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Cesium Attenuates Conditioned Avoidance
Response in Rats and Mice
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BOSE., R. AND C. PINSKY. Cesium attenuates conditioned avoidance response in rats and mice. PHARMACOL
BIOCHEM BEHAYV 18(6) 867-871, 1983.—The pole-climbing conditioned avoidance response (CAR) was attenuated in
rats after four once-daily injections of CsCl intraperitoneally at 3.0 mEq kg~' and in mice after seven such injections at 5.0
mEq kg™'. Suppression of CAR increased with increasing numbers of injections. Treatment with cesium did not attenuate
the unconditioned pole-climbing escape response to mild footshock. The cesium effect on CAR resembles that of
antidopaminergic phenothiazinelike agents, in concordance with our earlier studies which showed cesium potentiation of
pentobarbital sleeping time and antagonism of amphetamine toxicity.

Cesium CAR attenuation
Conditioned avoidance
Phenothiazinelike

Pole-climbing CAR
Cesium central actions
CAR response time

CAR-rats
Cesium readministration
Alkali metal ion

CAR-mice Cesium ion

Antidopaminergic

THERE is a variety of reports concerning the central nerv-
ous system (CNS) effects of the alkali-earth metal ion,
cesium (Cs) [2, 14, 21. 23, 28, 29, 32]. Some investigators [21,
23, 28, 32] have described excitatory effects while others [2,
14, 29] have reported responses which suggested some de-
gree of CNS depression, inhibition or no effect following
long-term administration of low doses. Bose, Pinsky and
co-workers found that repeated administration of CsCl, 1.25
to 20.0 mEq kg™! intraperitoneally, induced hypoactivity in
unrestrained mice, as evidenced by reduction in totalized
motor behavioral events of horizontal movements, vertical
activity (“‘rearing-up’’), grooming, sniffing and teeth chatter
([2. 3, 29] Pinsky and Bose, unpublished). Similar treatment
with CsCl! potentiated pentobarbital sleeping time in mice [4].
Amphetamine aggregation toxicity [8,26] also was seen to be
reduced in mice with such administration of cestum [4]. In
contrast, cutaneospinal reflexes involved in morphine-
induced antinociception in mice, and EEG patterns in rats,
were unaffected by repeated administration of CsCl [4,29].
The cesium-induced behavioral hypoactivity was not ac-
companied by any impairment of the righting reflex over the
specified dose range and there was no overt loss of motor
ability nor of responsivity to stimuli such as handling and
mild prodding ([4,29] Pinsky and Bose, unpublished). This
pattern of effects suggested to us that cesium-induced re-
duction of ongoing motor behavior is not merely the expres-
sion of a generalized depressant effect of cesium ion on
neuronal excitability. It appeared, instead, that the cesium
ion may exert a specific neuroactivity similar to antipsycho-
tic agents such as the phenothiazines and butyrophenones
which are known to impair amphetamine aggregation toxic-
ity [8, 16, 26] and to act on other correlational models in
animals and man or on states of psychosis in patients {1, 10,
18, 20]. We have therefore examined the effects of cesium on
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the pole-climbing conditioned avoidance response (CAR)
[11] in rats and mice, since that response also is blocked by
phenothiazinelike antipsychotic drugs and is frequently used
as a predictive drug screen to discern substances which may
display antipsychotic effects in humans.

METHOD
Animals and Procedure Times

All test animals (supplier: Canadian Breeding Laborato-
ries, St. Constant, PQ) were housed in temperature-
controlled (21°C) and humidity-supplemented quarters, on a
6:00 a.m.—6:00 p.m. light, 6:00 p.m.—6:00 a.m. dark schedule.
Animals were acclimatized to their quarters and to normal
handling for at least three days after shipment before training
was begun. They were housed in standard animal-house
plastic cages of 12 | volume with wood shaving bedding for
rats and of 6.2 | volume with sawdust bedding for mice. Male
Sprague-Dawley albino rats weighing 80-100 g were in
groups of five; male Swiss-Webster mice 18-20 g, in groups
of ten. All injections, training and CAR experiments were
done between 9:30 a.m. and 3:30 p.m.

Training Enclosures and Configuration

Rats. These were trained and tested in a cubic enclosure
45 ¢cm on edge with clear acrylic walls and a removable acry-
lic top lid fitted at its centre with a wooden pole 40 cm length
X 13 mm dia. projecting inward to the enclosure. The en-
closure floor consisted of parallel stainless steel rods 3 mm
dia. with centres spaced 10 mm apart. Alternate rods were
electrically strapped, thus forming a grid through which elec-
tric current (*‘footshock’) could be delivered to the rat's
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underpaws regardless of the animal's stance while standing
or crouching on the grid.

Mice. These were trained and tested in a transparent cir-
cular acrylic enclosure, 30x30 c¢cm dia. x ht. The circular
configuration reduced corner-seeking behavior and thus ap-
peared to reduce the time taken by this species to approach
the pole and learn to climb it. The floor of this enclosure was
similar to that for rats, but with thinner rods of 2 mm dia. and
with 7 mm spacing. The top lid held at its centre an inward-
projecting wooden pole, 27 cm long X 9 mm dia.

Stimuli Used for CAR Studies

The conditioning stimulus was provided by a standard
annuciator buzzer (Edwards, 725). sounding on the wooden
table-top which held the acrylic enclosures and electric-grid
floor. The sound level in the centre of the acrylic enclosures
at the level of the animal's head was 72 dB above 107'% W
cm~? as measured with a calibrated commercial sound level
meter (Realistic) with standards traceable to audio-
engineering industry specifications. The sound level was es-
sentially nondirectional, displayed no corner or edge effects
and varied less than 2 dB over the middle 80% volume of
either enclosure.

The unconditioned stimulus consisted of 60-Hz sinusoidal
current from a constant-current source (output current not
affected by changes in the body resistance of the animal).
The delivered current could be chosen by the experimenter
over the range of 0.0 to 0.8 mA. the latter having been found
in a preliminary experiments to be maximal (see Results sec-
tion). A reliable working stimulus current intensity, below
maximal and above threshold (usually, 2 x threshold) for the
unconditioned escape response (UER; escape represented
by pole-climbing), was determined for each animal during
CAR training procedures. Footshock intensity was not al-
tered from the working values for individual animals during
the drug studies which followed the CAR procedures.

CAR Training Schedule

Rats and mice. Each CAR trial consisted of the presenta-
tion of a 15-sec conditioning stimulus (buzzer sounding) fol-
lowed by a S-sec pause and thereafter by the unconditioned
stimulus (footshock) lasting for 10 sec. The animal could
readily avoid footshock by climbing the pole which projected
into the enclosure. A successful response (CAR) was con-
sidered to have been achieved each time the animal climbed
the pole after the buzzer sound had begun but before the
unconditioned stimulus was applied. Each animal was sub-
jected to 10 trials daily until it responded to the conditioning
stimulus in 10 consecutive trials by climbing the pole at
every buzzer sounding and without application of footshock
(100% CAR response). Their responses were then reinforced
ten times daily for two more days, three days apart. Rein-
forcement was by presentation of buzzer sounding followed,
when necessary, by footshock. Most of the animals could
thus be fully trained within 10-14 days; those which lagged
behind at that stage were removed from the study. The latter
procedure helped maintain inter-animal homogeneity in ac-
quisition of training and eliminated the development of sec-
ondary CAR (pole-climbing prior to buzzer sounding, [18]).
As well, it protected the rejected animals from a f-tilc =:ipc-
sure to numerous episodes of footshock.

Pretraining of pole-climbing in mice. Before CAR train-
ing was begun in this species, the mice were trained to climb
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the pole in response to the unconditioned footshock
stimulus. This pretraining lasted for 6-8 days. and was has-
tened by manually presenting the pole to the animal just prior
and then subsequent to presentation of the footshock.

Cesium Treatments

Duration of treatment in rats and mice. Total durations of
cesium treatments in rats {7 days) and in mice (14 days) were
chosen from preliminary experiments [2.29] which showed
significant behavioral responses with minimal signs of toxic-
ity and low mortality after such treatments. The same dura-
tions of treatment resulted also in a significant uptake of
cesium in the brains of rats and mice [30].

Injection proceduwres. (1} Rats: Cesium chloride (BDH,
“*Analar’’ grade) was dissolved in normal saline and injected
intraperitoneally (IP) in volumes of 2.0 ul g~! body weight at
adose of 3.0 mEq kg™'. once a day for 7 days beginning 24 hr
after the final CAR training session. The control rats re-
ceived injections of normal saline IP in equal volumes per
body weight over the same period. (2) Mice: Cesium chloride
was dissolved in normal saline and injected IP in volumes of
10.0 ul g7' body weight at a dose of 5.0 mEq kg~'. once daily
for 14 days beginning 24 hr after the final CAR training ses-
sion. The control mice received injections of normal saline
IP in equal volumes per body weight over the same period.

Determination of Cesium Effect on CAR and on the
Unconditioned Escape Response (UER)

Rats. These were tested for CAR performance one hour
after their 4th and 7th injections of cesium chloride or saline.
The first animal to be tested on each experimental day was
chosen at random from the cesium or saline groups, the rest
were taken alternately from the two groups. This latter pro-
cedure was aimed at minimizing possible diurnal variation in
responsivity. Two parameters of performance were meas-
ured: (1) Response time, which has been shown to be a sen-
sitive vanable in CAR performance [22]. This was estimated
as the time elapsing from the initiation of buzzer sounding
until the rat climbed on the pole; it was assigned a value of |5
sec (“‘cutoff’”) if the rat had failed to exhibit the CAR by
then. (2) Proportion of successful responses in five consecu-
tive CAR tnals. Rats failing to show CAR were given foot-
shock, 5 sec after end of buzzer sounding, to test for the
presence of UER.

Mice. These were tested for CAR performance, one hour
after their 7th and 14th injections of cesium chloride or
saline. All other experimental procedures were as for those
with rats. In testing CAR performance on the days specified
(i.e..just prior to (i.e., control values). at the midpoint and at
the end of an effective series of injections), an estimate was
gained of the graded effects of duration of cesium treatment
on CAR responses.

RESULTS
Training Procedures

The mean threshold values of footshock current to elicit
the UER were similar in rats and mice. at approximately 0.2
mA. Training to 100% CAR success was accomplished in
most animals with twice this value, which was almosi exclu-
sively utilized throughout this study. Animals that persis-
tently required greater than 0.8 mA footshock intensity to
produce the UER were not used in these experiments. Within
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FIG. 1. Effect of cesium on CAR response time in rats. a=after 4
injections CsCl, 3.0 mEq Kg ' day ' IP: saline, 2.0 ul g~' day~' IP.
b=after 7 injections. daily doses as in a. Significantly different from
corresponding saline control group. p<0.001 (unpaired :-test).
Numbers in parentheses indicate number of rats in each group.

this range of intensities the animals seldom showed signs of
distress or overexcitement, as judged from an almost com-
plete absence of vocalization. lack of aggressiveness or re-
sistance to handling upon repeated placement in the training
enclosure, and an only minimal increase in defecation and
urination as compared by visual observation (counting boli
and stains) to animals in the same enclosure without foot-
shock. Mice acquired the pole-climbing CAR with roughly
the same time and experimental effort given to rats in this
study. None of the animals ever assumed any stance or
posture which prevented them from receiving footshock,
either during training or during the drug studies thereafter.

General Responses to Cesium Treatment

Repeated administration of CsCl, given to rats and mice
according to the regimens described here, produced no signs
of generalized toxicity. Spontaneous motor behavior was
diminished, as previously described ([2.29]. but motor
hypoactivity became less pronounced with prolonged admin-
istration of cesium and was not seen to interfere with pole-
climbing ability in the experimental animals. There was no
impairment of gait, posture or sensory ability, nor any signif-
icant mortality, all as compared with saline controls. With
footshock intensities between 0.2 and 0.8 mA the UER was
prompt and vigorous in all rats and mice during training,
including those which exhibited failure of CAR. Pole-
climbing was observed without exception during the first few
seconds of footshock stimulus, as was the case also for
animals in the control groups.

869

TABLE !

EFFECTS OF CESIUM ION ON CONDITIONED AVOIDANCE
RESPONDING IN RATS

Successful
Treatment x No. of Total avoidance
injections 1P N  trials responses p
Saline x 4 8 40 39
CsCl 3.0 mEq kg** x 4 8 40 31 <0.02*
Saline x 7 4 20 19
CsCl 3.0 mEq kg™' x 7 4 20 16 +

*Different from concurrent saline controls (chi-square).
No significant difference from concurrent controls.

Effects of Cesium on CAR in Rats

CAR response time. Mean response times (buzzer
sounding—pole-climbing latency) for the cesium-treated rats
with four daily injections of CsCl was 180% of that in saline
controls, with seven injections it was 210% of the corre-
sponding mean control values (Fig. 1}. The differences were
highly significant (p<0.001) even with only four rats per
group. The increased response time seemed not to be an
extinction [1] phenomenon related to time elapsed after the
final training session, since mean latencies in the saline con-
trol groups were almost identical after four and seven days of
injection (Fig. 1).

Proportion of responses. The CAR was elicited in 39 of 40
trials in eight control rats given four daily injections of saline
after CAR training to the 1009 response level (Table 1I).
CAR was elicited in only 31 of 40 trials in eight cesium-
treated rats correspondingly given 4 daily injections of CsCl
at 3.0 mEq kg™'; this difference was significant with p<0.02
{Table 1). Four rats each from the same groups given 7 injec-
tions showed similar differences in proportions of respond-
ing. but not to a statistically significant level (Table 1). This
loss of statistical inference may have been due to the reduced
number of animals tested with 7 injections, this resulting
from removal of eight rats for estimation of brain and periph-
eral organ levels of Cs by the method of proton-induced
X-ray emission (PIXE) [24. 27. 31, 39] as reported elsewhere
by Pinsky ¢r al. {30].

Effects of Cesium on CAR in Mice

Mean CAR response times in cesium-treated groups with
7 and 14 injections were significantly higher than in saline
control animals {p <0.001, Fig. 2). The CAR was elicited in
all of 45 trials in 9 control mice injected once daily with saline
for seven days, and in all of 40 trials in eight control mice so
treated for 14 days (Table 2). There were 46 responses out of
75 trials in 15 mice injected daily with CsCl 5.0 mEq kg~ for
seven days and only 17 responses in 45 trials with nine mice
so treated with CsCl for 14 days. Differences in these pro-
portions between saline- and cestum-treated groups at each
level of treatment were highly significant (p <0.001, Table 2).
Furthermore, the effect with 14 injections of CsCl was signif-
icantly greater than with 7 injections. both in response time
(p<0.001, Fig. 2) and in proportion of successful responses
(p <0.02, Table 2). All animals showing failure of avoidance
response invariably exhibited presence of intact escape re-
sponse (UER) to footshock.
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FIG. 2. Effect of cesium on CAR response time in mice. a=after 7
injections CsCl, 5.0 mEq Kg~' day™' IP; saline. 10.0 n:l g=' day~' IP.
b=after 14 injections, daily doses as in a. Significantly different from
corresponding saline control group, p<0.001 (unpaired -test).
Numbers in parentheses indicate number of mice in each group.

DISCUSSION

The effect of repeated administration of CsCl on CAR
performance in rats and mice resembles that of phenothia-
zines [11, 13, 20] and other antipsychotic agents [15, 17, 18,
20] tested on the same paradigm. Much evidence is available
from studies which range from clinical observations, behav-
ioral pharmacology in animals and from studies at the
molecular level, to implicate the dopamine receptor and do-
paminergic neurotransmission in schizophrenia and other
psychotic disorders (6, 7, 11, 16, 19, 20, 33-36, 38]. There is
also a large body of paraliel evidence to show that the
therapeutic effectiveness of antipsychotic drugs is primarily
due to their receptor blocking activity at central dopa-
minergic synapses {6, 12, 19, 20, 33-36, 38]. This places
some central dopaminergic system as a prime candidate
among various putative targets for the central action of
cesium in our experiments. In a recent study in rats [32] CsCl
(2.0 mEq kg™! day™! IP x 10 days) was shown to cause
regional increases in brain dopamine content, with pons-
medulla > hypothalamus > striatum > midbrain. There was
a significant reduction in striatal content of homovanillic
acid, the prime metabolite of dopamine. Such results suggest
a possible inhibition of dopamine release from the corre-
sponding neurons, resulting in reduced dopaminergic activ-
ity. This could account for the similarity of cesium action, as
described in this report, with that established for dopamine
antagonists on the CAR. It is of interest also that substances
(e.g., morphine) which act at central dopaminergic synapses
are known to exert biphasic effects on locomotor activity
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TABLE 2

EFFECTS OF CESIUM ION ON CONDITIONED AVOIDANCE
RESPONDING IN MICE

Successful
Treatment X No. of Total avoidance
injections IP N trials responses n
Saline x 7 9 45 45
CsCi 5.0 mEq kg™ x 7 15 75 46 <0.001*
Saline x 14 8 40 40
CsCl x 14 9 45 17 <0.001*

*Different from concurrent saline controls (chi-square).

and behavior, subject to dosage regimen and duration of
treatment [5,25]. This may in part explain divergences be-
tween those studies which have reported either excitant [21,
23, 28, 32] or depressant [2, 14, 29] behavioral effects with
repeated administration of cesium.

The CAR paradigm has been demonstrated as the most
specific among all animal behavioral models utilized in
screening of drugs for antipsychotic properties [I, 7. 9-11,
20, 37]. Our present data suggest a cesium-induced suppres-
sion of a specific central mechanism rather than a general-
ized CNS depressant effect. The CAR was significantly sup-
pressed with doses of CsCl which did not impair the uncon-
ditioned escape response. A similar trend has been shown in
studies on the effects of cesium on shock-induced aggression
in rats [14] and on aggregation toxicity in mice [4]. Cesium
ion has no peripheral analgesic effect in the tail-flick test
[4.29]. hence the cesium-induced attenuation of the CAR
observed in this study could not have been the result of an
increased threshold to footshock pain. Such findings distin-
guish the action of cesium on the CAR from that of
sedative-hypnotic agents, which obtund the CAR only at
doses which also impair the escape response [9, 11, 18] and
from analgesic agents which, unlike cesium [29], would be
active in the tail-flick test. Demonstration of CAR sensitivity
to cesium in both rats and mice shows that the phenomenon
is not merely species-specific.

Mean levels of cesium in brains from the rats sampled 24
hr after injection of day 7 were found, in a separate study
[30], to be 3.80+0.41 (mean+SE) mEq Cs* kg~!. No grossly
visible signs of brain toxicity (e.g.. edema, shrinkage) were
observed upon dissection. In other studies with mice, brain-
to-body weight ratios were almost identical in saline- and
cesium-treated groups over the entire course of 56 daily in-
jections with saline or CsCl solutions given at the same dos-
age as used here [30]. It is therefore reasonable to suppose
that the neuroactivity of cesium observed here was not due
to cytotoxic effects on either neurons or glia.

Hence, there is a distinct pharmacological profile in the
neuroactivity of cesium ion, shown by the selective sup-
pression of an avoidance response known to be almost spe-
cifically sensitive to phenothiazinelike, antidopaminergic,
antipsychotic agents. It might therefore be worthwhile to
study the interaction of this ion with phenothiazines, and
with other neuroleptic agents, whose clinical use in the high
doses ncecessary for their therapeutic efficacy is associated
with numerous short- and long-term side effects. Cesium, in
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the dosages used here, did not appear to exert any cytotoxic
effects on several major organ systems in rats and mice [30].
Its possible medical role in the enhancement of therapeutic
efficacy of phenothiazinelike drugs without increasing the
side effects of the latter might therefore be usefully investi-
gated.

. Ader. R. and D. W. Clink. Effects of chlorpromazine on the

acquisition and extinction of an avoidance response in the rat. J
Pharmacol Exp Ther 121: 144-148, 1957,

. Bose, R. and C. Pinsky. Toxicity and CNS activity of acute and

chronic cesium in mice. The Phurmacologist 22: 158, 10A, 1980.

. Bose, R., C. Pinsky. I. S. C. McKee, C. Lapointe and J. Bir-

chall. Cesium on acquisition of conditioned avoidance response
(CAR) and motor behavior in mice. The Pharmacologist 23:
151, 1981.

. Bose, R. and C. Pinsky. Cesium impairs conditioned avoidance

response (CAR) in mice and rats. Proc Can Fed Biol Soc 24:
101, 1981.

. Buxbaum, D. M.. G. G. Yarbrough and M. E. Carter. Biogenic

amines and narcotic effects. [. Maodification of morphine-
induced analgesia and motor aclivity after alteration of cerebral
amine levels. J Pharmacol Exp Ther 185: 317-327, 1973.

. Carlsson, A. Antipsychotic drugs. neurotransmitters and schiz-

ophrenia. Am J Psvchiatry 135: 164-173, 1978,

. Carlton, P. L. Theories and models in psychopharmacology. In:

Psvchopharmacology a Generation of Progress, edited by
M. A. Lipton, A. DiMascio and K. F. Killam. New York:
Raven Press. 1978, p. 553.

. Chance, M. R. A. Aggregation as a factor influencing the toxic-

ity of sympathomimetic amines in mice. J Pharmacol Exp Ther
87: 214-219, 1946.

. Cook, L. and A. C. Catania. Effects of drugs on avoidance and

escape behavior. Fed Proc 23: 818-835, 1964.

. Cook, L. and A. B. Davidson. Behaviorali pharmacology:

animal models involving aversive control of behavior. In: Psy-
chopharmacology a Generation of Progress, edited by M. A.
Lipton, A. D. Mascio and K. F. Killam. New York: Raven
Press, 1978, p. 563.

. Cook, L. and E. Weidley. Behavioural effects of some psycho-

pharmacological agents. Ann NY Acad Sci 66: 740-752, 1957.

. Davies, J. A., B. Jackson and P. H. Redfern. The effect of

anti-parkinsonism drugs on haloperidol-induced inhibition of the
conditioned avoidance response in rats. Neuropharmacology
12: 735-740, 1973.

. Dews, P. B. and W. H. Morse. Behavioral pharmacology. Annu

Rev Pharmacol 1: 145-174, 1961.

. Eichelman. B., N. B. Thoa and J. Perez-Cruet. Alkali metal

cations: Effects on aggression and adrenal enzymes. Pharmacol
Biochem Behav 12 121-123, 1973,

. Fibiger, H. C., A. P. Zis and A. G. Phillips. Haloperidol-

induced disruption of conditioned avoidance responding: at-
tenuation by prior training or by anticholinergic drugs. Eur J
Pharmacol 30: 309-314, 1975,

. Fog. R. On stereotypy and catalepsy: studies on the effects of

amphetamine and neuroleptics in rats. Acta Neurol Scand 48:
Suppl. 50, 1-66, 1972,

. Herr, F.. 1. Stewart and M. P. Charest. Tranquilizers and anti-

depressants: A pharmacological comparison. Arch Int Phar-
macodyn Ther 134: 328-342, 1961.

. Herz. A. Drugs and the conditioned avoidance response. Int

Rev Neurobiol 2: 229-277, 1960.

. Hornykiewicz, O. Psychopharmacological implications of do-

pamine and dopamine antagonists: a critical evaluation of cur-
rent evidence. Annu Rev Pharmacol Toxicol 17: 545-559, 1977.

. Janssen. P. A. J. Is it possible to predict the clinical effects of

neuroleptic drugs (major tranquilizers) from animal data?
Arzneimittelforsch 15: 104-117, 1965,

of

871

ACKNOWLEDGEMENTS

This work was supported by Strategic Grants G0320 and G0830

the Natural Sciences and Engineering Research Council

{NSERC) of Canada, by the Manitoba Mental Health Research
Foundation and by a Fellowship to R. Bose from the Manitoba
Health Research Council. We thank Egon Brockhausen for excel-
lent technical assistance.

REFERENCES

21.

22.

24,

25.

26.

27.

28.

30.

31

33

34,

35.

36.

37.

38.

39.

Jenner, F. A., A. Judd and J. Parker. The effects of lithium,
rubidium and caesium on the response of rats to tranylcy-
promine and alpha-methyl-p-tyrosine given separately or in
combination. Br J Pharmacol 54: 233-234 (Proceedings of the
B.P.S., 26th-27th March), 1975,

Jenney, E. M. and S. T. Healy. Drug antagonists to chlor-
promazine inhibition of the conditioned avoidance response.
Fed Proc 18: 407A, 1959 (also personal communication quoted
in [18]).

. Johnson, F. N. Effects of alkali metal chlorides on activity in

rats. Nature 238: 333-334, 1972,

Kamal, Z., J. S. C. McKee, W. D. Ramsay, M. S. A. L. Al-
Ghazi, J. Birchall, J. I. G_Durocher and N. Videla. Is the K.
onaf Kneta X-ray intensity ratio dependent upon the energy of an
inducing proton? Physics Lett 75A: 475-477, 1980.
Kuschinsky, K. and O. Hornykiewicz. Effects of morphine on
striatal dopamine metabolism: Possible mechanism of its oppo-
site effect on locomotor activity in rats and mice. Eur J Phar-
macal 26: 41-50, 1974.

Lasagna, L. and W. P. McCann. Effect of “tranquilizing’* drugs
on amphetamine toxicity in aggregated mice. Science 125:
1241-1242, 1957.

McKee, J. S. C., C. Lapointe, J. Birchall, C. Pinsky and R.
Bose. Analysis of cesium in tissue samples using the PIXE
technique. J Environ Sci Health A16: 465-475, 1981.

Messiha, F. S. Anti-depressant action of caesium chloride and
its modification of chlorpromazine toxicity in mice. Br J Phar-
macol 64: 9-12, 1978.

. Pinsky, C.. R. Bose, A. K. Dua, L. Bigornia, J. 8. C. McKee, J.

Birchall and C. Lapointe. Interdisciplinary studies on brain
level determination and behavioral effects of cesium (Cs).
Pharmacologist 22: 158, 11A, 1980.

Pinsky. C., R. Bose, I. R. Taylor, J. S. C. McKee, C. Lapointe
and J. Birchall. Cesium in mammals: acute toxicity, organ
changes and tissue accumulation. J Environ Sci Health Al6:
549-567, 1981.

Ramsay, W.. M. S. A. L. Al-Ghazi, I. Birchall and J. S. C.
McKee. Atomic K-shell ionization induced by 20-50 MeV
protons. Phvsics Letr 69A: 258-260, 1978.

. Rastogi. R. B., R. L. Singhal and Y. D. Lapierre. Effects of

rubidium and cesium on central catecholamines and locomotor
behavior in rats. J Neurochem 34: 1764-1767, 1980.

Seeman, P. Brain dopamine receptors. Pharmacol Rev 32:
229-313, 1980.

Seeman. P., T. Lee, E. D. Bird and W. W. Tourtellotte. Eleva-
tion of brain neuroleptic/dopamine receptors in schizophrenia.
In: Perspectives in Schizophrenia Research, edited by C. Bax-
ter and T. Melnechuk. New York: Raven Press, 1978, p. 553.

Seeman, P.. M. Titeler, J. Tedesco, P. Weinreich and D.
Sinclair. Brain receptors for dopamine and neuroleptics. In:
Dopamine. edited by P. J. Roberts, G. N. Woodruff and L. L.
Iversen. New York: Raven Press. 1978, p. 167.

Snyder, S. H. The dopamine hypothesis of schizophrenia: focus
on the dopamine receptor. Am J Psychiatrv 133: 197-202, 1976.
Turner, R. A. Ataractic (tranquilizing, neuroleptic) agents. In:
Screening Methods in Pharmacology, vol 1. New York: Aca-
demic Press, 1965, pp. 87-99.

Van Praag, H. M. The significance of dopamine for the mode of
action of neuroleptics and the pathogenesis of schizophrenia. Br
J Psvchiar 130: 463-474, 1977.

Wilk, S. F. J.,J. S. C. McKee and C. P. Randell. P.I.X.E. work
at the University of Manitoba. Nucl Instrum Meth 142: 33-38,
1977.



