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Strengths-durat ion curves  of e lec t r ica l  st imulation of the motor  cor tex  and subcor t ical  moto r  centers  
were investig-a~d in experiment.s on adult rabbits  and young rabbits  aged 1-13 days. E lec t r ica l  responses  
in the musc les  se rved  as indices of excitation of the centers .  The st imulat ion s t r e n g t h - d u r a t i o n  curve for 
adtflt rabbits  is complex and consists  of "axon" and "cell" components.  In newborn rabbits the axon Com- 
ponent of the s t rength--durat ion curve Of stimulation is ill defined. 

Numerous inves t i~ t ions  of the cha rac te r  of changes in excitabili ty of the motor  cor tex  in postnatai 
ontogenesis  a re  repor ted  in the Soviet and Western  l i te ra ture  [2-4, 9]. Cor t ica l  chr0nax imet ry  ~"as c a r r i e d  
ont in these invest igat ions,  but the  complete s t reng~h-dura t io  n curve of st imulat ion (SDC) of the par t i cu la r  
object concerned was not investig~ated. It ~-as found that the mean c h r o n a ~ e  of the ce rebra l  cor tex  in r ab-  
bi ts ,  cats ,  dogs,  and guinea pigs in postnatal  ontogenesis dec reases  by approximate ly  one o r d e r  (variations 
in adults 0.08-2 msec ,  in newborn animal~ 0.8-34 msec).  Our e a r l i e r  investio~ations [8] showed that the 
SDC of the moto r  cor tex  of adult r~bbits is complex and consis ts  of at least  2 simple SDCs, one of which 
(A) ref lects  the e lec t r ica l  excitabili ty of the axons,  the othe r (B) the same p roper ty  of the bodies (or axon 
hillocks) of the cor t ica l  neurons.  A s imi la r  type of complex SDC is shown by the nuclei Of nerve IV and 
their  individual neurons in rabbits [7] and also by the spinal cord  motoneurons of toads [11]. It can there-  
fore  be postulated that the chro~mxie of the motor  cor tex or  of any subcort ical  nucleus, recorded  Withoui 
analysis  of the SDC, is an indefinite index. 

The object of the present  investigation was to study the significance of the sharp dec rease  in duration 
of the mean cor t ical  chronaxie during ontogenesis ,  as descr ibed  in the l i tera ture ,  and to determine the SDC 
of the motor  cor tex in newborn animals and to examine how they differ from these observed in adult ani-  
mals .  

E X P E R I M E N T A L  M E T H O D  

Experiments  were c a r ~ e d  out on young rabbits aged f rom 1 to i3  days and on adult rabbits .  The 
vault of the skull and dara  in the region of the cort ical  cen~er of flexion of the forel imb were removed under 
e ther  anesthesia .  The active st imulating e lect rode,  a s i lver  wire 0.1 mm in d iameter  coated with s i lver  
chlor ide ,  was inser ted into the cor tex  to a depth of 1 ram*. The reference electrode consis ted of an A g -  
AgCl plate introduced beneath the skin of the head on the side.of  stimulation, or  Ag--AgCI wire placed on 
the cor tex  alon~ side the active e lectrode.  The cor tex was flooded with a mLxture of minera l  oil and paraf-- 

f in ,  The anesthesia  was then discontlnaed and the subsequent e~rperiment ca r r i ed  out without anesthesia.  
The brain was st imulated with square pulses from 0.08 to 35 msee  in duration, single and repetitive (fre- 
quency 25 and 1 0 / s e e ,  in ser ies  0.5 sac in duration). The thresholds of flexion of the Contrala~eral elbow 
and of the bioelect r ica!  response in the f lexors of the contra la tera l  a rm were determined.  The e I e c t r o m y o -  
g rams  (EMG) of the cort ical  and sabcor t ica!  responses  were descr ibed in our  previous paper [7]. The mag-  
nitudes of the thresholds were expressed in units of cur rent  s t r e n ~ h ,  obtained by divi.ding the measured  

*To determine the localization of the stimulated s t ruc tures  more  accura te ly  by the method of search ing  for  
the minimum threshold an acti~'e "pr0be"electrode,  consisti~.g of u i c h ~ m e  wire with a tip 55 ~ in d iameter  
insulated with glass except at the ~ip, ~as  used. 

L ...... ~ _ ~  Pediatr ic  Medical  In~titu~e (Prese~ted by Active Mere- Department  of Normal Physiolog5~, , ~ ,  ~ , ~  
b~er of the A ea~demy of Medical Sciences of the USSR A. F. Tur).  Translated from B}~alleten ' Eksperimenml' 
not Biologii i 5 /edi~iny,  VoL 66~ ~o. 7~ pp. 12+15, ju ly ,  1968. Original ar t ic le  s ~ b m i t t e d F e b r u a r y 2 2 ,  1967. 
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Fig. 1. Complex (consisting of components A 
and B) s t rength--dura t ion  curves  of st imulation 
of cor tex (C) and subcor tex  (S) of adult rabbits.  
Logar i thmic  sca le .  Values of the rheobase are  
shown on the r ight above the curve.  Vert ical  
lines denote posit ions of chronaxie points for 
corresponding components of the SDC (axon and 
cell); a r rows  indicate posit ions of "gross  ch ron-  
axle" points.  

FAg. 2. Location of cor t ical  motor  a reas  for  
fore l imb flexors and e l ec t rom yogram s  (EMG) of 
respor~es  to single brain stimuli.  Above, brain  
of adult animal (~B); on the right,  EMG of shoulder 
f lexors;  at r e s t  (a) during threshold local cor t ical  
st imulation (b), and during above- threshold  s t i -  
mulation involving the sabcor tex  in the response 
(c). Below, brain of a young rabbit  in the f i rs t  
day of life (1); on the right, EMG of respgnses  of 
shoulder  f lexors  to single over - threshold  stimuli  
(beginning of single sweeps of the beam synchro-  
nized with stimulatio'n). 

threshold  voltage by the res is tance of the object 
(determined by a substitution method). The SDC 
values were plotted on ord inary  and logar i thmic 
sca les  [8]. 

E X P E R I M E N T A L  R E S U L T S  

A N D  D I S C U S S I O N  

SDCs were obtained for 8 young and 8 adult 
raLbits .  In the case of the adult rabbits ,  specific 
cor t ical  SDCs were obtained for responses  appear -  
ing on the EMG as volleys of action potentials to 
each st imulus (with a latent period of 20-30 msec)  
and a minimum threshold in cort ical  a rea  4. The 
cor t ica l  SDCs consisted of two components,  A and 
B. The pa rame te r s  of these components in this 
s e r i e s  of exper iments  (for a st imulation rhythm of 
I 0 / s e c )  were as follows: rheobase of A f rom 1.9 
to 4.6 mA (mean 3 mA), chronaxie of A about 0.15- 
0.2 msec ;  rheobase of B 1.7+ 0.4 mA, chronaxie of 
B 1.4 =~ 0.1 msee .  The pa rame te r s  of curve A were 
less  definite because its horizontal  branch was p a r t -  
ly masked by curve B (Fig. 1). Since the shape of 
the responses  to shor t  (A) and long (B) stimuli  of 
threshold intensity was s i m i l a r ,  while their  mean 
l~atent per iods measured  in some exper iments ,  with- 
out deduction of the "temps utile, ~ were indistin- 
guishable (in both cases  25 ~= 2 msec  for 11 m e a s u r e -  
ments) ,  it can be concluded that curves A and B r e -  
f lect  excitabil i ty of the axons and bodies of the same 
group of cort ical  neurons [7]. 

When the remote  reference  electrode was 
used (as in most  of the old investigations),  an in- 
c r ease  in the strength of st imulation because of 
considerable  "leakage" of current  into the subcortex 
leads to d i rec t  st imulation of the subeort ical  s t r u c -  
tures  and to the addition of subcort ical ,  ex t r apy ra -  
midal responses  to the cor t ical  responses  of the 
EMG [7]. Compared with the cort ical  responses~ 
the subcor t ica l  had a much shor te r  latent period 
(5-10 msec)  and in shape they consisted of a single 
act ion potential to each pa ise  of current .  They were 
generated by the motor  centers  of the brain stem 
(minimum threshold in the region of the m e s e n c e -  
phalon). The SDCs of the subcort ical  responses  
were  indisting, aishable in shape f rom the Cortical, 
but they had higher  values of the rheobase of the A 
and B components ,  in connection with the g rea t e r  
dis tance of the stimu}ating e lect rodes  f rom the ob-  
ject  and the lower�9 frequency of appl icat ion of these 
s t rong st imuli  (once every  10 s e c ) .  

P a r a m e ~ r s  of the ~subcortical" SDCs were 
as  follows: rheobase of A 6,2 ~ 1.4 mA, chror~:~ie 
of A 0.2 ~ 0.0! msec;  rheoba~e of B 3,8 ~ 0.9 n~.~ 
chronaxie of B 1.3 ~ 0.14 msec.  The :~!mpe of the 
responses  to short  (A) and long (B) s~imuH were 
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Fig.  3. Strenooih-duration curves  
of brain st imulation for  young 
rabbits .  Lo~o-arithmic scale .  On 
the left, age of rabbit  given by 
each curve;  on the right, values 
of rheobase.  Vert ical  lines de-  
note posit ion of ehronaxie points.  

s imi la r ,  and their  mean latent per iod af ter  deduction of the "temps 
u t i l e '  were  p rac t i ca l ly  indistin~,'~ishable (7.6 _ 0.7 and T i  i msec  
in 12 m e a s u r e m e n t s ,  for  example),  so that it may  be postulated that 
these curves  A and B ref lect  e x c i ~ b i i i t y  of axons and bodies of the 
same group of b ra in - s t em neurons.  Coincidence of the shape and 
temporal parameters of the cortic~l and subcortical SDCs indicates 
the close s imi l a r i t y  bet~veen the biophysical  p roper t i e s  of the 
neurons of  the cor t ica l  and subcort{cal  moto r  cen te r s .  It is c lea r  
that if the chronaxie  of the brain  is measured ,  in termedia te  (between 
A and B) values must  be obtained, somet imes  approximat ing to the 
chronaxie ~'alues of the A or  B SDCs (Fig. 1). 

In 7 young rabbits  during the f i rs t  week of life, both in re - 
sponses  to local  cor t ica l  s t imulat ion and to s t imulat ion involving 
the cor tex  and subcor tex  s imul taneously  (Figs. 2 and 3), the SDCs 
were a lmos t  s imple  in shape, and cor responded in the i r  p a r a m e t e r s  
to the B components  of the SDCs of adult animals .  Since ent i re ly  
local s t imulat ion of the cortex in the young rabbits  v~as r a r e l y  ob-  
tained, we shall descr ibe  the SDCs obtained in response  to nonlocal 
s t imulat ion ~-iving a complex response  in the EMG with latent pe-  
r iod of about 40 msec) .  Their  mean rheobase (for a s t imulat ion f r e -  
quency of 1 0 / s e c )  ~-as 2.4 -~ 1.2 mA and their  mean chronaxie 2.4 -~ 
0.2 msec .  This last  value is h igher  than that of the B component of 

the cor t ica l  and subcort ical  SDCs of adult animals  by about 1.7 t imes (P< 0.05). Since the A component of 
the SDC from the investigated par ts  of the bra in  of newborn rabbits was absent ,  the brain chronaxie was in- 
distinguishable f rom that s tated above. In a young rabbit  aged 13 days (with the power of vision) the SDC in 
response  to nonlocaI st imulat ion was complex,  just  as  in adult animals ,  ~-ith temporal  p a r a m e t e r s  of its A 
and B components s imi la r  to those for adult animals  (Fig. 3.). 

Because the phys io lo~ca!  data [7, 11] suggest  that component A in the complex SDC of the brain  motor  
cen te rs  ref lects  e lec t r ica l  excitabil i ty of the f ibers ,  absence of the A component in the SDC of newborn r a b -  
bits can be interpreted as evidence of the low e lec t r ica l  excitabil i ty of the f ibers  of the i r  pyramidal  and 
ex t rapyramida l  sys tems  for  shor t  st imuli ,  and the appearance  of the A curve  in the SDC of young rabbits 
aged 13 days and of adult rabbi ts  as evidence of a cons iderable  increase  in e lec t r ica l  exci tabi l i ty  of these 
f ibers  in postnatal  ontogenesis ,  in connection with their  mye!inat ion [1, 5]. The decrease  in chronaxie of 
curve B in ontogensi s probably indicates changes in e lec t r ica l  exci tabi l i ty  of the centra l  por t ions  of the 
corresponding neurons [12]. So far  as the tenfold shor tening of the mean cor t ica l  chronaxie in ontogenesis ,  
as  descr ibed  in the l i t e ra ture ,  is concerned,  it ref lects  an increase  in e lec t r ica l  excitabil i ty of the axons 
assoc ia ted  with their  format ion as a conducting s t ruc ture  [6, 10, 13]. 

2. 

3. 

4. 

5. 

6m 

7. 

8~ 
9, 

L I T E R A T U R E  C I T E D  

V. M. Bekhterev,  Vraeh. ,  10, No. 15 ,353 (1889). 
A. A. Volokhov, Pr inciples  Governing Ontogenesis  of Nervous Act iv i ty  in the Light of the Theory  of 
Evolution [in Russian],  Moscow-Leningrad (1951). 
I. M. Vul, in: Collected Scientific WoW~s of Kra~nQ~arsk Medical Institute [in Russian] ,  Krasnoyar sk  
(1946), p. 133. 
I. M. VUl and O. V. Ptotnikova, in: Collected Scientific Works of Krasnoya r sk  Medical Institute [in 
Russian] ,  Krasnoyarsk  (1946), p. 142. 
E. I. Kalinina, Ontogenesis of the Spinal Cord of Rabbit Embryos  at  Various Per iods  of Development 
of Motor Function [iu Russian],  Author ' s  abs t rac t  of candidate disser ta t ion,  Lenia~oTad (!952); T r a n -  
sacti.ons of. the P a r l o r  Physiological  Institute [in Russian],  Vol. 5, Moscow-Leningrad  (1956), p. 472. 
D. G. Kvasov, Fizio~. Zh~ SSSR, N0. 8, 744 (1957). 
D. P. Ma~/shkin, in: Problem~ in Gene~%l and Age Physiology of the Nervous System [{n Russian], 
Leningrad ~1950), pp. 2i and 31; Fiziol~ Zh. SSSR, No, 8,933 (196.0); Ibid., No. 2, 188 (1962); Ibid., 
No. 8, 1045 (IS64). 
D. N. Nasonov and D. L. Rozenm[', Fizlol. Zh. SSSR-, No. 4, 405 (1953). 
ya. M. U~ya/'~d, Theory ~nd Practice of Chronaximetry [in Russian], Leningrad (1941). 

722 



10. 

11. 
12. 
13. 

B. I. Khodorov, in: Current  Problems in Physiolo~"  and Pa:thology of the Nervous System [in Russian], 
Moscow (1965), p. 9. 
T. Araki  and T. Otani, J .  Neurophysio1., 15__, 472 (1955). 
J .  C. Ecc les ,  The Physiology of Nerve Cel ls ,  Bal t imore  (1957). 
A. L. Hodgkin et al . ,  Proc .  Roy. Soc. B.,133, 144 (1946}. 

723 


