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Genetic and environmental influences on behavioral and neurochemical aspects of emotionality in rats
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Summary. Three pairings of rats (two derived from divergent, selective breeding and one from divergent environmental
conditions) were compared with regard to behavioral and hormonal parameters. Striking differences were observed: results
obtained in our own laboratory as well as those found in a review of the literature pointed to higher emotionality (e.g.,
increased defecation and corticosterone secretion, etc.) in Roman low-avoidance, Wistar-Kyoto and group-housed rats, as
compared to their respective counterparts, Roman high-avoidance, spontaneously hypertensive, and individually housed
Wistar rats. Concomitant receptor binding studies reviewed here (*H-diazepam- and *H-imipramine-binding sites) have
revealed, however, less consistent intrapair differences.
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1. Introduction

Although psychiatrists tend to group mental aberrations in-
to diagnostic classes, and to conduct neurochemical studies
on such ‘defined’ sub-groups, mental disturbances are more
likely to represent a summation of many affective peculiari-
ties, with one and the same symptom being detected in di-
verse diagnostic sub-classes. For example, signs of social
withdrawal can be observed in schizophrenic patients, in
depressed patients and in alcoholics. Similarly, states of anx-
iety are present in patients who belong to different diagnostic
sub-groups. It can be seriously argued, therefore, that the
consideration of ‘social withdrawal’ or ‘anxiety’, to mention
only the two examples cited above, would be superior, as
entities, to the use of terms like ‘schizophrenia’ or ‘depres-
sion’ when trying to uncover relationships between mental
abnormalities and neurochemical parameters.

These same entitites are also observable in experimental an-
imals. ‘Social withdrawal’ and ‘anxiety’ both represent evo-
lutionary patterns which, when considered in a species-
specific context, are comparable in humans and animals.
Thus, studies on aberrant patterns in laboratory animals
may represent a beneficial contribution to a better under-
standing of human psychopathological states.

A strong genetic influence has also been noted in many psy-
chiatric disturbances. Comparisons between twins (mono-
zygote versus dizygote), and familial analyses, have clearly
indicated that an increase in consanguinity often parallels an
increase in morbidity risk? !, Concordance for mono-
zygotic twins, however, has always been clearly below 100 %.
Therefore, besides genetic disposition, other circumstances
may induce (or inhibit) the initiation of a given disturbance.
Among these, environmental conditions and/or hormonal
alterations and/or stress have been proposed as triggering
factors33. Thus, assuming that psychiatric symptoms are
ultimately caused by neurochemical alterations, then it must
be inferred that both environmental circumstances and ge-
netic factors may influence neurochemical processes.
Compared to human studies, an advantage of studies using
rodents is that the genetic background, as well as environ-
mental circumstances of the latter, can more easily be con-
trolled. On the one hand, by selective breeding the genetic
background can be experimentally manipulated and, on the
other hand, environmental conditions can more reliably be
kept constant and/or defined. We have compared groups of
rats which have emerged from selective breeding programs
(genetic manipulation) and other rats which have differed
only with respect to housing condition (environmental ma-
nipulation), in regard to both behavioral, and neurochemi-
cal, parameters. The present review attempts to demonstrate
the parallels (and dissimilarities) between these groups of
rats, with regard to some criteria which are thought to be
relevant in biologically-oriented psychiatry.

2. Description of the rats used

2.1 Roman high-avoidance and Roman low-avoidance rats
Using two-way active avoidance (shuttlebox) performance
as the selection criterion, the Swiss line of Roman high
avoidance rats (RHA/Verh) has been selected and bred since
1972 on the basis of rapid acquisition of the response, where-
as the Swiss line of Roman low-avoidance rats (RLA/Verh)
is selected and bred on the basis of the failure to acquire that
response 2°.

2.2 Spontaneously hypertensive (SHR) and normotensive
(WKY) rats

In 1959 Okamoto and Aoki’” started with the selective in-
breeding of Wistar-Kyoto rats (WKY) from which a strain
of spontaneously hpertensive rats (SHR) was finally pro-
duced 7! 72, The animals’ blood pressure was used as a selec-
tion criterion, whereby SHR develop arterial hypertension at
the rate of 100 %. Most researchers agree with Trippodo and
Frohlich 192 that “until a better experimental model is made
generally available, we feel justified in taking the affirmative
position that the SHR is indeed an excellent laboratory
counterpart of essential hypertension.” The SHR and WKY
rats used at our laboratory were obtained from Roche-
Fillinsdorf, Basel.

2.3 Individually and group-housed rats

Individually and group-housed rats were derived from a lo-
cal Wistar strain (Fiillinsdorf Albino). Housing condition
was the sole variable 42,

3. Cross comparisons regarding the selection criteria among
these rats

3.1 RHA|Verh and RLA|Verh rats

Blood pressure. In collaboration with Dr F. Hefti (Hoff-
mann LaRoche, Basel) systolic arterial blood pressure was
determined in RHA/Verh and RLA/Verh rats. In this prelim-
inary study (6 rats per line), a higher blood pressure was
found for RLA/Verh (159 mm Hg), as compared to RHA/
Verh rats (134 mm Hg) (unpublished results). Differences in
stress reaction to the experimental conditions (pre-warming,
immobilization) may have influenced these findings, how-
ever, as the only other report comparing blood pressure be-
tween RHA and RLA rats has revealed a marginally higher
systolic blood pressure (0.1 > p > 0.05) for RHA rats .

3.2 SHR and WKY rats

Avoidance behavior. Our (unpublished) observations have in-
dicated that SHR acquired active avoidance quicker than did
normotensive WKY rats at 3 different shock intensities, a
finding which is in accordance with Knardahl and Sagvol-
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den ®°. Those authors concluded, in addition, that it is not
blood pressure per se which affects the learning of an active
avoidance task. Oehme et al. %, on the other hand, described
a disordered avoidance learning in SHR rats.

3.3 Individually and group-housed Wistar rats

Blood pressure. An increased blood pressure has been ob-
served after various periods of individual housing®.
Avoidance. Looking at the effect of individual housing on
shuttle-box avoidance, Lovely and Pagano 7° found a facili-
tated acquisition, as compared to group-housed controls.
Acquisition of pole jump or conditioned avoidance respond-
ing, however, was found to be delayed in individually
housed, female rats2*. Our own (unpublished) comparison
among RHA/Verh, RLA/Verh and Wistar rats, including
individually and group-housed animals for each group, have
revealed clear-cut intergroup differences in shuttlebox per-
formance (RHA/Verh > Wistar > RLA/Verh). None of
these groups, however, showed any effect of housing condi-
tions.

4. Comparisons in regard to ‘fear’

It has often been proposed that momentary fear may be
estimated by observing a rat’s behavioral and hormonal re-
sponses when exposed to a novel environment. Locomotor
activity, defecation and plasma concentrations of corticos-
terone are the most widely assessed parameters. Although
occasionally questioned 3, the validity of defecation as a pa-
rameter of fear has long been accepted >* °® and has been
emphasized in a recent report by Pellow et al., utilizing the
elevated plus maze®2. In this apparatus, the inhibition of
entries into open arms, as opposed to closed arms, was con-
sidered to reflect the animals’ fear (e.g., anxiolytic drugs
dramatically attenuate the animals’ innate aversion to the
open arms). When these authors confined rats to either the
two closed, or the two open, arms, a significant decrease in
the number of entries and a significant increase in the time
spent motionless and in the amount of defecation was found
when rats were exposed to the latter. In addition, plasma
corticosterone levels were significantly more elevated in rats
confined to the open arms.

We have used these three parameters (locomotor activity,
defecation and corticosterone levels) in order to determine
whether RHA/Verh vs RLA/Verh, SHR vs WKY and indi-
vidually- vs group-housed Wistar rats differ in fear experi-
enced upon being exposed to novel environments. All groups
of rats, at least in our laboratory, were on a 1.12: D12 light
cycle (with food and water ad libitum), and all behavioral
and hormonal observations were carried out in adult male
rats during a narrow time interval at the middle of the dark
phase.

4.1 RHA|Verh and RLA|Verh rats

RHA rats and their descendents, in several laboratories,
have often been observed to be more active than their RLA
counterparts, using the number of intertrial responses in the
shuttlebox as a criterion for locomotor activity in a stress
situation ! ?1-8% In our studies, RHA/Verh rats made more
crossings than did RLA/Verh rats during a 10 min openfield
test*®, and similar interline differences could be observed
when using either an oversized macrolon cage or the shuttle-
box as novel environment % 4® as well as during long-term
registration of ‘spontaneous’ activity *°. These differences
confirmed previous reports which had used either an open-
field or an enclosed maze 2% 74, and have been seen both
during the dark phase and the light phase 7> #°. With regard
to defecation scores, the two Roman rat lines have been
reported to differ as follows: during exposure to three differ-
ent novel environments (mild stress), mean defecation scores
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for RHA/Verh rats were below 1 bolus per 10 min whereas,
for RLA/Verh rats, means of up to 7 boli were observed.
Defecation in the RHA/Verh rats increased, however, in
stronger stress situations (ether vapor, immobilization and
inescapable footshock), so as to attenuate genetic differ-
ences *1, In the same study, RHA/Verh rats showed less of an
increase in corticosterone, ACTH and prolactin than did
RLA/Verh rats when exposed to the novel environments.
With the stronger stresses, however, equally high hormone
levels (probably a ‘ceiling’ effect) were found **, The differ-
ences described above clearly reflect a dissimilar response to
novel environments “ 41,

4.2 SHR and WKY rats

In accordance with most previous reports 2 ¢%: 72 we found
SHR to be significantly more active in the openfield than
WKY rats*%>° Others have found a reduced activity for
SHR (vs WKY rats) upon initial testing in an openfield,
which gradually turned into hyperactivity in subsequent tri-
als **®% No significant difference between SHR and WKY
rats has been found for ‘spontaneous’ activity (refs 66, 71,
and our unpublished data). As in previous studies 2% 95 93,
we have also observed a highly significant interstrain differ-
ence in defecation during openfield tests (SHR < WKY)*°.
Variable patterns in basal and stress-induced corticosterone
secretion have been observed in SHR, as compared to nor-
motensive rats 2% 737794110 Ty oyr laboratory, SHR and
WKY rats did not differ in basal corticosterone plasma con-
centrations. A 10-min openfield test, however, induced a
significantly higher rise in the WKY rats4®. Most recently,
we have observed that SHR more frequently enter the open
arms of an elevated plus maze than do WKY rats and this
reflects, once again, the dissimilar level of fear (emotionality)
in these two groups of rats>°.

4.3 Individually and group-housed Wistar rats

The most prominent behavioral change induced by individu-
al housing is the locomotor hyperactivity observed upon
exposure to a novel environment 3% 197, An initial hypoac-
tivity changing, upon repeated exposure to an openfield, to
hyperactivity, has also been noted??. Our individually
housed rats showed a markedly increased locomotor activity
in an openfield *?, even throughout the whole 1.12:D12 cy-
cle*3. On the other hand, ‘spontaneous’ activity has been
noted to be either slightly reduced in individually housed
rats 3% or not*3, depending upon the method of measure-
ment used (with no circadian differences seen in éither
study). In agreement with Syme *?, who could not establish
any housing effect in female rats, others have indicated that
there was no significant difference in spontaneous activity
between individually and group-housed rats, once the initial
hyperactivity (reaction to the novel environment) had disap-
peared 22. In contrast to the quite equivocal data in the liter-
ature 2 %7197 in several types of experiments we have
found a significantly lower defecation rate for individually
housed rats than that seen in group-housed controls *% 42, as
well as a more moderate increase in plasma corticosterone
levels following a 10-min openfield trial +°.

4.4 Additional comments: “Of rats . . .

Locomotor activity, defecation and corticosterone levels ex-
hibited by a rat in response to a novel environment have been
said to depend upon its ‘emotionality’. We agree with
Gray °* that “whatever else anxiety is, it is undoubtedly an
emotion” and that “it is a moot point whether ‘anxiety’ or
‘emotion’ is the more opaque concept.” We therefore hesi-
tate to consider fear and emotionality as two independent
entities. Two strains of rats, the Maudsley Reactive (MR)
and Maudsley Non-reactive (MNR) rats, have been selec-
tively bred for differences in emotionality 17+ 1°, i.e., selected
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Inter- and intra-pair comparisons for emotionality, assessed in the openfield.

RHA/Verh vs RLA/Verh SHR vs WKY Isolated vs grouped Wistar
Our data Reference data Our data Reference data Our data Reference data
Locomotor activity > >:17,29,74 > >: 24, 66, 72 (64, 88) > >136, 107 (22)
Defecation score (openfield test) < <:29 < < 24, 66, 93 < <:97
=:107
>:52
Corticosterone (post openfield) < < >: 94 <
=:66, 73, 110
<:25,73,77
Emotionality < < <

RHA/Verh: Roman high-avoidance rats; RLA/Verh: Roman low-avoidance rats; SHR: Spontaneously hypertensive rats; WKY: Wistar-Kyoto rats
(normotensive rats); Isolated Wistar: individually housed Wistar rats; Grouped Wistar: group-housed Wistar rats.

and bred for extreme differences in defecation scores when in
an openfield. Concomitant differences in locomotor activity
and corticosterone levels have also been described. Accord-
ing to openfield data, RHA/Verh, SHR and individually
housed Wistar rats strikingly resemble the (less emotional)
MNR rats, when all are compared to their respective coun-
terparts. Therefore, despite different starting points (selec-
tion for extremes in avoidance behavior or blood pressure, or
manipulation of a single environmental parameter), the be-
havioral and hormonal data presented lead us to conclude
that all of these divergent rat pairings are comparable with
regard to fear and emotionality (see table).

Another interesting comparison concerning these rat mod-
els, which may be a direct consequence of the similarities in
their hormonal response to stress, concerns thymus weight.
We have seen a prominent difference between the two Ro-
man rat lines (both males and females), with the thymus
weights of RHA/Verh rats being as much as 60 % higher than
those of RLA/Verh rats. We have similarly observed that
SHR exceed WKY rats with respect to thymus weight
(+ 18%, also unpublished data), and this confirms a previ-
ous report by Yamori!®®, A further (unpublished) result
from our laboratory indicates that individually housed rats
have heavier thymus glands after 12 weeks (+ 12%) and
after 18 weeks (4 28 %) of isolation than do group-housed
rats. These parallel differences observed in regard to thymus
weights are very probably meaningful, as it is known 1% that
increased levels of circulating adrenal hormones diminish the
size of this organ. Such higher circulating hormone levels
may well be present more frequently in RLA/Verh, WKY
and group-housed Wistar rats, as these three groups have all
been shown to react with an increased hormonal response to
low-stress situations (see above). Whether the differences in
thymus weight might have some further, immunological,
consequences is unknown at present.

...and Men”.

It might be questioned from the outset whether inhibited
locomotor activity and defecation scores, as exhibited by a
rat while exposed to a simple quadrangular test box (the
openfield), could provide any useful information regarding
the human situation. We believe that these signs of momen-
tary fear are shared by both species. For example, becoming
motionless and, especially, an urgent need to relieve the bow-
els can similarly be observed in humans upon being exposed
to various stressful situations. Also, the more stressful such
situations appear to an individual, be it animal or human
(and probably depending upon genetic susceptibility to
stress), the stronger will be this type of reaction.

Various degrees of anxiety are frequently noted in certain
psychiatric conditions, such as depression, schizophrenia
and alcoholism. One of the major causes of anxiety is prob-
ably an inability to cope successfully with one’s environ-
ment. In many patients there appears to be a permanent
conflict between the vital desire to remain in contact with the

environment and the fear of possible negative feedback com-
ing from the same environment. Here we also see striking
parallels between humans and experimental animals. In rats
which are exposed to a novel environment (e.g., openfield),
the conflict is between innate drives to explore the novel
environment and, at the same time, to avoid threatening
situations. The final behavioral pattern of the animal, result-
ing from these divergent drives is, as is the case for humans,
specific for the individual, depending upon its subjective ap-
praisal of the situation. The latter, in turn, depends upon the
individual’s previous experience and genetic predisposition.
In both humans and experimental animals, anxiolytic drugs
can alleviate anxiety leading, in humans, to ‘relaxation’ and,
in rats, to an attenuated avoidance of adverse environments,
reduced secretion of corticosterone, etc.

5. Receptor binding studies

Receptor binding studies provide important information re-
lating to the chemical nature, the localisation and the func-
tion of pre- and postsynaptic recognition sites. As access to
the human brain is limited, clinical studies have generally
been confined to the use of biological material obtained at
autopsy. Recent methodological developments such as
positron emission tomography, or nuclear magnetic reso-
nance (which work under in vivo conditions), however, are
devoid of such disadvantages as post-mortem artefacts but
are, at the same time, very expensive to operate.
Determination of receptor binding in the periphery repre-
sents an alternative, clinically relevant, approach which has
recently come into frequent use. Binding studies on several
types of blood cells and skin cells have been undertaken on
the assumption that peripheral and central binding sites may
be similarly regulated, therefore making it possible to moni-
tor central events in the (more easily accessible) peripheral
cells. For example, the density of *H-spiroperidol binding
sites (ID,-receptors) on lymphocytes has been proposed to
represent a possible marker for schizophrenia®2, and 3H-
imipramine binding sites and alpha,-adrenergic binding sites
on p;a}telets have been put forward as markers for depres-
sion!.

In addition to the expense and/or methodological problems
involved, clinical binding studies are also difficult because
drug-free patients or homogeneous patient-populations are
rare. Thus, when one is interested in the relationship between
specific binding sites and behavioral abnormalities, compar-
ative studies between behaviorally-distinct groups of experi-
mental animals can be carried out. Such receptor analyses (as
well as other neurochemical determinations) in experimental
animals have the following main advantages, when com-
pared to clinical studies: a) environmental variables, such as
the time of day, nutrition and life experiences are easier to
control, b) experimental groups can be larger and more ho-
mogeneous with regard to genetic background and age and,
most important, ¢) brain and peripheral samples are readily
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and simultaneously available, thus making direct compari-
sons between the two different tissues possible.

Of the many binding sites which are determined today, some
have been postulated to be particularly relevant to psychi-
atric questions, when it became evident that clinically effec-
tive drugs affected either their number or affinity. We will
concentrate here on two distinct receptor types, namely ben-
zodiazepine and imipramine binding sites. These binding
sites represent relevant recognition sites for anxiolytics (ben-
zodiazepine site) or antidepressants (imipramine site). It
should, none the less, be emphasized that other receptors
(e.g. serotonergic, dopaminergic, cholinergic, alpha,-, al-
pha,- and beta-adrenergic) have also been shown to be af-
fected by clinically effective drugs.

5.1 Benzodiazepine binding

Benzodiazepines were introduced into medicine as tranquil-
izers some 25 years ago and soon became the most widely
prescribed drugs. Their anti-anxiety effect is well document-
ed in various species, and there is no sign of quantitative or
qualitative changes in the nature of anti-anxiety drug action
as one approaches, phylogenetically speaking, our own spe-
cies >4, In rats, benzodiazepines increase the number of pun-
ished responses in various conflict situations *7- %%, and ef-
fectively reduce the fear of entering adverse environments
(e.g., the open arms of an elevated plus maze>®%2) or a
well-illuminated arena 7*. While exposed to a novel environ-
ment (e.g., an openfield), drug-treated rats also show in-
creased locomotor activity and an attenuated secretion of
corticosterone 3+,

With the discovery of binding sites for benzodiazepines in
the brain >, a new dimension in research dealing with stress
and anxiety was introduced. These binding sites were shown
to be of high affinity, saturable and to have a distinct region-
al distribution, thus fulfilling the criteria necessary for rele-
vant binding sites. Central benzodiazepine receptors are
thought to form part of a GABA receptor, benzodiazepine
receptor and chloride channel complex, and the benzodi-
azepines are thought to increase the affinity of the GABA
receptor for GABA and its effect on the chloride channel 37,
Tt should be noted that anxiolytic efficacy observed in the
clinic correlates well with the affinity of a drug for these
benzodiazepine binding sites and, therefore, it is generally
agreed that these central receptors are related to the anti-
anxiety action of the benzodiazepines 5.

It was, therefore, not surprising when benzodiazepine bind-
ing was compared between two groups of rats known to
differ in fear ®¢. Using *H-diazepam as ligand, a higher bind-
ing was found in the less fearful MNR strain, as compared
to the more fearful MR strain. Interstrain differences (max-
imum 20%) were present in all nine CNS-subregions stud-
ied. Subsequently, the same laboratory determined that
‘emotional’ mice (Balb b/cJ) had a significantly lower benzo-
diazepine binding than any of the three ‘non-emotional’
strains (AKR/J, C57BL/10J, C57BL/6J) studied 7. Since, in
this second study, Scatchard analyses had been carried out
(using whole brain homogenates), it was further demonstrat-
ed that the difference in *H-diazepam binding was due to an
altered maximal number of binding sites (B, ) rather than
to a different affinity (K,). With the behavioral similarities
among MNR, RHA/Verh, SHR and individually housed
Wistar rats in mind (higher locomotor activity and less defe-
cation, when exposed to an openfield, than their respective
counterparts), we decided to determine benzodiazepine
binding in some of these animals.

5.1.1 RHA[Verh and RLA[Verh rats
For all 7 brain regions studied, a higher *H-diazepam bind-
ing (ligand concentration 3 nM) was established for the
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RHA/Verh rats, with the interline differences reaching sig-
nificance in cortex, striatum and hippocampus *°. These dif-
ferences between the Roman rat lines, which were replicated,
were in good agreement with the data obtained for the
Maudsley strains and, therefore, may be added to the other
parallels between RHA/Verh and MNR rats, as compared to
RLA/Verh and MR rats, respectively *°,

Determinations of benzodiazepine binding in another stock
of RHA and RLA rats have also been published °°. Using
1.0 nM *H-flunitrazepam, those authors observed a sex-, but
no line-difference between their RHA and RLA rats. The
apparent discrepancy between that study and ours is proba-
bly due to experimental differences. We used naive animals
and our rats were killed in the middle of the dark phase of an
1.12:D12 cycle, whereas the rats used in the other study had
previously been used in behavioral tests (avoidance condi-
tioning, food deprivation), and were killed 13 h after lights
on, during an L18:D6 cycle (which is an unusual lighting
regimen for this type of experiment). Furthermore, accord-
ing to their description, those authors had apparently frozen
whole brains in solid CO, and thawed them out, prior to
dissection into subregions, at another laboratory (it did not
appear that a punching system had been used on the still-
frozen brains). In a subsequent paper, however, the same
authors still found no support for an association between the
number of benzodiazepine receptors and emotionality, in an
invegtligation of genotypes derived from their Roman lines of
rats”-,

5.1.2 SHR and WKY rats

We have not compared benzodiazepine binding between
SHR and WKY rats, but the data presented in the literature
can be summarized as follows: Thyagarajan et al. *°! found
no significant difference between SHR and WKY rats for
B,.. and K, of *H-flunitrazepam binding sites in cortex,
cerebellum, pons-medulla and some peripheral organs. Even
upon extending such comparisons to different ages (3, 10 and
20 weeks old) no significant strain differences could be estab-
lished in cortical and cerebellar membranes 1°3. In contrast
to these reports, Hambley et al. >°, using *H-clonazepam,
found a lowered binding in hypothalamic samples of SHR
when compared to WKY rats. With the possible exception of
the hypothalamus, therefore, there appears to be no note-
worthy difference in benzodiazepine binding between SHR
and WKY rats.

5.1.3 Individually and group-housed Wistar rats

We did not find any significant difference in *H-diazepam
binding between individually and group-housed Wistar rats,
when employing the same experimental procedure as that
previously used for the Roman rat lines (unpublished obser-
vations). Petkov’s group, upon comparing their individually
and group-housed rats, found a significantly reduced SH-flu-
nitrazepam binding after isolation ®*. They further reported
that in isolated-non-aggressive rats the reduction was signifi-
cant in the hippocampus and cerebellum only, whereas in
isolated-aggressive rats (21 % of all isolated rats) a signifi-
cantly reduced *H-flunitrazepam binding became apparent
in the cortex, hippocampus, midbrain and cerebellum. Since
such observations would indicate that alterations in benzo-
diazepine binding are more prominent in isolated-aggressive
rats, it should be added that under our housing conditions
muricidal behavior (used by Petkov et al. as a criterion for
aggression) was extremely rare.

Comparative studies between individually and group-
housed mice have also yielded contradictory results. Where-
as Braestrup et al.*® observed no change after individual
housing, Essman and Valzelli *2 reported a reduction in the
B,... of benzodiazepine binding sites in some brain structures
of isolated mice. Most recently, Tyutyulkova et al. 194 de-
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scribed a reduction in the B,,, and K, of benzodiazepine
binding sites in the brain of isolated, aggressive mice and
further showed that either a single, or chronic, treatment
with medazepam had an anti-aggressive effect, leading to a
restoration of the B,,,.

5.1.4 Additional comments

Upon critically examining the benzodiazepine binding data
for all of these groups of rodents, it becomes obvious that
there is no absolute linkage between benzodiazepine binding
and fearfulness (emotionality). Only those results obtained
in RHA/Verh and RLA/Verh rats3”, and those obtained in
the original studies ®¢ 87, support the hypothesis that benzo-
diazepine binding might be inversely related to fear. Recent
results by Tamborska et al. *°%, however, have also ques-
tioned the original results for the MR and MNR rats. Those
authors, upon comparing central and peripheral benzodi-
azepine receptor binding between their MNR and MR rats,
could not find any interstrain difference for cerebral cortex,
cerebellum, hippocampus or medulla-pons. Furthermore,
Drugan et al. *®, using a specific ligand for peripheral benzo-
diazepine binding sites (Ro-5-4864), found reduced binding
in the heart and kidney of MR rats, but not in other periph-
eral tissues or in cortex, hippocampus and hypothalamus.
A difference in benzodiazepine binding between RHA/Verh
and RLA/Verh rats might, on the other hand, be related to
a differential sensitivity toward chlordiazepoxide’, al-
though an association between an animals’ sensitivity to-
ward benzodiazepines and the number of benzodiazepine
binding sites has also been brought into question. In a recent
study 51, 400 Sprague Dawley rats were trained in a two-lever
operant chamber to respond only during the non-punished
period. Each rat’s number of positive responses during the
punishment period, after oral chlordiazepoxide, was record-
ed as an index of drug sensitivity. Subsequently, those rats
showing a low or high response to the drug, respectively,
were compared with regard to diverse receptors. Both ‘re-
sponders’ and ‘non-responders’ showed similar *H-di-
azepam binding in cerebral cortex and cerebellum. In the
hippocamus, however, ‘non-responders’ showed a higher
3H-diazepam binding than ‘responders’, scemingly empha-
sizing the possible importance of this region in the action of
the benzodiazepines.

5.2 Imipramine binding

High affinity binding sites for *H-imipramine have been de-
tected in the brain of various species, including man. Phar-
macological studies have indicated that these binding sites
are related to the S-HT-uptake mechanism ®’, and that the
regional distribution within the CNS parallels endogenous
5-HT-levels®°. 3H-imipramine also binds saturably, and
with high affinity, to membranes prepared from blood
platelets, coinciding with previous findings that platelets
take up, store and metabolize serotonin in a similar manner
to synaptosomes or brain slices °°. It has been observed that
3H-imipramine binding sites in thrombocytes are of the same
kind as those detected in the CNS 1 and that both platelet-
and CNS-sites can be concomitantly modified (e.g. chronic
treatment with imipramine in cats has been found to down-
regulate these bindirg sites to the same degree in both tis-
sues *9).

It has therefore been postulated that centrally occurring al-
terations in the B, or K, of *H-imipramine binding sites
might be mirrored in (the more easily accessible) blood
platelets. Given that disturbances in the 5-HT-system are
thought to be involved in depression, and that 5-HT-uptake
blockers are clinically effective in alleviating depressive
symptoms, the B, of these binding sites in depressed pa-
tients and healthy controls has been compared in several
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studies. The few studies comparing *H-imipramine binding
sites in the brain (post-mortem tissue) suggest a reduced
binding for depressed partients®? and for suicides (96, as
opposed to 6), when compared to controls. For platelets,
some of the initial studies reported a reduced B,,, of *H-
imipramine binding sites in depressed patients. However,
other, more recent reports, including our own*” 31, could
not confirm such a reduction. Surveying the data published
until now, Bech et al. ® have recently stated that “14 of the 26
studies found a significant decrease (10-50%) in depressed
patients compared with normal control persons, whereas 12
of the studies found non-significant changes or slightly ele-
vated values.” So it remains an open question at present as
to whether the B, of platelet *H-imipramine binding sites
indeed represents a valuable marker of depression. For more
extensive overviews on the relationship between *H-
imipramine binding, 5-HT-uptake and depression we refer
the reader to two recent reviews ¢ 62,

Other questions regarding *H-imipramine binding concern
a) whether the number of these binding sites represents a
state-dependent parameter (e.g. a lowered density in depres-
sive states with a subsequent normalization while recover-
ing), and b) whether the density of these binding sites could
be genetically determined (possibly indicating a vulnerability
to depressive episodes). Clinical data here are, once again,
controversial 1% 68 98 and the few twin studies carried out so
far are contradictory > >3, Animal studies could be of partic-
ular help in clarifying whether *H-imipramine binding could
be under some genetic control. Comparative studies between
genetically distinct groups of experimental animals have so
far been neglected, however, with few exceptions. *H-
imipramine binding has been compared between Fawn-
Hooded rats (which have a hereditary platelet 5-HT-storage
pool deficiency) and some more common strains (Sprague-
Dawley, Long Evans). One laboratory was unable to detect
any platelet binding *°, another found a reduction in densi-
ty* and a third was unable to establish any strain-specific
difference in brain >H-imipramine binding between Long
Evans and Fawn-Hooded rats®?. Hoping to find models
which differ in *H-imipramine binding sites, we have com-
pared our groups of rats using brain and, in two instances,
platelet samples.

5.2.1 RHA|Verh and RLA[Verh rats

Scatchard analysis revealed, for RHA/Verh rats, a signifi-
cantly higher B, of *H-imipramine binding sites (+ 32%)
than for RL.A/Verh rats, and no significant interline differ-
ence in K,, when using whole brain homogenates**. In a
subsequent analysis, a higher *H-imipramine binding (at
2.5 oM 3H-imipramine) in RHA/Verh rats was found in all
central subregions tested, with the exception of the hypothal-
amus, which showed the opposite results. The interline dif-
ferences, between 8 % and 18 %, reached a significant level in
cortex, striatum and hypothalamus*3. Using six different
ligand concentrations in an additional set of rats, cortical,
striatal and hippocampal densities of *H-imipramine bind-
ing sites were, once again, higher in RHA/Verh rats, with no
differences in K,; the hypothalamus, once again, was the
exception (RLA/Verh > RHA/Verh) (unpublished observa-
tions). Scatchard analyses in platelets revealed absolutely no
difference between the two Roman rat lines (unpublished
observations).

5.2.2 SHR and WKY rats

Previous reports have indicated that SHR and WKY rats
differ in some serotonergic parameters such as brain 5-HT-
levels ®® and platelet S-HT-uptake®>. The latter difference
has also been described in blood samples of hypertensive
patients vs normotensive controls 1. Based on the proposed
relationship between 5-HT-uptake and *H-imipramine bind-
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ing, on the one hand, and between the endogenous level of
5-HT and the density of 3H-imipramine binding sites, on the
other hand #°, we hypothesized that SHR and WKY rats
might differ in the B, ,, of these binding sites. Our results for
3H-imipramine binding in whole brain homogenates and
blood platelets of aduit SHR and WKY rats were identical
with respect to both B, - and K -values*S. However, since
no regional analysis was included, differences restricted to
certain CNS-subregions, especially if they went in opposite
directions, would not have been detected in that experiment.

5.2.3 Individually and group-housed Wistar rats

Using whole brain homogenates, Scatchard analysis for indi-
vidually and group-housed Wistar rats did not reveal any
significant housing effect**. Once again, potential differ-
ences in only one or a few subregions might have remained
undetected. We know of only one other report which has
compared *H-imipramine binding between individually and
group-housed rats. Guisado et al. found, for isolated rats
after 10 months of social deprivation, a higher *H-
imipramine binding than in group-housed controls *®. To the
best of our knowledge, platelet *H-imipramine binding has
not been compared between differentially housed rats.

5.2.4 Additional comments

The lack of difference in platelet *H-imipramine binding
between SHR and WKY rats is somewhat puzzling in the
light of the known interstrain difference for 5S-HT-uptake 5°.
Our results in experimental animals, however, are in line
with a clinical study by Kamal et al. Those authors were
unable to detect any difference in *H-imipramine binding
when comparing platelet samples of hypertensive patients
and those of normotensive controls ¢3.

The absence of a difference in platelet H-imipramine bind-
ing between the two Roman rat lines, seen in the light of the
dissimilar central binding repeatedly observed, casts doubt
upon whether there is always an interrelation between the
two tissues with regard to *H-imipramine binding. Dis-
crepancies between central and peripheral *H-imipramine
binding have already been observed by others. Ieni et al. ®2,
upon finding a similar brain *H-imipramine binding in
Fawn-Hooded and Long Evans rats, questioned the useful-
ness of blood platelets as a model system reflective of CNS
serotonergic activity. Also, Abel et al.!, after treating rats
with electroconvulsive shocks, observed an increase in
platelet, but not cortical, >H-imipramine binding. They also
concluded that the platelet and brain binding sites for *H-
imipramine are not regulated in an identical way.

The opposite direction for the difference in *H-imipramine
binding between the two Roman rat lines, which was ob-
served in the hypothalamus when compared to other brain
areas, needs some further consideration. Such a finding
might be linked to the divergent emotional responses ex-
pressed by differential activation of the hypothalamic-pitu-
itary-adrenal axis, as described previously **, or it might be
related to the particularly different serotonergic responses in
the hypothalamus of these two lines of rats following shock
stress?7, or both.

6. General discussion

Upon reviewing various behavioral and hormonal parame-
ters in rats, comparable differences have been observed be-
tween RHA/Verh, SHR and individually housed Wistar rats,
versus RLA/Verh, WKY and group-housed Wistar rats, re-
spectively. The divergent locomotor activity, defecation and
plasma corticosterone levels seen upon being exposed to a
novel environment point to intrapair differences in emotion-
ality (fear) in all three cases. Therefore, despite their various
origins, namely a genetic selection for extremes in shuttlebox
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performance or blood pressure, or a variation in housing
conditions, similar intrapair differences have been induced.
Such findings for experimental animals are remarkably con-
sistent with clinical observations, where genetic, as well as
environmental (social), pressures are known to be triggering
factors in psychopathology. Therefore, notwithstanding the
common psychiatric practice of diagnostically differentiat-
ing endogenous (genetic) and reactive (environmental)
forms, clinical symptoms shown by either classification may
indeed be identical.

The search for concomitant differences in receptor binding,
however, has yielded less impressive results. Differences, if
present at all, have been only marginal, and neither of the
binding sites reviewed here systematically differed in all pair-
ings of rats. Thus, no absolute relationship between the bind-
ing sites and emotionality was found. In pharmacological
studies, on the other hand, one has become accustomed to
larger differences in receptor binding. After the administra-
tion of drugs or neurotoxins, or after lesioning distinct brain
regions, marked alterations in different receptors have been
observed. However, a loss in neurons is induced by some of
these interventions, and the animal is often seriously affected
behaviorally. The changes possibly underlying emotional
disturbances are, however, unlikely to be accompanied by
such dramatic neurochemical alterations, and it is certainly
inappropriate to assume that only a large difference in the
density of receptors might be meaningful. Hirsch, exemplify-
ing this for the benzodiazepine receptors ¢!, showed that on-
Iy 10-20% of the sites needed to be occupied by diazepam
in order to prevent pentylenetetrazol-induced convulsions,
or to exhibit anticonflict activity. Thus, small changes in
diazepam binding could have a marked effect on the action
of the drug.

In addition, receptors are unevenly distributed throughout
the CNS. Thus, assuming that an alteration in the B_,, or K
of a receptor is restricted to only some brain subregions (or
nucleii), one risks overlooking such small, but possibly rele-
vant, changes when studying larger brain areas. Further-
more, receptors represent only one of the many elements
responsible for the maintenance of neurotransmission. It is,
therefore, not imperative that any change in neurotransmis-
sion needs to be reflected in an alteration at the receptor
level, since a malfunctioning system could already have been
counterbalanced by up- and down-regulation of other parts
of the system (synthesis, release, degradation etc.), or even by
another system. Finally, circadian peculiarities should also
be considered because, as has been recently emphasized, dif-
ferences in receptor binding between strains may vary de-
pending upon the time of day *°%.

Although many methodological and statistical problems will
be encountered when trying to elaborate small differences in
receptor binding between non-pharmacologically manipu-
lated groups of experimental animals, we feel that such dif-
ferences are more applicable to the clinical experience. To
mention *H-imipramine binding as an example, the differ-
ences between depressed patients and healthy controls, if
present at all, have been around 10-20% in most studies®.
Behaviorally speaking, however, these groups show pro-
nounced differences. As a consequence, animal models re-
vealing small differences in that parameter, e.g. learned help-
lessness in rats which produces a reduction of 25% %2, are
superior to those describing large differences, e.g. adminis-
tration of a neurotoxin (5,7-DHT) which produces a reduc-
tion of up to 80%, depending upon the brain subregion 2°.
An alternative approach to those discussed in this review
would proceed in the opposite direction and determine, after
selective breeding for extremes in a neurochemical parame-
ter, behavioral correlates. Obviously, for such an approach,
the animals would have to survive the chemical analysis,
which has become practicable only recently with the intro-
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duction of new techniques such as brain dialysis, positron
emission tomography and nuclear magnetic resonance. Se-
condly, when peripheral and central binding sites are known
to be identical and similarly regulated, it should become
possible to select animals according to the density of some
peripheral binding sites (e.g. *H-imipramine sites on blood
platelets or D,-binding sites on lymphocytes) prior to breed-
ing. Observation of later generations might then point out
which behavioral peculiarities may be attributable to a given
neurochemical parameter.

A further approach may be illustrated by work recently done
with SHR and WKY rats. As these two strains have been
bred for many generations for differences in blood pressure,
it might be questioned whether the subsequent behavioral
and neurochemical peculiarities noted between SHR and
WKY rats are not merely a coincidence. Hendley et al. %,
using an elegant experimental design, have provided the in-
formation that hypertension and hyperactivity are not di-
rectly interrelated, genetically. Starting with an original cross
of SHR and WKY rats, those authors produced a gene-seg-
regating F,-generation out of which, by inbreeding selected
brother/sister pairs, a new strain of hyperactive rats with
normal blood pressure was produced ’®. By additionally in-
corporating such a strain into neurochemical and further
behavioral (directed toward emotionality/fear) comparisons
between SHR and WKY rats, it could be determined which
neurochemical alterations in SHR rats are linked to the high
blood pressure and which are more likely to be related to the
locomotor activity. A similar breeding technique with the
Roman rat lines (and other selectively bred stocks) would,
obviously, also be of much interest.

As a final remark, we would like to emphasize that mental
disturbances in humans, under most circumstances, are in-
duced by non-pharmacological causes and that psychophar-
macological agents exert their beneficial action in patients,
but not in healthy controls. For example, antidepressants,
when taken by a healthy person, do nothing more than to
induce fatigue. In depressed patients, however, the same
drug and dose alleviates depressive symptomatology. For
animal experimentation this has the following consequences:
Genetically- and/or environmentally-manipulated models
should be preferred to pharmacological models, i.c. it is
closer to the clinical situation when a pharmacological effect
is observed in animal models with the appropriate ‘abnor-
mal’ initial behavioral patterns, such as the examples de-
scribed in this review.

Acknowledgments. The authors wish to thank M. L. Sfoggia and B. Poux
for their technical assistance and Drs P. Driscoll and D. Blizard for their
suggestions and criticisms. One of the authors (C. G.) has been partly
supported by ‘Schweizerischer Nationalfonds zur Férderung der wis-
senschaftlichen Forschung’ (Grant Nos. 3.855.0.79 and 3.911.0.82).

—_

Abel, M. S., Clody, D. E., Wennogle, L. P., and Meyerson, L. R.,
Effect of chronic desmethylimipramine or electroconvulsive shock
on selected brain and platelet neurotransmitter recognition sites.
Biochem. Pharmac. 34 (1985) 679—683.

2 Angst, J., Frey, R., Lohmeyer, B., and Zerbin-Ruedin, E., Bipolar
manic depressive psychoses: Results of a genetic investigation. Hum.
Genet. 55 (1980) 237-254.

Archer, J., Tests for emotionality in rats and mice: A review. Anim.
Behav. 21 (1973) 205-235.

4 Arora, R. C., Tong, C., Jackman, H. L., Stoff, D., and Meltzer,
H. Y., Serotonin uptake and imipramine binding in blood platelets
and brain of Fawn-Hooded and Sprague-Dawley rats. Life Sci. 33
(1983) 437-442.

Arora, R. C., and Meltzer, H. Y., Genetic control of serotonin (5-
HT) uptake but not of imipramine binding in blood platelets of
normal twins. Abstr. 262.9, 14th Annual Meeting of the American
Society for Neuroscience, Anaheim (1984).

Arora, R. C., and Meltzer, H. Y., Platelet (SHT,) recognition sites
and *H-imipramine binding (IB) sites in the brains of suicide victims.

w

n

N

Reviews

Abstr. 412.1, 17th Annual Meeting of the American Society for Neu-

roscience, New Orleans 1987.

Baettig, K., Driscoll, P., Schlatter, J., and Uster, H. J., Effects of

nicotine on the exploratory locomotion patterns in female Roman

high- and low-avoidance rats. Pharmac. Biochem. Behav. 4 (1976)

435-439.

Bech, P., Eplov, L., Gastpar, M., Gentsch, C., Mellerup, E. T.,

Mendlewicz, I., Plenge, P., and Rielaert, C., WHO pilot study on the

validity of imipramine platelet receptor binding sites as biological

marker of endogenous depression. Pharmacopsychiatry (1988) in
press.

Bennett, T., and Gardiner, S. M., Prevention and reversal of isola-

tion-induced systolic arterial hypertension in rats by treatment with

beta-adrenoceptor antagonists. Br. J. Pharmac. 65 (1979) 205-213.

10 Berrettini, W. H., Nurnberger,J.I., Post,R.M., and Ger-

shon, E. 8., Platelet *H-imipramine binding in euthymic bipolar pa-

tients. Psychiat. Res. 7 (1982) 215-219.

Bhargava, K. P., Raina, N., Misra, N,, Shanker, K., and Vrat, S.,

Uptake of serotonin by human platelets and its relevance to CNS

involvement in hypertension. Life Sci. 25 (1979) 195-200.

12 Bondy, B., Ackenheil, M., Elbers, R., and Froehler, M., Binding of
3H-spiroperidol to human lymphocytes: A biological marker in
schizophrenia? Psychiat. Res. 15 (1985) 41—-43.

13 Braestrup, C., Nielsen, M., Nielsen, E. B., and Lyon, M., Benzodi-
azepine receptors in the brain as affected by different experimental
stresses: The changes are small and not unidirectional. Psychophar-
macology 65 (1979) 273-2717.

14 Briley, M., Raisman, R., and Langer, S. Z., Human platelets possess
high-affinity binding sites for *H-imipramine. Eur. J. Pharmac. 58
(1979) 347-348.

15 Briley, M. S., Raisman, R., Arbilla, S., Casadamont, M., and
Langer, S. Z., Concomitant decrease in *H-imipramine binding in
cat brain and platelets after chronic treatment with imipramine. Eur.
J. Pharmac. 81 (1982) 309-314.

16 Briley, M., Imipramine binding: Its relationship with serotonin up-
take and depression, in: Neuropharmacology of Serotonin, pp. S0~
78. Ed A. R. Green. Oxford University Press 1985.

17 Broadhurst, P. L., Experiments in psychogenetics: Application of
biometrical genetics to behavior, in: Experiments in Personality,
vol. 1. Psychogenetics and Psychopharmacology. Ed H. J. Eysenck.
Routledge and Kegan Paul, London 1960.

18 Broadhurst, P. L., and Bignami, G., Correlative effects of psycho-
genetic selection: A study of the Roman high and low avoidance
strains of rats. Behav. Res. Ther. 2 (1965) 273-280.

19 Broadhurst, P. L., Psychogenetics of emotionality in the rat. Ann.
N.Y. Acad. Sci. 159 (1969) 806—824.

20 Brunello, M., Chuang, D., and Costa, E., Different synaptic local-

ization of mianserin and imipramine binding sites. Science 215

(1982) 1112-1115.

Coyle, J. T., Wender, P., and Lipsky, A., Avoidance conditioning in

different strains of rats: Neurochemical correlates. Psychopharma-

cologia 31 (1974) 25-34.

22 Dalrymple-Alford, J. C., and Benton, D., Activity differences of in-
dividually and group-housed male and female rats. Anim. Learn.
Behav. 9 (1981) 50-55.

23 David, J., Kaul, C. L., and Grewal, R. S., Drug-induced facilitation
of avoidance learning in isolated weanling rats. Pharmac. Res.
Comm. 9 (1977) 863-877.

24 Delini-Stula, A., and Hunn, C., Neophobia in Spontaneous Hyper-
tensive (SHR) and normotensive (WKY) rats. Behav. Neur. Biol. 43
(1985) 206-211.

25 DeVito, W.J., Sutterer,J. R., and Brush, F. R., The pituitary-
adrenal response to ether stress in the spontaneously hypertensive
and normotensive rat. Life Sci. 28 (1981) 1489—-1495.

26 Driscoll, P., and Baettig, K., Behavioural, emotional and neuro-
chemical profiles of rats selected for extreme differences in active,
two-way avoidance performance. In: Genetics of the Brain, pp. 95—
123. Ed. 1. Lieblich. Elsevier, Amsterdam 1982.

27 Driscoll, P., Dedek, J., Martin, J. R., and Zivkovic, B., Two-way
avoidance and acute shock stress induced alterations of regional
noradrenergic, dopaminergic and serotonergic activity in Roman
high- and low-avoidance rats. Life Sci. 33 (1983) 1719-1725.

28 Drugan, R. C,, Basile, A. S., Crawley, J. N., Paul, S. M., and Skol-
nick, P., Peripheral benzodiazepine binding sites in the Maudsley
reactive rat: selective decrease confined to peripheral tissues. Brain
Res. Bull. 18 (1987) 143~145.

29 Duetsch, H. R., and Baettig, K., Psychogenetische Unterschiede
(RHA- vs RLA-Ratten) im Vermeidungslernen, Offenfeldverhalten,

-~

oo

o

1

—

2

—_



Reviews

30

31

32

33

34

35

36

3

~

3

oo

39

40

4

—

4

[\S3

43

44

45

46

47

48

49

50

51

52

53

Hebb-Williams-Intelligenztest und bei der Labyrinthexploration. Z.
exp. angew. Psychol. 24 (1977) 230-243. '
Dumbrille-Ross, A., and Tang, S. W., Absence of high-affinity *H-
imipramine binding in platelets and cerebral cortex of Fawn-Hooded
rats. Eur. J. Pharmac. 72 (1981) 137-138.

Elliot, J. M., Platelet receptor binding studies in affective disorders.
J. affect. Disorders 6 (1984) 219-239.

Essman, E. J., and Valzelli, L., Brain benzodiazepine receptor
changes in the isolated aggressive mouse. Pharmac. Res. Comm. 73
(1981) 665-671.

Feer, H., Biologische Psychiatrie, in: Forum der Psychiatrie, pp. 41—
96. Eds J. Glatzel, H. Krueger and C. Scharfetter. Enke, Stuttgart
1985.

File, S. E., and Pellow, S., The effects of putative anxiolytic com-
pounds (PK 8165, PK 90684 and Tracazolate) on the rat corticos-
terone response. Physiol. Behav. 35 (1985) 583-586.

Friedl, W., and Propping, P., 3H-imipramine binding in human
platelets: A study in normal twins. Psychiat. Res. 77 (1984) 279-285.
Garzon, J., Fuentes, J., and Del Rio, J., Antidepressants selectively
antagonize the hyperactivity induced in rats by long-term isolation.
Eur. J. Pharmac. 59 (1979) 293-296.

Geller, L., Kulak, J. T., and Seifer, J., The effects of chlordiazepox-
ide and chlorpromazine on a punishment discrimination. Psy-
chopharmacologia 3 (1962) 374—-385.

Gentsch, C., Lichtsteiner, M., and Feer, H., Individual housing of
rats causes divergent changes in spontaneous and reactive activity.
Experientia 37 (1981) 61-62.

Gentsch, C., Lichtsteiner, M., and Feer, H., >H-diazepam binding
sites in Roman high- and Roman low-avoidance rats. Experientia 37
(1981) 1315-1316.

Gentsch, C., Lichtsteiner, M., and Feer, H., Locometor activity,
defecation scores and corticosterone levels during an openfield expo-
sure: A comparison among individually and group-housed rats, and
genetically selected rat lines. Physiol. Behav. 27 (1981) 183-186.
Gentsch, C., Lichtsteiner, M., Driscoll, P., and Feer, H., Differential
hormonal and physiological responses to stress in Roman high- and
low-avoidance rats. Physiol. Behav. 28 (1982) 259-263.

Gentsch, C., Lichtsteiner, M., Kraeuchi, K., and Feer, H., Different
reaction patterns in individually and socially reared rats during ex-
posure to novel environments. Behav. Brain Res. 4 (1982) 45-54.
Gentsch, C., Lichtsteiner, M., and Feer, H., Behavioural compari-
sons between individually- and group-housed male rats: Effects of
novel environments and diurnal rhythm. Behav. Brain Res. 6 (1982)
93-100.

Gentsch, C., Lichtsteiner, M., and Feer, H., *H-imipramine binding
sites in the rat brain tissue of different groups of rats: A preliminary
report. IRCS med. Sci. 70 {(1982) 701-702.

Gentsch, C., Lichtsteiner, M., and Feer, H., Regional distribution of
3H-imipramine binding sites in the CNS of Roman high and low
avoidance rats. Eur. J. Pharmac. 88 (1983) 259-261.

Gentsch, C., Lichtsteiner, M., and Feer, H., *H-imipramine binding
in brain tissues and platelets of spontaneously hypertensive and
normotensive rats. IRCS med. Sci. 73 (1985) 221-222.

Gentsch, C., Lichtsteiner, M., Gastpar, M., Gastpar, G., and
Feer, H., *H-imipramine binding sites in platelets of hospitalized
psychiatric patients. Psychiat. Res. 74 (1985) 177-187.

Gentsch, C., Lichtsteiner, M., and Feer, H., Behavioural compari-
sons between RHA/Verh and RLA/Verh rats during the light/dark
cycle. Experientia 47 (1985) 1218.

Gentsch, C., Lichtsteiner, M., and Feer, H., Locomotor activity
measures in Roman high avoidance (RHA/Verh) and Roman low
avoidance (RLA/Verh) rats: Differences in spontaneous and reactive
activity are not influenced by the time of day. Neurosci. Lett. Suppl.
22 (1985) S943.

Gentsch, C., Lichtsteiner, M., and Feer, H., Openfield and elevated
plus-maze: A behavioural comparison between spontaneously hy-
pertensive (SHR) and Wistar-Kyoto (WKY) rats and the effects of
chlordiazepoxide. Behav. Brain Res. 25 (1987) 101-107.

Gentsch, C., Lichtsteiner, M., Gastpar, M., Gastpar, G., and
Feer, H., Platelet *H-imipramine binding sites in depressed patients
and healthy controls. A comparison between morning and afternoon
samples. (1988) submitted.

Golda, V., Cerman, J., Suba, P., and Votruba, M., Effects of isola-
tion in male and female rats: Shock-elicited behaviour, pellets, water
and saline intake, plasma and brain biochemistry and organ weights.
Sbor. ved. praci. LFUK v Hradci Kral. 27 (1978) 449-461.

Gray, J. A., Emotionality in male and female rodents. A reply to
Archer. Br. J. Psychol. 70 (1979) 425-440.

Experientia 44 (1988), Birkhduser Verlag, CH-4010 Basel/Switzerland

54

55

56

57

58

59

60

6

—_

62

63

64

65

66

67

68

69

70

7

—_

72

73

74

75

76

77

489

Gray, J. A., The neuropsychology of anxiety: An enquiry into the
function of the septo-hippocampal system. Oxford University Press
1982.

Guenaire, C., Feghall, G., Senault, B., and Delacour, J., Psycho-
physiological profiles of the Roman strains of rats. Physiol. Behav.
37 (1986) 423-428.

Guisado, E., Garzon, J., and Del Rio, J., Increased *H-spiroperidol
and *H-imipramine binding in the brain of rats after long-term
isolation, p. 1417. Abstract at 8th International Congr. Pharmac.,
Tokyo 1981.

Haefely, W., Pharmacology of benzodiazepine antagonists. Pharma-
copsychiatry 18 (1985) 163-166.

Hall, C. S., Emotional behavior in the rat. I. Defecation and urina-
tion as measures of individual differences in emotionality. J. comp.
Psychol. /8 (1934) 385403,

Hambiey, J. W., Johnston, G. A. R., and Shaw,J., The central
GABA system in the spontaneously hypertensive rat: Effects of pre-
treatments with hydralazine. Aust. N. Z. J. Med. 15 (1985) Suppl. 2,
529.

Hendley, E. D., Wessel, D.J., Atwater, D. G., Gellis, J., White-
horn, D., and Low, W. C., Age, sex and strain differences in activity
and habituation in SHR and WKY rats. Physiol. Behav. 34 (1985)
379-383.

Hirsch, J. D., Regional changes in *H-diazepam binding in the
brains of mice after removal of the olfactory bulbs. Exp. Neurol. 72
(1981) 91--98.

Teni, J. R., Tobach, E., Zukin, S. R., Barr, G. A, and Van Praag,
H. M., Multiple *H-imipramine binding sites in brains of male and
female Fawn-Hooded and Long-Evans rats. Eur. J. Pharmac. 712
(1985) 261~-264.

Kamal, L. A., Raisman, R., Meyer, P., and Langer, S. Z., Reduced
V,.ax f *H-serotonin uptake but unchanged *H-imipramine binding
in the platelets of untreated hypertensive subjects. Life Sci. 34 (1984)
2083-2088.

Knardahl, S., and Sagvolden, T., Open-field behavior of sponta-
neously hypertensive rats. Behav. Neur. Biol. 27 (1979) 187-200.
Knardahl, S., and Sagvolden, T., Two-way active avoidance behay-
ior of spontaneously hypertensive rats: Effects of intensity of discon-
tinuous shock. Behav. Neur. Biol. 35 (1982) 105-120.

Kraeuchi, K., Wirz-Justice, A., Willener, R., Campell, I. C., and
Feer, H., Spontaneous hypertensive rats: Behavioral and corticos-
terone response depend on circadian phase. Physiol. Behav. 30
(1983) 35-40.

Langer, S. Z., Moret, C., Raisman, R., and Sechter, D., High affini-
ty 3H-imipramine binding in rat hypothalamus: Association with
uptake of serotonin but not of norepinephrine. Science 270 (1980)
1133-1135.

Langer, S. Z., and Raisman, R., Binding of *H-imipramine and *H-
desipramine as biochemical tools for studies in depression. Neu-
ropharmacology 22 (1983) 407-413.

Langer, S. Z., Galzin, A. M., Lee, C. R., and Schoemaker, H., An-
tidepressant-binding sites in brain and platelets, in: Antidepressants
and Receptor Function (Ciba Foundation Symposium 123), pp. 3—
17. John Wiley & Sons 1986.

Lovely, R. H., and Pagano, R. R., Shuttle-box-avoidance perfor-
mance and basal corticosterone levels as a function of duration of
individual housing in rats. J. comp. physiol. Psychol. 81 (1972) 331
335.

McCarty, R., and Kopin, L. J., Patterns of behavioral development
in spontaneously hypertensive and Wistar Kyoto normotensive con-
trols. Dev. Psychobiol. 12 (1979) 239-243.

McCarty, R., Stress, behavior and experimental hypertension. Neu-
rosci. Biobehav. Rev. 7 (1983) 493-502.

McMurtry, J. P., and Wexler, B. C., Hypersensitivity of sponta-
neously hypertensive rats (SHR) to heat, ether, and immobilization.
Endocrinology 108 (1981) 1730-1736.

Martin, J. R., Qettinger, R., Driscoll, P., Buzzi, R., and Baettig, K.,
Effects of chlordiazepoxide and imipramine on maze patrolling with-
in two different maze configurations by psychogenetically selected
lines of rats. Psychopharmacology 78 (1982) 58—62.

Moehler, H., and Okada, T., Benzodiazepine receptor: Demonstra-
tion in the central nervous system, Science 798 (1977) 849-851.
Musty, R. E., Conti, L. H., Wessel, D. J., and Hendley, E. D., Be-
havioral characteristics of inbred hyperactive rats. Abstract 167.20,
15th Annual Meeting of the American Society for Neuroscience,
Dallas 1985.

Nakamura, K., Nakamura, K., and Suzuki, T., Reciprocal changes
in adreno-medullary and -cortical functions in spontaneously hyper-



490

78

79

80

8

—_

8

1353

83

84

85

8

f=)%

87

88

89

90

9

92

93

94

Experientia 44 (1988), Birkhiuser Verlag, CH-4010 Basel/Switzerland

tensive rats, p. 149. in: Spontaneous Hypertension: Its Pathogenesis
and Complications. U.S. Dept. of Health, Education and Welfare
(1976).

Oechme, P., Hilse, H., Hecht, K., Poppei, M., Moritz, V., Min T,
and Scheer, E., Action of substance P and an analogue on blood
pressure and avoidance learning in rats with spontaneous hyperten-
sion (SHR). Pharmazie 36 (1981) 5021—-504. :

Okamoto, K., and Aoki, K., Development of a strain of sponta-
neously hypertensive rats. Jap. Circ. J. 27 (1963) 282-293.
Palkovits, M., Raisman, R., Briley, M., and Langer, S. Z., Regional
distribution of *H-imipramine binding in rat brain. Brain Res. 210
(1981) 493-495.

Patel, J. B., Stengel, J., Malick, J. B., and Enna, S. J., Neurochemi-
cal characteristics of rats distinguished as benzodiazepine responders
and non-responders in a new conflict test. Life Sci. 34 (1984) 2647—
2653.

Pellow, S., Chopin, P., File, S., and Briley, M., Validation of open/
closed arm entries in an elevated plus-maze as a measure of anxiety
in the rat. Neurosci. Meth. 14 (1985) 149-167.

Perry, E. K., Marshall, E. F., Blessed, S., Tomlinson, B. E., and Per-
ry, R. H., Decreased imipramine binding in the brain of patients
with depressive illness. Br. J. Psychiat. 742 (1983) 188-192.
Petkov, V. V., and Yanev, S., Brain benzodiazepine receptor changes
in rats with isolation syndrome. Pharmac. Res. Commun. 74 (1982)
739-744.

Prina, R., Dolfini, E., Mennini, T., Palermon, A., and Libretti, A.,
Reduced serotonin uptake by spontaneously hypertensive rat
platelets. Life Sci. 29 (1981) 2375-2379.

Robertson, H. A., Martin, [. L., and Candy, J. M., Differences in
benzodiazepine receptor binding in Maudsley reactive and Maudsley
non-reactive rats. Eur. J. Pharmac. 50 (1978) 455-457.
Robertson, H. A., Benzodiazepine receptors in ‘emotional’ and
‘non-emotional’ mice: Comparison of four strains. Eur. J. Pharmac.
56 (1979) 163-166.

Rosecrans, J. A., and Adams, M. D., Brain S5-hydroxytryptamine
correlates of behavior: Studies involving spontaneously hypertensive
(SHR) and normotensive Wistar rats. Pharmac. Biochem. Behav. 5
(1976) 559-564.

Satinder, K. P., Genotype-dependent effects of d-amphetamine sul-
phate and caffeine on escape-avoidance behavior of rats. J. comp.
physiol. Psychol. 76 (1971) 359-364.

Shepard, R. A., Nielsen, E. B., and Broadhurst, P. L., Sex and strain
differences in benzodiazepine receptor binding in Roman rat strains.
Eur. J. Pharmac. 77 (1982) 327-330.

Shepard, R. A., Jackson, H. F., Broadhurst, P. L., and Deakin,
J. F. W, Relationship between hyponeophagia, diazepam sensitivity
and benzodiazepine receptor binding in eighteen rat genotypes.
Pharmacol. Biochem. Behav. 20 (1984) 845--847.

Sherman, A. D., and Petty, F., Learned helplessness decreases H-
imipramine binding in rat cortex. J. affect. Disorders 6 (1984) 25-32.
Shimamoto, K., and Nagaoka, A., Behavioral and pharmacological
characteristics of the spontaneously hypertensive rat, in: Sponta-
neous Hypertension, pp. 89-92. Ed. K. Okamoto. Igaku Shoin,
Tokyo 1972.

Sowers, J., Tuck, M., Asp, N.D., and Sollars, E., Plasma aldos-
terone and corticosterone response to adrenocorticotropin, an-
giotensin, potassium and stress in spontaneously hypertensive rats.
Endocrinology 108 (1981) 1216—1218.

95

96

97

9

oo

99

100

101

102

103

104

105

106

107

108

109

110

111

Reviews

Stahl, S. M., Platelets as pharmacological models for the receptors
and biochemistry of monoaminergic neurons, in: The platelets: Phys-
iology and Pharmacology, pp. 307-340. Academic Press, New York
1985.

Stanley, M., Virgillio, S., and Gershon, S., Tritiated imipramine
binding sites are decreased in the frontal cortex of suicides. Science
216 (1982) 1337~1339.

Stern, J. A., Winokur, G., Eisenstein, A., Taylor, R., and Sly, M.,
The effect of group vs individual housing on behaviour and physio-
logical responses to stress in the Albino rat. J. Psychosom. Res. 4
(1960) 185-190.

Suranyi-Cadotte, B. E., Wood, P. L., Nair, N. P. V., and Schwartz,
G., Normalization of platelet *H-imipramine binding in depressed
patients during remission. Eur. J. Pharmac. 85 (1982) 357-358.
Syme, L. A., Social isolation at weaning: Some effects on two mea-
sures of activity. Anim. Learn. Behav. 1 (1973) 161-163.
Tamborska, E., Insel, T., and Marangos, P. J., ‘Peripheral’ and ‘cen-
tral’ type benzodiazepine receptors in Maudsley rats. Eur. J. Phar-
mac. 126 (1986) 281-287.

Thyagarajan, R., Brennan, T., and Ticku, M. K., GABA and benzo-
diazepine binding sites in spontaneously hypertensive rats. Eur. J.
Pharmac. 93 (1983) 127-136.

Trippodo, N. C., and Frohlich, E. D., Similarities of genetic (sponta-
neous) hypertension. Man and rat. Circ. Res. 48 (1981) 309-319.
Tunnicliff, G., Welborn, K. L., and Head, R. A., The GABA /benzo-
diazepine receptor complex in the nervous system of a hypertensive
strain of rat. Neurochem. Res. 9 (1984) 1033-1038.

Tyutyulkova, N., Gorancheva, I., Stefanova, D., Yanev,S., Kat-
sor, G., and Georgiev, A., Effect of medazepam on benzodiazepine
receptors in brain of mice with isolation syndrome. Meth. Find. exp.
clin. Pharmac. 8 (1986) 711-713.

Valle, C. C. N, Hacad, L. S., Sudo, L. S., and Garcia-Leme, J., En-~
docrine disorders render rats hyporeactive to non-steroidal but not
to steroidal anti-inflammatory drugs. Braz. J. med. biol. Res. 18
(1985) 341-347.

Vogel, J. R., Beer, B., and Clody, D. E., A simple and reliable con-
flict procedure for testing anti-anxiety agents. Psychopharmacologia
21 (1971) 1-7.

Weinstock, M., and Speizer, Z., The effect of DL-propranolol, d-
propranolol and practolol on the hyperactivity induced in rats by
prolonged isolation. Psychopharmacologia 30 (1973) 241-250.
Wirz-Justice, A., Circadian rhythms in mammalian neurotransmit-
ter receptors. Prog. Neurobiol. 29 (1987) 219-259.

Yamori, Y., Physiopathology of the various strains of spontaneously
hypertensive rats, in: Hypertension. Physiopathology and Treat-
ment, pp. 556—581. Eds J. Genest, O.Kuchel, P. Hamet and
M. Cantin. McGraw-Hill Book Company, New York 1983.
Yamori, Y., Ooshima, A., and Okamoto, K. Metabolism of adrenal
corticosteroids in spontaneously hypertensive rats. Jap. Heart J. 14
(1973) 162-167.

Zerbin-Ruedin, E., Gegenwirtiger Stand der Zwillings- und Adop-
tionsstudien zur Schizophrenie. Nervenarzt 51 (1980) 379-391.

0014-4754/88/060482-09%1.50 + 0.20/0
© Birkhduser Verlag Basel, 1988 :



