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Abstract—Mouse killing (muricidal) rats have been shown to have higher forebrain
levels of norepinephrine than control non-killer rats. In addition, they elicit higher rate
constants for the decline of H-norepinephrine given intraventricularly into the brain and,
consequently, much higher turnover rates for norepinephrine than controls (non-killers).
These differences have not been obtained in the hindbrain region. No differences in the
levels or rate of turnover of serotonin have been observed in either brain region studied.
Furthermore, the elevated rate constant seen in forebrain norepinephrine turnover studies
using the isotopic procedure has not been observed in non-isotopic turnover studies in
which a-methyl-p-tyrosine was used to inhibit tyrosine hydroxylase. Differences between
the two methods may be attributable to the inhibitory action of muricidal behavior by
a-methyl-p-tyrosine. The effects of imipramine and amphetamine on norepinephrine
turnover in the forebrain of killer rats have been compared with those of drug-treated,
non-killer rats as well as with untreated rats. Both agents, given at doses which inhibit
mouse-killing behavior, accelerate the turnover rate of brain norepinephrine in non-killer
rats; however, they do not influence the previously elevated levels of norepinephrine nor
the elevated rate constants and turnover rate for this amine in killer rats. Suggestions
involving altered reuptake mechanisms, as well as divergent effects of the antidepressants
in muricidal rats, have been offered to explain these differences.

RECENTLY Valzellil has reviewed the various methods for producing aggressive
behavior in the laboratory animal. In humans, it has been shown that “sensory depri-
vation,” a condition similar to isolation, results in a schizophrenic-like syndrome.2—4
By analogy, a common laboratory model to study aggressive behavior has been the
isolated fighting mouse.? ¢ Pharmacologists have used this model to evaluate the
effects of drugs, with the aim of finding selective anti-aggressive agents and, also, to
gain further knowledge of biochemical changes in the central nervous system of
aggressive animals.}» 8: 7

Another commonly used model of aggressive behavior is the mouse-killing or
muricidal rat, as described by Horovitz et al.,% ¢ which can be obtained by genetic
selection. These rats, which show a spontaneous interspecific aggressiveness toward
mice, a behavior which was found to be independent from hunger, were first des-

cribed by Karli et a/.10. 11 Horovitz has shown that this behavior could be selectively
* A preliminary report of this work was presented at the Fall Meeting of the American Society
for Pharmacology and Experimental Therapeutics, Minneapolis, Minn.

T Present address: Department of Pharmacology, Warner Lambert Research Institute, Morris
Plains, N.J. 07950.
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blocked by certain classes of drugs, such as antidepressants, antihistaminics and
stimulants.?

It has been shown that lesions of the amygdala or interruption of the amygdala-
hypothalamic tract block the muricidal response, while lesions of the septal area,
although not an inducer of this type of behavior in non-killer rats, intensify the
voracious attack upon mice by killer rats.% 12 Horovitz!3 has correlated the relation-
ship of the amygdala to the symptoms of depression and has postulated the implica-
tion of this region to the mechanism of tricyclic antidepressant agents. Several reports
have shown that emotional changes induce alterations in brain monoamines.14-16 In
addition, mice subjected to prolonged isolation become more sensitive to drugs such
as fencamfamine and amphetamine 1719 Neurochemical studies in male mice made
aggressive by isolation have shown that serotonin turnover occurs at a lower rate.20
On the other hand, Welch and Welch?! have reported that noradrenergic neurons of
mice living in groups seem to be adapted to a higher synthesis rate of norepinephrine
and that the rate of synthesis of this amine diminishes slowly when mice are removed
from the stimulus of grouping and placed in isolation.

In a recent communication from this laboratory, we reported an increased level of
forebrain norepinephrine in the muricidal rat, with a concomitant increase in the
turnover rate of this amine.22 The purposes of this paper are to report the kinetics of
brain norepinephrine and serotonin in the mouse-killing rat and the influence of
imipramine and amphetamine on norepinephrine turnover in this model of aggression.
These representative agents have been reported to block selectively the muricidal
response and are both used clinically in certain types of depression.

METHODS

Male Long-Evans rats (Blue Spruce Farms, Altamont, N.Y.) weighing between
200 and 240 g were used throughout these studies. After arrival, all animals were
housed individually for 6 weeks in cages measuring 6 X 12 in. They were permitted
water ad lib. and were kept on a restricted food intake of approximately 15 g a day of
solid food. During this period, the animals were tested periodically for their ability to
kill mice as described by Horovitz et al.® ® From such a colony, rats were selected
which had shown a positive mouse-killing response within 2 min of challenge for 3
consecutive days prior to use, while those which failed to show a response were used
for control purposes. We have designated such animals as killer and non-killer rats
respectively. This method of treatment historically resulted in the selection of approxi-
mately 40 per cent of the colony as killer rats. In some experiments reported in the
Results section, we have used the term *““normal rats”; these were non-killer rats who
were kept in a grouped environment for the 6-week interval.

In each experiment, animals were sacrificed approximately 24 hr after the last
presentation of mice. Rats were killed by decapitation and the whole brain was
removed. The brainstem, including the cerebellum (hindbrain), was separated from
the forebrain by a cut above the corpora quadrigemina, and both regions were immed-
iately frozen until ready for analysis.

Norepinephrine turnover was calculated from the decline of specific activity after
the administration of tritiated norepinephrine (3H-NE), as described by Brodie ef a/.23
In these studies DL-[7-3H-NE] hydrochloride (5 pc/kg; specific activity, 6-7 ¢/m-mole;
New England Nuclear Corp.) was injected into the lateral ventricle as described by
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Noble et al.22 For these studies, brief halothane (Ayerst Laboratories) anesthesia was
used, and all rats recovered 2-3 min after 3H-NE injection. 3H-NE was diluted with
an appropriate volume of Merle’s solution* such that each animal received approxi-
mately 1 pcin a volume of 20 pl. At different time intervals, the animals were sacrificed
and the brain was removed and dissected as described above. Norepinephrine (NE)
was adsorbed on alumina according to the method of Neff and Costa,25 and assayed
fluorimetrically by the method of McGear and McGear.2¢ 3H-NE was added to
Bray’s solution and counted in a Packard TriCarb scintillation spectrometer.

Serotonin (SHT) turnover studies were performed using the non-isotopic concepts
of Tozer et al.2" In these experiments the rate of SHT accumulation was measured at
various times after the intraperitoneal administration of pargyline (100 mg/kg). SHT
was extracted and assayed according to the method of Mead and Finger.28

Doses of imipramine hydrochloride and d-amphetamine sulfate were selected from
pharmacologic studies in which near maximal inhibition of the muricidal response
was obtained without serious motor impairment. In the turnover experiments, the
drugs were administered 30 min prior to the intraventricular injection of 3H-NE and
sacrificed 1, 2 and 4 hr thereafter. The doses of each agent used refer to the amount of
salt given. In order to avoid any diurnal changes in brain amines, all studies were
conducted between 10 a.m. and 2 p.m.

RESULTS
Norepinephrine steady state levels in the two regions of brain studied in both killer
and non-killer rats are shown in Table 1. There is a 27 per cent increase of NE in the
forebrain region of the killer rat compared to that of its control (non-killer). No
apparent differences were obtained in the hindbrain region. When rats were given an

TABLE 1. BRAIN NOREPINEPHRINE TURNOVER IN NON-KILLER AND KILLER RATS*

Type of Steady state level Rate constant Turnover rate
Source animal (ug/g + S.E.) (k[hr-1] £ S.E.) (1g/g/hr)
Forebrain Non-killer 0-55 + 0-01 (6) 0-15 +- 0-02 (18) 0-08
Killer 0-70 £+ 0-02 (12)+ 0-28 £+ 0-03 (36)t 020
Hindbrain Non-killer 0-50 £ 0-01 (6) 0-27 4- 0-05 (18) 014
Killer 0-53 002 (12) 0-34 4 0-03 (36) 017

* Rats were given an intraventricular injection of 3H-NE (5 uc/kg) and were sacrificed at various
times later. Rate constant and turnover rate were computed as described in Methods. Numbers in
parentheses represent the number of animals.

1 Significantly different from non-killer rats (P < 0-01).

intraventricular injection of 3H-NE and the rate of its decline in brain was followed as a
function of time (1, 2 and 4 hr), the rate constant (k) in the forebrain of the killer rat
was found to be about twice that of the non-killer rat (Table 1). No such effects were
observed in the hindbrain region. Due to an increase both in NE steady state levels in
forebrain and in the rate constant, the turnover rate of killer rats was calculated to be
0-20 pg/g/hr as compared with 0-08 pg/g/hr in non-killer rats.

* Merle’s solution can be made by dissolving NaCl, 8-98 g, KCl, 0-25 g, CaClz, 0-14 g, MgCls,
0-11 g, NaH2PO4, 0-07 g, urea, 0-13 g, and glucose, 0-61 g, in 1 1. of water.
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TABLE 2. BRAIN SEROTONIN TURNOVER IN NON-KILLER AND KILLER RATS*

Type of Steady state level Rate constant Turnover rate
Source animal (ug/g = S.E)) (k[h-1] & S.E) (ug/g/hr)
Forebrain Non-killer 0-53 + 0-01 (6) 0-40 + 0-01 (24) 0-21
Killer 0:53 4001 (6) 039 + 0-01 (20) 021
Hindbrain Non-killer 0-40 +- 0-02 (6) 0-40 + 0-01 (24) 0-16
Killer 040 1+ 0-02 (6) 0-36 + 0-01 (20) 014

* Rats were given 100 mg/kg i.p. of pargyline and sacrificed at various times later. Rate constant and
turnover rate were calculated as described in Methods. Numbers in parentheses refer to the number of
animals used.

The steady state levels of serotonin in the two regions of the brain studied reflect
no significant alteration of this amine in killer rats. When animals were given 100 mg/kg
of pargyline and the rate of serotonin accumulation was followed, there were no
significant differences in either the rate constant or turnover rates (Table 2).

In order to select the proper pharmacologic conditions in which to study the bio-
chemical effects of imipramine, it was given intraperitoneally to a colony of muricidal
rats. The dose and time-response effects for this agent are shown in Fig. 1. An EDso at
the time of maximal effect of 13-4 mg/kg was obtained, which compares favorably
with that obtained by earlier workers.? Based on these results, we selected 25 mg/kg of
imipramine for the turnover studies, a dose capable of producing near maximal
inhibition within a half hour, with a duration of about 4-5 hr. During the turnover
experiments, animals were sacrificed at a maximum time of 4-5 hr after administration
of imipramine; at this time, approximately 20 per cent of the group still demonstrated
muricidal blockade.

The effect of a single dose of imipramine on forebrain NE turnover in normal (non-
isolated) rats is given in Table 3. From the table, it can be concluded that this dose does
not change the steady state level of forebrain NE, but does cause a greater than 2-fold
increase in both the rate constant of 3H-NE efflux and turnover rate.
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FiG. 1. Effect of imipramine on mouse-killing behavior in rats. There were ten rats in each group.
Prior to drug administration, each rat had a muricidal latency of less than 2 min. Animals were
considered inhibited if a mouse was not attacked during 5 min after presentation.
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The effect of imipramine on forebrain NE levels and turnover in the killer rat is
shown in Table 4. In addition, the rate of disappearance of 3H-NE in killer and non-
killer rats given saline or imipramine is graphically represented in Fig. 2. In these
studies, non-killer rats were given saline or imipramine prior to the intraventricular
injection of 3H-NE, while killer rats were given a similar dose of imipramine. Rep-
resentative animals from each group were sacrificed at 1, 2 and 4 hr after 3H-NE. As
determined in the non-isolated rat (Table 3), imipramine does not alter the norepine-
phrine levels in the forebrain of non-killer rats, but does markedly elevate the rate
constant and turnover rate of this amine. Killer rats given imipramine do show an

TABLE 3. EFFECT OF IMIPRAMINE ON FOREBRAIN NOREPINEPHRINE TURNOVER
IN NORMAL GROUPED RATS*

Steady state level Rate constant Turnover rate
Treatment (ng/g + S.E.) (kfhr-1} + S.E.) (ug/g/hr)
Saline 0-61 + 0-02 (6) 020 + 004 (24) 012
Imipramine 0-64 + 0-01 (6) 0-42 4 0-03 (24)1 032

* Rats were given an intraventricular injection of 3H-NE (5 uc/kg) 30 min
after saline or imipramine (25 mg/kg i.p.) injection and were sacrificed at
various times later. Rate constant and turnover rate were calculated as
described in Methods. Numbers in parentheses represent the number of
animals.

1 Significantly different from saline-treated rats (P < 0-01).

TABLE 4. EFFECT OF IMIPRAMINE ON FOREBRAIN NOREPINEPHRINE TURNOVER
IN NON-KILLER AND KILLER RATS*

Type of Steady state level Rate constant Turnover rate
Treatment animal (ng/g + S.E.) (k[hr-1] 4+ S.E.) (ug/g/hr)
Saline Non-killer 056 4 0-01 (6) 0-15 + 002 (18) 0-08
Imipramine Non-killer 0-55 +0-01 (10) 0-39 4+ 0-01 (30)t 0-22
Imipramine Killer 0-70 4 0-02 (12)} 0-24 + 0-02 (30)t 017

* Rats were given an intraventricular injection of 3H-NE (5 uc/kg) 30 min after saline or imipramine
(25 mg/kg, i.p.) injection and were sacrificed at various times later. Rate constant and turnover rate
were calculated as described in Methods. Numbers in parentheses represent the number of animals.

1 Significantly different from non-killer (saline-treated) rats (P < 0-01).

increase in the levels of NE; however, the magnitude of this increase is identical to
that observed earlier in untreated killer rats when compared with non-killers?3
(Table 1). In addition, the rate constant of 3H-NE efflux and turnover rate in the fore-
brain of the killer rats after imipramine is also elevated when compared to saline-
treated, non-killer rats; but this increase appears to be somewhat lower than that
obtained after imipramine in the non-killer rat. The turnover rate after imipramine in
non-killer and killer rats appears, however, to be equal in magnitude, despite the
elevated steady state levels in the killer rats.

To study the neurochemical effects of amphetamine in the muricidal rat, a dose and
time-response study was performed similar to those described for imipramine. An
EDso of 1-8 mg/kg i.p. was obtained for blocking the muricidal response 30 min after
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Kilier rats

dpm x 104H3NE/g +S.E.
7/

hr
FiG. 2. Effect of imipramine on forebrain norepinephrine turnover in non-killer and killer rats-
Rats were given an intraventricular injection of 3H-NE (5 uc/kg) 30 min after saline (: ) or
i mipramine, 25 mg/kg i.p., (----- ) injection and were sacrificed at the indicated time intervals-
Rate constant and turnover rate were calculated as described in Methods.

TABLE 5. EFFECT OF AMPHETAMINE OF FOREBRAIN NOREPINEPHRINE TURNOVER
IN NON-KILLER AND KILLER RATS*

Type of Steady state level Rate constant Turnover rate
Treatment animal (ng/g + S.E) (k[br—1] + S.E.) (ug/g/hr)
Saline Non-killer 0-52 + 0-01 (6) 0-18 4+ 0-03 (18) 0-09
Amphetamine Non-kilter 0-60 £+ 0-02 (6) 0-34 -+ 0-04 (18)} 020
Saline Killer 0-75 4 0-02 (6)t 0-30 4- 0-04 (24)T 0-23
Amphetamine Killer 0-79 + 0-02 (6)T 0-28 4 0-04 (18)t 0-22

* Rats were given intraventricular injection of 3H-NE (5 uc/kg) 30 min after saline or amphetamine
(5 mg/kg, i.p.) injection and were sacrificed at various times later. Rate constant and turnover rate
were calculated as described in Methods. Numbers in parentheses represent the number of animals.

T Significantly different from non-kiiler (saline-treated) rats (P < 0-01).

injection. We selected 5 mg/kg i.p. of amphetamine, a dose which causes complete
blockade initially and which blocks the muricidal response in 50 per cent of killer rats
for at least 4 hr.

The effects of amphetamine on forebrain norepinephrine in killer and non-killer
rats are shown in Table 5. After 5 mg/kg, amphetamine does not alter forebrain levels



Imipramine and amphetamine in muricidal rats 2029

of NE in non-killer rats. We have shown previously in these rats that doses of 8 mg/kg
and above cause significant depletion of brain NE.2? However, 5 mg/kg of the stimulant
does cause a 2-fold increase in the rate constant of 3H-NE efflux and a corresponding
increase in the turnover rate of this amine. Killer rats treated with saline show their
characteristic high level of NE as compared with non-killer rats. This increase is not
altered by prior treatment with amphetamine. Similarly, elevated rate constants and
turnover rates were obtained in killer rats; however, there was no further augmenta-
tion of these parameters in killer rats given amphetamine.

DISCUSSION

Neurochemical correlates of aggressive behavior have been concentrated largely
in two different models: (1) isolated fighting mice!- 3¢ and (2) septal lesioned rats.3!
Although many biochemical studies have appeared during the past several years,
there have been no common factors linking definite and consistent biochemical
changes with the aggressive response. The isolated fighting mouse has received the
greatest attention and, at the same time, has offered conflicting results from different
laboratories. Welch and Welch32 have demonstrated that, in mice isolated for 1 week,
there was a significantly higher level of brain NE when compared with that of grouped
animals, and after eMT injection, depletion of brain catecholamines was slower in
isolated animals when compared to grouped animals.2! Valzellil has reported, on the
other hand, that mice rendered aggressive by prolonged isolation appear to have
normal brain levels of SHT and NE, but demonstrate changes in the turnover rate of
these amines, where SHT synthesis appears to occur at a slower rate and NE synthesis
occurs at a faster rate when compared to non-aggressive mice. To our knowledge, no
previous reports on biogenic amine metabolism in the muricidal rat model of aggres-
sion have appeared prior to our preliminary communication.?2 It was the purpose of
the present investigation to extend our earlier results and to study the effects of two
agents which (1) were commonly used as antidepressants and (2) block selectively this
type of behavior.

In our earlier communication,?2 we reported that there were no significant changes
in brain serotonin levels in killer rats. After inhibition of monoamine oxidase (MAQO)
by pargyline, we were unable to detect any differences in the rate of accumulation of
SHT in killer and non-killer rats, in either the forebrain or hindbrain. Thus, unlike the
evidence presented for a decrease in the synthesis rate of this amine in the isolated
fighting mouse, this model of aggression does not appear to be related to alterations in
serotonin metabolism. However, it should be mentioned that Horovitz et al.® have
shown that iproniazid, another potent MAO inhibitor, had muricidal blocking proper-
ties. We have found that paragyline also has some inhibitory effect on this type of
behavior. After 100 mg/kg of pargyline, the dose used in the serotonin turnover
studies, we found that two of ten killer rats were blocked for several hours; a dose of
150 mg/kg resulted in muricidal inhibition in eight of ten rats. These doses are con-
siderably higher than those needed to cause marked inhibition in brain MAO, and
the results may not be attributed to enzyme inhibition or to the subsequent increase in
brain biogenic amines or to both. On the other hand, Kulkarni® has shown recently
that high doses of 5-hydroxytryptophan also cause inhibition of muricidal behavior in
some rats. Before concluding that serotonin turnover is not implicated in this model
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of aggression, it is felt that it should be studied by an isotopic procedure similar to
that described below for norepinephrine.

In agreement with our earlier report,22 we have found in these studies a similar
increase of approximately 30 per cent in forebrain NE levels of the killer rat when
compared directly to isolated non-killer rats (or indirectly to normal grouped non-
killer rats). Horovitz et al.® 13 have observed that amygdaloid lesions blocked the
muricidal response, and it is possible that this type of behavior may be related to an
excited state of the amygdala in animals predisposed to aggressive tendencies. Un-
fortunately, in these studies, we were unable to measure directly NE levels of the
amygdala. However, because of the substantial increase in NE levels in the forebrain
of killer rats, it is reasonable to speculate that similar alterations occured in this
region. In support of this speculation, we found no changes in NE content in the
hindbrain of killer rats. A detailed study of different regional sites of the forebrain of
the killer rat would be informative.

In previous studies, we followed NE turnover by utilizing the method and concepts
of Neff and Costa3¢ in which the rate of decline of NE after the tyrosine hydroxylase
inhibitor, «MT, was compared in killer and non-killer rats. During the present investi-
gations, we noted that doses of aMT, which are needed to study turnover rate, block
the muricidal response in most rats (unpublished observations). Thus, the use of this
agent as a tool for studying synthesis rates of NE could have confounded the results
and, thus, necessitated the isotopic method selected for these investigations. Further-
more, since we wanted to study the effects of amphetamine on NE turnover in the
killer rats, we could not use the concepts of tyrosine hydroxylase blockade with
aMT, since it has been reported that «MT antagonizes most pharmacologic effects of
amphetamine 3> It is of interest to mention that since aMT blocks the muricidal
response and inhibits tyrosine hydroxylase, the rate-limiting enzyme in the biosyn-
thesis of NE, there is a suggestion that the adrenergic system is implicated in the ex-
pression of muricidal behavior. Utilizing aMT to study NE turnover, we reported a
52 per cent increase in the synthesis rate of this amine in killer rats.22 In the present
studies we obtained increases of 150 per cent in forebrain norepinephrine synthesis
rate. Thus, it appears that turnover results, using aMT, should not be considered
absolute, possibly due to the inhibitory effect of the compound on this type of be-
havior. In addition, results obtained for the rate constant of NE efflux on the fore-
brain of killer rats using the isoptic procedure were different from those observed in
the non-isotopic method. After blockade of tyrosine hydroxylase, the rate constants
were similar in killer and non-killer rats, while in the isotopic studies we observed a
2-fold increase in efflux rate. Although the direction of the turnover rates is similar for
the two methods, the magnitude of the increase for the isotopic method clearly results
from differences in rate constants obtained.

The differences between the rate constants could well be attributed to the fact that
in the isotopic method we are in a sense measuring the rate of effftux of DL-NE, while
in the non-isotopic method, the rate of decline of the L-isomer of NE is being measured.
Concomitant with unchanged norepinephrine levels in the hindbrain region, rate
constants and turnover rate were similar in killer and non-killer rats. Thus, it appears
that killer rats maintain normally higher steady state levels of NE by a compensatory
increase in synthesis rate. These differences probably exist as a result of the innate
aggressiveness of the animals and do not appear to be due to the isolation period
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involved in their selection. This conclusion may be inferred by the comparison of
steady state levels and turnover rate in non-killer rats (Table 1) and grouped control
rats used in the initial imipramine study (Table 3). No apparent differences in these
parameters were obtained. These results are in agreement with studies by Valzelli,1
who has shown that increases in NE turnover rates in isolated fighting mice were due
to aggressivity and not to isolation. Furthermore, the rate of NE utilization in the
aggressive animals may be altered to explain the turnover results. It is also possible,
however, that the stress induced in muricidal rats after a killing response could cause
an activation of forebrain tyrosine hydroxylase, which could be responsible for these
changes. Further studies are necessary to clarify these points. It would be of particular
interest to study these animals at varying times after the last muricidal endeavor to
determine the permanency of these changes.

The results obtained in the drug studies are difficult to interpret. Both imipramine
and amphetamine have been reported to accelerate the turnover rate of NE in brain.34,36
Glowinski3? has reported that stress markedly accelerates the increase in NE turnover
rate obtained after 5 mg/kg of amphetamine. Clearly, no such augmentation occurred
in our studies when either drug was superimposed upon the already elevated turnover
rate of NE in the forebrain of killer rats. Our results suggest that some type of “ceiling
effect” exists between the factors involved. Several possibilities exist for the failure of
imipramine and amphetamine to enhance further the increased turnover of NE in
killer rats. (1) There could be a greater sensitivity of tyrosine hydroxylase to feedback
inhibition by NE, particularly evident with the higher brain levels of this amine in
killer rats. (2) There may be a difference in the dopamine turnover of imipramine-
treated killer rats, leaving NE turnover unaltered, such as has been reported with
chlorpromazine in normal animals.3? (3) It is possible that the reuptake mechanism of
NE in killer rats is different from that of non-killers, and that the inhibitory effect of
imipramine and amphetamine on reuptake does not take place as completely in these
impaired situations.36, 38 Such changes could alter the homeostatic neuronal equilib-
rium. (4) Failure of imipramine and amphetamine to further augment apparent
synthesis rates in killer rats could be attributable to divergent pharmacologic activities
in which: (a) their antimuricidal effects would cause a tendency to diminish the elevated
synthesis rate normally seen in killer rats (possible analogy to eMT-induced inhibition
of muricide and decrease in catecholamine levels); and (b) their usual biochemical
effects would result in a faster synthesis rate of norepinephrine. Thus, it is conceivable
that the results reflect the balance of these actions.

Acknowledgements—We wish to thank Mr. Donald Cote and Miss Cecilia Haberzettl for excellent
and skilful technical assistance. We would also like to thank Dr. Ronald Kuntzman for reading
the manuscript and for his helpful suggestions. We express our appreciation to Geigy Pharmaceuticals
for their supply of imipramine and to Smith, Kline & French for their supply of d-amphetamine sulfate.

REFERENCES
1. L. VALZELLI, Advances in Pharmacology, vol. 5, p. 79. Academic Press, New York (1967).
2. L. GOLDBERGER, J. nerv. ment. Dis. 127, 99 (1958).
3. E. ZisKIND, J. Am. Med. Ass. 168, 1427 (1958).
4. J. N. Davis, W. F. McCourt and P. SOLOMON, Am. J. Psychiat. 116, 889 (1960).
5. C. Y. YeN, R. L. STANGER and N. MILLMAN, Archs int. Pharmacodyn. Thér. 123, 179 (1958).
6. L. VALZELLL, Aggressive Behavior, p. 70. Excerpta med., Amsterdam (1969).
7. L. VarzeLLl, E. GIACALONE and S. GARATTINI, Eur. J. Pharmac. 2, 144 (1967).



2032 A. L. SALamA and M. E. GOLDBERG

8
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24
25
26
27
28
29
30
31

33
34
35

37
38

. Z. P. Horoviiz, P. W, Racozzino and R. C. Lea¥, Life Sci. 4, 1909 (1965).

Z. P. Horovitz, J. J. PiaLa, J. P. HigH, J. C. BUrRkE and R. C. LEAF, Int. J. Neuropharmac.
5, 405 (1966).

P. KaRLI, C. Seanc. Soc. Biol. 154, 1079 (1960).

P. KArLI and M. VERGNES, J. Physiol., Paris 56, 384 (1964).

P. KArLI and M. VERGNES, C. Seanc. Soc. Biol. 159, 754 (1965).

Z. HorovITZ, Antidepressant Drugs, p. 121. Excerpta med, Amsterdam (1967).

A. CARLSSON, Pharmac. Rev. 11, 490 (1959).

S. GarATTINI and L. VALZELLL, Serotonin, p. 223 Elsevier, Amsterdam (1965).

O. HORNYKIEWICZ, Pharmac. Rev. 18, 925 (1966).

S. ConsoLo, S. GARATTINI and L. VALzELLL, J. Pharm. Pharmac. 17, 53 (1965).

S. ConsoLo, S. GARATTINI and L. VALZELLL, J, Pharm. Pharmac. 17, 594 (1965).

B. L. WELcH and A. S. WELCH, J. Pharmac. exp. Ther. 151, 331 (1966).

L. VALzELLL, Neuropsychopharmacology, p. 781. Excerpta med., Amsterdam (1967).

B. L. WeLcH and A. S. WELCH, J. Pharm. Pharmac. 20, 244 (1968).

M. E. GoLpBERG and A. I. SALAMA, Biochem. Pharmac. 18, 532 (1969).

B. B. Brobpik, E. Costa, A. DLABAC, N. H. Nerr and H. H. SMOOKLER, J. Pharmac. exp. Ther.
154, 493 (1966).

. E. NoBLE, R. WURTMAN and J. AXELROD, Life Sci. 6, 281 (1967).

. N. H. Nerr and E. Costa, Life Sci. 5, 951 (1966).

. E. G. McGear and P. L. McGEAR, Can. J. Biochem. Physiol. 40, 1141 (1962).

. T. N. Tozer, N. H. NerF and B. B. BrODIE, J. Pharmac. exp. Ther. 154, 177 (1966).

. J. A. MeaD and K. F. FINGER, Biochem. Pharmac. 6, 52 (1961).

. M. E. GOLDBERG and A. I. SALAMA, Toxic. appl. Pharmac. 144, 447 (1969).

P. DAavanzo, M. DAUGHERTY, R. RUCKART and L. KANG, Psychopharmacologia 9, 210 (1966).
A. HELLER, J. A. HarvEY and R. Y. MOORE, Biochem. Pharmac. 11, 859 (1962).
. L. WELcH and A. S. WELCH, Life Sci. 4, 1011 (1965).

S. KULKARNI, Life Sci. 7, 125 (1968).

H. Nerr and _E. Costa, Antidepressant Drugs, p. 28. Excerpta med., Amsterdam (1967).
WEissMAN, B. K. Kok and S. S. TENeN, J. Pharmac. exp. Ther. 151, 339 (1966).

GLowinskI and J. AXELROD, Nature, Lond. 204, 1318 (1964).

GLOWINSKI, Int. Symp. on Amphetamines and Related Compounds, Milan, Italy (March 1969).
J. GLowinski and J. AXeELROD, Pharmac. Rev. 18, 775 (1966).

J.
B.L.
A.S.
N.
A,

J.

1.



