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According to V. N. Klosovsky [1]. the nerve cells of the cesebral hemisphere~ and the sources of their nu- 
uit/on - the cerebrospinal fluid and blood transport systems - stand in close relationship to one another. In the 
early stages of intrauterine development of the cerebral hemispheres, the barfc ,ource of nutrition of the nerve 
tissue Is the cerebrospinal fluid. In this period, the embryonic nerve ceils are situated at the ventrlcular surface 
of the brain, i. e,, immediately adjacent to the source of nutrition. As the cerebral hernispher~ develop, ~ e  
vascular network starts to function, and cerebrospinal nutrition of the nerve celia of the cortex of the hemlsphcrm 
/s replaced with cerebrospinal fluid-blood nutrition. With increase in the number of cells, and the Increase in 
them of the rare of metab~Hc processes, the cells are shifted from the maternal Liver on the ~urface of the brain 
to the soft brain membrane rich In blood vessels. In this part of the wall of the hemispheres, where the migratory 
nerve cells are concentrated, while formation of the cortex is In progress, the vascular network lJ formed which 
already in a ~-nonth human fetus is stz~ngly developed and becomes the predominant source of nutrition of the 
nerve cells, 

However, the process of development of the nerve tissue does not end in the embryonic period. Ahes birth, 
there takes place further maturing of the nerve and gHosome cells of the conducting paths and receptors. Thus, 
for exarnple, according to O. V. Beloborodova, myelinizaflon of the peripheral nerves, not only of the auditory, 
but a I~  of the vestibule analyzers, is completed within only about 2 months of posmatal development. The 
brain mass Increases. T .P .  Zhukova notes that the largest growth in the "brain weight in kittera takes place in 
�9 e first mon~ of~Hfe. At about three months, the weight of the brain of an adult animal is reached. The blood 
transport system also changes. Thus, according to E. V. Kapmt~a,  development of the vascular network In the 
soft brain membrane of kittens continues up to 3 months of p0stnatal life. In the brain substance itself, as 7.. N. 
Kiseleva points out, new growth of the capillaries in certain reg/om of the cortex takes place in kittens up to 
4 months. In line with the works of E. V. Kapustina and Z. N. Kiselevao it was noted by T. P. Zhukova (19~)  
that the amount of blood characteristic of the brain of an an imal  becomes established after only about 2-3 
months of extrauterine life. 

In connec~on with these findings, there arises the question as to how the regenexation of the vascular net- 
work ,and growth of the brain matter after birth influence the forms of mutual relations between the nerve cells 
and the surrounding capillaries developing in the embryonic period of development. 

So far, the relationship of the nerve cells and capillaries has been studied only in adult a~mals.  B.N. 
Kl~oovsky, E. N. Kosma~..kaya and E, G. 13alasbova [2] established ~at the Hnk between these oomponenU ~n 
adult animals is different in different pa~.s of the central ncrvom system. 
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In this work we shall consider the  processt~ c f  "ormation of  this link between the nerve celia at the  basic 
structure of  the nerve tissue and thz source of  their nutrition -- by the capi l la ry  network in the postnatal  period 
of  dcvclopmerit.  The relationship of  the nerve cclls and the capi l lar ies  has been investigated in the nuclei  of  
the t r igeminal  nerve. The system of  the tr igemfnal  nerve is one of  the first *.0 engage in brisk ac t iv i ty  from the 
moment  of birth of  the animal.  This enabled us to trace the emergence  of the relationship of  the nerve cel ls  
and the capil lar ies  and also the development of the vascular network in relat ion *.0 the maturation of  the nerve 
cel ls .  

The investigation was conducted on 91 cats. We treated the brain of  ardmals of different age,. For the 
purpose of studying the development of  the vascular network, the brain in 42 eats was impregnated with silver 
according to the method of  Klosovtky. The  Vascular network o f  the brain of  49 animals was injected with 
India ink in gelatin.  The preparations obtained were stained according to the method of  NlmL 

On comparing the relationship of the nerve cells and surrounding capi l lar ies  in xz~wbom kittens and adult  
animals,  we noted a big difference in the number of  ceils  not in contact  with the capi l lar ies .  In a l l  the n u q ~  
of the t r igeminal  nerve.,  i. e . .  in the motor and sensory nuclei  and the nucleus of  the root of  the spinal nerve 
of  the newborn kittens, the number of  cells  not in contact  with the capi l lar ies  was comiderably  higher than in 
the same nuclei  of  adult  animals. Thus, in the motor nucleus o f  the newborn kittens, to each 10 cel ls  adjacent  
to the capi l lar ies ,  there were 13 ceils not  in contact  with them (see table) .  At the same t ime ,  in the adult  cats,  
to each 10 cells in contact  with the capi l lar ies ,  there were al together 6 ceils separate fro.rn t he  capi l lar ies .  The  
same relationship exists in the sensory nuclei.  For example ,  in a sensory nucleus o f  the newborn k i t t em,  to 
each 10 cells in contact  with the capi l lar ies ,  there were 46 c c l h  not in contac t  with them,and in the adult  

animals only 20 cells.  

Grcwth Changes in Relation of  Nerve Cells and Capil lar ies  and Density of  the Vascular Network in the  Nuclei  

of  the Tf lgeminal  Nerve in' Cats. 

Age of  animal  

Newborn............... 

Ten days 

I month 

2 months - 

Ful ly  grown animal  . . . . .  

Motor Nucleus 

Density of " i l~umber of 
vascttlar net- cells separate 
work in vol- 
~ume 50x50x 
x210/4 ~ 
tissue 

13 

14 

15 

12 

14 

flora capi l  - 
.aries *.0 ten 
ceils with 
capil laries 
adjacent  *.0 
them 

10 : 13 

1 0 : 7  

1 0 : 5  

1 0 : 7  

1 0 : 6  

Sensory Nucleus 

Density of ~lumber of 
vascular ne t  
work in vol 2 
ume 50x50 
x210 I~ = 
tissue. 

separate 
[rom c a p i l -  
Laries to ten 
:ells  with 
:api l lar ies  
~djacent to 
ahem 

1 0 : 4 6  

~0:23 

10 : 13 

10 : 17 

10 : 20 

Nucleus of spinal root 

Density o f  INumber of 
vascular net. 
work in vol -  
ume 50x50x 
x21014s 
tissue 

15 

17 

18 

15 

I6  

m 

15 

17 

14 

13 

:elh separau 
from ca i~ -  
tari~t to ten 
=ell, with 
c a p i l l a t i ~  
adjacemx to 
d~em 

10 : 40  

1 0 : 2 0  

1 0 : 1 4  

1 0 : 1 8  

1 0 : 2 1  

The above figures show that in the nuclei  of  the trigexninal nerve in the postnatal period of  development  
the nerve cells and capil laries approach each other (Fig. 1). 

Later we tried to establish those regenerations in the brain tissue, due to which the nerve cel ls  and c a p i l -  
laries draw together. Upon investigations of  the vascular network in the nuclei  of  the t r igeminal  nerve,  a di f -  
ference in its density in animals of different ages was noted. Thus, while in the motor  nucleus in the  newbcxtt 
cats to a given volume of  brain t i~ue  there were 13 capi l lar ies ,  in 10 day old cats in the same voinme o f  
t i~ue  a l ready 14 capil laries were cotmted (see table).  The  increase in the density of  the vascular n ~ o r k  also 
occurs in the sensory nuclei.  During ten days of l ife of  the kittens in the inve,  t igated volume o f  tissue o f  the 
sensory nucleus, the density of  the vascular network increased by two capi l lar ies .  Later the  number o f  c a p i l -  
laries continued to grow and reached the maximum in one-mondr-old kittens. At  this age,  *.0 the  same volume 
of  tissue in the motor nucleus there were 15 capil lar ies  and in the sensory nuclem 18. Increase in the  density 
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of the vascular neVdork in the nuclei of the trigeminai nerve in the postnatal period of development takes phc~  
by formation of new capillaries Upon inspection of the capillary network of the nuclei of this nerve In the 
preparations impregnated with silver, we found all the stages of growth of a new capillary, as described by | .  H~. 
Klosovsky [ 1]. 

The growth in the capillaries starts from the gemma stages when the newly forming capillary represents 
advemitial cell with a large amount of protoplasm and protopiasmie outgrowths projecting into a paraplastle 
substance (Fig. 2, a). As the mas~ of adventitlal ceU grows, the newly forming capillary becomes increasingl}, 
stretched in tc~lgth and .assumes a shape resembling a polyp and then a hydra. The formation of the capillary 
ends with its "sealing in" In the wall of the already functioning caplUary by meara of any single, rarely twO, proto, 
pl~smlc outgrowth (Fig. 2. b). The latter, by j6!ning with the functioning capillary, acquires a diameter pecu o 
liar to capLllarles of this region and at the same t ime is canalized. All the remaining outgrowths disappear. 
As a result of the formation of capiLlaries by the method indicated above, there is an increase in the density 
of the vascular network; in other words, the number of capillaries per unit of brain ~.ssue increases. 

The histological findings described show that the increase in the der/sity of the vascular network in the 
nuclei of the trigeminal ne~e  of kittens - from birth up to <me month old - Is carried out by the formation of 
new capillaries by gemination.- This process develop~ very intensely, and despite growth in the mass of the 
brain r,'~atter in the given age period, the number of capillaries does not decrease, but on the contrary, incae.a~ea, 
which naturally is the 'came of the drawing together of  the captllafles With the bodies of the nerve tens.  

The rate of formation of new capillaries in all the nuclei of the trtgeminal nerve, as our investigatlom 
showed, in different ages is noamiform. In the ~r,,~om kittens they are few, and in most eases they have 
skort protoplasmic outgrowths. Starting from the 5-'/th day/the number of newly forming captllailes inereasea 
and on the 10th day reaches the maximum. In 10 day old kit tens the process of new formation of the capll- 
larries is most intensive. Then, up to the 20-25th day, the number of growing capillaries drops and after the 
2Sth day up to a month a new "outburst" of capillary formation is seen. However, the rate of the emerge.ace 
of new capiUaries in the last case does not exceed that in kittens %10 day~ old. As a result of the formation 
of new capillaries, the density of the vascular system of the nuclei is increased, and tn month-old kitte.as, R 
reaches the maximum. 

Corresponding to the regeneration of the vascular network, changes take place in the relation of the new 
cells and the capillaries. Thus, while in the rector nucleus of the trigeminal nerve of the newborn kittens to 
each 10 cells in contact with the capillaries there are 13 ceils separated from the capillaries,inthe 10-day- 
old animal the number of ceils separated from the capillaries faUs to 7, and in a mouth 01d kitten goes down 
to 5 (Table 1). The drawing together of the nerve cells and the caiJfllaties takes pIace also in the sensory 
nuclei. For example, in a sensory nucleus of a J~ewbom kitten, to each 10 cells in contact with the capillaries, 
there are 46 cells separate from the capiUaries. In a 10 day old ki t ten the. number of the latter decreases to 
23,and towards a month of animal 1Ire. altogether these are 13 celli separate from the capillaries. 

Development of the vascular network in the nuclei of the trigerninal nerve does not end towards 30 days. 
In the following months in the Life of the kittens, these takes place a certain rarefaction Of the vascular net- 
work, which is connected with a sharp faU in the number of newly forming c~pillaries with a simultaneom 
growth of the mass of the brain matter, However, despite the faLl in the density of the vascular network, in the 
2,month,.old kittens the number of cells separate from the capillariies remains almost the same as ifi the month- 
old animals. This, which may appear a t  first sight to be a contradictory phenomena,  may be explained by 
the fact that at this age there takes :place partial atrophy of the capiUarles. The process of atrophy of the 
functionL'lg capillary consists in reduction in its diameter to the size of  a thread (Fig. 2, c) and its subsequent 
rupture (Fig. 2, d). From this moment,  in the preparations treated according to the method of Klosovsky, the 
atrophying capiUary represents a thread ~l~ose completeness has been disturbed and at whose site of attachment 

t o  the functioning capillaries -there are r.ernnants of the earLier exist.lag capillary in the form of trlangl-~. 
Atrophy chiefly causes the disappearance of those capillaries which are at a certain distance from the nerve 
cells and the capillaries which are la co~Raet with them are mainta:med. As a result of this, despite the decrease 
in the density of the vascular netwozk, the mm~ber of celLs in contact with the capillaries remains as before.. 

The formation of the capiLlary network in the nuclei of the trlgeminat I nerve is basically completed In thr 
kittens aged 2 months. This is indicated by the sharp fall in the nuxnber of newly forming capillaries. At about 
2 months, the relation of the nerve c:ells and the caFillaxies is established which is chata~__m'istie for an adul~ 
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Fig. 1. Rei~5~on of nerve cells and capillaries in.nuclei of trigeminal nerve 
of newly ~ kittens(I) and adult cats (II}. 
a) Motor nucleus; b) Sensory nucleus. Injection with India ink. Stained 
according to NLssL Enlarged 400 time=. 

organism. It is true that lazes there nevertheless take place some changes, but they are less pronounced than 
those which occur in the ff.~r-t months of life of the kittens. Thus, single newly forming capillaries may be seen 
even in a 5-montl'eold an imal  

Ii follows from aU t ~  that the relation of the nerve cells and the capillaries in ~he nuclei of the trigeminal 
nerve and the vascular n~'work in them greatly change at given ages. Intense multiplication of capiLlaries in 
10-day-old animals coincides with the opening of the eyes of the kittens, the cornea and lachrymal glands of 
which are innervated by ~ e  trigeminal nerve. In its action, there are involved the branches taking l)art in the 
pupil reflex [3]. In additc~n, according to E. V. Kapustina, at this time there is significant reduction of the 
role of the cerebrospinal f l~d as a source of nutrition. Undoul~tedly with an increase in the functi0n_of the 
nerve celts and also with a rebuilding of the vascular plexa, there takes place intense development bf  the -~ 
capinary network and a &awing together of the nerve ceils and capillaries. The improvement in vasculatization 
o! the nerve cells in the Feriod frvra the 25th to 30th day is atso cormected with an intensification of the function 
of the nuclei of the t r ige~na l  nerve. In this period, the animal goes over from consumption of mother's milk 
to independent feeding. I~s food ration is varied and includes rough food. The latter must be ground in the 
mouth cavity and c.epiously moistened with saliva, secreted from the salivary glands innervated by the ~rigeminal 
nerve. In addition, the ne..we cells of the nuclei of this nerve receive relented stimulations from the mucous 
membrane of the mouth and nose cavities, the tongue, and the capiUaries of the integument of the animal. 

Certain data regarding the density of the vascular network of the nuclei of the trigeminal nerve in rats 
was obtained by Craigie [4] .  Investigating the length of the capillaries in preparations with an injected vascu- 
1~ network, he noted gro-,,-th fluctuations in the degree of vascularizatio~ of the tissue of the nucleiof the 

711 



trigeminal nerve. However, Craigie could not reveal those process.~ by which these changes takes place. 
Only by impregnation of the vascular wall with silver and infusion of the vessels with subsequent staining of the 
rrerve cells in the preparations did we succeed in establishing that rct.uilding the capillary network is carried 
out chiefly by the formation of new eapillariei in early stages of posmatal development of the nervom $yttertu 

:'H ~ : 

d 

Fig. 2. Regeneration of capillary network in nuclei of trigeminal nerve. 
a, b) stages of formation of new capillaries by gemn~atio~ c, d) stages of 
atrophy of capillaries; 
PK) Growing capillary; aK) Atrophying capillary., 
Impregnation with silver acceding to Klasovsky. Enlarged 400 times. 

r~ - fma l  result of this is an increase in the densitY of the vascul~,' network in the adult animal As a result 
of formation of new capillaries, their reiations with the nerve cell~ change. In adult animals the majority of 
nerve cells come into contract with capillaries, in other words, t~e bodies of the nerve cells of the nuclei of 
the trigeminal nerve in adult animals are supplied with blood to a higher degree than are the nerve cells of 
the same nuclei in the newbccn. 

Formation of the relationship between the nerve cells and the capillaries takes place in line with the emer- 
gence and growth of complexity of the function of the nerve cells of the trigeminal nerve. 
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