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YAMAMOTO, T., H. ARAKI, Y. ABE AND S. UEKI. Effects of chronic LiCI and RbCl on muricide induced by 
midbrain raphe lesions in rats. PHARMACOL BIOCHEM BEHAV 22(4) 559-563, 1985.--Midbrain raphe lesions in rats 
(raphe rats) induce aggressive behavior including muricide. A single administration of LiCI (Li) 100 mg/kg to raphe rats 
produced only 25% of muricide inhibition. However, the inhibitory effect of muricide in raphe rats significantly increased 
from the 5th day following repeated administration of Li. Chronic Li also inhibited muricide in olfactory bulbectomized 
(OB) rats. The inhibition of muricide lasted until the next day to some extent. In this point, the effect of Li on muricide is 
similar to that of antidepressants, but not of neuroleptics. On the contrary, RbC1 (Rb) showed a tendency to induce 
muricide. The single re-administration of Li 100 mg/kg on the withdrawal on the 7th day after repeated administration for 14 days 
showed a significant inhibition of muricide in raphe rats, unlike that in OB rats. Li also showed a partial prophylactic effect 
on muricide when Li 100 mg/kg was administered for 1 week before raphe lesions. These results suggest that raphe rats may 
serve not only as an experimental model of depression, but also as that of manic illness. 

Lithium Rubidium Muricide Raphe lesions Olfactory bulbectomy Prophylactic effects 

LITHIUM (Li) and rubidium (Rb), alkali metals, have been 
proposed to have therapeutic and prophylactic efficacy 
against manic-depressive psychosis. Li is effective chiefly 
for manic states [6,8], and Rb, mainly for depressive condi- 
tions [10,22]. 

In animal studies, Li exerts no marked effects on locomo- 
tor activity of animals in the normal state [7], while it effec- 
tively antagonizes the hyperactivity induced by am- 
phetamine [3]. In contrast, Rb increases locomotor activity 
[7, 16, 22, 44]. Li inhibits release of noradrenaline (NA) 
[17,18], whereas Rb increases it [35]. Thus, Li and Rb exert 
effects opposite to each other in many ways. 

It is well known that antidepressant drugs selectively in- 
hibit muricide (mouse-killing behavior) of rats at doses below 
the neurotoxic level [ 14,41]. Although there is still no general 
agreement, Li is reported to be effective in suppressing ag- 
gression in humans and animals [9, 31, 32, 38]. So far, few 
detailed studies have been made on the effect of Li on 
muricide [5, 27, 29]. 

Destruction of the midbrain raphe nuclei of rat results in 
marked decrease in 5-HT content in the brain and induces 
hyperlocomotor activity and aggressive behaviors including 
muricide [13, 20, 40]. The muricide induced by destruction of 
the midbrain raphe nuclei is inhibited by antidepressants 
[41]. This behavior is more easily inhibited by 
antidepressants which inhibit serotonin (5-HT)-uptake more 
than NA-uptake. 

In the present study, we attempted to demonstrate [1] the 
effect of chronic Li or Rb administration on muricide of rats 
with raphe lesions, and [2] the prophylactic effect of Li on 
muricide induction following raphe lesions. 

Muricide can also be induced by other methods such as 
long-term isolation and olfactory bulbectomy [37]. Muricide 
differs in (1) mode of onset [40], (2) sensitivity to drugs [41] 
and (3) participation of the locus coeruleus [43] and 
amygdala [33] depending upon the method of induction. In 
the present study we have attempted to elucidate differences 
in the effect of Li on muricide induced by raphe lesions in 
comparison with muricide induced by olfactory bulbectomy 
and that of spontaneous killer rats. 

METHOD 

The animals used were male rats of the Wistar King A 
strain weighing 180 to 220 g at the time of surgery. They were 
supplied by The Kyushu University Institute of Laboratory 
Animals. After surgical manipulation, the rats were housed 
in individual wire-mesh cages (20x21 x 17 cm) throughout 
the experimental period and given food and water ad lib. 
Room temperature was maintained at 22--1°C on a 12 hr 
light-12 hr dark schedule with lighting off at 21:00. 

The animals were anesthetized with sodium pentobarbital 
(40 mg/kg, IP) and placed on a stereotaxic instrument. For 
induction of the raphe lesion, a monopolar electrode (0.4 mm 
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in diameter insulated stainless steel wire with bare tip) was 
inserted into the midbrain raphe nuclei according to the rat 
brain atlas of  Kfnig  and Klippel [19]. A direct current of 2 
mA was applied for 15 sec to destroy both the medial raphe 
nucleus (frontal plane (F): 0.16, saggital plane (S): 0, hori- 
zontal plane (H): -2 .5)  and dorsal raphe nucleus (F: 0.16, S: 
0, H: 1.0) (raphe rats). For  olfactory bulbectomy, a hole of 
approximately 1 mm in diameter was opened in the skull and 
the olfactory bulbs were bilaterally removed by suctioning 
(OB rat). Animals were subjected to the muricide test for 15 
min periods on the 2nd, 4th and 7th day after surgical opera- 
tion. 

Raphe rats were divided into 2 groups: one consisted of 
animals which showed muricide at three consecutive tests: 
the other, those which showed no muricide at all. Only OB 
rats that showed muricide in all of  three consecutive tests 
were used. For  selection of  spontaneous killer rats, rats were 
placed in the isolation cage for 1 hr and subjected to the 
muricide test for 15 min. Only rats that showed muricide in 
all of  the same three tests after isolation housing were used 
as spontaneous killer rats. 

Aggressive behavior was measured as described previ- 
ously [40]. In addition to the muricide test for 3 min, the 
startle response to blowing with a fixed volume of  air onto 
the back. Startle response was measured by scoring as fol- 
lows: score 0, no reaction; score 1, slight; score 2, moderate;  
score 3, marked; score 4, extreme response. 

LiC1 (Li: E. Merck, Darmstadt) and RbCI (Rb: E. Merck, 
Darmstadt) were given subcutaneously to animals once a day 
for 14 days. After a 6-day withdrawal period, i.e., on the 7th 
day after the last dosing, Li was re-administered. The test for 
aggressive behavior was performed twice a day; before drug 
or saline administration (10:00 a.m.: pre-drug state) and 1 hr 
after administration (post-drug state). Water  intake was 
measured during the pre-dosing period using "Touch-n- 
dr ink" (O 'Hara  and Co., Ltd) provided with two stainless 
steel balls at the end of the tube. 

R E S U L T S  

Effects o f  Li on Muricide 

The effect of  repeated administrations of  Li 100 mg/kg on 
muricide in raphe rats are shown in Fig. 1 (N=12). The 
muricide in raphe rats was not affected markedly by chronic 
saline at either pre- or post-state (Fig. 1). A single adminis- 
tration of Li to raphe rats inhibited muricide in only 3 out of 
12 rats (25%); however,  the incidence of inhibition increased 
with repeated administration, being 66.6% on the 5th day. 
The inhibitory effect on muricide was maintained with 
chronic administration of  Li (Fig. 1). Chronic administration 
produced an inhibition of muricide even at the non-drug state 
(23 hr after injection of  preceding day; incidence of inhibition 
was 15.4% on the 3rd day and as high as 41.7% on the 9th 
day: Fig. 1). The re-administration of Li on the 7th day after 
the last administration resulted in an inhibition as high as 
63.6%. The startle response, however, was scarcely affected 
by repeated administration of  Li. 

During the chronic administration of  Li, rats were rela- 
tively sedated, but did not cause ataxia, tremor, or diarrhea. 
Chronic doses of  Li increased water intake significantly; 
39.7___3.4 ml/day (average +-SE) on the 3rd day in the Li- 
treated raphe rats compared to 24.2--+4.7 ml in the saline- 
treated raphe rats (p<0.002; two tailed Mann-Whitney 
U-test). The significant increase of water intake persisted 
from the 3rd day, throughout the Li administration period. 
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FIG. 1. Effects of chronic doses of LiCI on muricide in raphe rats. 

The maximum effect was reached at the 8th day after repeated 
administration of Li; i.e., water intake increased to the 
maximum of 65.8_-.4.2 ml, compared to the control value of 
26.6--_3.4 ml. 

A single administration of Li 200 mg/kg suppressed 
muricide in 5 of 6 raphe rats. Chronic administration, how- 
ever, produced severe diarrhea and tremor, and 4 of 6 rats 
died by the 9th day. 

In OB rats, a single administration of  Li 100 mg/kg re- 
suited in 37.5% muricide inhibition (N= 12, Fig. 2). The per- 
centage of inhibition increased with repeated administration 
of Li; muricide was completely inhibited on the 6th day,  
even at the pre-administration period after the 5th day 
muricide was inhibited in 50% of rats. The inhibitory effect of 
Li on muricide decreased slightly on the 6th day; however, 
the inhibition was 62.5% on the 14th day. On the 7th day 
following the cessation of administration, muricide inhibition 
was as low as 25% by Li re-administration. 

Water  intake in OB rats was significantly increased by 
chronic Li from the 5th day (54.8+-5.7 ml: p<0.002). This 
effect significantly persisted till the 9th day (49.0+-2.7) but 

d i s a p p e a r e d  after the 10th day (42.8+-2.9). The maximum 
increase in water intake was 56.0___3.5 ml at the 6th day after 
repeated administration (p<0.002). 

In spontaneous killer rats (N-- 14), a single administration 
of  Li 100 mg/kg produced 57.1% muricide inhibition, and at 
the 2nd day, 14.3%; the 4th day, 71.4%; the 7th day, 28.6%; 
the 10th day, 64.3%; the 14th day, 35.7%. Thus, Li-induced 
inhibition of muricide in spontaneous killer rats did not 
necessarily increase with repeated administration and is not 
always reproducible in contrast to that of raphe rats and OB 
rats. The startle response of  spontaneous killer rats was not 
significantly affected by Li throughout the experimental 
period. 

Prophylactic Effect o f  Li on Muricide Induction 

In the rat (N=8) which had been prophylactically ad- 
ministered Li 100 mg/kg/day for a week, the incidence of 
muricide following raphe lesions was lower than that in the 
rats (N=8) treated with saline in the same way. The inci- 
dence of muricide in rats (N=8) pretreated with Li was 25% 
at the 2nd and 4th day after raphe lesions and 37.5% at the 
7th day, as contrasted to the value of  50, 62.5 and 75%, 
respectively,  in rats given saline in the same way. In the rats 
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F]G. 2. Effects of chronic doses of LiCI on muricide in OB rats. 
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FIG. 3. The occurrence of muricide following chronic administration 
of RbC1 in intact rats. 

(N=9)  pretreated with Li 100 mg/kg/day for 2 weeks, the 
muricide incidence was 44.4% at the 2nd day after raphe 
lesions and 66.7% at the 4th and 7th days,  but no significant 
difference in incidence of  muricide was observed between 
the Li-or saline-pretreated rats. The score of  the startle re- 
sponse in rats pretreated with Li for 1 week was low, though 
not significant, being 2.3-+0.2 at the 2nd day. Similar low 
scores were recorded at the 4th day after lesions. The startle 
response score of  the rat pretreated with Li for 2 weeks was 
significantly low, i.e., 1.8-+0.3 (p<0.02) at the 2nd day after 
lesions compared to 2.9-+0.3 in the saline-pretreated rats. 

Effect  o f  Rb  on Muricide 

Muricide in raphe rats (N=5) was not affected during the 
chronic administration of  Rb 200 mg/kg. Scores of  the startle 
response were increased as Rb was repeated. On the last day 
of  administration, the score of startle response in the Rb- 
treated rats showed significantly high score (2.8+0.2, 
p<0.02)  when compared with that of  saline-treated rats 
(2.0+0.1). On the contrary,  Rb administration to rats (N=4) 
which had shown no muricide even after raphe lesions in- 
duced muricide in 2 out of  4 rats after repeated administra- 
tions for 4 days,  though a single administration failed to 
cause muricide. On the other hand, a single Rb administra- 
tion induced muricide in the intact rats (N=8)  showing no 
muricide (Fig. 3). The incidence of  muricide increased with 
repeated administration, being 83.3% after 12-day adminis- 
tration. Muricide was seen even 7 days after withdrawal fol- 
lowing repeated administration for 14 days.  The startle re- 
sponse in the Rb-treated rats did not differ in the score from 
those in the saline-treated rats. 

DISCUSSION 

There are many clinical reports supporting prophylactic 
or therapeutic efficacy of  Li in manic illness [2,8], monopolar  
depression [ I l l  and schizophrenia [1,4]. In animal experi- 
ments, foot-shock induced aggression in mice is inhibited by 
Li [31], though at a relatively high dose. Sheard [29] has 
reported that Li at relatively high dose (5 mEq/kg) blocked 
parachlorophenylalanine (PCPA)-induced muricide. How- 
ever, Rush et al. have reported that chronic Li fails to block 
muricide induced by food limitation in individually housed 
Sprague-Dawley rats [27]. In the present  study, though a 

single dosing of  Li 100 mg/kg failed to affect muricide in- 
duced by raphe lesions, repeated injections of  Li inhibited 
muricide accompanied by no behavioral toxicity. This dis- 
crepancy may depend on the induction method of  muricide 
or the strain of  rats. 

In the biochemical studies, single administration of  Li did 
not cause detectable changes in the brain content of  tryp- 
tophan and 5-HIAA. However ,  subacute treatment with Li 
increased those concentrations in the brain [15,25]. Sheard et 
al . ,  using probenecide,  also demonstrated that Li acceler- 
ated the turnover rate of  5-HT in the brain [30]. It is interest- 
ing that inhibition of  muricide by Li is parallel to the in- 
creased 5-HT turnover rate in the brain by Li. Our previous 
results showed that muricide in raphe rats is effectively 
inhibited by drugs which potentiate the activity of  5-HT 
neurons more than that of  NA neurons, its muricide is 
presumed to be due to the reduction of  brain 5-HT [40]. 
From these points, it seems therefore likely that the inhibi- 
tory effect of  Li on muricide in raphe rats is exerted by 
activation of 5-HT neuron. Furthermore,  Broderick et al. [5] 
recently reported that muricide in Long-Evans rats was 
markedly blocked by acute injection of Li when Li and 
L-tryptophan were administered in combination in their 
smallest effective doses. The biochemical effect of  Li com- 
bined with L-tryptophan showed the synergistic increase in 
5-HT turnover rate in the rat. These results also support  our 
hypothesis.  There are, however,  some reports in which Li 
does not affect 5-HT metabolism in the brain [28]. These data 
concerning brain 5-HT are conflicting, possibly due to the 
difference in experimental conditions. According to 
Nakagawara [24], Li does not affect 5-HT metabolisms in 
intact brains, whereas it produces a marked increase in 5-HT 
and 5-HIAA in brain of  PCPA-treated rats. It is therefore 
likely that Li exerts similar effect in raphe-lesioned rats as 
well as that of  PCPA-treated rats. 

Thus, chronic Li also inhibited muricide in OB rats and 
spontaneous killer rats. OB rats and spontaneous killer rats 
also showed a decrease in 5-HT turnover rate in the brain 
[21]. There is no significant difference in the manner of  
muricide inhibition of  Li between OB rats and raphe rats. 
However,  it is of interest that the inhibitory effect of  Li on 
muricide of raphe rats, unlike that in OB rats, was evident 
even at 7 days after cessation of  Li-administration. The 
mechanism of this effect remains unsolved. 
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On the o ther  hand, neurolept ics  and ant idepressants  also 
inhibit muricide.  H o w e v e r ,  this effect  o f  neurolept ics  is 
gradually reduced with repea ted  administrat ion,  while that  of  
ant idepressants  is not  [34]. In this respect ,  the mode  of  Li  
act ion on muricide in raphe rat is different f rom that of  
neurolept ics  but similar to that o f  ant idepressants .  It was 
repor ted  that  Li  t rea tment  significantly increased 5 -HIAA 
level  in the cerebrospinal  fluid in manic  patients ,  who 
showed low concentra t ions  o f  5 -HIAA [12, 23, 39]. Raphe  
rats with decreased  5-HT and 5 -HIAA brain content  show a 
high arousal  level  not  only in behav ior  [41], but also in E E G  
[42]. At  this t ime, Li  showed muricide inhibition in raphe 
rats. T h e ~ b o v e  facts suggest that  raphe rats may not  only be 
an exper imenta l  model  o f  depress ion [41], but also o f  manic 
illness. Rb, which is repor ted  clinically to have an 
ant idepressant  effect  [22, 26, 35], p roduced  no inhibition of  
muricide in raphe rats. On the contrary,  Rb showed a tend- 
ency  to induce muricide in rats,  which did not  show muricide 

following raphe lesions,  as well  as in intact non-kil ler  rats. 
The  present  report  is the first to show that Rb induces 
muricide,  though Rb has been repor ted  to induce or  poten-  
tiate irritability or  at tack response  in rats [9, 10, 36]. This 
indicates that the drug which has clinical ant idepressant  ef- 
fect  does not  necessari ly exer t  an inhibitory act ivi ty  on 
muricide.  In any way,  it may be ment ioned that the mode of  
clinical effect  of  Rb seems to be different from that of  typical 
antidepressants .  Li  has a prophylact ic  effect  against manic 
illness in clinical pract ice [2,11]. Fo r  demonst ra t ion  of  the 
prophylact ic  effect iveness  of  Li  in exper imental  animals,  the 
pre t rea tment  with Li,  as adminis tered for 7 consecut ive  days 
at a dose  o f  100 mg/kg before  raphe lesions,  tended to inhibit 
the appearance  of  muricide,  though the degree of  inhibition 
was not statistically significant. The  increasing o f  the dose to 
200 mg/kg produced  no Corresponding potent iat ion of  
muricide inhibition, suggesting that  Li exerts  its prophylact ic  
effect  only  at an opt imal  dose;  but  it is not  dose-dependent .  

R E F E R E N C E S  

1. Alexander, P. E. Antipsychotic effects of lithium in schizo- 
phrenia. Am J Psychiatry 136: 283-287, 1979. 

2. Angest, J., P. Weis, P. Grof, P. C. Baastrup and M. Schou. 
Lithium prophylaxis in recurrent affective disorders. Br J Psy- 
chiatry 116: 604-614, 1970. 

3. Berggren, U., I. Tallstedt and J. Engel. The effect of lithium on 
amphetamine-induced locomotor stimulation. Psychopharma- 
cology (Berlin) 59: 41-45, 1978. 

4. Biderman, J., Y. Lerner and H. Belmaker. Combination of 
lithium carbonate and haloperidol in schizo-affective disorder. 
Arch Gen Psychiatry 36: 327-333, 1979. 

5. Broderick, P. and V. Lynch. Behavioral and biochemical 
changes induced by lithium and 1-tryptophan in muricidal rats. 
Neuropharmacology 21: 671-679, 1982. 

6. Cade, J. F. J. Lithium salts in the treatment of psychotic ex- 
citement. Med J Australia 2: 34%352, 1949. 

7. Carrol, B. J. and P. T. Sharp. Rubidium and lithium: Opposite 
effect on amino-mediated excitement. Science 172: 1355-1357, 
1971. 

8. Dyson, W. L. and M. Mendelson. Recurrent depressions and 
the lithium ion. Am J Psychiatry 125: 544-548, 1968. 

9. Eichelman, B., N. B. Thoa and J. Perez-Cruet. Alkali metal 
cations: Effects on aggression and adrenal enzymes. Pharmacol 
Biochem Behav 1: 121-123, 1973. 

10. Fieve, R. R., H. Meltzer, D. L. Dunner, M. Levitt, J. Mendel- 
wicz and A. Thomas. Rubidium: Biochemical, behavioral and 
metabolic studies in humans. Am J Psychiatry 130: 55-61, 1973. 

11. Fieve, R. R., T. Kumbaraci and D. L. Dunner. Lithium 
prophylaxis of depression in bipolar I, bipolar II and unipolar 
patients. Am J Psychiatry 133: 925-929, 1976. 

12. Fyrr, B., U. Petterson and G. SedvaU. The effect of lithium 
treatment on manic symptoms and levels of monoamines 
metabolites in cerebrospinal fluid of manic depressive patients. 
Psychopharmacology (Berlin) 44: 99-103, 1975. 

13. Grants, U. D., D. V. Coscina, S. P. Grossman and D. X. 
Freedman. Muricide after serotonin depleting lesions of mid- 
brain raphe nuclei. Pharmacol Biochem Behav 11: 77-80, 1973. 

14. Horovitz, Z. P., P. W. Ragozzino and R. C. Leaf. Selective 
block of rat mouse-killing by antidepressants. Life Sci 4: 1901- 
1912, 1965. 

15. Iwata, H., H. Okamoto and I. Kuramoto. Effect of lithium on 
serum tryptophan and brain serotonin in rats. Jpn J Pharmacol 
2,4: 235-240, 1974. 

16. Johnson, F. N. Effects of alkali metal chlorides on activity in 
rats. Nature 238: 333-334, 1972. 

17. Katz, R. I., T. N. Chase and I. J. Kopin. Evoked release of 
norepinephrine and serotonin and from brain slices: inhibition 
by lithium. Science 162: 466-467, 1968. 

18. Katz, R. I. and I. J. Kopin. Release of norepinephrine-aH and 
serotonin-aH evoked from brain slices by electrical field stimu- 
lation calcium dependency and the effects of lithium, ouabain 
and tetrodotoxin. Biochem Pharmacol 18: 1935-1939, 1969. 

19. Kfnig, J. F. R. and R. A. Klippel. The Rat  Brain. A 
Stereotaxic Atlas o f  the Forebrain and Lower Parts o f  the Brain 
Stem. Baltimore: Williams and Wilkins, 1963. 

20. Lorens, S. A., J. P. Sorensen and L. M. Yunger. Behavioral and 
neurochemical effects of lesions in the raphe system of the rat. J 
Comp Physiol Psychol 77" 48-52, 1971. 

21. Mandel, P., G. Mack and E. Kempf. Molecular basis of some 
models of aggressive behavior. In: Psychopharmacology o f  Ag- 
gression, edited by S. Merton. New York: Raven Press, 1979, 
pp. 95-110. 

22. Meltzer, H. L., R. M. Taylor, S. R. Platman and R. R. Fieve. 
Rubidium: a potential modifier of affect and behavior. Nature 
223: 321-322, 1969. 

23. Mendels, J. Relationship between depression and mania. Lan- 
cet 13: 342, 1971. 

24. Nakagawara, M. The effect of lithium on serotonin metabolims 
in the brain of rats. Psychiatr Neurol Jpn 79: 23%256, 1977, (in 
Japanese). 

25. Perez-Cruet, J., A. Tagliamonte, P. Tagliamonte and G. L. 
Gessa. Stimulation of serotonin synthesis by lithium. J Phar- 
macol Exp Ther 178: 325-330, 1971. 

26. Platman, S. R. Lithium and rubidium: a role in the affective 
disorders. Diseases Nervous System 32: 604--606, 1971. 

27. Rush, J. and J. Mendels. Effects of lithium chloride on muricidal 
behavior in rats. Pharmacol Biochem Behav 3: 795-797, 1975. 

28. Schildkrant, J. J., S. M. Schanberg, G. R. Breese and I. J. 
Kopin. Effects of psychoactive drugs on the metabolims of 
intracisternally administered serotonin in the rat brain. Biochem 
Pharmacol 18: 1971-1978, 1969. 

29. Sheard, M. H. Behavioral effects of p-chlorophenylalanine in 
rats: inhibition of lithium. Commun Behav Biol 5: 71-73, 1970. 

30. Sheard, M. H. and G. K. Aghajanian. Neuronally activated 
metabolism of brain serotonin: Effect of lithium. Life Sci 9: 
285-290, 1970. 

31. Sheard, M. H. Effect of lithium on foot shock aggression in rats. 
Nature 22,8: 284-285, 1970. 

32. Sheard, M. H. Effect of lithium on human aggression. Nature 
230: 113-114, 1971. 



L I T H I U M  A N D  M U R I C I D E  I N  R A P H E - L E S I O N E D  R A T S  563 

33. Shibata, S., T. Yamamoto and S. Ueki. Differential effects of 
medial, central and basolateral amygdaloid lesions on four 
models of experimentally-induced aggression in rats. Physiol 
Behav 28: 289-294, 1982. 

34. Shibata, S., H. Nakanishi, S. Watanabe and S. Ueki.  Effects of 
chronic administration of antidepressants on mouse-killing be- 
havior (muricide) in olfactory bulbectomized rats. Pharmacol 
Biochem Behav 21: 225-230, 1984. 

35. Stolk, J. M., W. J. Nowack, J. D. Barchas and S. R. Platman. 
Brain norepinephrine: Enhanced turnover after rubidium treat- 
ment. Science 168: 501-503, 1970. 

36. Stolk, J. M., R. L. Conner and J. D. Barchas. Rubidium induced 
increase in shock elicited aggression in rats. Psychophar- 
rnacologia 22: 250-260, 1971. 

37. Ueki, S., S. Nurimoto and N. Ogawa. Characteristics in emo- 
tional behavior of the rat with bilateral olfactory bulb ablation. 
Folia Psychiatr Neurol J P N  26: 227-237, 1972. 

38. Weischer, M. L. Uber die antiaggressive Wirking von Lithium. 
Psychopharrnacology (Berlin) 15: 245-254, 1969. 

39. Wilk, S., B. Shopsin, S. Gershon and M. SuM. Cerebrospinal 
fluid levels of MHPG in affective disorders. Nature 235: 440- 
441, 1971. 

40. Yamamoto, T. and S. Ueki. Characteristics in aggressive behav- 
ior induced by midbrain raphe lesions in rats. Physiol Behav 19: 
105-110, 1977. 

41. Yamamoto, T. and S. Ueki. Effects of drugs on hyperactivity 
and aggression induced by raphe lesions in rats. Pharmacol 
Biochem Behav 9: 821-826, 1978. 

42. Yamamoto, T., S. Watanabe, R. Oishi and S. Ueki. Effects of 
midbrain raphe stimulation and lesion on EEG activity in rats. 
Brain Res Bull 4: 491-495, 1979. 

43. YamamotQ, T., S. Shibata and S. Ueki. The effect of locus 
coeruleus and midbrain raphe stimulation on muricide in rats. 
Jpn J Pharmacol 32: 845-853, 1982. 

44. Yamauchi, Y., M. Nakamura and K. Koketsu. Effects of alkali 
metals on spontaneous motor activities of mice. Kururne Med J 
19: 175-178, 1972. 


