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Infliction of closed head injuries on rabbits 5 days old delays developmentof the superficial venous sys -  
tem in the region of the trauma. 

In this paper  we describe the results  of a study of the reaction of the superficial blood vessels of the 
brain in rabbits subjected to closed head injuries at the age of 5 days (15 animals) and 1.5 months (21 ani-  
mals). Of the total number of animals 28 were experimental and 8 control. 

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

The experimental rabbits wex~ tied to a special f rame,andthe i rheads  were fixed. A closed head in- 
jury  was inflicted by means of a weight falling down a vert ical  metal tube. The tube was placed above the 
occipito-parietal  region of the skull of the experimental asknal  and Pressed f i rmly against it. For  each 
age the s t r en~h  of the blow was Chosen so as to produce transient loss of "Consciousness, ~ but the poss i -  
bility of an open headinjurywasexcludod because disturbance of hermetic  closure of the skull influences 
the cerebral  circulation [1]. The blood vessels  of the brain were injected intravita!ly with 3% gelatin solu- 
tion in ink 1 and 4 h and 6 and 21 days af ter  trauma, and also in the control animals of the same age, using 
a method developed in the authors '  department. The brains of the experimental and control rabbits were r e -  
moved from the skull 2-3 h af ter  injection and cooling, and fixed in 10% formalin Solution. The vessels  
were studied in whole brain preparations under the MBS-2 binocular microscope.  

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

O u r  investigations showed that  1--4 h after  injury, the a r te r ies  and veins over the whole surface of the 
cerebra l  hemispheres of the 5-day old rabbits were considerabley constricted. Vasoconstriction w~s pa r -  
t icularly marked in the occipital and parietal  regions, i.e.,  in the areas  of maximal injury to the skull. 
Small vessels were constricted most,  their  lumen becoming impermeable to ink part icles:  Even in animals 
surviving 6 days after  injury imqicted at the age of 5 days,  the diameterof the  a r te r ies  of the brain surface,  
although it had increased, remained less than in normal anhnals.  Meanwhile the veins draining the blood 
from the brain substance became wider than in rabbits aged 11 days (Fig. 1). 

Injury delayed formation of the large veins, especially in the occipital reg[ons of the brain. In normal 
animals formation of the large venous trunks in these r e~ons  is completed by the 11th day of life (Fig. la).  
Conversely, in rabbits subjected to trauma at the age of 5 days, on the l l t h  day of life active processes  of 
formation of large veins and of their branches of the first  order  by the merging of small veins into lacunae 
followed by conversion of these laeumae into venous trunks draining blood into the venous sinus, were still 
taking place (Fig. lb). 

In the animals surviving 21 day~ a f a r  head injury the diameter  of the a r te r ies  ~ s  even less than in 
the control r~bbits aged 26 days. Constriction of the s�9 a r te r ies  and ar ter ia l  anastomoses w~s par t i -  
cularly noticeable. In the experimental animals .the t~ae of the ar te r ia l  wall ~v~s less marked, so that the 
lumen of the a ~ e r i e s  varied along their course. Conver~ ly ,  the veins were much wider over  the surface 
of the brain t!mn in control ar /mals  of the san~e age. Meuny~hiie,delay in development of the veins ~ras 
clearly visib}e in the an~]ats  subjected to trauma. In the control rabbits aged 26 days, for inStanCe, merg-  
ing of the small v~ins is the venous System on the su-rface of the occipital lobes vms comPlet e, the process 
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Fig. 1. Reaction of superficial vessels of the occipital lobe 
6 and 21 days af te r  closed head injury at the age of 5 days. 
19 Constrict ion of a r te r ies  (A), dilatation of veins (B), active 
merging of small  veins and formation of lacunae (A) 6 days 
af ter  head injury;, H) constriction of a r t e r i e s ,  marked dila- 
tation of veins,  and active atrophy of venous anastomoses 
qkVA) 21 days  af ter  head injury; a and b) control and exper i -  
ment (age of animals 11 days); c and d) control and exper i -  
ment (age of animal 26 days). Here and in Fig. 2: in t ra-  
vital injection of cerebral  vessels  wifl~ ink. 32 x.  

Fig. 2. React!ca of supe~ici~l vessel.s of the ccclpi~l  lobe 
2! days a~:er ctoaed held injury to a ~abbig aged i.5 m o a ~ s .  
Dilatation of arlerie~ and veins; a and b) co~ro,l and exr~e~i- 
meat (age of a~.ma!s 66 days). 
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of a t rophy of the venous anas tomoses  " ~ s  ill--defined, and as a resul t ,  the s t ruc ture  of the venous network 
was essen t ia l ly  the same as in the adult animal.  In the e~perimental  5--day old rabbi ts ,  21 days af ter  injury, 
merg ing  of smal l  veins into lacunae and of lacunae into l a rge r  veins was still proceeding,  and atrophy of the 
anas tomoses  continued, leading to the creat ion Of s t r a i ~ t ,  wide veins f rom the network of smal l  loops 
(Fig. 1, c and d). 

Closed head injury inflicted on animals  aged 1.5 months caused marked  constr ic t ion of a r t e r i e s  and 
veins on the sur face  of the occipital  lobes of the brain;  but the trunks of some a r t e r i e s  were not uniformly 
cons t r ic ted ,  as  in the animals  aged 5 day-s, but the constr ic t ion was of "hourglass"  type. In cont ras t  to the 
young an imals ,  in these rabb i t s  6 d a y s  af ter  injury the a r t e r i e s  and veins on the brain  surface  remained 
cons t r ic ted .  Meanwhile, in rabbits  aged 1.5 months surviving 21 days a f te r  tffauma, dilatation not only of 
ve ins ,  but a lso of a r t e r i e s ,was  obserTed (Fig. 2). Marked venous hyperemta  on the sur face  of the hemi-  
s p h e r e s  at  the si te  of in jury  was pa r t i cu la r ly  charac te r i s t i c .  Considerable dilatation of the principal  venous 
t runks draining into the sinus and of all their branches  was found in this region.  This suggests  the passible 
dilatation of the a r t e r i e s  as  a resu l t  of the seve re ly  re ta rded  outflow of venous blood f rom the brain sub-  
s tance,  in which large  amounts of carbon dioxide and breakdown products ,  fo rmed  in the zone of maximal 
t r auma ,  accumulated.  

We cons ider  that the a r t e r i e s  became constr ic ted by a reflex mechanism as a resul t  of the concussion 
and d isp lacement  of the bra in  produced by the blow in the region of the occipital  and par ietal  lobes. The 
s t rength and durat ion of the effect  on the a r te r ia l  sys tem increased  with age.  Whereas  in animals  aged 5 
days the a r t e r i e s  were uniformly const r ic ted  4 h a f te r  t rauma,  in animals  subjected to injury at the age of 
1.5 months some a r t e r i e s  acquired an "hourglass  n appearance.  

It can be concluded f rom the study of the react ion of the vascu la r  sys tem of the bra in  to closed head 
in jury  that when the developing brain is exp~)sed to harmful  influences the s eve re s t  d is turbances  a r e  found 
in p r o c e s s e s  which a re  mos t  act ive at  that  pa r t i cu la r  moment :  In fact,  as  the r e su l t s  of our  previous in- 
vest igat ions [2, 3] showed, at  bir th of the animal the a r t e r i a l  sys tem on the brain surface  is l a rge ly  formed,  
and a f t e r  bir th  the vesse l s  increase  in length and in d iameter .  Converse ly ,  in the venous sys tem of the 
b ra in  ac t ive  p r o c e s s e s  of vein format ion continue to take place for 1-7-20 days af ter  bir th,  and only when 
these p r o c e s s e s  a re  complete does the cha rac t e r  of the oxygen s~pply to the nerve cells and the removal  of 
metabol ic  products  and carbon dioxide from them become the same as in the adult. In our exper iments ,  
the re fore ,  the harmful  act ion of c losed head injury affected p r i m a r i l y  the formation of the venous ss tem,  
caus ing considerable  delay in i ts  deveiopment,  and thus delaying development of the brain  as  a whole. 
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