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T h e  Age  of  R e p r o d u c t i o n  as  a Fac tor  of T r a n s -  
m i s s i b l e  D i v e r g e n c e s  in  L e a r n i n g  Abi l i ty  in the  

M o u s e  

A n u m b e r  0f s tudies  devo ted  to t he  e s t ab l i shmen t  of 
d ivergences  by  sys temat i ca l ly  choosing young  or old 
geni tors  have  been made  in asexual,  as well as in sexual  
organisms (P,~Rso~sl). Whi le  some of t h e m  concern  be- 
hav ioura l  character is t ics ,  such  as sexual  ac t iv i ty  (WAT- 
TIAUX2), learning abi l i ty  has  no t  been, as yet ,  an objec t  
of these  invest igat ions .  

In  the  p resen t  expe r imen t s  two s t ra ins  of a commercia l  
s tock  of albino mice selected according to ma t e rna l  age 
have  been  used. A so-called ' b r adygene t i c '  s t ra in  was ob- 
t a ined  by  reproduc t ion  f rom old mothe r s  (more t h a n  12 
m o n t h s  of age), and a ' t achygene t i c '  by  reproduc t ion  
t h r o u g h  young  females (less t h a n  3 months) .  Wi th in  each 
line a close inbreeding  was avo ided  b y  choosing each  t ime  
an uncle as fa ther  of the  following generat ion.  These 
males  were always middle  aged (between 5 and  7 months)  
to  a v o i d  all in terfer ing influence of pa te rna l  age. 

Our expe r imen ta l  subjec ts  were member s  of the  t h i rd  
b radygene t i c  and of the  twe l f th  to fou r t een th  t achy-  
genet ic  generat ions.  At  2, 5, and  12 months ,  the i r  learning 
abi l i ty  was tes ted  in the  double-T VICARI'S maze a to  
de te rmine  how eff icient ly b radygene t i c  and t achygene t i c  
fas ted  subjec ts  would learn to  run  t h rough  the  maze  
d i rec t ly  to food. The same procedure  was  used t h r o u g h o u t  
t he  whole exper iment ,  according to  VICARI: 'The animal  
of its own accord left the  s t a r t ing  box  and en te red  the  
maze  t h rough  a small  circular  opening  . . . .  The  prob lem 
consis ted in f inding the  food by  choosing the  l e f t -hand  
exi t  of the  f i rs t  c o m p a r t m e n t ,  and  the  r i gh t -hand  exi t  of 
the  second one, and avoiding  the  closed doors ' .  The  
l a t ency  reac t ion  t ime,  the  runn ing  t ime,  and the  n u m b e r  
of errors were recorded.  The t ra in ing  las ted th ree  weeks 
and  a t r ial  a day  was given each week f rom Monday  to 
F r i day  (five tr ials a week), the  da t a  for the  same week 
be ing  cumula ted .  

Table I gives the  mean  n u m b e r  of errors dur ing learning 
for the  t achygene t i c  and  b radygene t i c  animals  a t  2, 5, 
and  12 months ,  wi th  95% confidence limits. Table I I  
gives the  mean  runn ing  t imes.  For  the  l a tency  reac t ion  
t ime,  the  differences are never  significant .  

The ma jo r  resul t  of the  s t u d y  is summar ized  in the  
Figure  which  gives the  decrease in t he  mean  n u m b e r  of 
errors  for the  three  weeks of the  t ra in ing  per iod for 

Table I. Mean number of errors 

Age in Strains 1st week 2nd week 3rd week 
months 

2 to 3 Tachy 1.353 4. 0.221 0.887 :t= 0.219 0.735 q- 0.196 
N = 39 

Brady 1.465 :]: 0.186 0.804 4. 0.152 0.420 4. 0.137 
N = 43 

5 to 6 Taehy 0.870 4. 0.290 0.823 4. 0.320 0.847 4. 0.303 
N=  17 

Brady 0.935 4. 0.248 0.565 4. 0.149 0.550 4. 0.227 
N = 2 0  

12 Tachy 0.960 4. 0.143 0.869 4. 0.184 0.834 4. 0.224 
N = 23 

Brady 1.419 4. 0.245 0.747 :t= 0.123 0.415 4. 0.141 
N = 42 (N = 40) (N = 38) 

subjec ts  12 mo n t h s  of age. The super ior i ty  in learning 
abi l i ty  of t he  b radygene t i c  individuals  is obvious,  al- 
t h o u g h  the i r  mean  n u m b e r  of errors was grea ter  ill t he  
f i rs t  week. The t achygene t i c  individuals  do no t  learn a t  
all. For  2 and  5 m o n t h s  of age, the  differences b e t w een  
t achygene t i c s  and  b radygene t i c s  are similar in or ienta-  
t ion,  bu t  neve r  significant.  For  the  runn ing  t ime as for 
the  l a tency  reac t ion  t ime,  the  two s t ra ins  do no t  differ. 

To eva lua te  the  impor t ance  of our  f indings in na tu ra l  
popula t ions ,  t h e y  m a y  be compared  wi th  da ta  descr ib ing 
na tu ra l  condi t ions  unde r  which  tachy-  or b radygenes i s  is 
favoured  (ODuM4) and  especial ly the  more recen t  s t u d y  
of CALHOUNS which es tabl ishes  t h a t  50% of a ra t  popula-  
t ion  did no t  become p r e g n a n t  before a t  least 165 days,  
a l though  t h e y  were able to  be so af ter  2 months .  In  th is  
co n t ex t  it  is in te res t ing  to  notice tha t ,  according to 

Table II. Mean running time (in see) 

Age in Strains 1st week 2nd week 3rd week 
months 

2 to 3 Tachy 18.746 -4- 3.448 9.120 -4- 3.464 6.671 4- 1.085 
N =  39 

Brady 16.088 4. 1.912 6.700 4- 0.520 5.879 4. 0.801 
N = 43 

5 to 6 Tachy 12.882 • 3.252 8.600 4- 1.851 8.541 i 2.928 
N = 17 

Brady 9.870 4.4- 1.742 6.235 4- 1.296 5.895 4. 1.267 
N= 20 

12 Tachy 14.456 4. 2.336 8.300 4. 1.303 8.465 • 1.717 
N = 2 3  

Brady 18.076 :L 2.808 7.377 4- 0.786 5.934 4. 0.786 
N = 42 (N = 40) (N = 38) 
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Mean number of errors for tachygenetic and bradygenetic mice of 12 
months, with confidence limits for t = 0.05. 
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JOHNSON and STRONG s, af te r  r epea ted  early reproduc t ion  
in mice a de lay  in sexual  m a t u r i t y  is observed,  while in 
b radygene t i c  individuals  the  opposi te  is true.  

The purpose  of th is  paper  is no t  to  con t r ibu te  to  the  
discussion of the  mechan i sms  responsible  for cumula t ive  
pa ren ta l  age effects in sexual  organisms,  which  has  been  
done at  some length  b y  WATTIAUX 2. I t  has  been  shown 
by  HEUTS ~,s and  AIZENSTAT 9 t h a t  the  segregat ion ra t io  
of mendel ian  genes and  p re sumab ly  also of polygenes  
(WATTIAI:X and  HEUTS 10) can va ry  wi th  pa ren ta l  age. In  
the  h u m a n  species, the  frequencies  of m a n y  congeni ta l  
defects  are corre la ted  wi th  the  age of the  mother ,  and  i t  
is well known  t h a t  for mongol ian  idiocy th is  correla t ion 
is the  resul t  of the  increased f requency  wi th  which  chro- 
mosomal ly  abnorma l  eggs are p roduced  in re la t ive ly  
older women  11. On the  basis of a mechan i sm analogous to  
the  lat ter ,  super ior  per formances  in b radygene t i c  mice, 
as descr ibed in the  p re sen t  report ,  can scarcely be ex- 
pected.  

E x p e r i m e n t s  are in progress  to exclude possible effects 
of inbreeding  itself on learning performance .  Al though  
similar  effects of inbreeding  have not  come to our  know- 
ledge, the i r  influence canno t  a priori  be rejected,  while the  
breeding scheme adop t ed  in our expe r imen t s  has  been  
appl ied Ior a d i f ferent  n u m b e r  of genera t ions  to our  
t achy-  and b radygene t i c  mice. 

Rdsumd. A par t i r  d ' u n  s tock de souris albinos non  in- 
bred,  deux  lign6es on t  6t6 form6es, l 'une par  r eproduc t ion  

5. l'50ge de deux  5. t rois  mois, l ' au t re  pa r  r eproduc t ion  50 
plus d ' u n  an. Les individus  de 3 e g6n6ration de ce t te  
seconde lign6e se mon t r en t ,  50 l'Age d ' u n  an, sup6rieurs 
aux  individus  de m~me Age des g6n6rations 12 50 14 de la 
premiere  lign6e pour  ce qui concerne  l ' appren t i s sage  du 
parcours  dans  un l abyr in the  en doubte-T.  A 2 e t  50 5 mois 
des diff6rences de m~mes sens on t  6t6 t rouv6es ent re  les 
deux lign6es, mais  ces diff6rences ne sont  pus signifi- 
catives.  
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Motoneurone Excitability During Repetitive 
Stimulation of Group I Afferent Fibres 

In  the  cat,  the  evoked monosynap t i c  reflex response  
decreases as the  repe t i t ive  electrical  s t imula t ion  is raised 
above 0.3 c/s 1. By  recording f rom single motoneurones ,  
LLOYD ~ found t h a t  the  discharge f requency  follows the  
s t imula t ion  f requency  up to a m a x i m u m  ranging in the  
d i f ferent  mo toneurones  f rom 0.1 to 10 c/s. W h e n  the  
s t imula t ion  f requency  is raised above these values, t he  
f requency  of discharge is seen to decrease and, eventua l ly ,  
to approach  zero. 

The na tu re  of th is  reflex inhibi t ion is no t  ye t  well 
unders tood .  In  the  p re sen t  invest igat ion,  the  m e m b r a n e  
po ten t ia l  of the inhib i ted  motoneurone  has been measured  
and the  exc i tab i l i ty  of the  pos t synap t i c  m e m b r a n e  has  
been  tes ted  wi th  the  procedure  of FRANK and FUoRTEs 3. 
The exper imen ta l  procedure  has also included tile re- 

Intracellular records from spinal motoneurones monosynaptieally 
excited through electrical stimulation of LGS nerves at various 
frequencies. Initial stimulation frequencies were 32 c/s in A, 8 e/s in 
B, and 1.5 c/s in C; inhibition frequencies (between arrows) were 
250 c/s in A and B, and 15 C/s in C. Between the initial frequency and 
the inhibitory, the frequency was 80 c/s for B. Spikes are slightly 
retouched. The membrane potential, during the inhibition of the 
reflex discharge, is unchanged (C) or slightly lowered because of the 
excitatory postsynaptic potential (EPSP) fusion (A and B). The 
EPSPs are, of course, visible when the orthodromic stimulation 
evokes intermittent spikes and does not produce the EPSP fusion. 
Intracellular threshold stimuli (indicated by dots) are effective in 
producing the motoneurone response; this does not occur, of course, 
when the intracellular stimulus is applied during the post-hyper- 
polarization (C). In all records, the initial pattern of discharge is 

ilmnediately resumed after the inhibition period. 

cording of the  reflex response  as the  f requency  of s t imu-  
la t ion was sudden ly  decreased f rom the  inhibi t ing values. 

The nerves to the  lateral  gas t rocnemius  and soleus 
muscles  (LGS) were s t imula ted  in 7 curarized cats,  
spinalized under  N e m b u t a l  anaes thes ia ;  the  ven t ra l  roots  
f rom L6 to $2 were cut.  The m o n o s y n a p t i c  ref lex re- 
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3 K. FRANK and M. G. F. FUORTES, Fed. Proc. 16, 39 (1957). 
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