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TIIURMOND, J. B.. S. M. LASI.EY, A. L. CONKIN, AND J. W. BROWN. Ef]~,crs of dietary tyrosilze, pheto, lalanille, and 
tryptophan on aggression ill mice. PHARMAC. BIOCHEM. BEIlAV. 6(4) 475-478,  1977. Dietary amino acid regimens 
designed to enhance catecholaminergic and scrotonergic functioning were found to differentially affect territorial-induced 
attacks in mice. Male albino mice were maintained on a semi-synthetic 12~; casein protein diet for 2 weeks, then switched 
to diets modified by the addition of a 4":; L-amino acid supplement, or 4% casein (control). Measures of aggressive behavior 
and open-field locomotor activity were obtained belk)re and after the dietary supplements were administered. Resident 
mice fed supplements of l,-tyrosine displayed a marked increase in the number of attacks on intruders and shorter attack 
latencies, but their locomotor activity was unaffected. L-phenylalanine supplements alone or in combination with 
l.-tyrosine reduced the latency to attack and increased motility but did not affect the number of attacks. As a whole, the 
group or" animals fed L-tryptophan showed no changes in aggression or motility. 

Amino acids Diet Mice Aggression Locomotion 

IT IS well accepted  that  norep inephr ine  (NE), dopamine  
(I)A), and sero tonin  ( 5 - h y d r o x y t r y p t a m i n c ,  5-HT) are 
putative CNS neuro t ransmi t t e r s  associated with emot iona l  
behavior and l o c o m o t o r  activity [4] .  NE and DA are 
synthes ized in the brain from tyrosine,  5-HT from tryp- 
tophan [3] .  Both amino acids are ob ta ined  from dietary 
protein.  Generally,  it has been assumed that  variations in 
the quan t i ty  or balance of  these dietary amino acids within 
the limits of  adequate  nut r i t ion  will have little inf luence on 
behavior. However,  it has been found  that  rats fed dietary 
supp lements  of  L-phenylalanine,  the metabol ic  precursor  of  
tyrosine,  or L- t ryp tophan  exhibi t  significant changes in 
mo to r  activity and maze pe r fo rmance  [5, 6, 8] .  More 
recent ly ,  it has been shown that  a positive correlat ion exists 
be tween the dose of  tyros ine  or t r y p t o p h a n  injected IP and 
the brain levels o f  these amino acids and the neurotrans-  
mit ters  synthes ized  from them [ 10[. 

This suggests that  the balance of  these amino acids in 
nutr i t ional ly  adequate  diets may provide a new and 
significant means of  altering behavior.  The s tudy repor ted  
here was designed to test this hypothes is .  Using a me thod  
devised in our  laboratory  [9 [ ,  male ( 'F-I  mice fed 
semi-synthet ic  diets conta in ing  12% casein prote in  were 
tested for aggressive behavior  and m o t o r  activity before and 
after  amino acid supp lemen ta t ion  of  the diet. Based on 
current  hypo theses  concern ing  the inf luence of  cate- 
cholaminergic  and serotonergic  sys tems on behavior,  one 
might assume that  tyrosine supp lemen ta t ion  would st imu- 

475 

late greater  activity and aggression, whereas t r y p t o p h a n  
supp lemen ta t ion  would have an opposing  effect .  A phenyl-  
alanine supplement  also should favor aggression, not only 
because it is the dietary essential amino acid precursor  of  
tyrosine,  but because of  its presumed ability - based on in 
vitro experinaents  - to inhibit  t r y p t o p h a n  hydroxylase ,  the 
enzyme catalyzing the first step in serotonin  synthesis  from 
t ryp tophan  [7] .  Marked changes in behavior were indeed 
noted,  and these concep t s  are partially suppor ted  by the 
results. 

METHOD 

Animals 

CF-I mice obta ined from Carworth  Farms at 84 days of 
age were housed 5 per cage at 21~C room tempera ture  and 
mainta ined on a 12 hr light-dark cycle for the durat ion of 
the study.  

Beharioral Measurements 

A comple te  descr ipt ion of  the apparatus  used for 
producing and measuring territorial  aggression has been 
ptablished it,i]. Briefly, the test animal (resident mouse)  
takcs up lone residence for 24 hr in a 60 cm square box 
conta ining a small 30 cm high tower  in the center  and 
access through a 1 2 cm long tube to a s tandard mouse cage 
with food,  water,  and bedding.  After  this interval, a naive 
in t ruder  mouse is in t roduced .  Typically,  the resident mouse 
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at tacks the in t ruder  within the first several rain of  the test, 
e i ther  af ter  the in t ruder  cl imbs down the tower  or by 
cl imbing the tower  to reach the intruder .  Most of  the 
res ident ' s  aggression displayed toward  the in t ruder  lakes 
place during the first 15 rain of the test. "rhe la tency (in 
mini  to first at tack and the number  of a t tacks over a 20 
rain observat ion period are used to quant i fy  the level of  
aggression. In addi t ion to measuring aggressive behavior,  
l ocomoto r  behavior  was assessed with use of  a 60 cm square 
open-f ie ld marked off  into 16 equal squares [2 ] .  

Dietary Regimens 

One hundred  of  the 84 day old mice were randomly  
designated as residcnts  and placed immedia te ly  ad lib on 
water  and a semi-synthe t ic  diet (all diet materials we,c 
obta ined from ICN, Clcveland, OII) of the fol lowing 
compos i t ion :  1 "~''_,,, casein prote in .  5(g corn oil. 70% corn 
starch,  2'~ cellulose, 4% Salt Mixture XIV. 2.2% Vitamin 
Diet For t i f ica t ion  Mixture,  4.8% dext rose .  After  mainte-  
nance on this diet for 2 weeks, the animals wcrc randomly  
assigned to one of  5 groups IN = 20 per group).  Four 
exper imenta l  groups received the semi-synthe t ic  12':; casein 
diet supp lemen ted  with: (a) 4";, l_-tyrosine, Ib) 29; L-tyru- 
sine plus 2% L-phenylalanine,  (c) 4(; l , -phenylalanine,  or 
(d) 4'~ L- t ryp tophan .  The fifth group of animals received a 
supp lement  of  4% casein to provide a total  of  16':i balanced 
protein.  This served as a cont ro l  group. The supp lemen t s  
replaced equal weights of  dex t rose ;  thus.  all diets were 
isocaloric. The dietary materials for the resident mice were 
thoroughly  mixed with enough water to make a bat ter ,  
then cooked at relatively low t empera tu re  oi"105"(" for 40 
rain. The result was a cream-colored cake which couhl be 
easily cut into pieces for purposes  of feeding. Ano the r  2(10 
mice. designated as intruders,  were mainta ined ad lib on 
Rat /Mouse Purina ( ' how and water.  

Pro c'edure 

The dif ferent  dietary cond i t ions  were arranged in stag- 
gcred fashion so that  all 20 animals in a given condi t ion  
could be tested after  exact ly  2 weeks on the 12% casein 
contro l  diet and again after  1 week on the supp lemen ted  
diet. All 4 cages of diet-fed mice in a particular condi t ion  
were t ransferred to the test ing room conta ining the 5 
identical  test boxes  for assessing aggressive behavior  and the 
open-field box for assessing l o c o m o t o r  behavior.  l h e  light 
cycle in the testing room was identical to that  where the 
mice were housed,  and was governed by two 100 W red 
bulbs super imposed  for 12 hr with the br ighter  f luorescent  
lights of the room. L o c o m o t o r  behavior was measured 3 hr 
fol lowing onset of the dim phase of the light cycle by 
gently placing each diet-fed mouse in the center  of  the 
open-field apparatus  and count ing  the number  of  squares 
crossed for 2 rain. Immedia te ly  af ter  the opcn-field test, a 
spot of  blue liquid food dye was rubbed on the mouse ' s  
head for ident i f ica t ion during the aggression test,  and the 
mouse was placed on the tower  in the middle of  the test 
box. On the next  day, exact ly 24 hr later, the 5 in t ruder  
mice were removed f rom their cage. Each was placed on the 
tower  in a test box,  and the ensuing aggression was 
recorded during a 20 min observat ion period.  

I,t ES u I,FS 

The ef fec ts  of  the dietary supp lemen t s  on locomot ion  in 
the open-field and on weight gain are shown in Fig. 1. The 
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dietary supplements. *p<tl.t)5, **p,'(t.02, ***p<7(I.lWI1. 
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mice in each group  gained a p p r o x i m a t e l y  the  same a m o u n t  
of weight  over  a 5 week per iod of  m a i n t e n a n c e  on the diets  
( t > 6 . 7 5 ,  d.t = 18, p < 0 . 0 0 1  in each case) ind ica t ing  tha t  the 
s u p p l e m e n t s  p roduced  no  ill effects.  C o m p a r e d  to the 
casein s u p p l e m e n t e d  con t r o l  g roup ,  an increase of  a b o u t  
30% in open-f ie ld  l o c o m o t o r  behav io r  resul ted  f rom supple-  
merits of  L-phenyla lani t ,e  a lone  (t -- 2.84, d r =  38, p < 0 . 0 2 )  
or in c o m b i n a t i o n  wi th  L- tyros ine  (t = 2.41, d (  = 38, 
p < 0 . 0 2 ) .  No signif icant  changes  in open-f ie ld  l o c o m o t i o n  
was observed due to tht/ s u p p l e m e n t s  of  L - t r y p t o p h a n  or 
L-tyrosine alone,  c o m p a r e d  to the casein s u p p l e m e n t e d  
con t ro l  group.  

In Fig. 2 are presen ted  the e f fec ts  o f  the  d ie ta ry  
s u p p l e m e n t s  on aggression. Mice fed s u p p l e m e n t s  of  L- 
phcny la l an ine  a lone  or  in c o m b i n a t i o n  wi th  L-tyrosine did 
not  increase the i r  n u m b e r  o f  a t t acks  s igni f icant ly  but  did 
a t tack  wi th  a sho r t e r  la tency (t = 4.13,  d.t = 19, p < 0 . 0 0 1  
for [ , -phenyla lan ine ,  t = 2.56, d f  = 19, p < 0 . 0 5  for  
L-phenyla lan ine  and  l , - lyrosine) .  These were nfild effects ,  
however ,  con tpared  to increases in the n u m b e r  of  a t t acks  
resul t ing from the  L-tyrosine s u p p l e m e n t  alone,  which  
p roduced  a marked  increase in n u m h e r  of  a t t acks  (t = 5.18, 
d r =  19. p < 0 . 0 0 1 )  as well as a decrease  in a t t ack  la tency  (t 
= 4.00,  dt  = 19, p < 0 . 0 0 1 ) .  The L - t r y p t o p h a n  s u p p l e m e n t  
resul ted in no s ignif icant  changes  in aggressive behav ior  on 
the average. However.  c loser  e x a m i n a t i o n  of  the data  
revealed that  indiv idual ly  some of  the an imals  displayed 
marked  increases in aggression whereas  o the r s  showed  
subs tan t ia l  decreases.  

I)IS('USSI()N 

In the present  s tudy ,  an imals  fed casein diet  s u p p l e m e n t  
with  L-tyrosine becante  n tuch  more  aggressive than  those  
fed e i the r  L-phenyla lan ine  alone,  or in c o m b i n a t i o n  wi th  
L-tyrosine.  L-pheny la lan ine  p roduced  only  m o d e r a t e  in- 
creases in aggression, pe rhaps  because of  its c o m p e t i t i o n  
with ty ros ine  for active t r anspo r t  in to  the brain [1 ] .  We 
have no exp l ana t i on  for the grea ter  increase in open-f ie ld  
l o c o m o t o r  behav io r  p roduced  by I , -phenyla lan inc  supple- 
men t s  c o m p a r e d  to tha t  p roduced  by L-tyrosine.  

The  L - t r y p t o p h a n  s u p p l e m e n t  p roduced  incons i s ten t  
effects  on aggression, a f inding which  has been ob t a ined  
using smaller  s u p p l e m e n t s  of  L - t r y p t o p h a n  in o t h e r  s tudies  
of d ie ta ry  ef fec ts  on aggression in our  l abora to ry  ( to  be 
publ i shed) .  It should  be no t ed  tha t ,  a l t hough  the d ie ta ry  
s u p p l e m e n t  of  l . - t r y p t o p h a n  admin i s t e red  in the present  
s tudy cons t i t u t ed  an unusua l ly  large a m o u n t  of  this  
par l icular  amino  acid, none  of  the an imals  showed  ill 
ef fects  a f te r  5 weeks on the diet .  and l o c o m o t o r  behav io r  
pa t t e rns  in the open-f ie ld  did not  d i f fer  front  those  of  the 
casein cont ro ls .  

.A.C KN OWL t': l)(;  E M E N'I S 
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