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Research on the circulation of such organs as the mumles and digestive glands shows that their blood sup- 
ply clearly relates to their condition of activity. 

The problem concerning the changes In t|{e cerebral blood supply which ate associated wtTh the v~fous 
degrees of brain activity Is more complicated. 

There are observations that, when the.brain Is actlvc, Its blood supply usually Increases, for example, 
under the Influence of ligh t, sound or other stimuli [4]. Information on the blood supply of the brain dltrlng 
sleep Is extremely contradictory. Along with data to the effect that both narcotic and natural sleep are attended 
by eontxactlon of the cerebrM vestals [11,14], there arc Mso observations that ttic eerebrM vessels dllate during 
sleep [6,18].' These diametrically opposed opinions c.'m be explained by the fact the observations were done at 
different periods of sleep, on different SllbJects and, flnMIy, wtth different methods. 

Most of these methods. - s!udylng fli9 circulation In the circle of  Willis, plcthysnlography of the brain, 
obsurving the surface vessels of the brain through a trephlncd window- ~e  n|c,'ult for u~  In sht,rt experhucnts0 
and, therefore, the cxperhnental study of this problem }s difficult, untilrecently bch|g lln|tted to observattofls 
on people with a cr,'ullaI defect [5]. 

: E X P E R I M E N T A L  METIIODS 

We had .studied the Changes occ,trrlng Ill the blood s'pply of the brain d,tr!ng natural sldep hi a lon L r~,l 
experiment ~  dog [12] by means of a plethxsmographle method devclopdd In our laboratory [1]. 

We fastened a spcclal plug In a trcphhmd window of the cr,'u|iu|n with a br~mch lubo for connection wl 
a Marey"s capsule. In a ~rtes of oxpcrhl|ent.% two plugswcrcshn,lta,tcoitsly connected with the rccordhlg 
system and were placed diagonally at oppos|tc poles of the cr,'udum to allow for inutual COml~ensation of t!lc 
Intracranta ! pressure with certain movements of the anhrtal's head. 

Since there Is a close colmection b~:twecn the cerebral mid the peripheral blood supply [3, 4, 18], we 
recorded a p!ethysm0gram of.'ut extremity at the same time, for which purpose we used a sln]ple air plethysmo ~ 
graph, similar In form to the recently proposed water plethysmograph for an extremity [9]: 

T h e  experiments were done on five dogs, Jack, Barbos, Gray. Ryzhik and Kakvas. All the dogs were 
trained to lie o n a  bench, and they easily fell asleep and after the removal of external stimulations. 

EXPERIMENTAL RESULTS 

The process of falling asleep Was clearly Showal by the kymogram (Fig. 1) tn all o f  the oxperhnents: the 
level of tile brah ! plethysmogram rose, ,and tl!e amplitude of file pulsations increased, willie tile level of the 
extremity plethysmogram, on the other hand, fell. The curve, moreover, beeanie wavy. That these changes 
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Were not cormec~ed with the movements of the dog Is shown by:he  fact that the rod registering the movements 
of the head and extremity drew a horizontal line (Fig. 1). 

A Ifinllar picture was observed In all of  the experimental animals dttring medtcamontal sleep as well as 
natural sleep, The advent of  morphine sleep was characterized by the same typical discrepancy between the 
cerebral and pherlpheral plethysmograms and by an Increase In their oscillation. However, these changes were 
~mporary when effected by morphine, and were only observed at the beginnlngof the narcotic's action. Inl 
natural sleep, they occurred regularly each timc the dog foll asleep after being repeatedly awakened, 

The fact shown In thes~ experiments that, slmuhaneously, the flow of blood "to the brain Is Intensified 
while the peripheral blood supply Is reduced can therefore be considered characteristic to the process of transi- 

t ion  from the state of being awake to that of sleep. 

Fig. 1. Coordinated chmiges in the blood supp!y of the brain mid extre- 
mity d~ing  tiJe process of falling asleep (in file dog Jack). 
Curves from top to bottom show: respiratory movements, plethysmogram 
of brain, plethysmogr~n of extremity, movements of head. movements 
of extremity, Indlcar of tired (In 2 ~cond marks). 

In order to Investigate the feasibility of such an "antagonistic" effect on tile vessels of the brain and 
extremity from the standpoint of the vammotor center. we conducted sh~rt oxpurlments on dogs, stimulating 
the floor of the fourth ventricle at the places corresponding to the sttt~atio~t of the va~motor center mechanisms 
[10]. We found that by stimulating certain portions of the flooI of the fourth ventricle, one oould reduce the 
blood supply of the extremity, while Increasing tim blood supply of file brain. Since the medulla oblongata 
was exposed when fl~c cranium was opened, tile conditions for plethysmography had sharply deteriorated. We 
~ereforo recorded the pressure Ill file circle of Wtl/ls Ill those experiments in order to determine the blood 
supply of the brain. The curve (Fig. 2) shows that the blood supply of the brain Increased (rise of Pressure In 
the circle of  Willis), while the blood supply of the extremity docroased; arterial pressure In the animal changed 
slightly at the Same t ime. '  This suggests the presence of a central nervous mechanism which redlstrLbutes the 
blood between the vessels of file brain and extremity In the way observed In our exporlmontaldogs as they fell 
asleep. 

The Works of many authors have shown, the groat dependency of  tile cerebral blood supply on the coneon- 
~ation of carbon dloxld~ [13, 16, 1? and others]. The Inhalation of air with a 10% conteut of carbon dioxide 
doubles the corebral blood supply, while hyperventLlatlon can/educe  by half file natural Flow of blood through 
the brain [15]. 

These and numerous other works concerning .the dilatation of the cerebral vessels under the influence of 
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Fig. 2. Coordinated chmtgcs In the blood supply 
of the brain and extremity With sttmulatlou of 
"the floor of  the fourth ventricle In a short ex- 
periment on a dog. The arrow shows the monleltt 
of stimulation with an Induced current (distance 
of 230 ram between the Induction coils). 
Curvos from top to bottom show: respiratory move- 
ments, blood pressure ht circle of  Willis, plcthy- 
tmogram o f  extremity, blood pressure In carotid 
armry. 

c~bon dioxide are particularly Important lu the light 
of the data obtained by A. A. Kedrov and A, I. Nau- 
menko [b'J and thok notion that carbon dioxide Is phys- 
Iologlcally Important to the regulatlon of the tonlclty 
of the cerebral vestals. 

AccordIng m A. A. Kedrov and A. I. Naumenko, 
wthe intractanlal neurovascular apparatus pos,qess~s a 
special reactivity to a surplus of  carbon dioxide." At the 
same time. the amount of carbon dioxide In both the 
alveolar air and the blood Is known to Increase during 
the process of  falling asleep. 

This mgges~ that carbon dioxldo actlvatss the 
mechanism which, as we obmrvcd, Increases the cerc- 
brat blood supply whllo the animal is falLblg a~ecp 
whon the excitability of  the brain stcm is reduced 
(8. 1:']. 

We conducted special experiments to test this 
effect  o f  carbon dioxide. The head of a dog was en- 
closed in a transparent case made of ~ ln  plastic. Air 
containing 4-~% carbon dioxide was fed Into the case 
from a lO0-11ter Douglas bag. The percent of carbon 
dioxide was controlled by a Golden gasomctrlc ana- 
lyzer, The plethysmogr,~m of the brain mad exuemlty  
recorded while the mdmal was in a tranquil state m~d 
under conditions of a s~plus of  era'ben dioxide showed 
changes In tile blood supply similar to tho,~ observed 
durIng the proccss of  fa11Ing a~cep. That c~bon di- 
oxide participates in the ".sleep" rcdls~Ibutlon of the 
blood ts further hldlcatod by tile fact that respiratory 
chmlgos (see Fig. 1) occurred almost slmultancously 
with tim coordhmtcd changcs in the blood supply of 
die brain and extremity ob~rvcd during the develop- 
merit Of natural sleep. 

SUMMARY 

Long expr were petfornmd on 5 dogs. 
Changes In the blood supply of the brahl ~td extremity durhtg natural sh'cp and time Induced by morphhtc wcrc r:-  
corded by plethysmography. Coordinatcd ch~mgcs were fmmd in the blood supply of die brain and the extremity 
in the Procesa of  falling asleep, I.e., the blood supply of the brain was hmrea~d while the blood supply of the 
extremity reduced. It was demonstrated that such redis~lbution of the blood depended on tile activity of the vase- 

m o t o r  center. Short experiments were performed on dogs with electric stimulation of the vasomotor center 
in tim area of the. fourth ventricle. Coordinated changes In the blood supply of the brMn (incma.~d pressure in 
the clmle of  Willis) and in the extremity (decrease o f  the plethysrncgram) were recorded. BestdeL data wore 
obudnod-that the nervous mechan'lsm of redistribution of the blood during flecp is Influenced by carbon 
dioxide. In long ~xperimenU on dogs which were kept In the atmosphere i containing 4-5% of carbon dioxide. 
the tame coordlfiated changes were found In the blood supply of the brain and extremity as during the process 
of  falling aaleep. 
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