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The noradrenal in  concentra t ion in  subcor t ica l  b ~ i n  s t ruc tu re s  of dogs r i s e s  ini t ial ly during ontoge-  
nes is  (it is pa r t i cu la r ly  high on the 9 t h - l ~  and 20th-28th days) and then  fal ls .  

Labo ra to ry  investigations have showa that puppies a~ed between 1 and 16 days exhibit  immatur i ty  of 
the functions of the r e t i cu la r  format ion  of the bra in  s tem and thalamus,  as shown by the aiiseace of d i f fe r -  
ences  in the EEG reco rded  dur ing  waking, s leep,  and anes thes i a ,  and also by  absence  of the act ivat ion p r o -  
duced by adrenal in  and acetylchol ine  and of ~ e  blocking produced by ch lorpromaz ine  and atropine t}~pically 
found in adult  animals  [2-4, 6, 9, 10, 12, 13]. 

Since the act ivat ing influences of the r e t i cu l a r  format ion  a re  assoc ia ted  with functions of adrenerg ic  
s t r u c t u r e s  [1, 17,  18, 20], in the p r e sen t  inves~ig'ation the content of noradrenal in  (hLk) in var ious par ts  of 
the bra in  s t em,  the medical  thalamus,  and the hypothalamus was studied in dogs of di f ferent  ages.  

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

The NA content was de te rmined  by  the a b s o r p t i o n - c o l o r i m e t r i c  method [211 a s  modified by B. N. 
Manukhin [8 ] .  The puppies were  decapi ta ted ,  and adult dogs e lec t rocuted .  The  skull  was q~tickly opened 
and the meninges stripped, f rom the brain .  The medica l  thalamus,  the ros t ra I  and caudal port ions of the 
mesencephalon,  the an t e r io r  and p o s t e r i o r  hypothalamus,  and the gray  m a t t e r  of the medulla were  invest i -  
gated. Samples were  taken in the cold and placed in a P e t r i  dish kept on ice .  The samples  were wei~hed 
and t rea ted  by the. Whitehorn.--Shaw method,  and then examined in the FEK-M photoe lec t r i c  co lo r imete r .  

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

Altogether  240 analyses  we re  c a r r i e d  out on 40 animals  dis tr ibuted among the following age groups: 
2-5 days--5 puplJies, 7-8 days- -4 ,  9-12 d a y s - 8 ,  20-28 days- -  7, 31-60days- -10 ,  and 6adult  dogs. The re-. 
sults of the de terminat ions  a r e  given in Table  1. 

The NA c~)ntent in the r o s t r a !  and caudal por t ions  of the mesencephalon and the medulla of adult dogs 
var ied  f rom 0.17 to 0 .27/~g/g t i ssue ,  whits in Lhe a n g r i e r  and pos t e r io r  hypothalaznus it  was hig~mr. The 
resu l t s  obtained agree  a lmos t  exac~Iy with those descri:ced by Vogt [22]~ In puppies aged 2-5 days the NA 
content was v e r y  low. No NA wzs p r e s e n t  in the medial  tb~damus a~::~, h j~othaIamus.  At the age of 7-8 &~ys 
NA appea red  in all the i n v e s t i ~ t e d  pa r t s  of the b ra in ,  i ts con~n t  r is ing pa r t i cu l a r ly  considerably  in the 
a n t e r i r o r  hypotha!amus,  caudal por t ion  of the mesencephaton ,  and medulla ,  where  it exceeded its level  in 
adult dogs. In puppies azed  9-12 days,  When/.hey acqu i red  the power of vision,  the NA content rose  consi -  
de rab ly  and became hitcher than in adult dogs in al l  pa r t s  of the brain.  Hence,  in ~ e  ea r ly  age  per iod (1-16 
days) three subgroups could be dis t inguished,  differ ing sharp ly  in the i r  NA content in the bra in  s tem,  thala-  
mus,  and hypothalamu~. 

The ~ level  rose  p~r t i eu la r ly  sha rp ly  at. the age of 20-28 days (to 0.72-1.68 ~ J g )  in all  l n v e s t i ~ t e d  
pa r t s  of the brain.  At .hhis.period ~l~ s..~,,~:~ pose.are, locomotion,  and functions of the t e l e recep to rs  be- 
come e stab!i.shed. Diffe ~a.ce~ z~rt~e in  th~ E :20 tiering ~leep and v;~;in~, and act ivat ion responses  to a d r e -  
nalin,  aeetylchol ine ,  and eserk'~e~ ai:pear d~ri~:~ ~s act ion of s e n s o r y  st imuli .  Inhibition of cor t ica l  rhy'dams 

Laboz~tory of Age .Physioiogy ~nd ~tholo~ Institute of Norm:~l and Patholo~ca! Physiology, Acade- 
my of Medical Sciences of the USS~I, Moscow {Presented by Academ~eian V. V. Par in) .  Trans la ted  from 
~ksperiment~l~noi Biotogii i Meditslny,  Vol. 6{5~ No. 7, pp. 16-19, July,  1968. Original  art.tcle submitted 
F e b r u a r y  28, 1968. 

724 



TABLE 1. Content of Noradrena l in  (in # g / g )  in Tha lamus ,  
H3oothalamus,  and Various  P~r t s  of Bra in  Stem of Dogs in Var ious  
Age Pe r iods  {i~I ~m) 

days) thalamus ~hypouhata-hypothala-  ~o~t~'al I caudal -- iedulla 
[ mus mu~ oo~ion I portion I 

7--8 [0,I$5::h0.14510.627-4-0.151 I 0.05_0.173 0,155+0,E553 1 [~176 0.3.3~_0.54~6 
9--12 | 0,32:~:0,089] 0,79:i:0.328J 0.69~0.13958 0,39:i:0,C615 0.41~:0.1~-~0 0,5:i:0.124 

20--28 | 1,2:t:0.54 | 1,68~0,134| I.64~0. 9 0.72--0.156 1,01~0,159~ 1,01/=~,20 
;$1--60 ] 0,21::h0,045] 0,63~--0,1611 0.96~0.226 0,38__.0,080 0,35:h0,03 O.41::h,J,298 

- 

b 

Fig. I. Diagram of NA 
distribution in the medial 
tha lamus ,  hypothalamus, 
mesencephalon, and me- 
dulla of adult dogs (a) and 
in puppies aged 2-5 days 
(b), 9-12 &tys (e) ,  and 
20-28 days (d). I) T r~ces  
of NA; 2) NA eonten~ 0.2- 
0.3 ~ g / g i  3) 0.3-0,4 ~ g / g ;  

�9 4) 0,4-i/~g/g; 5 )  1-1.2 
~g /g ; -and  6) �9 

 glg 

a p p e a r s  during natura l  and n a r c o t i c  s leep  and a l so  during the act ion of 
drugs  blocking a d r e n e r ~ c  and chol inergic  sy.stems [2-4,  6, 10-13]. I t  wilt 
be noted that the NA content rose  par t icular ly ,  sha rp ly  in the a n t e r i o r  and 
p o s t e r i o r  hypothalamus and in the media l  tha lamus .  

At the age of 30-60 days the NA content fell in mos t  p a r t s  of the bra in  
to 0.21-0.41 p g / g ,  and in the hypothaI~nus  to 0.63-0.96 #g/g .  As the 
adult  s tage was approached  the NA level  fell s t i l l  lower  in all pa r t s  of the 
b r a i n  except  the an t e r i o r  hypothatamus .  

The pa t t e rn  of dis t r ibut ion of NA in the subeor t i ca l  b ~ i n  s t r u c t u r e s  
of dogs of the four  age groups a r e  shown in Fig. 1, and for  convenience of 
c o m p a r i s o n  with Vogt ' s  findings, the data a r e  p r e sen t ed  in the s ame  m e n -  
ner .  T h e a l m o s t  complete  absence  of NA in the p u p p i e s ' b r a i n s  in the  neo-  
natal  per iod and elevat ion of its level  unt i l  the 20th-28th day of life will be 
apparen t .  

D I S C U S S I O N  O F  R E S U L T S  

The low NA content in the bra in  of newborn puppies de t e rmined  in 
our  expe r imen t s  is in a ~ : e e m e n t  with r e su l t s  obtained by s eve ra l  authors  
invest igat ing an imals  of o ther  spec ies  [16, 19]. I t  is one of the causes  of 
i m m a t u r i t y  of the functions of the r e t i cu la r  fo rmat ion  a t  this age.  The 
p r e s e n c e  of l ow- f requency  and low-ampl i tude  b ioe lec t r i ca l  ac t iv i ty  during 
both wak ingand  s leep can be explained by the absence  of the "energiz ing"  
[18] act ion of the ad rene rg ic  s t r u c t u r e s  of the r e t i cu l a r  fo rmat ion  of the 
b ra in  s t em.  However ,  the inc rease  in NA content in puppies a t  the age of 
9-12 days above its level  in adult dogs is m~accompanied by signif icant  
changes in cor t ica l  e l ec t r i ca l  ac t iv i ty  in different  s t a t e s  except  ~ t  it 
loses  its pe r iod ic i ty  and becomes  constant  in c h a r a c t e r .  The EEG of an i -  
m a l s  in this subgroup re ta ins  the ampli tude and f requency  c h a r a c t e r i s t i c s  
of the p reced ing  age per iod .  Despi te  the fact  tk~t the NA content at  this 
pe r iod  b e a n s  to exceed the adult level ,  in puppies  aged 9-12 days no d i f f e r -  
ences  a r e  p r e s e n t  in the EEG during s leep and waking, during anes thes ia ,  
o r  during the act ion of adrena l in ,  acetytchol ine ,  a t rop ine ,  and c h l o r p r o m a -  
zine. 

Hence, although the early age period (I-16 days) is divided into sub- 
diVisions in the sense of sharp differences in NA content, these differences 
a r e  not a f ac to r  de te rmin ing  ch~,nges in cor t ica l  e l ec t r i ca l  act ivi ty.  At the 
same time, it should be noted tbsP. the increase in NA con~ent, especi~Hy 
in the hypo~halamus and medulla o{ puppies, starting fron~ the a~ of 6~12 
days co[ncidea with a sharp incz%~a~e in the level of activity of the respirz- 
tory and ~rdiowa~cular systems~ :%rid al~o a~ increase in the level of oxy-  
gen consumption [5~ 11]. A c c o r d i n g  to e b s e r v a t i 0 ~  m~d~ in ou,: labor:~tory, 
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this  per iod  is m a r k e d  by the max ima l  level  of ac t iv i ty  of these  s y s t e m s ,  and this may  be assoc ia ted  with the 
p a r t i c u l a r l y  s h a r p  i n c r e a s e  in NA content in p a r t s  of the b ra in  par t i c ipa t ing  in regulat ion of the ac t iv i ty  of 
the autonomic s y s t e m s  of the body. 

The sha rp  i nc r ea s e  in NA content in puppies at  the age of 18-20 days ,  e spec i a l ly  in the h3npothalamus 
and medul la ,  co inc ides  with a m a r k e d  inc rease  in the i r  ac t iv i ty  i n t h e  envirop~ment in connection with e s t a b -  
l i shmen t  of l o c o m o t o r  ac t iv i ty ,  the functions of  t e l e r e c e p t o r s ,  and the appea rance  of or ient ing,  defensive,  
and s t r e s s  r eac t ions  [12]. L A. l~skin and R. N. Shchedrina  [15] a l so  a s soc i a t e  the sha rp  increase  in NA 
content  in r a t s  a t  the age  of th ree  weeks with the a p p e a r a n c e  of s t r e s s  r eac t ions .  I t  can be postulated that 
the i nc r ea se  in NA content in puppies aged 20-28 days  is  a l so  connected with e s t ab l i shmen t  of ascending 
ac t iva t ing  inf luences .  At the s ame  t ime,  the i n c r e a s e  in NA content  in the mesencepha lon ,  where the r e t i -  
cu la r  fo rma t ion  p lays  an impor tan t  role  in the e s t ab l i shmen t  of these  inf luences,  i s  s m a l l e r .  

The f u r t h e r  deve lopment  of the functions of the r e t i c u l a r  fo rma t ion  a t  the age of 31-60 days is not 
connected with any  i n c r e a s e  in NA content.  On the c o n t r a r y ,  it fa l ls  cons iderab ly ,  e s p e c i a l l y  as the adult 
s ta te  is approached .  
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