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VALZELLI, L. AND S. BERNASCONI. Behavioral and neurochemical effects of  caffeine in normal and aggressive mice. 
PHARMAC. BIOCHEM. BEHAV. 1(3) 251-254, 1973.-Caffeine is known to exert psychostimulant effects both in man 
and in animals and it has been shown to modify the levels of brain neurotransimitters. In normal and isolated-aggressive 
mice, caffeine induces modifications of both the level and the turnover of brain serotonin. Such modifications are however 
more evident in normal than in aggressive mice. Moreover, caffeine shows an antiaggressive effect and increases the 
exploratory activity of aggressive mice, without altering the performance of normal animals. It seems possible to conclude 
that the biochemical and behavioral effects of this drug differ in extent and intensity depending upon the emotional 
baseline on which it acts. 
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THE P S Y C H O S T I M U L A N T  effects of  caffeine in man have 
been well known  for several years, and its act ion may be 
modula ted  by such factors as individual differences in 
sensitivity [ 11 ] or  previous habitual  or  occasional  drinking 
habit [5 ] ;  in such a manner  p s y c h o m o t o r  coordinat ion ,  
alertness, and m o o d  may be different ial ly inf luenced by 
caffeine adminis t ra t ion [12] .  Similar differences in the  
effects  of  caffeine have also been demons t ra ted  in labora- 
tory animals as dependen t  upon  age and sex [ 17 ],  reduced 
food intake [ 15 ] and the type of  diet [ 16,18 ]. 

Moreover,  it has recent ly  been repor ted  that  caffeine 
adminis t ra t ion  leads to  increases in the  serotonin  (5-HT) 
concent ra t ion  o f  the  brain stem and of  5-hydroxyindoleace-  
tic acid (5-HIAA) con ten t  in the brain [ 1 ] ,  in such a way as 
to suggest that  5-HT may play a role in the pharmacological  
act ivi ty  of  this drug [2] .  

Fu r the rmore ,  increased norepinephr ine  (NE) synthesis in 
the brain s tem [3] ,  as well as a decrease in brain 5-HT and 
dopamine  (DA) turnover  have been described [6] .  

Based upon the observat ion that  prolonged isolat ion in 
mice induces aggressiveness [22,29] as well as al terat ions in 
explora tory  behavior  [23] ,  differential  sensitivity to drugs 
as compared  wi th  normal  animals [26 ,27 ] ,  and changes in 
brain 5-HT tu rnover  [9, 20, 25] ,  the  present  paper deals 
with the effects  of  caffeine on brain monoamines  and 
several behavioral  meausres, including isolat ion-induced 
aggressiveness and exp lora to ry  act ivi ty  in different ial ly  
housed mice. 

METHOD 

Male Swiss Albino mice, weighing 20 -+ 2.0 g, were 
housed,  ei ther eight per cage or  isolated in individual 
Makrolon cages for 28 days at a constant  room tempera ture  
of  22°C and 60% relative humidi ty  and were fed ad lib. The  
aggressive behavior  of  these animals was tested on  the  
twenty-n in th  day after differential  housing by grouping 
three previously isolated mice and evaluating the  intensi ty  
of fighting within a five minute  interval according to a scale 
previously repor ted  [ 21,28 ]. 

This procedure  was carried out  at several different  t imes 
fol lowing the int raper i toneal  (i.p.) adminis t ra t ion o f  ei ther 
0.9% saline or  several different  doses of  caffeine, while 
explora tory  act ivi ty was measured at several postdrug 
t r ea tment  t imes using the "Hole-board  t es t "  [4, 23, 24] .  

Brain 5-HT and 5-HIAA concent ra t ions  were de termined  
s imul taneously  for  the  same individual tissue samples 
according to the  me thod  of  Giacalone and Valzelli  [10] 
and brain 5-HT turnover  was calculated according to a 
steady-state kinetics procedure  [19 ] ,  wi th  monoamine -  
oxidase act ivi ty being blocked with  t r any lcypromine  (20 
mg/kg i.p.). As an initial procedure,  the  effect  of  caffeine 
on brain 5-HT and 5-HIAA levels (100 mg]kg i.p.) was 
studied at different  t imes fol lowing its adminis t ra t ion to 
normal  and aggressive mice. 

RESULTS AND DISCUSSION 

The effects of  caffeine upon brain 5-HT and 5-HIAA 
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level (Table 1) are cons i s t en t  wi th  those  repor ted  for rats  
by  Berkowi tz  and Spec tor  [1 ] ; t he  p resen t  da ta  indica te ,  
however ,  a m o re  p ro longed  per iod  where in  the  5-HT and 
5 -HIAA levels are e levated in the  bra in  o f  aggressive mice  as 
c o m p a r e d  wi th  n o rm a l  ones.  This f ind ing  sugges ts  differ-  
ences  in the  m a g n i t u d e  o f  the  ef fec t  o f  caffe ine  on  bra in  
5-HT tu rn o v e r  in the  two  types  o f  an imals ,  w h i c h  show per  
se, as prev ious ly  descr ibed [20 ,25]  a s ignif icant  d i f fe rence  
in this  me tabo l i c  measure .  Caffe ine  induced  a decrease  in 
bra in  5-HT tu rnove r  in b o t h  aggressive and in n o r m a l  mice  
(Table 2); this  was, however ,  more  s igni f icant ly  p r o n o u n c e d  
(38%) in the  la t ter  t h an  in the  fo rmer  an imals  (23%) (x 2 = 

3 .90;  df = 1; p < 0 . 0 5 ) .  Caffe ine  exer ted  an effect ive  and  
long-las t ing anti-aggressive ef fec t ,  even at very low doses  
(Table 3),  and  this  a ppa re n t l y  pa radoxica l  e f fec t  m a y ,  in 
some  respects  resemble  tha t  p r o d u c e d  by  m e t h y l p h e n i d a t e  
u n d e r  the  same test  c ond i t i ons  [ 2 8 ] ,  as well as by  
a m p h e t a m i n e s  on the  hype rac t ive  behav io r  o f  ch i ldren  and  
adul ts  [ 14 ] .  Moreover ,  caf fe ine  exer ted  d i f ferent ia l  e f fec ts  
on the  e x p l o r a t o r y  behavior  o f  n o r m a l  and  aggressive mice;  
the  la t ter  exp lored  less t ha n  n o r m a l  cont ro l s ,  to the  po in t  
of  be ing  comple t e ly  inactive (b locked aggressive mice)  
[ 2 4 ] .  The  resul ts  observed wi th  o the r  p sychoac t ive  drugs  
[24] have been  s u m m a r i z e d  in Table 4. 

T A B L E  1 

THE EFFECTS OF CAFFEINE (100 MG/KG, I.P.) UPON BRAIN LEVEL OF 5-HYDROXY- 
TRYPTAMINE (5-HT) AND 5-HYDROXYINDOLACETIC ACID (5-HIAA) IN NORMAL (N) AND 

AGGRESSIVE (A) MICE AT DIFFERENT TIMES AFTER ADMINISTRATION 

Treatment Time after Brain content (~g/g _+ S.E.) 

administration 5-HT 5-HIAA 
(min) N A N A 

Saline 

Caffeine 

0.61 +- 0.02 0.61 + 0.02 0.32 ± 0.01 0.29 + 0.01 

30 0.68 -+ 0.04 0.71 + 0.02* 0.40 -+ 0.02"~ 0.36 + 0.03* 
60 0.68 ÷ 0.03 0.71 -+ 0.01" 0.39 -+ 0.0H" 0.43 + 0.02"~ 

120 0.70 -+ 0.02* 0.70 + 0.02* 0.52 ± 0.03~" 0.48 +- 0.03"~ 
240 0.67 -+ 0.02 0.60 -+ 0.02 0.46 -+ 0.03~" 0.46 -+ 0.03"~ 

Each figure corresponds to the mean of 8 animals _+ S.E. 
* = p<0.05 
~ = p<0.01 

T A B L E  2 

EFFECT OF CAFFEINE (100 MG/KG, I.P.) ON THE BRAIN 
5-HYDROXYTRYPTAMINE (5-HT) TURNOVER IN NORMAL 

(N) AND AGGRESSIVE (A) MICE 

Brain 5-HT turnover 
Treatment Rate 

(/~g/g/hr) % Variation Time K (h-l) 

N + saline 0.55 - 61 1.54 -+ 0.08 
N + caffeine 0.34* 38% 107 0.80 +- 0.02* 
A + saline 0.35 - 97 1.25 +- 0.05 
A + caffeine 0.27* 23% 138 0.74 ÷ 0.03* 

* = p<0.01 
Each figure corresponds to the mean of 8 animals. 

T A B L E  3 

EFFECTS OF CAFFEINE UPON ISOLATION-INDUCED 
AGGRESSIVE BEHAVIOR 1N MICE AT DIFFERENT DOSES 

AND POST-TREATMENT TIMES 

Time after Caffeine (mg/kg i.p.) 

administration Saline 5 10 20 

(min) L A L A L A L A 

10 0 100 0 75 0 75 0 50 
20 0 100 0 100 0 75 0 50 
60 0 100 20 50 0 25 10 25* 

120 0 100 25 50 180 O* 40 25* 
240 0 100 10 25 25 25* 10 25* 
480 0 100 15 50 180 0 15 25 

1440 0 100 40 50 0 25 10 25 
1920 0 100 20 75 0 50 15 25 
2880 0 100 5 75 0 75 5 50 

Each figure corresponds to the mean 
L = Latency time (sec) of attacking. 
A = Aggressiveness intensity 
* = Hyperexcitation 

of 6 animals. 
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T A B L E 4  

EFFECT OF CAFFEINE (20 MG/KG I.P.) ON THE EXPLORA- 
TORY BEHAVIOR OF NORMAL (N) AND AGGRESSIVE (A) 

MICE 

Treatment Time after Number of holes explored -+ S.E. 
administration N A 

(Hr) Active Blocked 

Saline 

Caffeine 

0 30_+2 12_+1 1 
1.5 20 -+ 4 10 _+ 2 0 

8 27-+3 7-+2 0 
24 22 _+ 3 8 -+ 2 1 
48 23_+5 7-+3 1 

0 29-+3 11-+1 1 
1.5 23 -+ 6 4 -+ 1" 9 -+ 4* 

8 16-+6 5-+2* 3_+2 
24 14-+8 3_+2* 5_+3 
48 8-+4* 4_+1" 4-+2 

It is o f  interest  to observe tha t  caffeine,  similar to o the r  
p sycho t rop ic  agents,  modu la ted  its ac t ion according to  the  
emot iona l  level o f  the  animals considered,  w i thou t  any 
appreciable  a l tera t ion o f  the  exp lora to ry  behavior  o f  the  
normal  mice at the  dose employed ;  fu r the rmore ,  this drug 
reduced  exp lo ra to ry  behavior  in mice showing active 
aggression and provided for improved pe r fo rmance  in 
animals showing blocked aggression. Such dif ferent ia l  
behavioral  ef fect  o f  caffeine was also observed in rats, 
wherein  increased l o c o m o t o r  activity was repor ted  [7 ] ,  
excep t  for  those  animals in which the  pre-drug activity level 
was spon taneous ly  high [ 13 ]. 

In conclusion,  caffeine,  as has been  repor ted  in o ther  
roden t s  [1, 2, 6 ] ,  has also been  shown  to  mo d i fy  brain 
levels o f  5-HT and 5-HIAA in mice, and provides for  a 
decrease in brain 5-HT turnover .  This effect ,  however ,  just  
as the behavioral  effects  o f  this drug, differs in in tens i ty  
and ex ten t  depend ing  upon  the emot iona l  baseline upon  
which  it is super imposed ;  this cons idera t ion  has also been  
descr ibed in man [ 11,12] .  

Each figure corresponds to the mean of 8 animals -+ S.E. 
* = p  < 0.01in respect to 0 time. 
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