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BULLOCK, S P AND L J ROGERS Glutamate-mduced asymmetry m the sexual and aggressive behavior of young 
t httl.ens PHARMACOL BIOCHEM BEHAV 24(3) 549-554, 1986--A unilateral rejection of monosodmm glutamate 
(MSG) into the left hemisphere of the forebram, at doses of either 50 nmol or 500 nmol per hemisphere on day 2 post-hatch, 
resulted m a marked and long lasting elevation of attack and copulatory behavior in cockerels Th,s was not observed when 
MSG was rejected into the nght hemisphere or both hemispheres, and further demonstrates functional brain asymmetry m 
lower vertebrates A slmdar asymmetry was observed after administering the hsgher dose of MSG to females on day 2 A 
s~gmficant change m copulatory performance was observed when the h,gber dose was injected into the left hemisphere on 
day 11, compared to the controls, without affecting attack behavior, whereas, the lower dose failed to reduce any changes 
This may be due to the development of efficient brain uptake mechanisms for glutamate The possibility that the behavioral 
changes were reduced indirectly via increased secretion of plasma androgen, which then stimulates the appropriate brain 
centres, was found not to be the case 

Brain asymmetry Glutamate Attack Copulat,on Androgens 
Chickens 

Effects on males and females 

MARKED behavioral changes have been found after lntra- 
cramal administration of low doses of glutamate, the putative 
neurotransmltter, into the forebram of the male chicken dur- 
ing the first week of post-hatch life Unilateral administration 
of glutamate into either the right or left hemisphere has re- 
vealed functional asymmetry m the forebram hemispheres 
Monosodium glutamate (MSG) injected into the left hemi- 
sphere results in a long-lasting elevation in aggressive and 
sexual behav,or, as measured by the standard hand-thrust 
tests for attack and copulation This elevation is not ob- 
served after MSG treatment of either the right hemisphere or 
both hemispheres [8,16] 

Testosterone implant studies have imphcated the hypo- 
thalamus in the neuroendocnne regulation of aggressive and 
copulatory behavior (and possibly gonadotropm release) 
[4,5] In mammalian species, it is known that higher centres 
modulate hypothalamic functions, both behavioral and hor- 
monal [10] Administration of glutamate mto the chicken 
forebraln suggests that higher centres may have the capacity 
to modulate neural activity associated with the control of 
attack and copulation Rogers [15] has suggested that the left 
hemisphere, or pathways associated with it, normally inhibit 
attack and copulation in the untreated, young cockerel and 
that glutamate removes this inhibition 

Furthermore, there is evidence of a role for glutamate m 
the neuronal control of gonadotropln release Olney [13] has 
found that systemic administration of  glutamate m low doses 

to adult male rats causes a significant elevation of the levels 
of serum luteinlzing hormone (LH) and testosterone within 
Fifteen minutes after treatment More importantly, Ondo et 
al [14], using a central route of administration, have shown 
that glutamate injected into the third ventricle of 
anaesthetlsed male rats induces a significant elevation in 
plasma LH without a change in the level of follicle stimulat- 
ing hormone 

The elevation in attack and copulation which follows 
glutamate treatment of the left hemisphere may result from a 
direct excitatory effect of glutamate on forebraln pathways 
hnked to the hypothalamlc centres for attack and copulation, 
or indirectly by elevating LH and androgen levels, winch then 
stimulate the hypothalamic centres for attack and copulation 
to induce the behavioral changes Thus, one aim of this study 
was to determine whether a correlation exists between 
plasma androgen levels and the elevation m attack and copu- 
lation observed in the treatment group receiving MSG into 
the left hemisphere 

In female chicks, the effect of androgen on male-type 
copulatory behavior has been reported to be well below the 
levels of copulation scored in similarly-treated male chickens 
[2] Female chickens were treated with MSG to determine 
whether sexual differentiation of the chicken influences the 
underlymg mechanism involved in the behavioral changes 

Learning of visual tasks is permanently retarded by mtra- 
cranial injection of MSG dunng the first week of post-hatch 

1Requests for repnnts should be addressed to L J Rogers, Physiology Department, University of New England, Armidale, N S W 2351, 
Austraha 

549 



550 BULLOCK AND ROGERS 

life, but not if MSG is administered after this time [18] 
Hambley and Rogers [7] have proposed that the termination 
of this sensntlve period may be due to the development of 
efficient brain uptake mechanisms The possibility that the 
developing brain becomes less sensitive to the effect of 
glutamate on attack and copulatnon was also investigated 

METHOD 

Houstng Condmon~ 

Australorp-leghorn cross cockerels and pullets were ob- 
tained from a local poultry farm on day 1 post-hatch (the day 
of hatching) Chncks were imtlally housed in groups of five or 
six to ensure that they learned to feed and drink They were 
visually isolated from each other from day 5 onwards 

Chick starter crumbs (Barastoc) and water were avadable 
ad lib Overhead bulbs provided constant light and warmth 
(25°C) 

Drug Admtmstratton 

Drug administration usually occurred on day 2, except for 
one experiment in which the chicks were injected on day 11 

The lntracranlal rejections were performed freehandedly 
with the animal conscious The mjecuons were placed mid- 
way between the rostral-caudal aspects of each hemisphere 
and at least one mdhmetre on either side of the mldhne 
Sterile 25-gauge synnges were fitted with plasac stops to 
prevent penetration into the head of greater than three mll- 
hmetres [9] 

Monosodmm glutamate (British Drug Houses) was dis- 
solved in sterile pyrogen-free water and injected lntracrani- 
ally in a volume of 5 ~1 per hemisphere The effect was 
studied at two dose levels (50 and 500 nmol per hemisphere) 
within the dose range known to cause elevated attack and 
copulaUon in tbas strata of chickens [16] There were be- 
tween 6 and 9 animals m each treatment group Control 
ammals received 5/zl of 0 9% sterde sahne per hemisphere, 
as an osmotnc control for the effects of the sodium salt of 
glutamate 

Testosterone oenanthate (12 5 rag, Scherlng A G ,  Berhn) 
was admlmstered intramuscularly in 0 1 ml of an od vehicle 
to a group of annmals on day 2 (n=6), the control anxmals 
were untreated (n=3) This experiment was conducted sim- 
ply to check the methods used 

Behavtoral Testing 

The behavioral tests for attack and copulation are stand- 
ard tests developed by Andrew [1] and modified by others 
[20,21] The test involves a rank-ordenng on a scale of 0 to 10 
of behavtoral responses to a thrustang hand 

Attack responses range from an avert gaze (no score) 
through to a maximum score of 10 for active sparnng, peck- 
ing and leaping at the hand Copulatory responses also range 
from an avert gaze (no score) through to a full crouch on the 
hand with pelvic thrusting, circling and treading (an accumu- 
lated score of 10) The chicks were tested first for attack and 
then copulation Each animal was tested three times con- 
secutlvely for each behavior and then a dally mean score was 
determmed for both attack and copulation 

The experimenter tested each animal without prior 
knowledge of scores on previous days and without checking 
the labelling of each treatment group for that experiment 
Inter-rater reliability was found to be 91% agreement for 
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FIG 1 The observed behavnoral responses for attack (A) and copu- 
lation (B) after lnjectaon of 500 nmol per hemisphere of glutamate to 
cockerels on day 2 post-hatch The data ns represented as a mean 
(_+standard error) for each treatment group The pmr of orcles 
below each histogram represents the chick hemispheres, the closed 
circle for glutamate mjecaon and the open one for saline rejection 
**p<0 01, ***p<0 001 Statlstucal comparison of group treated m 
left hemisphere with each other group 

attack sconng and 94% for copulation scoring between test- 
ers 

Attack and copulation were tested from day 7 to 14 for all 
animals treated on day 2 of life In the experiments where 
treatment was delayed until day 11, attack and copulation 
were tested from day 8 or 9 to day 15 inclusively 

Plasma Androgen Assay~ 

All of the animals used in the hormonal lnvesagation were 
killed by an overdose of sodium pentobarbntone (May & 
Baker, 0 5 ml intrapentoneal rejection) on either day 14 or 15 
ofhfe Blood was withdrawn dnrectly from the heart while it 
was still beating Plasma samples were refrigerated (-18°C) 
until assayed 
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FIG 2 The observed behavioral responses for attack and copula- 
tion after injection of 50 nmol per hemisphere admtmstered to cock- 
erels on day 2 post-hatch Symbols as in Fig 1 
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FIG 3 Attack and copulatory responses of pullets injected with 500 
nmol per hemisphere on day 2 post-hatch Symbols as in Fig 1 

Rad to~mmunoassays  were  used to m eas u r e  p l a s m a  
a n d r o g e n  level  Detai ls  of  the  m e t h o d  have  b e e n  repor ted  
p rev ious ly  [6]. P n m a r y  a n d r o g e n s  de t ec t ed  us ing  this  
m e t h o d  were  t e s t o s t e r o n e  and  one  of  ~ts ma jo r  m e t a b o h t e s ,  
5 a - d t h y d r o t e s t o s t e r o n e  (5~-DHT)  Bo th  are capab le  o f  re- 
duc ing  e l eva ted  a t t ack  and  copu la t ion  [20] 

Two  and rogen  an t l s e ra  we re  m a d e  avadab l e  for  use  m this  
s tudy  Bo th  were  100% specif ic  for  t e s to s t e rone ,  but  had  
di f ferent  c r o s s - r e a c t i v m e s  for  5 a - D H T ,  one  had  50% cross-  
reac t iv i ty  and  the  o the r  had  98% c ross - reac tw] ty  As  a con-  

s equence ,  l n t e ra s say  c o m p a n s o n  b e t w e e n  experaments  is m- 
v a h d  

Body Measurements 

C o m b  d e v e l o p m e n t  is a s e n s m v e  b toas say  for  the  level  of  
c ] rcu la tmg a n d r o g e n  [3] On the  day  of  b lood  ex t r ac t ion  an  
index  of  c o m b  vo lume  was e s t ima ted  f rom n s  m a x i m u m  
length  x m a x i m u m  wid th  x m a x i m u m  he igh t  This  was  ex- 
p r e s sed  as a rat io  o f  c o m b  v o l u m e  to body  weight  
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FIG 4 Change m attack and copulatory performance after cock- 
erels are administered with 500 nmol per hemisphere on day I1 
post-hatch *p<0 05, ***p<0 001 

Stattsm al Analvst~ 

The behavioral data were derived from an ordinal ranked 
scormg system and were analysed by non-parametric statls- 
tzcs [19] The individuals" dally mean scores were collapsed 
over the testing days and represented as an overall mean of 
the treatment group A Kruskal-Walhs test for heterogeneity 
was used and if slgntficant heterogeneity was found 
(p<0 05), multiple Mann-Whitney U tests (one-tailed) were 
used to detect actual stgnlficance levels, smce the direction 
of the MSG-lnduced effects had already been established 
[8,21] Dtagrammatlcally, the data were shown as an overall 
treatment group mean (_+standard error) 

In the experiments where glutamate was administered on 
day 11, the data were separated into two four-day periods 
The daily mean scores for each individual were collapsed 
within each period to become two overall means The change 
in performance, the difference between these means for each 
group, was analysed by the Kruskal-Walhs test and, if slgmf- 
lcant, was followed by multiple Mann-Whitney U tests 

The plasma androgen data indicated homogeneity of van- 
ance and was analysed by parametric statistics An ANOVA 
(one-way) was used to detect significant differences (p <0 05) 
between treatment groups, followed by Student's t-test 
(two-tailed) The comb development data mdlcated 
heterogenenty of variance and was transformed to 
logarithms The stat.stlcal analysts then followed the same 
procedure as for the plasma androgen assays 

RESULTS 

When the higher dose of glutamate (500 nmol per hemi- 
sphere) was administered lntracranlally to cockerels on day 2 
post-hatch, there was found to be stgmficant heterogeneity 
between groups for attack and copulation (Kruskal-Walhs 
p < 0  001 for each behavnor) The attack and copulation 
scores were elevated m cockerels given glutamate into the 
left hemtsphere compared to the other treatment groups [in- 
dividual comparisons with the sahne, right and bilateral 
treatments p < 0  001 for all comparisons except for bilateral 
group (copulation), p< 0  01], but there were no significant 
differences between any of the other groups (Fig 1) 

Similar effects were observed when cockerels received 
the lower dose (50 nmol per hemisphere) and in pullets which 
received the higher dose (500 nmol per hemisphere), both on 
day 2 The level of heterogeneity between groups was 
p < 0  01, except for attack in cockerels given the lower dose, 
which was p < 0  05 In individual comparisons with the left 
treated group for each behavtor, the results for both sexes 
were similar (p<0 001 for all comparisons except the sahne 
and right treated groups (attack), which was p <0 01) Refer 
to Figs 2 and 3 for cockerels and pullets respectively 

When the higher dose of glutamate (500 nmol per hemi- 
sphere) was administered lntracrantally on day 11. a com- 
parison was made between the change in performance of 
each group before and after administration of glutamate 
Significant heterogenetty was found for copulation (K-W 
p < 0  01), but not for attack For copulatory behavtor, the 
left-treated group showed a significant change In perform- 
ance compared to the other treatment groups (mdlwdual 
comparison p < 0  001 for the saline control and p< 0  02 for 
the right and bdaterally-treated) while there were no signtfi- 
cant differences between the other groups (Fig 4) However, 
there were no significant behavioral effects when cockerels 
received the lower dose (50 nmol per hemisphere) of gluta- 
mate 
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TABLE1  

EFFECTS OF MSG TREATMENT ON PHYSIOLOGICAL PARAMETERS 

UN O0 OO 0 0  QO 

50 
nmol/hemlsphere 

(male) 

500 
nmol/hemlsphere 

(male) 

500 
nmol/hemlsphere 

(female) 

066_+033 050_+017 047+--015 035_+012 
037_+010 028_+005 045_+010 036_+004 

121_+020 104_+019 121_+010 139+--020 124_+013 
040_+011 039_+010 031_+008 078_+146 065_+035 

0 30 _+ 0 10 0 25 _+ 0 08 0 27 -+ 0 09 0 39 -+ 0 12 
018_+004 025_+005 035_+012 030_+006 

Summary of the effects of MSG treatment (for day 14 post-hatch) on plasma androgen levels (ng/ml), upper 
figures, with the corresponding comb development data (comb volume/body weight) lmmedmtely below 
Each dose of MSG was administered on day 2 post-hatch to cockerels or pullets 

Data ~s represented as a means _+ standard errors 
The closed circle represents the hemisphere injected with MSG, whde the open circle indicates a sahne 

rejection 
UN is the untreated control group 

Testosterone treatment (12 5 mg/ammal) caused slgmfi- 
cant elevations m both attack and copulation (Mann- 
Whitney p < 0  01) It also enhanced comb development, 
t(7)= 14 23, p < 0  001, and plasma androgen level, t(7)=4 81, 
p < 0  01, whereas, glutamate treatment failed to alter comb 
development or androgen level (Table 1) 

Moreover, there was no significant correlation between 
plasma androgen level and overall attack (Spearman ranked 
test n=19, corr coef- -0  300) or copulation score (corr 
coef =0 044) in the group which received glutamate into the 
left hemisphere S~mdarly, there was no correlation between 
plasma androgen level and comb development after gluta- 
mate treatment (Spearman n=49, corr coef =0 045) 

DISCUSSION 

The data presented confirms earlier findings that mtra- 
cranial admimstration of MSG to the left hemisphere dunng 
the first week of post-hatch hfe reduces long-term 
changes in aggressive and sexual behavior of the young 
cockerel [8,16] This effect was reduced at two dose levels, 
500 and 50 nmol per hemisphere Treatment of the right 
hemisphere or both hemispheres was without effect 

Female chicks treated with mtracramal glutamate (into 
the left hemisphere) exhibited increased attack and copula- 
tlon as readily as their male counterparts treated on day 2 
Sexual dlmorphlsm has been found m brain regions and 
neuronal pathways related to hormone-dependent behavior, 
such as canary song [12] Although other investigations have 
found that female chtcks treated with testosterone dunng the 
first week of post-hatch hfe do not show the elevated levels 
of attack and copulation which occur in similarly-treated 
male chicks ([2], C E Young, unpublished observations), m 
our laboratory we have found no differences in the aggres- 
sive or copulatory performance of male and female chickens 
treated with testosterone dunng the first week of post-hatch 
hfe This appears to be due to the intensity of the stimulus 
presentation (S P Bullock and R J Andrew, unpublished 
observations) In any case, from the data presented here It 
can be said that the MSG-mduced elevation m attack and 

copulation can be elicited independently of the sexual dlffer- 
entlaUon of the chick brain dunng the first weeks of post- 
hatch life 

After the 500 nmol dose of glutamate is administered to 
cockerels on day 11, there is a sigmficant change m copula- 
tory performance in the left-treated group compared to the 
controls The d~rect~on of the asymmetry is the same as for 
glutamate treatment on day 2 Yet, there was no effect of 
glutamate on attack In contrast to its ability to induce 
marked elevations of attack and copulation m the left-treated 
group when rejected on day 2, the 50 nmol dose of lntracra- 
nlal glutamate produced no slgmficant change in perform- 
ance of attack or copulation m any of the treatment groups 
when reJected after the first week of post-hatch hfe 

These data suggest that there may be a sensitive period 
(of some sort) for the glutamate-reduced elevation of attack 
and copulation, as has been found previously for the abdlty of 
glutamate to cause retarded visual learning Visual learning 
is retarded only when the injection occurs dunng the first 
week of post-hatch hfe (day 2) After this time, doses greater 
than 1000 nmol per hemisphere faded to retard learmng un- 
less administered with a neuronal uptake blocker such as 
ouabain [18] Whereas the 50 and 500 nmol doses induced 
elevated attack and copulation when reJected on day 2, only 
the higher dose mduced a behavioral change on day 11 This 
is consistent with the Rogers and Hambley hypothesis [7], 
that brain uptake systems are relatively inefficient during the 
first week so that any excess of glutamate is removed more 
slowly, therefore exerting a more prolonged extracellular in- 
fluence on neurones 

When the higher dose was admmlstered after the first 
week of post-hatch life, only copulatory behavior was af- 
fected It is possible that the development of more efficient 
uptake systems has reduced the effective dosage of gluta- 
mate so that treatment on day 11 affects only copulation and 
not attack Andrew [2] has suggested that either the 
threshold dose for copulation is lower than for attack, since 
doses as low as 1 mg testosterone oenanthate facd~tate 
copulation while having no effect on attack, or that these 
behaviors were affected vm different routes The latter pro- 
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posa l  IS suppor t ed  by t e s t o s t e r o n e  implan t  s tudies  which  
show that  only  copu la to ry  b e h a v i o r  is induced  af te r  implan ts  
are p laced  in the p reop t lc  a rea  of  the  c a p o n  h y p o t h a l a m u s .  
whi le  aggress ive  b e h a v i o r  is Induced af ter  implan ts  are 
p laced  wi th in  a n a r r o w  ver t ical  region ex tend ing  f rom the  
pa l eos t r l a tum to the la teral  d l e n c e p h a l o n  [4] 

Af te r  uni la te ra l  in jec t ion of  M S G  into the  left h e m i s p h e r e  
no  co r re l a t ion  b e t w e e n  p l a sma  a n d r o g e n  levels  and  the  ob- 
se rved  behav io ra l  changes  was  found.  It is poss ib le  tha t  
s ince  we are m e a s u r m g  and rogen  level  ( t e s tos t e rone  and a 
s ignif icant  p ropo r t i on  of  5a -DHT) ,  we are o v e r s h a d o w i n g  
any  cor re la t ion  with e i the r  of  these  a n d r o g e n s  a lone  Such  an 
as say  may  be too c rude  to de tec t  subt le  d i f fe rences  in 
and rogen  levels  of  the o rde r  of  p lcogram per  ml, suff ic ient  to 
induce  the  behav io ra l  changes  H o w e v e r ,  within the  l imits of  
our  expe r imen t ,  it s eems  unhke l y  tha t  the e leva t ion  of  a t t ack  
and copu la t ion  is induced  via s t imula t ion  of  hypo t ha l amlc  
regions  by inc reased  c i rcula t ing  a n d r o g e n  

Admin i s t r a t i on  of  g lu tamate  has  b e e n  s h o w n  to in te rac t  
wi th  specific percep tua l  input  to lead to re ta rded  learning 
Not  rece iv ing  this input  a f te r  t r ea tmen t  p ro t ec t s  the  
an imal  f rom learn ing  defici ts  By a s lmdar  subt le  in te rac t ion  
of  g lu tamate  wi th  the  deve lop ing  brain  and  the  fact  tha t  bra in  
up take  sys t ems  are not  suff icient ly well  deve loped  in the first 
week  o f  p o s t - h a t c h  life, g lu tamate  m a y  lead to changes  in 
neura l  connec t iv i t y  wh ich  di rect ly  affect  fo rebra ln  p a t h w a y s  
feeding on to one  or more  lower  c en t r e s  which  init iate a t t ack  
and  copu la t ion  

E x o g e n o u s l y  a d m l m s t e r e d  t e s t o s t e r o n e  causes  e leva ted  
a t t ack  and  copu la t ion  and  m ay  be ac t ing  on  ttus same sys t em 
a l though  in a m a n n e r  and  site o f  ac t ion d~fferent f rom tha t  of  
g lu tamate  T e s t o s t e r o n e  has  been  used  to revea l  a symmet r i -  
cal cont ro l  for  a t t ack  and  copu la t ion  Recen t ly  we have  

s h o w n  [17] tha t  w h e n  t e s to s t e rone - t r ea t ed  chlckenb are 
t es ted  monocu la r ly  for  copula t ion ,  the  behav io r  can  only be 
ehc l ted  w h e n  the  subjec t  is us ing its left eye, but  not  when  It 
is using ItS r ight  eye Due to the na ture  of  optic pa thways  m 
the  chick (where  in format ion  e n t e n n g  one eye is largely 
p r o c e s s e d  by the con t ra la te ra l  hemisphe re )  Jt was  conc luded  
that  the r ight  h e m i s p h e r e  ac t iva tes  copu la to ry  pe r fo rmance  
and the left h e m i s p h e r e  suppres ses  it In o the r  words .  
t e s t o s t e r o n e - t r e a t m e n t  may  re lease  a t t ack  and copula t ion  by 
caus ing  a swi tch  of  the d o m i n a n c e  f rom the left hemisphe re  
(in cont ro l s )  to the r ight  h e m i s p h e r e  

Similarly,  H o w a r d  et al [8] pos tu la ted  that  the way the 
under ly ing  m e c h a n i s m  by which  t r ea tmen t  of  the left hemi-  
sphere  with g lu tamate  has  its effect  IS by  caus ing a long 
last ing Imbalance  b e t w e e n  the  hemi sphe re s  In the un t rea ted  
con t ro l  animal ,  the  left h e m i s p h e r e  may  suppress  these  be- 
hav iors  and  g lu tamate  t r ea tmen t  of  this  hemisphe re  r emoves  
the  suppres s ion  

H o w e v e r .  a r ecen t  s tudy has  s h o w n  la te rahsa t lon  of  be- 
haviora l  r e s p o n s i v e n e s s  to h o r m o n e s  in lower  brain  cen t res  
(l e , the h y p o t h a l a m u s )  of  the female  ra t  [11] This  suggests  
tha t  it may  be p r ema tu re  for us to Iocahse the a symmet -  
rical na tu re  of  the t e s to s t e rone  effect  to some area  of  the 
fo rebra ln ,  whe re  g lu tamate  is though t  to have  its ac t ion.  
wi thou t  fu r the r  s tudy,  since it may be  act ing on  lower  bra in  
cen t r e s  such  as the h y p o t h a l a m u s  

G lu t ama te  has  b e e n  s h o w n  to be a useful  tool for r e sea rch  
into bra in  func t ion  at the e n d o c n n o l o g l c a l  level  and  the be- 
hav iora l  level Given  tha t  g lu tamate  and  t e s tos t e rone  induce  
s imilar  behav iora l  changes  in the young  ch icken ,  g lu tamate  
may  also p rove  to be valuable  in provid ing  some link with the 
ac t ion of  t e s to s t e rone  in the bra in  
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