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The local  c e r e b r a l  blood flow (LCBF) in the caudate nucleus was inves t iga ted  in expe r imen t s  on 
unanes the t ized  newborn r a t s  by de t e rmin ing  the r a t e  of hydrogen sa tu ra t ion  of the b ra in  t i ssue  
and the c e r e b r a l  blood volume was s tudied by p le thysmography .  LCBF in newborn an imals  was 
found to be cons ide r ab ly  lower than in adults .  Inhalat ion of CO s by newborn, unlike by adult  
r a t s ,  did not cause  an i nc rea se  in LCBF and the c e r e b r a l  blood volume a lso  r e m a i n e d  unchanged. 
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The veloci ty  of the blood flow in the b ra in  of newborn rabb i t s  has been found (by the microg lobule  method) 
to be 25 ml /100 g / ra in  [8]. In newborn puppies (autoradiography with [14C]antipyrin) the blood flow was found 
to be 40 ml/100 g / r a in  in the t i ssue  of the thalamus and 60 ml/100 g / ra in  in the c e r e b r a l  cor tex .  The c o r r e -  
sponding values for  adult  an imals  were  1.5-2 t imes  higher  [9].  Dur ing n i t rous  oxide anes thes i a  no d i f ference  
in the veloci ty  of the c e r e b r a l  blood flow was found by the Kety---Schmidt method in ch i ld ren  aged f rom 11 days  
to 12 months;  it  was 69 ~= 8.0 ml /100 g / ra in ,  i .e. ,  h igher  than in adults  [13]. Data  on the effect  of hypercapn ia  
on the c e r e b r a l  blood flow a lso  are  con t rad ic to ry :  In sheep fe tuses  between the 105th and 145th days  of g e s t a -  
tion an i nc rea se  in pCO s of the a r t e r i a l  blood by 1 mm Hg led to an i n c r e a s e  in the blood flow through the 
caro t id  a r t e r y  by 5.1 ~= 1.4 ml /100 g / ra in  [10],  whereas  in newborn pigs under the same condit ions the ca ro t id  
blood flow d e c r e a s e d  by 20% [ 11]. In newborn monkeys inhalat ion of CO~ caused  an i n c r e a s e  in the c e r e b r a l  
blood flow, although it was much s m a l l e r  than the i n c r e a s e  in adult an imals  [12].  

The effect  of hype rcapn ia  on the c e r e b r a l  blood flow was inves t iga ted  in newborn r a t s .  

EXPERIMENTAL METHOD 

E x p e r i m e n t s  were  c a r r i e d  out on 22 r a t s  aged 1-3 days  and on 38 adult Wis t a r  r a t s .  The following 
p a r a m e t e r s  were  r e c o r d e d :  the loca l  c e r e b r a l  blood flow (LCBF), as the r a t e  of sa tu ra t ion  of the bra in  t i ssue  
with hydrogen, changes in the c e r e b r a l  blood volume (CBV), by photople thysmography,  the ECG, and r e s p i r a -  
tion. The newborn an ima l s  were  fixed by gentle bandaging on a c o n s t a n t - t e m p e r a t u r e  s tage at 36-37~ which 
allowed inves t iga t ion  without gene ra l  anes thes ia .  Under local  anes thes i a  with 0.5% proca ine  solut ion an incis ion 
was made in the skin on the head and a g lazed plat inum e lec t rode  0.1 mm in d i a m e t e r  was in t roduced through 
the coronal  suture  so that i ts f ree  end, 0.9 mm long, was in the caudate nucleus.  The head wound was covered  
with polyethylene film. Adult an imals  were  anes the t ized  with pentobarb i ta l  in a dose of 40 mg/kg,  secured  to a 
c o n s t a n t - t e m p e r a t u r e p l a t f o r m ,  and the e l ec t rode  was i n se r t ed  in the same way. The s i l ve r  chlor ide  r e f e r ence  
e lec t rode  was in t roduced under  the skin. The potent ia l  d i f fe rence  between the e l e c t r o d e s  was balanced by the 
power source  of the L P - 7  po la rograph  [2, 6]. The h i g h - r e s i s t a n c e  ze ro  indica tor  was a pH-340 mi l l i vo l tme te r .  
Photople thysmography  was c a r r i e d  out with a KS-18 f i l t e r  [3]. The r e s u l t s  were  r ead  on the sca le  of a M-95 
m i c r o a m m e t e r .  A Pul'  s-10 a t tachment  s e rved  as the r e s p i r a t i o n  t r ansduce r ,  and r e s p i r a t i o n  and the ECG 
w e r e  r e c o r d e d  on an Alvar  encephalograph.  The p la t fo rm with the animal  was covered  by a g lass  bel l  j a r  with 
a capaci ty  of 12 l i t e r s .  To c rea t e  a hypercapnic  gas mix ture  CO 2 was introduced into the chamber .  After  an 
in te rva l  of 5 rain 450 ml  H 2 was in jec ted  into the chamber ,  keeping the O s concent ra t ion  at the 20% level  (this 
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TABLE i. LCBF During Inhalation of Air 

Rats 

Adult 

Newborn 

Legend: 

Statistical 
index 

n 
/14 • 

/2 
M +_m 

LCBF S 

71 
63,0 '___2,75 

40 
19,0• 

LCBF E 

75 
58,3 2,53 

40 
17,9 •  

Difference between values of two consecutive measurements 

LCBFE-- LCBFs, % 
LCBF S 

7l 
- -  1,66 + 2 , 6 5  

40 
--2,90+4,18 

LCBFE1--LCBFE 2 ILCBFsI-LCBFs z 

7 
15,86 ___6,22 

7 
7,86 --+2,87 

15 
11,40--5,27 

18 
--I +4,48 

LCBFs) Calculated from saturation; LCBFE) calculated from elimination. 

TABLE 2. LCBF During Inhalation of 

Hypercapnic Mixtures (in % of initial level 

of LCBF during inhalation of air) 

% of CO 2 
in chamber 

3--6 
8--10 

11--15 

Rats 
adult newborn 

n M •  

15 146,21___+9,59 
15 190,93~20,34 
15 238,13~28,35 

n ! M+.ra 

22 I '97,22~--4-3,34 
I 

was continuously monitored by a Narco oxymeter). The gases were rapidly mixed by means of a fan. If the ex- 

periment was carried out while air was breathed, recording the saturation curve was followed by recording the 

curve of elimination of hydrogen from the brain tissue. In both newborn and adult animals basically mono- 

exponential curves were obtained so that LCBF could be calculated by the equation LCBF = 69.3/TI/~, where 

TI/2 is the time of half-saturation with or half-elimination of H 2 from the brain tissue. In the case of biexpo- 

nential curves, the method of splitting into components [7] was used. 

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

The r e s u l t s  of m e a s u r e m e n t  of L C B F  d u r i n g  b r e a t h i ng  the o r d i n a r y  a i r  of the r o o m  are  g iven ~n Table  1. 
The m e a n  va lues  of LCBF ca l cu l a t ed  f r o m  the r a t e  of s a t u r a t i o n  were  i nd i s t i ngu i sha b l e  f rom those ca lcu la ted  
f r o m  the r a t e  of e l i m i n a t i o n  (P > 0.1). LCBF in the caudate  nuc leus  of newborn  r a t s  was found to be s ign i f i -  
can t ly  lower  than in adul ts ,  even  if anes the t i zed .  This  cannot  be r e g a r d e d  as an e r r o r  due to the slow gas ex-  
change in the lungs .  In an addi t iona l  s e r i e s  of e x p e r i m e n t s  on nine ne w bor n  a n i m a l s  anes the t i zed  with e ther ,  
the e l e c t rode  was in t roduced  into the lef t  a t r i um.  D u r i n g  both s a t u r a t i o n  of the a r t e r i a l  blood with H 2 and i ts  
e l i m i n a t i o n  by 90% about  35 sec was needed.  In th ree  e x p e r i m e n t s  in which the e l ec t rode  was in t roduced  into 
the i l iac  a r t e r y  of adul t  a n i m a l s  this  t ime  was 18 sec.  

In adul t  a n i m a l s  the inha la t ion  of a hype rcapn ic  gas m i x t u r e  led in m o s t  c a s e s  to an i n c r e a s e  in the f r e -  
quency  and ampl i tude  of r e s p i r a t i o n ,  but this  was not obse rved  in the newborn  r a t s .  As r e p o r t e d  p rev ious ly  
[3], inha la t ion  of CO 2 by newborn  r a t s  does  not lead to d i l a t a t ion  of the c e r e b r a l  v e s s e l s .  The s ame  r e s u l t  was 
obse rved  in this s e r i e s  of the p r e s e n t  e x p e r i m e n t s .  

In adul t  a n i m a l s  d u r i n g  inha la t ion  of a hype rcapn ic  gas m i x t u r e  (Table 2) L C B F  i n c r e a s e d  r e g u l a r l y ,  to 
r e a c h  238% of i ts  i n i t i a l  level  when the CO 2 c o n c e n t r a t i o n  in the c h a m b e r  was 11-15%; in newborn  a n i m a l s  
unde r  the s a m e  condi t ions  no r e s p o n s e  of L C B F  could be observed .  This  appl ies  not only to m e a n  va lues :  The 
d i f f e r e n c e s  be tween  ind iv idua l  da ta  r e c o r d e d  d u r i n g  n o r m o c a p n i a  and hype r c a pn i a  were  wi thin  the l im i t s  of 
o r d i n a r y  v a r i a t i o n s  of two consecu t ive  t e s t s  c a r r i e d  out at the s ame  i n t e r v a l  of t ime d u r i n g  inha la t ion  of the 
o r d i n a r y  a i r  of the r o o m  (P > 0.1). 

In adul t  a n i m a l s  b a r b i t u r a t e s ,  in anes the t i c  doses ,  r educe  the blood flow in the caudate  nuc leus  by 33-60% 
[4, 5]. It can  a c c o r d i n g l y  be conc luded  that the n o r m a l  LCBF in this p a r t  of the b r a i n  in newborn  r a t s  is 
20-25% of i ts  value in adul ts .  The low blood flow at this age per iod  is  pe r ha ps  compensa t ed  by the m o r e  c o m -  
plete  e x t r a c t i o n  of 02 f rom the blood because  of the r e l a t i v e l y  s m a l l e r  s ize  of the bodies  of the ne rve  ce l l s  [1]. 
This  a r g u m e n t  is  suppor ted  by the s u r p r i s i n g l y  low pO 2 of the blood of the long i tud ina l  s inus  and the high 
a r t e r i o v e n o u s  oxygen d i f f e r ence  in the b r a i n  of newborn  infants  [ 14]. 
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The par t ia l  p r e s s u r e  of carbon dioxide is the main  fac tor  control l ing the veloci ty of the c e r e b r a l  flow in 
adults. A reac t iv i ty  to carbon dioxide cor respondingly  mus t  be r ega rded  as one of the fundamental  d is t inguish-  
ing fea tures  of the newborn. However,  this feature  is found only in an imals  blind at birth.  Sheep, on whose 
fe tuses  s im i l a r  invest igat ions were  c a r r i e d  out at the end of the per iod of gestat ion,  can see at birth,  and the 
level  of visual  function of Macaca  rhesus  at b i r th  is a lso  relativ61y high. In a spec ies  unable to see at bir th  
the r e sponse  to pCO 2 develops  la ter  as an adaptation to conditions of ex t rau te r ine  exis tence,  call ing for  a sha rp  
change in the levels  of bra in  activity.  
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