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EICHELMAN, B., E. SEAGRAVES AND J. BARCHAS. Alkali metal cations." effects on isolation-induced aggression in the 
mouse. PHARMAC. BIOCHEM. BEHAV. 7(4) 407-409 ,  1977. - Alkali metal cations were given in varying doses over 14 
days to CF-1 ,  male mice, isolated for 4 weeks prior to testing for isolation-induced fighting. Lithium and cesium in doses 
of 4.5 and 6.0 meq/kg reduced the duration of isolation-induced aggression in a 15 min test period when compared 
with controls. Toxicity was evident in the cesium-treated, but not the lithium-treated mice. No enhancement of aggression 
was seen in the rubidium-treated group. 

Isolation-induced aggression Lithium Sodium Potassium Rubidium Cesium 

LITHIUM and r u b i d i u m  a l te r  aggressive behav io r  in an imals  
[3., 5, 6, 9] and  m a n  [7,11 ]. This  s tudy  was carr ied ou t  to  
observe the  e f fec t  of  the  alkali  me ta l  ca t ions  on  isola t ion-  
i nduced  f ight ing  in mice.  

EXPERIMENT 1: ALKALI METAL CATIONS, 
3 meq/kg/da 

Me th od 

Animals. The an imals  were 102 male  C F - 1  mice,  30 
days old  (Ca rwor th  Farms,  NY). U p o n  arrival they  were 
indiv idual ly  h o u s e d  in cages (26 x 16 x 12 cm)  wi th  
un l imi t ed  food  and  water .  

Apparatus. At  the  t ime  of  behaviora l  test ing,  the  mice  
were f o u g h t  in cages of  size iden t ica l  wi th  the i r  h o m e  cages. 
However ,  the  tes t  cage for  each  pai r  was a fresh,  clean cage 
d i f fe ren t  f rom e i the r  m ous e ' s  h o m e  cage. 

Procedure. Afte r  14 days of  ind iv idua l  hous ing ,  the  mice 
were r a n d o m l y  divided in to  five groups  of  ten  pai r  each,  
plus one  group  of  11 pair.  Each group was t hen  t r ea ted  for  
14 days  (1.5 meq /kg ,  IP, b id)  w i th  one  of  the  fo l lowing 
ca t ion  so lu t ions :  LiC1, KC1, RbC1, or CsC1. At  the  end of  
these 14 days, the  mice were paired for  15 min  in a tes t  
cage and  the  t o t a l  t ime  of  i so la t ion- induced  f ight ing in the  
15 min  pe r iod  was cumula t ive ly  recorded .  Groups  were 
c o m p a r e d  by  a one-way  analysis  of  variance.  

Results 

Ten mice died dur ing  the  in j ec t ion  per iod,  par t i cu la r ly  in 

the  po t a s s ium- t r ea t ed  group,  leaving group size as ind ica ted  
in Table  1. These dea ths  occur red  t h r o u g h o u t  the 14 days, 
usually fo l lowing in jec t ion .  These dea ths  appeared  to be 
re la ted  to i n t r a - abdomina l  venous  in jec t ion  of  drug and 
c o n s e q u e n t  cardiac a r rhy thmia .  A l t h o u g h  there  was a 
no t i ceab le  d i f fe rence  be tween  groups,  the var iance of  each 
group was ex t r eme ly  large. Consequen t ly ,  analysis  of  
v a r i a n c e  b e t w e e n  g r o u p s  w a s  n o t  s ignif icant ,  
F (4 ,40 )  = 1.62. 

EXPERIMENT 2: LITHIUM, RUBIDIUM 
AND CESIUM - LARGER DOSES 

Since prev ious  s tudies  in mice [10 ,13]  had  r epo r t ed  
decreased f ight ing wi th  l i th ium,  and  since rub id ium facili- 
t a t ed  shock- induced  f ight ing in the  rat  [3, 5, 9 ] ,  an 
enlarged dose curve was carr ied ou t  wi th  l i th ium,  rub id ium,  
and ces ium,  ut i l iz ing un in j ec t ed  and sod ium- in jec ted  mice 
as cont ro ls .  

Method 

Animals. The an imals  were 210  male  C F - 1  mice,  30 
days old (Ca rwor th  Farms,  NY), housed  as in Exper i -  
m e n t  1. 

Apparatus. This  was the  same as in E x p e r i m e n t  1. 
Procedure. Due to l imi ta t ions  of  housing,  this  s tudy  was 

carr ied ou t  in two parts .  In the  first  p o r t i o n  of  the s tudy,  
100 mice were i so la ted  for  14 days, t hen  r a n d o m l y  divided 
in to  t r e a t m e n t  groups  as fol lows:  (1)  un in j ec t ed ;  (2) 
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T A B L E  1 

ISOLATION-INDUCED AGGRESSION IN MICE: 
ALKALI METAL CATIONS (1.5 meq, IP, bid x 14 DAYS) 

Cation N (pr) Time Fought 
(in 15 min observation) 

Li- 9 8.8 + 4.4 (s) 

Na + 9 35.8 +- 17.1 (s) 

K ~ 7 24.6 +_ 9.7 (s) 

Rb + 11 51.1 +- 14.5 (s) 

Cs + 9 22.9 +- 12.7 (s) 

NaCl- injected (3.0 meq/kg ,  b id ;  (3) LiCl-injected (1.5 
meq /kg /da ) ;  (4) LiCl-injected (1.5 meq/kg ,  b id) ;  (5)  LiC1- 
in jec ted  (3.0 meq /kg ,  a.m. and 1.5 meq /kg ,  p .m.) ;  and (6) 
LiCl-injected (3.0 meq/kg ,  bid).  All in jec t ions  were given IP 
for 14 days and  were of  equal  vo lume.  Af te r  the  14 days of  
t r ea tmen t ,  the  mice were paired and fough t  as in Experi-  
m e n t  1. 

In the  second po r t i on  of  this  expe r i m en t ,  110 mice were 
isolated for  14 days and t h e n  divided in to  the  fol lowing 
groups:  (1)  un in j ec t ed  con t ro l s ;  (2)  NaCl- injected (3.0 
meq/kg ,  b id) ;  (3)  RbCl- in jec ted  (4.5 m e q / k g / d a ) ;  (4) RbC1- 
in jec ted  (3.0 meq /kg ,  b id) ;  (5)  CsCl-injected (4.5 m e q / k g /  
da);  and (6)  CsCl-injected (3.0 meq /kg ,  bid) .  Again, 
in ject ions  were of  equal  vo lume and given IP for 14 days. 
Af ter  this  t r e a t m e n t ,  the  mice were weighed and fough t  as 
previously described.  

Since there  can  be seasonal  var iabi l i ty  in biogenic  amine  
levels in mice  [12]  which  migh t  al ter  con t ro l  levels of  
fighting, the  two halves of  the  un in j ec t ed  and NaC1 con t ro l  
groups were c o m p a r e d  stat is t ical ly.  Fo l lowing  this, the  
un in jec ted  and NaC1 groups were c o m p a r e d  stat is t ical ly.  
Lastly, w i th  the  un in j ec t ed  and NaC1 group as cont ro l s ,  the  
data were eva lua ted  by analysis of  var iance across all groups.  
Due to a s i x -mon th  in terval  be t w een  E xpe r i m en t s  1 and  2, 
no a t t e m p t s  were made  to  pool  data  f rom these two 
exper iments .  

Resul t s  

Animal  losses dur ing  the  course of  the s tudy  were evenly 

d i s t r ibu ted  across groups  wi th  the excep t ion  of  the  cesium- 
t rea ted  groups.  Twelve of  the  18 mice in the  4.5 m e q / k g / d a  
group survived and only  six of  the  18 mice in the  6.0 
m e q / k g / d a  group survived. The ces ium-t rea ted  rats  appear-  
ed toxic ,  w i th  u n k e m p t  fur  and some rec ta l  bleeding.  No 
o t h e r  group appeared  toxic .  No group was s ignif icant ly  
d i f fe rent  f rom cont ro l s  in b o d y  weight  at  the  t e r m i n a t i o n  
of  the  expe r imen t .  

There  was n o  s ta t is t ical  d i f ference  by  t- test  b e t w e e n  the  
un in j ec t ed  groups  or the  NaCl- injected con t ro l  groups  of  
the  first and second halves of  the  expe r imen t .  The 
c o m b i n e d  mean  f ight ing t imes  of  the two groups were 121.1 
+_ 13.5 s for the  un in j ec t ed  con t ro l s  and 91.0 -+ 18.2 for  the  
NaC1 cont ro l s .  These values were no t  s ignif icant ly  d i f fe ren t  
and were poo led  as the  con t ro l  group.  The mean  con t ro l  
value of  the  c o m b i n e d  groups  was 102.2 + 10.3. This  
con t ro l  group,  the  four  LiC1 groups,  the  two  RbC1 groups  
and the  two CsC1 groups  (see Table 2) were c o m p a r e d  by  
one-way analysis of  variance.  There  was a s ignif icant  
d i f ference across groups  in spite of  the  large group  
variances,  F ( 8 , 7 5 ) =  2.1 1, p < 0 . 0 5 .  Individual  compar i sons  
be tween  t r e a t m e n t  groups  and the  c o n t r o l  groups  demon-  
s t ra ted  a s ignif icant  decrease in f ight ing in the  LiC1 groups  
t rea ted  wi th  4.5 and 6.0 m e q / k g / d a  ( t- test ,  two-ta i led,  
p < 0 . 0 2 ) .  There  was n o  s ignif icant  d i f ference  in f ight ing 
t ime wi th  the lower  doses of  LiC1 or the  RbC1 groups.  The 
CsC1 groups  showed  decreased f ight ing t imes  in b o t h  the  
4.5 and  6.0 m e q / k g / d a  groups  ( p < 0 . 0 5  and  0.025,  respec- 
tively). 

DISCUSSION 

This  s tudy  appears  to  co r robo ra t e  the  repor t s  of  
Weischer [13]  and T a d a n o  [10]  showing  t ha t  l i th ium 
inh ib i t s  aggression in the  mouse.  However ,  the  doses 
requi red  are h igher  t h a n  those  which  inh ib i t  shock- induced  
f ight ing in the  rat  [ 3 , 5 ] .  The ef fec t  of  cesium canno t ,  in 
this  s tudy ,  be cons idered  behavior-specif ic  as the  mice in 
these groups  appeared  toxic.  There  was no  fac i l i ta t ion  of  
aggression observed wi th  rub id ium.  This is in m a r k e d  
con t r a s t  to  the  fac i l i ta t ion  o f  i r r i tabi l i ty  and  shock- induced  
f ight ing observed in the  ra t  [ 3, 5, 9 ] .  Dispar i ty  in ef fec ts  of  
drugs and  bra in  lesions be tween  the  mouse  and  ra t  mode ls  
of  aggressive behav io r  has  been  observed before .  Rats  
sus ta ining septal  lesions d e m o n s t r a t e  increased levels of  

T A B L E  2 

CUMULATIVE SECONDS FOUGHT IN 15 MIN TEST 

Dose 0 meq/kg 1.5 meq/kg 3.0 meq/kg 4.5 meq/kg 6.0 meq/kg 

Group 
Control 106.6 _+ 11.4 

(n - 29) 
Li + 87.9 + _ 13.4 93.4+-23.1 44 .7_  + 13.9t 43.9 + 14.4t 

(n = 8) (n = 8) (n = 7) (n = 8) 

Rb + 97.4 _+ 31.8 84.8 +- 23.3 

(n 8) (n = 7) 

Cs ~ 47.8 +- 29.0* 19.5 _+ 10.4" 
(n = 6) (n = 3) 

*p<0.05 t-test, two-tailed comparison with control. 
~-p <0.02. 
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shock- induced  f igh t ing  [ 2 ] ,  while septa l - les ioned mice  show 
decreased i so la t ion- induced  f ight ing  [ 8 ] .  Rats  t r ea t ed  wi th  
6 - h y d r o x y d o p a m i n e ,  in t r aven t r i cu la r ly ,  show increased 
shock- induced  f ight ing  [ 4 ] ,  while  mice s imilar ly  t r ea ted  

show decreased f ight ing  [ 1 ] .  These  con t r a s t ing  e f fec ts  
s t rongly  suggest t h a t  d i f fe ren t  neura l  sys tems m a y  be 
cri t ical  in the  fac i l i t a t ion  or  i n h i b i t i o n  of  these  d i f fe ren t  
aggressive pa rad igms  in the  ra t  and  mouse .  
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