake and to a significantly
elevated metabolic rate (15,23). Analysis of endocrine param-
eters in subordinates revealed constantly increased concen-
tration of the adrenocortical hormone cortisol and enlarged
adrenal glands (14,39,53) being indicative for a hyperactivity
of the hypothalamo–pituitary–adrenal (HPA) system (14).
Moreover, subordinate animals have reduced activities of the
gonads (11) and consequently, low plasma testosterone levels
(54). In the hippocampus, we recently demonstrated down-
regulation of glucocorticoid and corticotropin-releasing hor-
mone (CRH) receptors (13,24).

In humans, depressive disorders are a collection of symp-
toms that occur together with a sufficient frequency to consti-
tute a recognizable clinical condition. Patients suffering from
major depression frequently show a psychomotor retardation,
phase shift in circadian activity patterns, early morning awak-
enings, appetite disturbances and weight loss, hyperactivity of
the HPA system, and loss of libido (7). Phenomenologically,
these symptoms in depressed patients are comparable to the
biobehavioral responses observed in subordinate tree shrews.
To elucidate whether the tree shrew model, besides its obvi-
ous “face validity” for depression, also has a “predictive valid-
ity” (56,57), we treated subordinate animals with the antide-
pressant clomipramine (16). The drug had a time-dependent
restorative influence on marking behavior, locomotor activ-
ity, avoidance behavior, as well as on urinary cortisol excre-
tion. It, thus, appeared that the clomipramine treatment
counteracts the behavioral and endocrine effects of chronic
psychosocial stress and the time course of recovery corre-
sponds closely to that observed when treating depressed pa-
tients.

As demonstrated by studies in humans (32) and animals
(37,49) clomipramine also has, besides its well-documented
antidepressant effects, anxiolytic properties. To further vali-
date the tree shrew model and to investigate whether the ob-
served stress-induced responses are anxiety related and could
be reversed by anxiolytic treatment, we investigated the ac-
tion of the prototypic benzodiazepine receptor agonist diaz-
epam on locomotor activity, marking behavior, avoidance be-
havior, and urinary free cortisol and noradrenaline in
subordinate animals. To mimic a realistic situation of anxi-
olytic intervention, the treatment started after the stress-
induced behavioral and endocrine alterations had been estab-
lished. Furthermore, the drug was administered orally, while
the psychosocial stress continued. In view of clinical patterns,
it was of obvious importance to examine the effects of treat-
ment following subchronic, rather than acute, administration.
Thus, the potential therapeutic action of diazepam was fol-
lowed across 7 days. To assess the role of pharmacokinetics,
serum concentrations of diazepam and its major metabolites
were determined at the end of the treatment.

 

METHOD

 

Animals and Housing

 

Adult male tree shrews (

 

Tupaia belangeri

 

) were obtained
from the breeding colony at the German Primate Centre,
Göttingen, Germany. The animals were housed singly on a
regular day/night cycle (lights on from 0800 to 2000 h; for
housing conditions see (12). All animal experimentation was
conducted in accordance with the European Communities
Council Directive of November 24th, 1986 (86/EEC), and was
approved by the Government of Lower Saxony, Germany.

 

Drug Application

 

Tree shrews received diazepam (Valiquid

 

®

 

, Hoffmann–
LaRoche AG, Grenzlach-Wyhler, Germany) via a bulb-headed
cannula into the bucal cavity, and were allowed to swallow
the solution. This per os route of administration was chosen
to minimize uncontrollable stress effects associated with com-
mon methods of drug administration in experimental animals
such as IP or SC injection. Furthermore, oral application is
the most common route of administration of anxiolytic medi-
cation in humans.

In a pilot study, we determined the diazepam dosage nec-
essary to reach a plasma concentration in tree strews similar
to that known to be herapeutically effective in humans. For 7
consecutive days animals received 5 mg/kg diazepam dis-
solved in 6% ethanol and distilled water in the morning. This
dose is anxiolytically effective in rats when given acutely (43).
The drug solutions were freshly prepared before every appli-
cation. Twenty-four hours after the last drug application,
blood was collected by puncturing the tail’s venous plexus.

 

Determination of Drug Concentrations in Serum Samples

 

Diazepam and its pharmacologically active metabolites
were analyzed in serum by solid phase extraction and subse-
quent high-performance liquid chromatography (HPLC). For
extraction from plasma a solid phase extraction procedure
was performed by loading 450 

 

m

 

l serum on the C

 

8

 

-coated ex-
traction columns (ICT, Hengoed, UK) using an automatic
sample processor (ASPEC, Gilson, Villiers le Bel, France).
Prior to sampling, loading columns were sequentially condi-
tioned with 1.0 ml methanol and 1.0 ml water. Loaded col-
umns were washed with 1.0 ml of 50% methanol. Elution was
performed using 1.0 ml methanol. Eluates were evaporated at
40

 

8

 

C in an evaporator system (Bachhofer, München, Ger-
many). For injection into the HPLC system the dried analytes
were redissolved in 0.5 ml HPLC eluent.

The HPLC system was composed of an HPLC-compact
pump (Model 2200, Bischoff, Leonberg, Germany) used with
a flow rate of 1.5 ml/min, a Shimadzu SPD 10-A UV detector
set at 242 nm, and a PROMIS type II autosampler (Spark,
Emmen, The Netherlands) with a 100-

 

m

 

l sample loop. A 125 

 

3

 

4-mm 5 

 

m

 

m particle size RP-Select B analytical column (MZ-
Analysentechnik, Mainz, Germany) was used for chromato-
graphic separation of diazepam and its major metabolites—
nordiazepam, oxazepam, and temazepam. The analytical eluent
consisted of 60% methanol, and 0.01 mol/1 acetic buffer with
pH 4.66. The chromatograms were recorded and integrated
by a Kontron PC Integration pack version 3.90 (Kontron In-
struments, Milan, Italy). Baseline separation was obtained
with 

 

,

 

10 min with respective retention times of 4.2 min for di-
azepam, 3.45 min for nordiazepam, 2.85 min for temazepam,
and 2.4 min for oxazepam. The limit of detection based on the
signal-to-noise ratio of at least 3:1 was 5 ng/ml for all sub-
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stances, with a sensitivity of 10.7% (range, 6.0–16.6%). Lin-
earity was found up to concentrations of 400 ng/ml.

 

Experimental Procedure

 

During a 10-day control period (days 1–10) individually
housed male tree shrews (

 

n

 

 

 

5

 

 10), were weighed daily be-
tween 0745 and 0800 h; the basal activities of the pituitary–
adrenocortical axis and of the sympathetic system were deter-
mined by measuring cortisol and nonadrenaline in morning
urine that was collected after a slight massage of the hypogas-
trium.

In the first experimental group (stress 

 

1

 

 diazepam group;

 

n

 

 

 

5

 

 5), the induction of a psychosocial conflict was carried
out according to our standard procedure [for details, see
(16).] After the control period, each male of the stress 

 

1

 

 diaz-
epam group was introduced into the territory of a socially ex-
perienced male. This resulted in an active competition for
control over the territory. After establishment of a stable
dominant/subordinate relationship, the two males were sepa-
rated by a transparent wire mesh barrier. The barrier was re-
moved every day for 1–1.5 h between 0830 and 1000 h, allow-
ing physical contact between the two males. After 14 days of
psychosocial conflict (days 11–24), subordinate animals re-
ceived diazepam (5 mg/kg) orally every day in the morning.
For the next 7 days (days 25–31), the subordinate animals re-
mained in the psychosocial conflict situation, and were
treated daily with diazepam.

After the control period, animals of the second group (no
stress 

 

1

 

 diazepam group; 

 

n

 

 

 

5

 

 5) remained singly housed in
their home cages for another 14 days (days 11–24). After this
period, they received diazepam (5 mg/kg) orally in the morn-
ing for 7 days (days 25–31). Daily all animals were weighed,
and morning urine samples were collected. Twenty-four
hours after the last drug application, blood was collected from
all animals by puncturing the tail’s venous plexi.

 

Monitoring and Analysis of Behavior

 

The behavior from each experimental animal was video-
taped daily between 1845 and 1915 h. By using a behavior
sampling procedure in a 15-min interval three types of behav-
ior were quantified from the tapes.

Locomotor activity was measured using the Insight Soft-
ware program from OCTEC Ltd. (Bracknell, UK). For this
purpose the cage was divided on the monitor in six quadrants
of equal size (w:25 cm 

 

3

 

 h:40 cm; head–tail length of the ani-
mals: approx. 30 cm). Similar to quantification of motor activ-
ity in an open field, movements were counted as one event
whenever an animal moved from one quadrant to an adjacent
one. Marking behavior was quantified by measuring the total
time the animal spent with different forms of scent marking
such as marking with the abdominal gland, marking with the
sternal gland, and urinary marking (2,34,46). According to
Aue (2), subordinate tree shrews tend to avoid visual contact
with the dominant conspecific. To quantify this avoidance be-
havior, we measured the time every animal spent in the sleep-
ing box. All behavior analyses were performed with the Ob-
server 3.1 software (Noldus Technology, Wageningen, The
Netherlands).

 

Analysis of Urine Samples

 

Urinary free cortisol was determined with a radioimmu-
noassay and urinary noradrenaline was quantified by HPLC
[for details, see (16)]. To correct for physiological dilution of

urine, the resulting concentrations were related to creatinine
concentrations.

 

Statistical Analysis

 

The statistical analysis of the data was performed using the
GB-Stat 5.3 software (Dynamic Microsystems, Silver Spring,
MD). To avoid interferences between interindividual pretest
values, all results were transformed into percent values by re-
lating them to the individual’s mean value of the control pe-
riod. The data of every experimental group were divided in
three blocks: control (10 days; days 1–10), stress/no stress (14
days; days 11–24), and stress 

 

1

 

 diazepam/no stress 

 

1

 

 diaz-
epam (7 days; days 25–31). For significance testing, the means
of the three treatment blocks were compared. To test for sig-
nificant differences of means in one experimental group we
used the Friedman test with the Wilcoxon signed-rank test as
the post hoc test. For the statistical analysis of plasma concen-
trations of diazepam and its metabolites, the Mann–Whitney–

 

U

 

-test was used. Statistical significance was sent at 

 

p

 

 

 

,

 

 0.05.
Data are expressed as means 

 

6

 

 SEM.

 

RESULTS

 

Diazepam Concentrations in Serum

 

After a 7-day period of treatment with the anxiolytic,
blood samples were taken from the animals of the stress 

 

1

 

 di-
azepam group and no stress 

 

1

 

 diazepam group for monitor-
ing drug concentrations in serum. In these samples, diazepam
and its major metabolites (nordiazepam, oxazepam, and
temazepam) were detected with high interindividual variabil-
ity (Table 1). Compared to the no stress 

 

1

 

 diazepam group
the stress 

 

1

 

 diazepam group showed significantly higher lev-
els (

 

p

 

 

 

,

 

 0.05) of the metabolite nordiazepam and a trend (

 

p

 

 

 

5

 

0.07) for a higher concentration of oxazepam 24 h after the
last application.

 

Body Weight

 

A decrease in body weight is an important indicator by
which tree shrews may be classified as being subordinate
(14,54). In the stress 

 

1

 

 diazepam group, the subordinate ani-
mals displayed a significant reduction in body weight during
the first two weeks of psychosocial conflict (Fig. 1a; stress pe-
riod; 

 

p

 

 

 

,

 

 0.05) and the decline continued during the treat-
ment period (stress 

 

1

 

 diazepam treatment; 

 

p

 

 

 

,

 

 0.05). This

TABLE 1

 

SERUM CONCENTRATIONS OF DIAZEPAM AND
ITS MAJOR METABOLITES AFTER A

TREATMENT PERIOD OF 7 DAYS (5 mg/kg/DAY; PO) AND
24 h AFTER THE LAST ADMINISTRATION

No Stress 

 

1

 

 Diazepam
(

 

n

 

 

 

5

 

 5)
Stress 

 

1

 

 Diazepam
(

 

n

 

 

 

5

 

 5)

 

Diazepam 4 

 

6

 

 3 7 

 

6

 

 5 NS
Nordiazepam 17 

 

6

 

 7 106 

 

6

 

 58 

 

p

 

 

 

,

 

 0.05
Temazepam 4 

 

6

 

 4 22 

 

6

 

 12 NS
Oxazepam 14 

 

6

 

 6 30 

 

6

 

 8 

 

p

 

 

 

5

 

 0.07

Statistical differences between the no stress 

 

1

 

 diazepam and the
stress 

 

1

 

 diazepam group are indicated. Data (ng/ml) are given as
means 

 

6

 

 SEM.
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finding contrasts to the no stress 

 

1

 

 diazepam group showing
no treatment effects on body weight (Fig. 1b).

 

Urinary Parameters

 

The effect of psychosocial stress in subordinate tree
shrews is demonstrated by an activation of the HPA axis as
indicated by the elevation of urinary cortisol excretion during
stress exposure (Fig. 2a). Despite the daily treatment of sub-
ordinate animals with diazepam (5 mg/kg), the cortisol excre-
tion still increased. No effects on urinary cortisol excretion
were observed in animals from the no stress 

 

1

 

 diazepam
group (Fig. 2b).

Besides the activation of the HPA axis, chronic psychoso-
cial stress also resulted in an activation of the neurosympa-
thetic tone, as demonstrated by the significant increase of uri-
nary noradrenaline after 2 weeks of social encounters (Fig.
3a; 

 

p

 

 

 

,

 

 0.05). Compared to the control period, stress and
daily anxiolytic treatment resulted in a marked increase in the
urinary excretion of the catecholamine (

 

p

 

 

 

,

 

 0.05). Treatment
of no-stress animals with diazepam for 7 days, however, had
no significant effects on the urinary noradrenaline concentra-
tion compared to the control situation (Fig. 3b).

 

Behavioral Parameters

 

The effects of psychosocial conflict and of oral diazepam
treatment on marking behavior are summarized in Fig. 4.
Marking behavior was reduced for more than 50% within the
first 2 weeks of social encounters (

 

p

 

 

 

,

 

 0.05). Daily adminis-
tration of diazepam had no restorative effect. In contrast, dur-
ing the 7-day stress and treatment period marking behavior
decreased to nearly 10% of the control level (Fig. 4a). De-
spite a tendency to higher individual variation, no significant
diazepam-related effects on marking behavior were observed
in the control group (no stress 

 

1

 

 diazepam; Fig. 4b).
Qualitatively, a similar pattern of stress and diazepam ef-

fect was observed in locomotor activity. In subordinate ani-
mals, locomotor activity significantly declined during the first
2 weeks of social stress and during stress and drug application
period (Fig. 5a; stress 

 

1

 

 diazepam; 

 

p

 

 

 

,

 

 0.05). The treatment
of control animals with diazepam had no influence on their
locomotor activity (Fig. 5b).

In general, subordinate tree shrews also tend to avoid the
dominant conspecific in situations when the two animals are
separated by a wire mesh barrier. This avoidance behavior
and the effects of diazepam treatment is summarized in Fig. 6.
During stress exposure there is a strong tendency for an in-
crease in the time the subordinates spent in the sleeping box
quadrant (Fig. 6a; 

 

p

 

 

 

5

 

 0.07). Diazepam treatment for 7 days,
however, resulted in a tendency to reduce avoidance behav-

FIG. 1. Effect of psychosocial stress and diazepam treatment on
body weight in male tree shrews. (a) Stress 1 diazepam group; (b) no
stress 1 diazepam group. The anxiolytic was applied orally (5 mg/kg)
starting on day 20 of the experiment (indicated by the arrow) and the
daily diazepam treatment was continued until day 27. Data were
transformed into percent values by relating them to the individual’s
mean value of the control period and are given as means 6 SD. Sig-
nificant differences: * p < 0.05

FIG. 2. Effect of psychosocial stress and diazepam treatment on uri-
nary free cortisol in male tree shrews. (a) Stress 1 diazepam group;
(b) no stress 1 diazepam group. For details see Fig. 1.
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ior. The treatment of control animals (no stress 

 

1

 

 diazepam)
had no effect on their avoidance behavior (Fig. 6b).

 

DISCUSSION

 

In these experiments we have investigated the effect of
subchronic administration of the traditional anxiolytic drug
diazepam on behavior and neuroendocrine functions in psy-
chosocially stressed male tree shrews. The primary aim was to
investigate whether treatment with diazepam (5 mg/kg/day)
could reverse the biobehavioral changes resulting from psy-
chosocial conflict. In male tree shrews, the coexistence of two
males leads to a stable dominant/subordinate relationship,
representing a stressful situation for the subordinate individu-
als (2). The distinct physiological and behavioral alterations
observed in subordinates result exclusively from the cognitive
interpretation of the situation and the continuous presence of
the dominant conspecific (39,54). In line with these earlier
findings, the present study revealed for subordinate animals a
significant reduction in body weight, a clear activation of the
HPA axis, and the sympatho–adrenal system indicated by the
pronounced increases in urinary cortisol and noradrenaline
excretion, and distinct changes in behavioral variables such as
marking behavior, locomotor activity, and avoidance behav-
ior. Treatment of subordinate animals with diazepam for 7
days did not reveal a consistent beneficial effect to any of the
parameters studied. This contrasts to earlier findings showing

that the behavioral and neuroendocrine alterations produced
by this stress paradigm are sensitive to chronic treatment with
the tricyclic antidepressant clomipramine (16).

Stimulation of the HPA axis as indicated by raised plasma
glucocorticoid hormone concentrations and activation of the
neurosympathetic and adrenomedullary branches of the sym-
patho–adrenal system — reflected by increases in circulating
noradrenaline — are hallmarks of the neuroendocrine re-
sponses to emotional stressors in mammals (19). During stress
conditions brain benzodiazepine receptors appear to partici-
pate in the physiological regulation of adrenocortical and
neurosympathetic activity (4). Numerous reports have dem-
onstrated that benzodiazepine receptor ligands with anxi-
olytic actions like diazepam can prevent or oppose the stress-
induced activation of HPA and sympathetic–adrenomedullary
system (5,9,10,28,29,31,36,38,52).

Consequently, it would be expected that diazepam reduces
the activity of stress-activated neuroendocrine systems that
was not observed in the present study. One explanation may
arise from earlier findings demonstrating that stress exposure
may alter the responses to benzodiazepines over prolonged
periods of time. In rats, exposure to a brief stressful event up
to at least 1 month earlier completely prevented the effect of
diazepam on plasma corticosterone (1). Furthermore, several
laboratories have reported that the effects of benzodiazepines
on HPA axis activity in intact animals are not simple. Small
doses do not alter basal activity of the axis (30,33), whereas

FIG. 3. Effect of psychosocial stress and diazepam treatment on uri-
nary noradrenaline in male tree shrews. (a) Stress 1 diazepam group;
(b) no stress 1 diazepam group. For details see Fig. 1.

FIG. 4. Effect of psychosocial stress and diazepam treatment on
marking behavior in male tree shrews. (a) Stress 1 diazepam group;
(b) no stress 1 diazepam group. For details see Fig. 1.
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larger doses markedly increase the activity resulting in ele-
vated corticosterone levels (26,29,30,33).

Consequently, another factor that may count for the lack
of therapeutical action can be the dose and, closely related,
the treatment route we used. Oral administration, as used for the
present investigation provides some advantages. It mimics the
clinical situation that uses oral application for most patients.
Due to the first path, metabolism resulted in drug and metab-
olite concentrations different from that obtained after IP or
IV administration. The HPLC method enabled us to detect
the major metabolites of diazepam, which are either hydroxy-
lated (i.e., temazepam) or demethylated (i.e., nordiazepam);
both of these products were subsequently processed to their
demethylated and hydroxylated form, i.e., oxazepam. Ac-
cording to the metabolism of diazepam, tree shrews showed
all metabolites also seen in humans or rats (18). Our results
pointed towards a situation slightly different to rats where
temazepam is a major metabolite (22). This gave evidence
that the degradation route is more similar to humans, with the
limitation that not all metabolites could be detected with our
system. However, due to a fast metabolic rate, the subchronic
treatment with 5 mg/kg did not give rise to long-lasting high
serum levels of diazepam. On the other hand, the detection of
diazepam and its metabolites 24 h after the last bolus indi-
cated that the drug concentration had been high enough to be
effective, but importantly, not sedative. In rats, analysis of se-
rum concentrations of diazepam 35 min after IP administra-

tion (2 mg/kg) revealed titers in the range of 90 ng/ml that
were not sedative during chronic administration (8). Another
finding worth mentioning is the increased serum concentration
of metabolites such as nordiazepam and oxazepam after 7
days of treatment in the stress 

 

1

 

 diazepam group. This find-
ing may indicate a stress-induced change in drug metabolism
that can be relevant when studying mood disorders and their
pharmacological treatment.

Animal behavior studies with benzodiazepines are ham-
pered by large variations in drug effects on behavioral vari-
ables. From various inbred mouse and rat strains that are
known to differ in the sensitivity and responsiveness to benzo-
diazepines, it was suggested that the genetic background of the
animals is responsible for the observed variations (41,45,50).
Another confounding factor may arise from testing the animals
outside the home cage. Transferring the animals to a novel en-
vironment, such as an open field arena or a maze, may contain
stressful aspects, and only allow the detection of transient
stress-induced behavioral changes (6). Finally, exposure to a
brief stressful event up to at least 1 month earlier completely
prevents the behavioral effects of diazepam (1). Our behav-
ioral data of these latter findings support the fact that in situa-
tions where the individual is sensitized to stress, benzodiaz-
epines may not be very effective because their efficacy can be
markedly influenced by the ongoing stressful situation. In our
control group (no stress 

 

1

 

 diazepam) we did not see any be-
havioral effects of diazepam. Fernandes et al. (8) reported an

FIG. 5. Effect of psychosocial stress and diazepam treatment on
locomotor activity in male tree shrews. (a) Stress 1 diazepam group;
(b) no stress 1 diazepam group. For details see Fig. 1.

FIG. 6. Effect of psychosocial stress and diazepam treatment on
avoidance behavior in male tree shrews. (a) Stress 1 diazepam group;
(b) no stress 1 diazepam group. For details see Fig. 1.
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effect of diazepam on locomotor activity. This effect, however,
was only measurable after acute administration, and the test
was done 30 min after IP injection of the drug (2 mg/kg). In our
experiment, we quantified the behavior of the tree shrews
about 11 h after diazepam administration (5 mg/kg PO) and 9 h
after stress exposure. Based on a recent study (27), this time
point was selected because it revealed the most distinct stress-
induced behavioral alterations. The lack of behavioral effects
of diazepam in stress-free controls may, therefore, be explained
by the time elapsed between the administration of the drug and
recording of the behavior.

The important finding of the present study is that a sub-
chronic treatment of stressed tree shrews with diazepam — in a
dose that did not have sedative effects in control animals, and
that has been shown to be pharmacologically effective in rats
(43) — did not significantly affect the stress-related endocrine
and behavioral alterations. While it is simplest to attribute this
result to factors such as species differences, different stress, and
testing paradigms, it is also possible — but in no way proven —
that in tree shrews the endogenous anxiolytic system and the
endogenous stress system are functionally related.

Within the central nervous system benzodiazepines work
through the GABA/benzodiazepine receptor complex to in-

crease the inhibitory activity of GABA (51) and the agents
are reported to have instantaneous anxiolytic effects (3).

Therapeutic efficacy has been shown by treatment with
the tricyclic antidepressant clomipramine, which is known to
inhibit 5 HT uptake. Clomipramine had a time-dependent im-
provement of the stress-related behavioral and endocrine
changes (16). Several reports from clinical studies indicated
that antidepressants can be effective in treating anxiety, and
that a number of anxiolytic drugs has antidepressant actions,
leading to the suggestion that there may be a common under-
lying mechanism between these two conditions (20,40,44). To
test the hypothesis of a functional relationship between the
endogenous anxiolytic system and the endogenous stress sys-
tem via serotonergic mechanisms the effect psychotropic
drugs such as buspirone should be evaluated in the tree shrew
paradigm of psychosocial stress. Given these possibilities, fur-
ther research is required to validate this nonrodent model as a
tool in preclinical research of psychopathologies.
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