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T e r a t o g e n i c  E f f e c t s  o f  t h e  A m i n o  A c i d  L e u c i n e  
i n  t h e  C h i c k e n  

I n  con junc t ion  wi th  an  earl ier  s t udy  of the  depressive 
effects  of  tha l idomide  on t h e  e lectr ical  a c t i v i t y  of t he  
bra in  in t h e  guinea-pig  foetus I, i t  was suggested t h a t  this  
substance,  or  some me tabo l i t e  of it, m igh t  exercise a 
neuro tox ic  effect  on the  i m m a t u r e  brain.  On  examin ing  
a n u m b e r  of o the r  agents  w i th  effects  which  m i g h t  be 
tera togenic ,  on ly  g lu te th imide  (~-phenyl-~-ethyl-gtutar i -  
mide),  which  like tha l idomide  is a de r iva t ive  of g lu tamin ic  
acid, d isp layed s imilar  neuro tox ic  effects  judg ing  f rom 
the  inf luence exe r t ed  on  the  electr ical  a c t i v i t y  of the  
brain*. As a result ,  and in v iew of t he  fact  t h a t  a change  
in the  amino  acid feeding pool  m a y  affect  the  code of the  
morphologica l  d e v e l o p m e n t  in cer ta in  green p lan ts  a, a 
s t udy  has been  m a d e  of the  effects  of amino  acid  on the  
d e v e l o p m e n t  of animals .  Because  of i ts  r e la t ive  s tab i l i ty  
in t h e  me tabo l i sm and i ts  possible significance in t he  
m a t u r a t i o n  of the  bra in  leucine was chosen as the  first  
agen t  4,6. The  chicken was the  tes t  animal ,  because  of t he  
ease of appl ica t ion  of t he  agent ,  and  t h e  possibi l i ty  of 
compar ing  this  ma te r i a l  w i th  t he  wel l -known tha l idomide  
effects 6. 

The  ma te r i a l  compr ised  263 chicken (White  leghorn) 
embryos .  167 of these  were  sub jec ted  to  a single in jec t ion  
of 0.2 ml  of a 1% solut ion of leucine in to  the  amnionic  
sac of a n ine-day-old  embryo .  The  rest  of the  mate r ia l  
served as control ;  tha l idomide  in a dose  of 0.2 ml  of 2% 
solut ion was appl ied  to  44 of t h e m  in t he  same m a n n e r  
and  a t  t h e  same age. The  remain ing  52 were  lef t  in a 

normal  s t a te  dur ing  t h e  deve lopment .  Moreover ,  sod ium 
chloride, in a physiological  concen t ra t ion  and  equa l  in 
v o l u m e  to  leucine, was in jec ted  into  20 eggs of the  normal  
mater ia l ,  in t he  same m a n n e r  and a t  the  same age, All  
t he  eggs were  s tored  in o rd ina ry  breeding  boxes  (mois ture  
63-70%,  t e m p e r a t u r e  38.5-39.5°C).  A minor  p ropor t ion  
of the  mate r ia l  in each group was tes ted  before ha t ch ing  
by  opening eggs, and examin ing  the  condi t ion  of the  
foetus.  

I n  t he  leucine group (Table) t he  % of morphologica l ly  
abnorma l  cases of fu l ly  developed chickens is 86, t he  
corresponding numbers  in the  tha l idomide  group being 
33, and  t h a t  in the  normal  cont ro l  mate r ia l  13. As regards  
the  eggs opened,  t he  respec t ive  numbers  were  41, 22 and  
2. The  mos t  p ronounced  morphologica l  changes in t h e  
abno rma l  cases of t he  leucine group were  anomal ies  of 
t he  legs (91.7%). Visual  examina t i on  showed t h e m  to  be 
of normal  appearance  in t he  p r o x i m a l  par t ,  b u t  w i t h  an  
inward f lexion of t he  toes, inc luding the  back  toe  (F igure ,  
a). I n  some of the  cases, one of the  legs was e i ther  whol ly  
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Effect of the amino acid leucine (0.2 ml of 1% solution injected into the amnion sac of the 9 days old egg) on the development of the 
chicken showing (a) an inward flexion of the toes, (b) extension of the left leg. 
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extended (Figure, b) or flexed at  the hipjoint  so tha t  the 
chicken could not stand on it. In a small portion of the 
leucine anomalies, defects were apparent  in the ossifica- 
t ion of the skull: in 1 of them a part  of the brain was 
extruded from the defect. In  some cases, torsion of the 
neck appeared to occur. X-ray pictures of the toes mostly 
evidenced remarkable positional anomalies of the joints, 
the same being the case of joints of the neck vertebrae. 
The electroencephalographic changes mostly consisted of 
depression of the brain waves. The thalidomide material 
mostly evidenced the same changes as reported by Bocx  
and PETERS 1963 ~. The anomalies of the normal group 
consisted of functional inability to stand and to move. 

The observation of disturbances in development  of the 
electrical maturat ion of the brain, present at  the same 

Percentage and number of the morphologically normal and abnormal 
cases in the leucine, thalidomide and control material of chickens 

No. Hatched Opened 
of 
cases Normal Abnormal Normal Abnormal 

No. % No. % No. % No. % 

time as severe morphological and behavioural anomalies, 
mostly in the extremities, is in accord with the assump- 
tion made that  teratogenic effects might  reflect a distur- 
bance in the interaction of the central and peripheral organ 
development. A normal interaction might  depend on a 
normal biochemical maturat ion of the brain stem, 
possibly on a normal code function for the amino acid 
spectrum, at  a sensitive developmental  stage, with the 
brain stem showing intense electrical maturat ion (at a 
stage of 7-8 weeks prenatally in the human 7, s). 

Zusammtn/assung. Leucin wurde in einer Dosis von 0,2 
ml einer 1%igen LSsung im Amnion von 9 Tage be- 
brii teten Hiihnereiern injiziert. Morphologische Ano- 
malien mit  abnormen Funktionen, meistens in den Beinen 
und der Nackenregion, wurden beobachtet,  w~hrend 
RSntgen-Aufnahmen Stellungsanomalien in Gelenken der 
ExtremitAten und der Halswirbel zeigten. 
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Leucine 167 2 14 14 86 89 59 62 41 
Thalidomide 44 5 67 2 33 29 78 8 22 
Control 52 14 87 2 13 35 98 1 2 
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The Ability of Human Mothers to Identify t h e  
H u n g e r  C r y  S i g n a l s  of  t h e i r  O w n  

N e w - B o r n  I n f a n t s  D u r i n g  t h e  L y i n g - I n  P e r i o d  

From ethological studies we know tha t  the vocal ut ter-  
ings of young offspring of many  animals have specific 
meaning to their  mothers and can cause behaviour 
directed towards satisfying the infant 's  needs. This process 
is based on innate release mechanisms x. In  studying 
spectrographic and audit ive identification of different 
types of cry signals of new-born and young infants ~-e 
we have often wondered how specific and significant the 
cry signals of a new-born are to its mother. We are con- 
cerned here with the determination of whether a mother 
can, in fact, identify her own new-born's cry. Whether  or 
not  the mother 's  identification is the essential part  of her 
interpretat ion of the infant 's needs, initiating her actions 
to remove the disturbance causing the cry, has not  been 
determined L 

Material. All the 35 mothers in this study were I I -  
paras, normal and heal thy and had had an uncomplicated 
delivery after an uneventful, full-term pregnancy. The 
age of the mothers ranged between 18 and 35 years. The 
babies used were all heal thy and normal and their age is 
show~ in Table II .  

Testing technique. The cries were recorded 5-10 rain 
before a meat; about  3-4 h after the previous one. All 
possible external  disturbance was carefully avoided. The 
cries were played for the mothers on the same day before 
the next  meal. 

The test tape consisted of 10 separate hunger cry signals 
from 9 different babies mixed at  random; 2 cries from the 
baby of the testee and 8 from other babies. Eve ry  cry 
signal was repeated 3 times with an interval  of 3 sec; the 

pause between different samples being 10 sec. Conscious 
subjective selection was avoided when making the tape. 
The mothers were instructed tha t  they would hear 1 or 
more hunger cries on the tape which would be from their  
own baby. The tape was played only once, without  stop- 
ping. 

Two types of responses were considered in measuring 
the identification abili ty:  (1) correct recognition of signals 
of One's own baby;  (2) correct recognition of signals of 
other 's  babies. 

In  terms of test stimulus and response these types are 
designated as (1) own-own and (2) other-other responses. 
The number of both types of responses have been recorded 
and totalled for every testee. This total  number of correct 
answers, along with the chance probabili ty value, was 
used as the measure of identification. This chance prob- 
ability is the s ta tement  of ob ta in ing  at  least x correct 
answers by chance. This was calculated by ordinary bi- 
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