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In the course of differentiation of neurons (from the neur0blast  to the mature  neuron) of the human 
pelvic plexus in the periods of prenatal  and ear ly  postnatal ontogenesis a gradual increase in chol inesterase 
activity is observed.  The enzyme is localized in the cytoplasm of the nerve cells,  usually per ipheral ly ,  and 
in synaptic s t ruc tu res  and nerve endings. Pseudochol inesterase is found in all s t ruc tures  of the neuron and 
surrounding glia. 

The study of acetylchol ines terase  is closely linked with the mediator  function of acetylcholine, which, 
as physiologists  consider,  plays an important  role in the mechanisms of nervous phenomena. The principal  
function of acetylchol ines terase  is to split acetylcholine synthesized in nerve tissue with the part icipation 
of chol ine-acetylase.  Acetylcholine and ehol ine-acetylase are  constituents of synaptic ves ic les ,  and cho- 
l ines terase  is localized in the cytoplasm of the neuron and the synaptic membranes .  The role of substances 
of the acetylcholine system ih the t ransmiss ion  of the nervous impulse has largely been elucidated by phys-  
iological and biochemical  investigatioh, but in certain par ts  of the nervous system it has been inadequately 
studied [1, 2, 6-8, 10-12, 15-18]. 

EXPERIMENTAL METHOD 

The cytochemistry of the cholinesterases was studied in the pelvic plexus of human fetuses aged from 
15 to 36 weeks and in the newborn. The activity and localization of acetylcholinesterase were determined 
by the method of Koelle and Friedenwald in Portugalov's modification, using a control in which the sections 
were incubated in the absence of acetyieholine. The specificity of the reaction for eholinesterase was veri- 
fied by preliminary treatment of the sections in a solution of inhibitor of this enzyme (i : 1000 neostigmine 
solution). The results were assessed with full allowance made for possible diffusion of the reaction pro- 
ducts, prevention of which was attempted by using the measures recommended by Portugalov. For con- 

venience of description of the activity of the re- 
action for cholinesterase in ganglia of the pelvic 
plexus, a system of notation by plus signs (+) was 
used. To establish the degree of differentiation of 
the neurons, some of the material was impregnated 
by the Gros ABielschowsky method as modified by 
Rasskazova. During determination of the stage of 
maturation of the neurons, the classifications of 
Knorre [3] and Koroehkin [5] were used. 

Fig. I. Cholinesterase activity in neurons at the 
stage of growth. Pelvic plexus of 15-week human 
fetus. Koelle--Friedenwald method in Portugalov's 
modification, 90x. 

EXPERIMENTAL RESULTS 

Cholinesterase activity in the pelvic plexus 
of 15-week fetuses var ies  in intensity in the dif fer-  
ent groups of nerve ceils. In cells of the neuro-  
blastic ser ies  the staining reaction is general ly 
pale yellow in charac ter .  It can be concluded from 
the general ly accepted descript ions of the resul ts  
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Fig. 2. Cholinesterase activity in neurons at dif-  
ferent stages of maturat ion (a) growing; b) ma tu r -  
ing; c) mature) .  Pelvic  plexus of 36-week human 
fetus. Koel le--Friedenwald method in Potugalov 's  
modificaLion, 90x. 

Fig. 3. Group of mature  neurons.  Cho- 
l ines terase  activity in synaptic s t ruc tures .  
Pelvic plexus of newborn infant. K o e l l e -  
Friedenwald method in Por tuga lov ' s  mod-  
ification, 90x. 

of the react ion for chol inesterase that these cells 
contain chiefly nonspecific chol inesterase which, as 

a rule, gives the sections a yellow color.  Conse-  
quently, the react ion for acetylcholinestera;se in all 
s t ruc tures  of the neuroblasts  was negative ( - ) .  
However, against the yellow background of the gan- 
glia of the pelvic plexus appearing after  staining, 
cer tain groups of neurons can be distinquished by 
their  large size and brown color.  The react ion p r o -  
ducts were concentrated chiefly at the per iphery  of 
the cytoplasm of these neurons,  in the form of dif-  
fuse granules collectively forming a ring (Fig. 1). 
The intensity of staining of these rings differed in 
different groups of growing nerve cells.  In most  
neurons they were dark brown in color  (+++), and in 
some they were paler  (++). The bundles of nerve 
fibers in the pelvic were stained yellow. Sometimes 
small  dark-brown granules were seen along their  
course.  After incubation of the sections in the ab-  
sence of acetylcholine they remained color less .  
Neostigmine solution completely inactivated the 
acetylchol ines terase  in the growing neurons. 

In fetuses aged from 21 to 23 weeks an in- 
c rease  in the intensity of the react ion for  choline- 
s te rase  was observed in the ganglia of the pelvic 
plexus. Charac ter i s t ica l ly  the neuroblasts  were 
stained yellow as before. They were grouped into 
d iscre te  nodes or concentrated among the la rger  
neurons. Very ra re ly  tiny brown granules could be 
observed at the per iphery  of the cytoplasm of the 
neuroblasts ,  indicating the presence  of minute t races  
of acetylchol ines terase  (+--). The activity and local-  
ization of the enzyme in the remaining neurons of the 
pelvic plexus varied. Cells of two types were d i s -  
tinquished among the grooving neurons also. In some 
the deposits of copper  sulfide were colored brown 
(+ +) and were located at the edge of the per ikaryon,  
while in others they were much da rker  (+++). In 
contras t  to the 15-week fetuses,  sol i tary  s t ruc tures  
resembling dark-brown r ings (+ + +) with a c lear  
central  a rea  were seen on the surface of the growing 
neurons. St ructures  of this type on the surface of 
the neurons are  presumably  synaptic plates.  Besides 

growing neurons,  large nerve cells lying singly or  in groups in the ganglia of the pelvic plexus also were 
frequently encountered. The intensity of the react ion for chol inesterase was much higher in these cells 
than in the growing neurons.  Their  neuroplasm was diffusely stained brown. The degree of staining was 
increased at the per iphery  of the per ikaryon (++++). Chol inesterase activity was reduced (+++) in the 
other matur ing neurons.  Synaptic s t ruc tures ,  consist ing of rings and boutons, were observed more  often on 
the bodies of the matur ing cells.  The intensity of their  staining was increased (++++). In the gliia s u r -  
rounding the growing and matur ing neurons a positive react ion for  nonspecific chol ines terase  was observed,  
pers is t ing  even after  t rea tment  with neostigmine solution. 

Chol inesterase  activity was still  fur ther  increased in individual groups of neurons in the ganglia of the 
pelvic plexus of fetuses aged 30-36 weeks and of newborn infants the chol inesterase activity showed a fur -  
ther  increase  in cer ta in  groups of neurons.  As before,  neuroblasts ,  forming tiny ganglia or lying alongside 
more  Completely differentiated neurons,  were stained yellow. Fine brown granules were seen only around 
individual neuroblasts .  The intensity of the reaction for chol inesterase  in growing and matur ing neurons 
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was slightly increased compared with that in neurons of the pelvic plexus of 21-23-week fetuses. As be-  
fore, two groups of cells differing in their  intensity of staining (+ ++ + + and + + +) could be distinguished. 
High acety!chol ines terase  activity in all groups of neurons was observed in the marginal  zone of the neuro-  
plasm, where copper sulfide was deposited in large granules. The remainder  of the neuroplasm of the 
nerve cells was diffusely stained pale brown. Structures described above as synaptic endings were r e -  
vealed on the surface of the nerve cells (more especial ly of maturing neurons). As a rule they were stained 
an intense dark-brown color,  often appearing black. In the pelvic plexus of fetuses in the last weeks of 
embryogenes is  and of newborn infants, some very  large nerve cells c lassed as mature  neurons from sev-  
eral  of their morphological  features were found among the neurons just  described.  The intensity of the 
reaction for chol inesterase  in these nerve cells was s imi lar  to that in matur ing neurons (++++). However, 
in some cells a sharp increase  in chol inesterase activity was observed (++++++).  Their  cytoplasm was 
a lmost  black in color  (Fig. 2). Synaptic s t r u c t u r e s - l o o p s  and b o u t o n s - o f  considerable size were seen on 
the bodies of the mature  neurons (Fig. 3). Incubation of sections of the ~)elvic plexus, taken at the stages of 
development descr ibed above, in neostigmine solution led to total inactivation of acetylchol inesterase .  P r o -  
longed washing of the sections with water  after  incubation in a solution of the inhibitor did not res tore  en-  
zyme activity. When these sections were treated with a solution of acetylcholine, no brown deposits of 
copper sulfide could be seen. Areas  corresponding to ganglia and nerve fibers were stained pale yellow. 

Cholinesterase activity is thus closely linked with the degree of differentiation of the nerve cells of 
the pelvic plexus. This link c a n b e  t raced at all stages of development of the fetus studied. The enzyme is 
localized mainly in the cytoplasm of the nerve cells,  more  often at its per iphery,  in synaptic s t ruc tures  and 
in nerve endings. Pseudochol ines terase  is found in all s t ruc tures  of the neuron and of the surrounding glia. 
The react ion for acetylchol ines terase  is more  often negative in neuroblasts  of the pelvic plexus of 15-36- 
week fetuses and newborn infants. The intensity of the reaction is increased in growing, maturing,  and 
mature  neurons but it is expressed differently in the different groups of nerve cells. Among neurons of the 
same size two groups can be distinguished: with higher or  lower activity of the enzyme. Some inves t iga tors  
[9, 13, 14] hold the opinion that this difference in the enzymic activity of neurons of the autonomic nervous 
system is connected with differences in the cytochemical  organization of cells of parasympathet ic  and s y m -  
pathetic nature.  

Methods of determination of chol inesterase  activity in ganglia of mixed type can be used to differen-  
tiate neurons with different functions at various stages of their  maturation.  The resul ts  of this investigation 
also show that a positive reaction is detected initially in the neuroplasm of the growing neuron; the cho- 
l ines terase  concentration r i ses  sharply as the cell grows. With maturat ion of the neurons of the pelvic 
plexus, interneuronal  (synaptic) connections are  established [4] and the enzyme then accumulates  in the 
region of the synaptic s t ruc tures ,  where it is concentrated in much la rger  amounts than in the neuroplasm. 

L I T E R A T U R E  C I T E D  

1. N .A.  Verzhbinskaya,  in: Biochemis t ry  and Function of the Nervous System [in Russian],  Leningrad 
(1967), p. 190. 

2. N.N.  Demin, in: Problems in Neurochemis t ry  [in Russian],  Moscow-Len ingrad  (1966), p. 197. 
3. A . G .  Kn0rre,  Differentiation of Cell Material  of Embryonic  Anlagen, Doctoral  Dissertat ion,  Leningrad 

(1948). 
4. V.D.  Konarev, Morphology of Nerve Elements  of the Human Pelvic Plexus in the Period of Embryo-  

genesis ,  Candidate Disser ta t ion (1967). 
5. L . I .  Korochkin, Differentiation and Aging of the Autonomic Neuron [in Russian],  Moscow-Len ingrad  

(1965). 
6. V .V.  Portugalov,  Outlines of Histophysiology of Nerve Endings [in Russian],  Moscow (1955). 
7. T . M .  Turpaev, The Mediator Function of Acetylcholine and Nature of the Cholinergic Receptor  [in 

Russian],  Moscow (1962). 
8. T . M .  Turpaev, in: Biochemis t ry  and Function of the Nervous System [in Russian],  Leningrad (1967), 

p. 234. 
9. N. Cauna, N. Naik, D. Learning, et al., Bibl. Anat. (Basel), 2, 90 (196i). 

10. J . C .  Eccles ,  The Neurophysiologicai  Basis of Mind, Oxford (1953). 
11. J . C .  Eccles ,  The Physiology of Nerve Ceils [Russian translation],  Moscow (1959). 
12. H. Hyden, in: Functional Morphology of the Cell [Russian translation],  Moscow (1963), p. 185. 
13. G. Koelle, J. Pharmacol .  Exp. Ther . ,  114, 167 (1955). 

806 



14. G. Koelle,  in: U l t r a s t ruc tu re  and Cel lular  Chemis t ry  of Neural  Tissue ,  New York (1957), p. 164. 
15. G. Koelle,  in: B iochemis t ry  and Function of the Nervous System [in Russian] ,  Leningrad (1967), 

p. 185. 
16. D. Nachmansohn,  Chemical  and Molecular  Bas is  of Nerve  Activity,  New York (1959). 
17. D. Nachmansohn,  in: B iochemis t ry  and Function of the Nervous System [in Russian] ,  Leningrad (1967). 

p. 168. 
18. A . G . E .  P e a r s e ,  H i s tochemis t ry  [Russian t ransla t ion] ,  Moscow (1962). 

807 


