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IZENWASSER, S. E., K. GARCIA-VALDEZ AND K. M. KANTAK. Stimulant-like effects of magnesium on aggression 
in mice. PHARMACOL BIOCHEM BEHAV 25(6) 1195-1199, 1986.--The effects of magnesium excesses resulting from 
daily injections of magnesium chloride (MgCI~) were examined on offensive behavior in a resident-intruder situation. Male 
mice tested 5 min post-injection of 15 mg/kg or 30 mg/kg exhibited a significantly greater number of attacks and threats than 
saline controls: while in mice injected with 125 mg/kg threat and attack behaviors were decreased. No tolerance developed 
to this decrease which persisted throughout the 15 day injection period. Tolerance to the aggression enhancing effects 
developed in the 30 mg/kg group which returned to normal by Day 4 and in the 15 mg/kg group which returned to normal by 
Day 15. Two weeks following the last injection, all groups performed equally. When mice were tested prior to daily 
injections on Days 4, 8, and 15 in a second experiment, there were no MgCI~ dose differences in threat or attack behavior, 
thus there was no cumulative effect of MgCI._, on behavior. These data and our previous data showing that MgCI2 
deficiencies reduce offensive aggression suggest an inverted U-shape function to magnesium's influence on behavior. 
Since aggression has been linked to the neurotransmitters dopamine, norepinephrine, and serotonin, and magnesium has 
been shown to be an important cofactor in the activity of these neurotransmitters, it is possible that the effects seen here are 
related to changes in one or more of these systems. 

Acute administration Aggression Chronic administration Magnesium Stimulant 

M A G N E S I U M  (Mg z+) is the fourth most abundant mineral in 
the brain, and is necessary as a cofactor for many enzymatic  
reactions as well as for the binding of  several  neurotransmit-  
ters to their receptors .  These  include the dopamine (DA) 
receptor  [20], serotonin (5-HT) receptor  [13], alpha-2 ad- 
renergic receptor  [ 17] and beta-adrenergic receptor  [ 10]. Fur- 
thermore,  Mg 2+ can act ivate tyrosine hydroxylase [15] and 
t ryptophan hydroxylase  [1] in the rat brain. Because  the 
tyrosine hydroxylase  enzyme  [21] and the t ryptophan hy- 
droxylase enzyme [2] are not fully saturated in vivo, it is 
possible to produce changes in the rate at which the brain 
synthesizes  DA, norepinephrine (NE) and 5-HT with Mg 2+ 

There  is evidence that the catecholamines  and serotonin 
are important  for the express ion of  aggression in animals [4]. 
For  example,  it has been shown that dietary loading of  
tyrosine in mice produces  an increase in attacks by residents 
on intruders and that this increase is correlated with a rise in 
brain DA [19]. Similarly, a t ryptophan deficiency in mice 
leads to a reduction in isolation-induced fighting which is 
related to a decrease in brain 5-HT [9]. Other  agents such as 
d-amphetamine  and L-dopa,  which are known to activate 
ca techolamine  neurot ransmit ter  systems,  have also been 
shown to increase threat and attack behaviors  in rats [11], 
when administered in low doses.  At high doses,  however ,  
these agents lead to a decrease in aggressive behaviors ,  

thereby producing an inverted U-shaped relat ionship be- 
tween stimulant-like agents and offensive aggression. 

Previous research has shown that the restriction of  di- 
etary magnesium to 15%, 25%, or  50% of  the daily require- 
ment reduces offensive aggression in male mice in a 
resident- intruder situation [7]. This reduct ion was concen-  
tration and time dependent  with greater  deficiencies leading 
to greater  decreases  in aggressive behavior .  Also reported 
were decreases  in DA and NE functioning as ev idenced  by a 
decline in apormorphine and l -amphetamine induced behav- 
iors. 

The purpose of  the fol lowing exper iments  was to examine 
the effects  of  acute and chronic  Mg z+ excesses  on offensive 
aggression. Based on the finding that restricting dietary Mg 2+ 
decreased aggressive behaviors  and because  of  the ability of  
Mg 2+ to increase biogenic amine activity,  it was expec ted  
that a chronic Mg 2+ excess  would increase offensive aggres- 
sion. 

METHOD 

Animals 

Adult  male and female pairs of  C F W  strain mice (42 days 
old) from Charles River  Breeding Labs,  Portage,  MI, were 
housed as residents of  individual home cages of  11.5 × 7 × 5  

~Supported by Boston University funds for faculty research. 
ZRequests for reprints should be addressed to Kathleen M. Kantak. 
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T A B L E  I 

ACUTE AND CHRONIC EFFECTS OF MgCI e 

Day 

Dose (n) Baseline 1 4 8 15 29 

Saline (16) 
15 (5) 
3O (8) 
60 (5) 

125 (12) 

Saline 
15 
30 
60 

125 

Threa ts  (frequency) 

42.6 ± 4.0 38.2 + 4.2 33.8 + 4.1 29.7 ± 3.6 20.8 ± 3.0 21.5 ± 2.9 
52.8 ± 2.6 ~63.6 ± 13.2 t62.4 ± 13.3 *47.8 ± 5.3 27.4 ± 8.8 34.0 ± 5.0 
45.6 ± 6.9 *54.7 ± 11.8 33.1 + 8.6 34.2 ± 7.3 31.0 + 4.2 33.3 + 6.3 
50.0 + 3.6 39.6 ± 6.6 28.0 + 11.3 24.0 ± 5.9 22.6 _+ 4.0 23.0 + 3.5 
40.4 ± 2.6 *22.0 ± 4.8 +14.2 ± 3.4 +10.6_+ 3.1 9.3 + 2.5 21.0 + 4.1 

Latency  (seconds)  

45.8 + 10.5 32.6 ± 10.4 14.3 ± 4.8 25.6 ± 8.4 40.6 + 13.8 32.5 + 7.1 
27.2 _+ 11.3 10.2 _+ 5.3 18.6 + 15.4 13.0 ± 10.2 71.6 ± 57.4 5.6 + 4.8 
23.0_+ 14.3 21.6_+ 14.1 39.1 + 21.4 31.8 _+ 25.1 5.6 ± 2.0 24.0 + 7.5 

108.4 _+ 31.2 28.8 ± 17.9 72.0 ± 57.1 41.4 ± 26.8 49.8 ± 31.5 44.0 ± 23.4 
54.8 ÷ 19.6 45.9 + 24.5 73.8 + 32.3 +161.7 ± 36.8 "121.4 + 38.6 "107.1 _+ 38.8 

Locomot ion  (% of Baseline seconds)  

Saline 37.1 _+ 4.1 106 _+ 10 101 ± 12 93 ~+ 14 78 _+ 19 103 + 13 
15 t17.6_+ 2.1 126_+ 20 97 ± 21 108 m 9 99 ± 13 98 + 1(I 
30 52.5 _+ 8.3 114_+ 31 105 ± 28 61 = 10 61 + 22 +48 + 10 
60 +80.5 ± 1.5 109 + l0 86_+ 19 96 ± 34 61 + 5 112 ± 26 

125 45.5 _+ 5.7 *69 ± 13 *40 + 7 *45 ± 8 47 ± 6 +47 + 8 

Body Weight (% of Baseline grams) 

Saline 26.4 ± 0.9 I01 ± I 103 + ~' 107 + 2 108 _+ 4 116 + 3 
15 *24.8 ± 0.6 100 ± 0 100 + 0 109 + 2 "114 + 2 +128 _+ 5 
30 4-28.1 ± 1.2 102 ± 1 105 + I 106 ± 1 108 + 1 115 ÷ 2 
60 +28.4 ± 1.3 101 ± 3 104 + ~ 105 _+ 2 108 + 2 113 = 4 

125 ?30.8 ± 1.6 99 + "~ 100_+ 1 *100 ± l *101 _+ 2 111 + 3 

Values are mean _+ S.E.M.  The number  of  subjects  per group are in parentheses .  
baseline on days  1, 4, 8, and 15 of  MgCI2 t reatment .  Measures  were again taken on 

*p<0.05 compared  to the saline group. 
tp<0.01  compared  to the saline group. 

Measures  were taken 5 min post-injection after 
day 29, two weeks after the last injection. 

i n c h  c l e a r  b o x e s .  M a l e  m i c e  w h i c h  s e r v e d  as  i n t r u d e r s  to 
t h e s e  r e s i d e n c e s  w e r e  g r o u p  h o u s e d .  All  a n i m a l s  w e r e  
h o u s e d  2 w e e k s  p r i o r  to  t h e  f i rs t  t e s t i n g  s e s s i o n .  A c o n t i n u -  
o u s  12 h o u r  l i gh t / da rk  c y c l e  a n d  c o n s t a n t  t e m p e r a t u r e  (80°F) 
w e r e  m a i n t a i n e d .  All r e s i d e n t  a n d  i n t r u d e r  m i c e  had  ad  lib 
t ap  w a t e r  a n d  s t a n d a r d  P u r i n a  L a b  C h o w ,  w h i c h  c o n t a i n s  2 g 
o f  M g  2+ p e r  kg  o f  f o o d ,  w h i c h  is wel l  a b o v e  t h e  m i n i m u m  
M g  2+ r e q u i r e m e n t  fo r  m i c e  o f  500 m g / k g  o f  f ood  ( N a t i o n a l  
R e s e a r c h  C o u n c i l  R e c o m m e n d a t i o n ) .  

Procedure 

Pr io r  to  D a y  1 o f  t he  e x p e r i m e n t ,  e a c h  m a l e  r e s i d e n t  w a s  
t e s t e d  2 to  4 t i m e s  to d e t e r m i n e  a b a s e l i n e  leve l  o f  o f f e n s i v e  
a g g r e s s i o n  a n d  to i n s u r e  a s t a b l e  leve l  o f  b e h a v i o r  p r i o r  to 
d r u g  a d m i n i s t r a t i o n .  F o r  e a c h  m a l e ,  t he  r e s i d e n t  f e m a l e  a n d  
p u p s ,  i f  a n y ,  w e r e  r e m o v e d  f r o m  t h e  h o m e  c a g e  a n d  a m a l e  
i n t r u d e r  w a s  i n t r o d u c e d  in to  t h e  c a g e .  T e s t i n g  l a s t e d  fo r  5 
m i n  a f t e r  t he  f i rs t  a t t a c k ,  w i t h  5 m i n  a l l o w e d  as  t h e  m a x i m u m  
a t t a c k  l a t e n c y  by  t he  r e s i d e n t  m a l e .  T h e  f r e q u e n c y  o f  s ide -  
w a y s  t h r e a t  p o s t u r e s  a n d  b i t ing  a t t a c k s  a n d  d u r a t i o n  o f  g e n -  
eral  l o c o m o t i o n  ( to c h e c k  fo r  p o t e n t i a l  d e b i l i t a t i n g  e f f e c t s  o f  
m a g n e s i u m )  w e r e  r e c o r d e d .  

A f t e r  s t ab l e  b a s e l i n e  l eve l s  w e r e  e s t a b l i s h e d ,  g r o u p s  o f  
m i c e  r e c e i v e d  e i t h e r  0 ( i s o t o n i c  sa l ine ) ,  15, 30, 60, 125, o r  250 
m g / k g  o f  MgCl.e (MgCI~. 6 H , O  o b t a i n e d  f r o m  F i s h e r  Sc i en -  
t if ic;  d o s e s  e x p r e s s e d  as  a n h y d r o u s  sal t )  w h i c h  w e r e  ad -  
m i n i s t e r e d  s u b c u t a n e o u s l y  on  a da i ly  b a s i s  for a p e r i o d  o f  15 
d a y s .  T h e  MgCI~ w a s  d i s s o l v e d  in 10 ml o f  d i s t i l l ed  w a t e r  a n d  
g i v e n  in an  i n j ec t i on  v o l u m e  o f  10 ml /kg  b o d y  w e i g h t .  T w o  
e x p e r i m e n t s  w e r e  c o n d u c t e d .  In o n e  e x p e r i m e n t ,  a g g r e s s i o n  
t e s t i n g  t o o k  p l ace  5 m i n u t e s  p o s t - i n j e c t i o n  on  D a y s  1, 4, 8, 
a n d  15. In t he  s e c o n d  e x p e r i m e n t ,  i n j e c t i o n s  w e r e  a d m i n i s -  
t e r e d  da i ly  for  15 d a y s ,  bu t  a n i m a l s  w e r e  t e s t e d  p r i o r  to t h e  
i n j e c t i o n ,  e x c e p t  on  D a y  1 w h e r e  t h e y  w e r e  t e s t e d  5 m in  a l t e r  
t h e  i n j ec t i on .  T h i s  e x p e r i m e n t  w a s  c o n d u c t e d  to d e t e r m i n e  if 
t he  r e p e a t e d  a d m i n i s t r a t i o n  o f  MgCI2 h a d  a n y  c u m u l a t i v e  
e f f ec t  on  b e h a v i o r  f r o m  d a y  to d a y .  T h e  a n i m a l s  in b o th  
e x p e r i m e n t s  w e r e  a g a i n  t e s t e d  on  D a y  29 t t w o  w e e k s  a f t e r  
t he  l a s t  MgCI2 in j ec t ion ) .  T h e r e  w e r e  b e t w e e n  5 a n d  16 
a n i m a l s  pe r  g r o u p .  

Statistic.s 

T h e  n u m b e r  o f  t h r e a t s  a n d  a t t a c k s ,  l a t e n c y  to t h e  f irst  
a t t a c k ,  d u r a t i o n  o f  l o c o m o t i o n ,  a n d  b o d y  w e i g h t  w e r e  eva l -  
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T A B L E  2 

CUMULATIVE EFFECTS OF MgClz 

Day 

Dose (n) Baseline 1 4 8 15 29 

Attack (frequency) 

Saline (5) 24.2 ± 6.5 20.8 ± 6.2 20.8 ± 3.2 30.6 ± 6.8 25.4 ± 6.3 17.4 _+ 7.8 
15 (5) 27.0 ± 5.0 *40.2 ± 10.4 30.0 ± 8.9 19.2 _ 4.1 19.0 ± 6.1 15.5 ± 4.5 
30 (5) 22.8 ± 2.7 30.6 _+ 4.5 32.6 ± 8.6 21.8 ± 4.3 22.8 ± 4.6 12.6 ± 4.8 
60 (5) 20.6 ± 5.5 21.2 ± 3.2 22.0 ± 4.7 18.6 ± 7.4 18.8 ± 3.3 15.2 ± 1.8 

125 (5) 21.8 ± 3.3 " 8 . 6 -  4.1 33.0 ± 11.4 18.8 ± 6.0 22.2 ± 4.2 13.0 ± 3.9 

Body Weight (% of Baseline grams) 

Saline 28.0 -+ 0.3 99 -± 1 104 ± 1 104 _ 1 105 ± 1 108 ± 1 
15 28.2 _ 0.6 102 ± 1 102 + 1 106 ± 1 109 _+ 2 ]114 -!-_ 1 
30 25.8 ± 0.7 99 ± 2 101 ± 1 103 ± 1 105 _ 1 ]'117 ± 1 
60 28.8 ± 0.4 99 ± 2 105 ± 3 102 ± 1 104 ± 2 110 _+ 1 

125 27.4 ± 0.2 102 ± 2 102 ± 3 104 ± 2 104 ± 3 110 ± 2 

Values are mean ± S.E.M. The number of subjects per group are in parentheses. Measures were taken 5 min post-injection after 
baseline on day 1 and 24 hr post-injection on days 4, 8, and 15 of MgCI2 treatment. Measures were again taken on day 29, two weeks 
after the last injection. 

*p<0.05 compared to the saline group. 
Cp<0.01 compared to the saline group. 
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FIG. 1. Mean±S.E.M. Frequency of attacks per 5 min. Measures 
were taken 5 min post-injection on Days 1, 4, 8, and 15 of MgCI2 
treatment. Measures were again taken on Day 29, two weeks after 
the last injection. **p<0.01 and *p<0.05 compared to the saline 
control group. Octagon--125 mg/kg, triangle--60 mg/kg, circle--30 
mg/kg, square--15 mg/kg, diamond--saline. 

ua ted  by 2-way ana lyses  of  var iance  wi th  dose  of  MgCI2 as 
one  fac tor  and  day of  in jec t ion the o the r  repea ted  factor .  
W h e r e  appl icable ,  the  D u n c a n  Mult iple  Range  tes t  was  used  
for pos t -hoc  test ing.  

RESULTS 

Experiment h Acute and Chronic Effects of MgCl2 

Analys i s  of  base l ine  f requenc ies  of  th rea t s  and  a t tacks  

showed  no d i f ferences  ac ross  groups.  On  Day 1, the an imals  
rece iv ing  250 mg/kg MgCI2 were  comple te ly  seda ted  and  
the re fo re  were  u n r e s p o n s i v e  to the  in t ruder .  Subsequen t ly ,  
this  dose  was  d i s con t inued  and was not  inc luded  in any of  
the  stat is t ical  tests .  

Those  mice rece iv ing  MgCI2 s h o w e d  d o s e - d e p e n d e n t  
changes  in a t t ack  b e h a v i o r  as c o m p a r e d  to sal ine cont ro l s  
fol lowing acute  admin i s t ra t ion ,  F(20,205)= 2.16, p <0.0039,  
with  lower  doses  leading to increases  and  higher  doses  to 
decreases .  As can  be seen  in Fig. 1, an imals  rece iv ing  e i the r  
15 (p<0.01)  or  30 (p<0 .05)  mg/kg of  MgC12 exh ib i t ed  a signif- 
icant ly  g rea te r  n u m b e r  of  a t t acks  on  Day 1 than  did saline 
cont ro l s ,  wi th  15 mg/kg p roduc ing  a g rea te r  effect  than  30 
mg/kg. At  the  h ighes t  dose  of  125 mg/kg, howeve r ,  a t tack  
b e h a v i o r  was  s ignif icant ly  dec rea sed  (p<0.05) .  The  60 mg/kg 
group exhib i ted  control - l ike  b e h a v i o r  and  con t inued  to do so 
th rough  Day 29, wh ich  was  2 weeks  fol lowing the  last  injec- 
t ion,  

Chronica l ly ,  the  changes  seen  in the 15 mg/kg group per-  
s is ted th rough  Day 8 whi le  those  an imals  rece iv ing  30 mg/kg 
r e tu rned  to cont ro l  levels  by Day 4. In the  15 mg/kg group,  
the  f r equency  of  a t tack  was  less on  Day 8 than  on  Days  1 and  
4. The  n u m b e r  of  a t t acks  marly by an imals  rece iv ing  125 
mg/kg remained  signif icant ly lower  on  all tes t ing  days  dur ing  
MgC12 adminis t ra t ion .  N o n e  of  the  groups  differed f rom the  
saline con t ro l s  on  Day 29. Changes  in the  n u m b e r  of  th rea t s  
fo l lowed the  same pa t t e rn  and  s ignif icance levels  as tha t  seen  
for  a t tacks ,  F(20,205)=2.03,  p < 0 . 0 0 7 3  (Table  1). 

La t ency  to the  first  a t t ack  was s ignif icant  for  the dose  by 
day in te rac t ion ,  F(20,205)= 1.99, p<0 .0091 .  The re  were  no  
d i f ferences  be tween  groups  in la tency  to the  first a t t ack  dur- 
ing base l ine  or  on Days  1 and  4 (Table 1). On  Day 8, how- 
ever ,  the group rece iv ing  125 mg/kg MgCI2 had  signif icantly 
longer  la tenc ies  t han  the  saline con t ro l s  (p<0,01) .  This  
d i f ference  d imin i shed  s o m e w h a t ,  a l though  r ema ined  signifi- 
cant ly  di f ferent  (p<0 .05)  th rough  Days  15 and  29. These  la- 
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tency differences were probably related to the fact that on 
Days 8, 15, and 29, several of resident mice in the 125 mg/kg 
MgCI~ group failed to attack the intruder. This resulted in a 
maximum attack latency of 300 seconds for these animals. 

Because the duration of locomotion was significantly dif- 
ferent for some groups during baseline tests, these data were 
analyzed using percent of baseline for each group for Days 1 
through 29. There were significant differences in duration of 
locomotion, F(16,164)=2.49, p<0.0020 (Table 1). Post-hoc 
analysis showed that the 125 mg/kg MgCI., group had signifi- 
cantly less locomotion than the saline group on Days 1.4, 8, 
and 29 (/)<0.05). By Day 15, the locomotion in the saline 
control group was significantly suppressed, but returned to 
baseline levels 2 weeks after the last injection. All other 
groups followed the same time course of changes as the 
saline control during the course of the injections. On Day 29, 
however, the 30 mg/kg group exhibited significantly less 
locomotion than the saline group (p<0.01). 

Body weight across groups also differed significantly dur- 
ing baseline testing. Subsequently, these data were analyzed 
as percent of baseline. Overall, there were significant differ- 
ences in percent of baseline body weights, F(16,164)=2.12, 
p <0.0097 (Table 1 ). No groups differed from the saline cotrol 
on Days 1 and 4. On Days 8 and 15, the 125 mg/kg MgCle 
group had significantly lower weight gain than the saline 
group (p<0.05). On Days 15 and 29, the 15 mg/kg MgCle 
group had a significantly higher weight gain than the saline 
group (/)<0.05 and 0.01, respectively). The 30 and 60 mg/kg 
groups did not differ from the saline group on any days. 

EaT~eriment 11: Cumulative Effects of ML, CI._, 

The overall analysis revealed significant differences in at- 
tack behavior, F(20,95)-1.87, p<0.0238. There were no 
differences across groups during baseline. On Day 1, when 
mice were tested 5 min post-injection, the 15 mg/kg group 
exhibited a significantly greater number of attacks than the 
saline controls (/)<0.05). There was also an elevation in at- 
tacks in the 30 mg/kg groups on Day 1; this difference ap- 
proached, but did not reach significance. A significant re- 
duction in attacks was measured in the 125 mg/kg group 
compared to the saline group (/)<0.05) on Day 1, while 
control-like behavior was observed in the 60 mg/kg group. 
These results essentially replicate those found in the first 
study. When mice were not injected prior to testing on Days 
4, 8, and 15, there were no MgClz dose differences in attack 
behavior, thus there was no cumulative effect of MgC1._, on 
behavior. 

Threat behavior followed the same pattern as attack be- 
havior, F(20,95)-1.91, p<0.0198, with the 15 mg/kg MgCle 
group having a greater number of threats on Day I (/)<0.05) 
and the 125 mg/kg group having a smaller number of threats 
on Day 1 (p<0.05). There were no significant differences on 
any day for duration of locomotion or latency to first attack. 
Body weight was significantly affected by MgCI=, treatment, 
F(16,80)=2.82, p<0.0012. These data were analyzed as per- 
cent of baseline (Table 2) and revealed that by Day 29, the 15 
and 30 mg/kg MgCI., groups had significantly elevated body 
weights compared to the saline group b,~<0.01). A reduced 
growth rate in the 125 mg/kg group was not observed in mis 
study. 

DISCU SSION 

These data indicate that low doses of acutely adminis- 
tered MgCI~ enhanced, while high doses inhibited, offensive 

aggression. The enhanced aggression was evidenced by an 
increase in threats and attacks, and the reduction in aggres- 
sion was evidenced by a decrease in threats and attacks and 
an increase in latency to attack. The increased aggression fol- 
lowing low doses was dose-dependent with 15 mg/kg produc- 
ing a greater increase than 30 mg/kg. Following chronic ad- 
ministration, tolerance to the aggression enhancing effects 
developed when testing took place 5 min post-injection and 
occurred sooner with 30 mg/kg MgCl~ than with 15 mg/kg. 
No tolerance developed, however, to the reduction in offen- 
sive aggression following a high dose (125 mg/kg) where ag- 
gressive behaviors remained suppressed throughout the in- 
jection period. Locomotion during the test session was fairly 
consistent in all groups, except in the 125 mg/kg group which 
had reductions in locomotion. Therefore, this dose of MgCle 
influences both agonistic and nonagonistic behaviors. In Ex- 
periment 2, with testing taking place prior to the daily injec- 
tion, there were no changes in offensive aggression alter Day 
1. Therefore, although there is a chronic effect, there is no 
cumulative effect of repeated daily injections. The develop- 
ment of tolerance can only be detected when an animal is 
injected and then tested with MgCle. 

These data, together with the magnesium-deficiency data 
previously reported by this laboratory [7], demonstrate an 
inverted U-shaped relationship between Mg 2~ and offensive 
aggression. Deficiencies and high excesses of Mg ~+ inhibit 
offensive behaviors while moderate excesses enhance them. 
The findings that Mg > produces an inverted U-shaped func- 
tion toward offensive aggression and produces tolerance at 
behavioral activating doses are highly suggestive that Mg 2+ 
might have stimulant-like properties. Stimulants such as am- 
phetamine and cocaine have been shown to have a similar 
effect, under appropriate conditions, on aggressive behav- 
iors. Lower doses of these drugs increase aggression and 
higher doses reduce it [11,12]. Furthermore, higher doses of 
stimulants reduce both agonistic and nonagonistic behaviors. 
Tolerance develops to some of the behavioral effects of 
d-amphetamine and cocaine upon repeated administration, 
e.g., to licking [5] and locomotion [18]. However, a lack of 
tolerance to the aggression-inhibiting and locomotion- 
inhibiting effects of d-amphetamine has been demonstrated 
[14,18]. Since stimulants are known to activate the catechol- 
amine systems and aggression has been linked to alterations 
in the neurotransmitters DA, NE and 5-HT [4], it is likely 
that the stimulant's effects on aggression are due to changes 
in one or more of these systems. The effects on aggression 
seen with Mg 2", which is an important cofactor in the syn- 
thesis and binding of these neurotransmitters, are possibly 
related to increases in the activity of these monoamines be- 
cause of the striking similarities on behavior between Mg 2. 
and stimulants. Some preliminary evidence from this labora- 
tory indicates that this may be so, since it was demonstrated 
that Mg 2~ shifts the dose response functions of apomorphine 
and l-amphetamine to the left [81. 

Body weight was differentially affected by Mg ~.  A de- 
crease in growth rate was observed in Experiment 1 with 125 
mg/kg MgCI=,, which was an aggression reducing dose. In 
Experiment 2, however, this same dose, while still decreas- 
ing offensive aggression, had no effect on body weight. 
Therefore, the reduction in aggression is not dependent on a 
change in body weight. The slower growth rate with 125 
mg/kg MgCI=, in Experiment 1 may be related to the higher 
baseline body weight levels rather than to the Mg a' treat- 
ment. A diminished weight gain would be expected under 
these conditions. In addition, a dose of MgCI=, which 
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facilitated aggressive behav ior  has been observed  to increase 
growth rate. In both Exper iments  1 and 2, the 15 mg/kg 
MgC12 animals had an increased growth rate. The body 
weights  of  the 30 mg/kg MgC12 group were  e levated only in 
Exper iment  2. These  changes may be related to lower  
baseline body weight  levels rather than to the Mg z+ treat- 
ment.  A higher weight  gain would be expec ted  under  these 
conditions.  Thus,  body weight  appears to covary  in some 
cases  with changes in aggression,  but there does  not seem to 
be a consis tent  relat ionship be tween  the two variables. 
Therefore ,  the changes in aggressive behavior  are independ- 
ent  of  body weight  changes.  

These studies with Mg 2+ excesses  and deficiencies may 
contr ibute to understanding the neurobiological  significance 
of  Mg 2+. Since it is distr ibuted throughout  the brain [3], it is 
likely that it would have an influence on behavior .  These  
studies support  the notion that Mg z+ has a strong influence 
on brain ca techolamines  and as a result  has behavioral  ef- 
fects similar to st imulant drugs. If  this hypothesis  is correct ,  
then it is predicted that Mg z+ should alter the potency of  

stimulants and have reinforcing stimulus and discriminative 
stimulus propert ies  as st imulants do [6,22]. It has been 
shown in vitro that when Mg 2+ is present ,  d- and 
l -amphetamine form the most  stable chelates  with ATP,  
which is thought to indicate an enhanced  ability for these 
drugs to bind and be effect ive [16]. We have  previously 
shown that Mg z+ alters the potency of  apomorphine  and 
1-amphetamine. When Mg 2+ is low, the po tency  is decreased  
[7] and when Mg 2+ is high, the potency is increased [8]. 
These  data establish a direct  link be tween  Mg z+ and stimu- 
lant drugs. 

In conclusion,  more  studies need to be done to examine  
the stimulant nature of  Mg 2+. This would  have implications 
for the t reatment  of  a variety of  disorders  thought  to involve 
alterations in brain ca techolamines .  These  include drug 
abuse and hyperact ivi ty.  If  Mg 2÷ can increase the potency of  
ca techolamine stimulating drugs, then smaller  amounts  of  
drugs would be needed.  This might retard or  reduce 
tolerance and dependence  to that drug. 
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