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The total acetyleholine concentrat ion and the chol ines terase  activity were determined in dif- 
ferent  par ts  of the brain,  the l iver,  and the blood in exper iments  on 91 rabbits in the acute 
stage of experimental  head injury. During the f i r s t  minutes after injury the total acetylcho-  
line concentrat ion in the brain  is increased while the chol ines terase  act ivi tyis  lowered. Nor-  
mal levels of cholinergic substances are  r e s to red  24 h after injury. 

The basis  of the pathogenesis  of head injury is considered to be "functional asynapsia" [1, 2]. Having 
regard  to the chemical  nature of nervous excitation, investigation of the p r i m a r y  components of neurohu-  
moral  changes would appear to be an adequate method for studying the functional state of an organism. 
These components include the mediator  sys tems  and among them the acetylchol ine-  chol ines terase  sys tem.  
Most workers  have studied cholinergic p r o c e s s e s  in acute head injur ies  and have based thei r  conclusions 
purely  on the dynamics of chol ines terase  activity. Some invest igators  have studied the relationship between 
acetylcholine and chol ines terase  in head injury purely  in the cerebrospinal  fluid and blood. It is only in a 
paper  by Kamenetskaya [3] that a paral le l  is drawn between the degree of accumulation of acetylcholine in 
the brain  and the permeabi l i ty  of the blood-brain  b a r r i e r  in bra in  injury. 

The object of the present  investigation was to study the dynamics ofchol inergic  p roces se s  (from the 
acetylcholine concentrat ion and chol ines terase  activity) in the bra in  substance,  the l iver ,  and blood in the 
acute stage of head injury. 

TABLE 1. Acetylcholine Concentration (in/zg/g) in Brain a f te r  Head Injury (M • m) 

Cause and t ime of death of animals 

Decapitation (control) 
Death 1-5 min after  injury . . . . .  

Decapitation 30 min after i n ju ry .  

Decapitation 3 h after  injury . . . .  

Decapitation 24 h after  i n j u r y . . .  

ce rebra l  
cor tex 

Test  object 
Number 
of ani-  
mals 

an ter ior  
hypothalamus 

1.75 • 0.48 
3.4 • 0.76 
P < 0 . 2  

6.5 • 
P < 0.01 

7.9 • 0.5 
P < 0.001 

3.05 • 1.5 
P > 0.05 

2.6 • 0.45 
4.1 • 
P < 0 . 1  

8.2 • 1.35 
P < 0.01 

9.0 • 1.04 
P < 0.01 

2.5 • 0.9 
13 >0.05 

pos te r io r  
hypothalamus 

3.3 • 0.49 
6.37 § 0.8 
P < 0 . 2  

10.5 • 1.5 
P < 0.01 

8.46 • 0.9 
P < 0.01 

3.9 • 1.3 

P >0.05 

medulla 

1.84 • 0.32 
4.74 • 
P < 0.02 

7.45 • 0.75 
P < 0.01 

6.43 • 0.49 
P < 0.001 

2.7 • 0.98 
P >0.05 

Department of Forens ic  Medicine, I. P. Pavlov F i r s t  Leningrad Medical Institute. (Presented by 
Academician V. N. Chernigovskii.) Transla ted f rom Byulleten'  ]~ksperimental 'noi Biologii i Meditsiny, Vol. 
71, No. 2, pp. 16-18, February ,  1971. Original ar t icle  submitted July 29, 1970. 

�9 197t Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N, Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

109 



0 
< 

r~ 

+I +; +i +i 
~-- V -  V~  V o  V 

d.:~2od ~:-.do 
+I +I c; +i o +i I +I ~ +i 
c~ -Vo ov~ov 

C~ CO C'~ c~ 

+I +i~+Io +lo+io +i 
~ v~V- V~ V~ 

~D o4 L,~ 
co~ w~ ~ o~ Lr~ 

+i +I o +i o +I c~ +i o +l 
~r Vr V~ V- Vo 

+; +I o +I o +I o +I o +i 

~r r r co ,~o 

00~ 0 O0 00 ~0 

�9 ~ .... 

0 0 0 0 

EXPERIMENTAL METHOD AND RESULTS 

Experiments  were ca r r i ed  out on 91 noninbred rabbits,  16 of which 
formed the control group (killed instantaneously by decapitation). Head 
injury was caused by allowing a weight of 3.5-4 kg to fall f rom a height 
of 2 m on to the par ie to-occipi ta l  region of the head of the animal while 
fixed to a frame. Microscopic and macroscopic  studies of the internal 
organs were made. 

The dynamics of the eholinergie substances were studied in the 
ce rebra l  cortex, anterior  and pos te r io r  hypotha]amus, and medulla,  and 
also in the l iver  and blood. Cholinesterase activity was determined by 
Hes t r in ' s  method [4], and the total acetylcholine concentrat ion by a b io-  
logical method on the eser in ized rectus  abdominis muscle of a frog. 

When the animals died quickly after head injury (1-5 min), the 
total acetyleholine concentrat ion in the par ts  of the brain  tested showed 
a marked  increase  of 180-257%, while chol ines terase  activity was r e -  
duced by 20-25% (Tables 1 and 2). During the f i r s t  hours af ter  closed 
head injury, a steady increase  in the total acetylcholine concentrat ion 
was observed to reach a maximum af ter  30 min-3  h (in some par ts  the 
concentrat ion increased by 4 t imes or  more),  followed by a decrease  
toward the end of the f i r s t  day. Meanwhile the chol ines terase  activi ty 
30 rain-3 h af ter  injury was lowered by 25-30%, and this was followed 
(after 6 h) by recovery .  However, the initial level bad not been r e -  
s tored by the end of the f i rs t  day. 

The changes discovered in the acetylcholine concentration con- 
cern  the total acetylcholine, most  of which is in a bound state, while the 
excess  of free aeetylcholine enters  the blood s t ream.  This is c lear  
f rom the resul ts  of a study of the dynamics of the free acetylcholine 
fraction,in the blood. The free acetylcholine concentrat ion 5 and 10 
min after injury was the same as initially (before injury). The f i rs t  
considerable l iberation of the free fract ion into the blood (10-20 t imes  
above its initial level) was observed 30 min after injury; by 1-2 h the 
concentration showed a sharp increase  (80 times) and this was followed 
by a gradual decrease  until 3 h. However, the free acetylcholine con- 
centrat ion was still high 3 and 24 h after  injury. Consequently, free 
acetylcholine accumulates in the blood because of an increase  in the 
total acetylcholine concentrat ion in the brain,  following it after a de-  
lay of 30-60 min. 

The react ion of the cholinergic s t ruc tures  to head injury thus 
develops immediately af ter  the action of the t raumat ic  agent and reaches  
a maximum 30 rain-3 h after injury. Although some re turn  to normal  
is observed 24 h after brain injury, never theless  at this t ime a state of 
humoral  subcompensation is observed. These changes are  due not only 
to functional changes in the diencephalon and bra in  stem, but also to 
the presence  of loci of softening and to microscopic  and macroscopic  
hemorrhages .  
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