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We studied the seneral state and functional dis turb~ces of the activity ~ the brain stem of animals dur- 
ing and imme~-~iarely after prolonged p~c~hing of the soft ~Lssues of the limbs (the thigh muscles of rabbits were 
pinched for f~zr hours in a vise). D u r i ~  the course of the experimenlts a record was kept of blood pressure, res- 
piration, tem~-~erature, vasculomotor and oculomotor reflexes. In all, 44 experiments were conducted. 

In the ?~sent  report the questiot~ of the sequence of r.he disappearance ~ occtflomotor reflexes Is c ~ -  
sidereal, a qu~-zion which bears a direct relationship to rJze problem otr the unequal resistance of different brain 
structures. 

Oculom~or reflexes were produced by moving the bodies of the animals to the right and left of the median 
line while due head was held immobile.  The eye muscle~ (external and internal rectus, the superior oblique and 
in some experiments even the muscle of the nictitating ~ m b r a n e )  were connected with small rods which re- 
corded the c~-~tractions of the muscles on a smoked kym~--~aphic sheet. The method of recording the oculomotor 
reflexes has ~ e n  described in detail l:r i P. A. Gultyaev [2"]. 

In all of the experiments the extraordinary stabilivs of the oculomotor re~exes was apparent. This fact 
was noted al~o in the work of N. G. Sav~5_n [15]. Studyi~,~ xhe influence of hytroxemia on the functional state 
of antagonistic eye muscles, he discovered that in many c:2.ses nystagmus persists up to the cessation of resplrao 
tion. In a number of our experiments ~ e  amplitude of ~ e  oculomotor reflexe~ several minutes before the 
demise of the animals was not lower than the initial level  :~ig. �9 

In virvde of the f ~ t  that the nuclei  of the oculomot~r nerves, which innervate the internal rectus muscles, 
and the nuclei of the trochlear nerves, which innervate r~e ~uperioroblique eye muscles, are located in the 
mesencephal~,  while the nuclei of the abducens nerves. ~-~ich innervate the e~erna l  rectus muscles, are lo- 
cated in the ~edul la  oblongata, it was possible for us to control to a certain extent the functional state of these 
two divisiom of the brain. 

The notion of the many-storied cc~nstruction of th~ ~ervous system and of centers of nervous activity cor- 
responds to rS=e ~udy of L P. Parlor and to the work of V. ]vl. Bekherev and A. A. Ukhtornsky. Observing the 
fading away cff the functions of the central nervous syste~ in the deep torpid ti~ase of shock, we assumed that 
the reflexes c~ the intemal rectus muscle disappeared ea#.der than the reflexes of its antagonist. In none of the 
experiments c~duc ted ,  however, were we able to note m,ch a sequence. On t~e contrary, the reflexes of the 
internal r e c ~  muscle in a number of experiments disappeared last, directly before the cessation of respiration 
(Fig. 2). 

* Presented at the Scientific Conference of Physicians of ~,~e Central Far-Eastern Militar)r Hospital, April 18,1954. 
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Fig. 1. Kymogiam of oculomotor reflexes. Reflex stability. Five 
minutes before the death of the animal the amplitude of its reflexes 
is higher than the initial level.. The independent contractions of the 
internal tectm muscle of the eye before the death of an animal are 
visible. The reflexes of the superlor oblique and extema t. recttm 
muscle as well at the muscle of the nictitating membrane, are ab- 
sent at this time. 
Significance of the curves (from the top down): the record of stngl~ 
(rt, l i t)  movement, and serial (Set. = 80". Set.  = 45*) moverrmntt r 
the body of an animal to the right and left of the median line; is.) 
contraction of the lntemaI rectus muscle; er)contraction of the ex- 
ternal rectus muscle; so) contraction of the supcrior oblique muscle; 
nm) contraction of the nictitating membrane; unit of the time scale) 
5 second. 

The transformation of the rhythm of the irritation into a more abrupt rhythm of contracti~s (Fig. 3) and 
fihe Inhibitory phase of the reflexes (Fig. 4) were most often apparent in the superior oblique and external rec- 
tus muscles. Out of 8 experiments in which we at-tempted to apply a complex method of theral~ / in order to 
free the animals from the state of shock, the stepping up of the reflexes of the superior oblique muscle was 
noted Jn only one case, while the reflexes of the external rectus muscle were stepped up in 6 cases~ and the re- 
flexes of the internal rectus in "/cases, 

In addition, the reflexes of the ~upedo~ oblique muscle almost alwa~ died out earlier than the other 
oculomotor reflexes. The nuclei of the trochlear nerves, located in the mesencephalon, were the first to be 
shut down, then the nuclei of the abducens nerves, located in the medulla oblongata, and the very last were 
the nuclei of the oculomotor nerves, located in the mesencephalon,'i.e., certain nuclei of the mesenceph~on. 
Upon further analy-,is of the ~xperimental material, taking into account all the facts obtained, it turned out 
thatnot only the sequence of disappearance of the oculomotor reflexes, but also the dynamics of theLr changes 
in the covrse of the development of shock, attest to the considerable resistance of the nuclei of the oculomotor 
nerves in comparison with the nuclei of the abducem and uocMear nerves. Thu~, rk, e fluctuation, in the mag- 
nitude of the reflexes of the internal rectus muscle in the basic series of experiment* devoted to a study of the 
changes in oculomotor reflexes were significantly less than the f luc tua t i~  of an analagom character of the ex- 
ternal rectus and, especially, .the superio~ oblique muscle of the eye. The average value of the step-up of re- 
flexes, which was as a rule, observed in the initial period of pinching,, was also appreciably less for the internal 
rectus muscle. This Is reflected in the Table. 
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l~ig. '2. Kymogram of oculomotor reflexes. The sequence 
of the shutdown of reflexes. The significance ct" fine Ouves 
is the same as in Fig. 1. 

Fig. 3..Kymogram of oculomotcr reflexes, The transformation 
of rhythm. The significance of the curves is ~ r  same as in 
Fig. 1. bp) blood pressure record(before the d ~ a  of the animal 
d~e biood clotted in the cannula). 

The question of the sequence of disappearance and restoration of ~ae activity of the different divi~onr ct  
the brain in grave traumas, Ices of blood and other pathological p r o c e ~  hat attracted the attention of tesearchea 
in connection with the suzdy of the problem of the revival of an o r g a ~ m .  Some authors, having observed the 
regx~atton ct the functions of the meculla oblo~gata following a 10-1S minute disruption of blood circulation 
In the~brain, maintained that afr.er the Indicated time. full testoratiocL ~ uhe functions c~ ttm entire cena'al 
nervous system was possible. 
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Fig. 4. Kymogram of oculomotor reflexes. The inhib- 
itory phase. The significance of the curves is the same 
as in Fig. I. 

The fallacy of this sort~of notion was shown 
by the work of I. IL Petrov [ 14], V. ~. b/egovsky 
[7], Heymar. and Boukaen [17] and other.. In 
experiments on animals, as well as by clinical 
observations of humam, it was establl~ed that 
the order of the exclusion or restoration of this 
or that dtvidou of the brain is determined by its 
phylogenette age: the younger structures are 
eliminated earlier andare telr~tated later. There 
appeared the idea of the fading and restoration 
of the divisions of the bra/n "by floors," 

However, even in the early works of 
I. IL Pettov [12, 13] he mentions exceptlom to 
this general rule. It turned out that certain 
functions intrinsic to the higher dlvisions are re - 
stored earlier than those d lower divisions of 
the brain. The author connects this with the 
nidal quality d afflictions of the central nervous 
system. In addition to this, it was discovered 
that the revival of the formatiom of the wrt~ 
level also doe~s not occur simultaneously~ In 
the.research of V. A. Negovsky [7, 8, 9, 10] it 
is noted that, long before full restoration of the 
function of the entire diencephalon, signs ate 
observed of the restoration of the functions of 
the ex'crapyramidal syszem, 

The amazing stability of the ocular re- 
flexes h attracting attention. According to the 
data of A. A. Narychev [6], who studied the 
Impillary reftexes of humans under narcosis during 
operations, the reaction of the pupil to light dh-  
appears only after paralysis of the respiratory 
center. In the experiments of E. L Garber [1] 
on frogs, in the procesa of dying, the corneal 
reflex disappeared also only after breath/ag 

~topped. 

Comparing our data with the observations of other authors, we c a m e  to the conclusion that the hypotheseg 
advanced to explain the deviations from the rule of te~val "by floors" of the different divisions of the brain do 
not enable us to explain the results o f ~  expertm~-at~ conducted, The.premature failing off of certain reflexes 
could be linked with the nidal quality of affliction, b~.n their increased resistance could not, since In the latter 
case one would have to admit the presence of continaom "nidi" of Infection around an undamaged area. At the 
same time, the later disappearance cs a number of reflexes (oculomotor reflexes of the lmemal rectus muscle 
ofthe eye, reflexes of the pupil tO light) which are affected via the mesencephalon, in comparison with reflexe* 
effected.vla the medulla oblongata, is evidence of increased resistance of certain centers of the mesencel~halon, 
The reference of V. A. Negowky to the greater stability of the parasymt~athetic nerv~.a system in contrast to the 
cetebrc~pinal system has no relation to the facts adduced, inasmuch as only somatic motcx reflexe~ were recorded 
by us. There are Indlcaflom [17] that the lnnerva~.on of the external rectus muscle of the eye appeared earlier 
In the process of evolution than the Innervation of the Internal rectus muscle. "thus, even the age criterloa deer 
not clear up the situation. 

What is the reason for. the increased resistance of a number of reflexes cormected with the mesencephalonT 

The greater stability of certain reflexes affected with the participation of higher centerlo in comparison 
with reflexes connected with lower center~, is a/~asently explained by t~e greater biological significance of the 
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former. This resistance was consolidated In the course of evolution since, to a considerable extent, it guaranteed 
the smvlval of an animal ha various difficult situations, and thereby favored presel-;adon of the species. Thus, 
between the resistance of a system and its biological significance there exists a direct connection, which determin~ 
Lhe sequence of the shutdown of the different d iv ia l~  of the brain during the explratictt of an organism and of 
their restoration during its revival. The rule of a shutdown "by floors" ts an objective expression of the fact that 
the lower divisi~ms of the brain have a greater biological significance for a dying organism than the higher divl- 
stoixt. 

The Change in Reflexes of the Eye Muscles After Pinching of a Limb 

Muscle 

, ,  �9 , , ,  . . . .  

Intemal Rectus 
External Rectus 
Superior Oblique 

Limits of the fluc- 
tuations in the mag- 
nitude of the reflexes 
in % as compared with 

the initialva!-e) 

138 
180 
215 

Mean value of 
the step-up of 
reflexes (in % 
as compared 
with the initial 
value) 

21 
36 
56 

The number 
of experiments 
in which the 
development 
of an inhibi- 
tory phase was 
observed. 

4 
6 
8 

~ :  The numbers express the mean values of the fluctuations. Total number 
of experiments. ~ .  

According to the data of E. K. Senn [16], the development of the mesencephalon is closely connected with 
the development of the visual analyzer, that most important sense organ. Particular significance inguaranteelng 
the full-scale work of fl-e visual organ was acquired by the system of oculomotor nerves, which has a complex 
st_vacture and which guarantees the accomplishment of a number of important visceral and somatic functions. The 
physiological significance of the functional performance d this system apparently also led to securing its In- 
creased resistance in the course of evolution. The reflexes which are effected with the participation of the 
trochlea~ nerves and the nerves of the nictitating, membrane (the motor nuclei of which, according to the data 
of G. L. Komendantov [4], are also located in the mesencephalon) are less important with respect to physiologi- 
cal role than the reflexes rexlized with the participation of the oculomotor nerves. This clearly also explaim 
the fact that the times of the shutdown of the indicated reflexes keep ~,Ithin the rules of a shutdown "by floors = 
of the divisiom of the Main. 

S U M M A R Y  

In a study of the deep torpid shock phase on rabbits it was brought out that oculomotot reflexes of the 
Internal and external rectus muscles, superior oblique muscle and muscle of the nictitating membrane are 
characterized by a high stability: they disappear just before the ces~ltlon of respiration, maintaining significant 
amplitude till their very disappearance. Reflexes ofttm superior oblique muscle, realized through the mesencr 
phalon are tim first to disappear, they are followed by those of the external rectus realized through the medulla 
oblongata; the reflexes of internal rectus, realized through the mesencepalon are the last to disappear, 

Not only visceral, but also somatic centers of the mesencephahm, particularly the centers of r.eulomotor 
nerves, possess higher stability in comparison with certain centers of 1~ medulla. This characteristic is apparently 
connected with their great physiological importance.. 
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