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Цель. Определить энергетический профиль сателлитных глиоцитов в краниальном 

шейном симпатическом ганглии (КШСГ) в условиях нормального функционирования ни-

котиновых холинергических синапсов (нХС) и в условиях фармакологической депривации 

нХС. Материалы и методы. Депривацию синапсов в КШСГ кроликов создавали холино-

литиком димеколином. Определяли активность Н- и М-изоформ лактатдегидрогеназы 

(ЛДГ) в глиоцитах на криостатных срезах по методу Брумберга и Певзнера методом инте-

гральной цитофотометрии. Результаты. В сателлитных глиоцитах выявляется значитель-

но более высокая активность М-изоформ по сравнению с активностью Н-изоформ ЛДГ, что 

свидетельствует о том, что в рассматриваемых клетках анаэробные механизмы энергетиче-

ского метаболизма преобладают над аэробными. При экспериментально вызванной депри-

вации нХР отношение между уровнями активности (Н/М) изоформ ЛДГ в глиоцитах пре-

терпевает полную инверсию по сравнению с этим показателем в глиальных клетках КШСГ 

в условиях нормального функционирования синапсов. Заключение. Сателлитные глиоциты 

краниального шейного симпатического ганглия в той же мере, как и любые другие сомати-

ческие клетки, располагают изначально запрограммированной аэробной системой энерго-

обеспечения, которая трансформируется в анаэробном направлении под влиянием синап-

тической импульсации через никотинчувствительные холинергические синапсы.  
Ключевые слова: симпатический ганглий, сателлитные глиоциты, холинергические 

синапсы, изоферменты ЛДГ, энергетический метаболизм. 
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Aim. To determine the energy profile of satellite gliocytes in the cranial cervical sympathe-
tic ganglia (CCSG) in normal functioning of nicotinic cholinergic synapses (nChS) and in their 
pharmaceutical deprivation. Materials and Methods. Deprivation of CCSG in rabbits was imple-
mented by using cholinolytic dimecolinum. The activity of H- and M-isoforms of lactate de-
hydrogenase (LDH) was determined in gliocytes offrozen sections by integral cytophotomentry 
using Brumberg and Pevzner method. Results. In satellite gliocytes a considerably higher activity 
of M-isoforms of LDH in comparison with that of H-isoforms was found which evidences predo-
mination of anaerobic mechanisms of energy metabolism over aerobic ones in the studied cells. 
The relationship between the levels of activity of (Н/М) isoforms of LDH in gliocytes with expe-
rimental deprivation of nChR exhibited a complete inversion as compared to glial cells of CCSG 
with normal functioning of synapses. Conclusion. Satellite gliocytes of cranial cervical sympa-
thetic ganglion, like any other somatic cells, possess initially programmed aerobic system of ener-
gy production which transforms into anaerobic system under influence of impulses arriving 
through nicotine-sensitive cholinergic synapses.  
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In astrocyte neuroglial cells of the brain 

unlike in ordinary eukaryotic cells, energy is 
produced by strictly anaerobic mechanisms 
[1,2]. An aerobic abilities of astrocytes are 
supposed [1,3,4] to be associated with pro-
duction of excess amount of lactate by these 
cells as an additional energy substrate to 
modulate the activity of excitatory ionotropic 
glutamate-ergic synapses which provide ef-
fective activity of the brain associated with 
information transmission. Taking into account 
the common nature of the glial cells, it may 
be suggested that the established peculiarities 
have a more generalized character and may be 
extrapolated to glial cells of the peripheral 
nervous system. 

In view of this, it seems important to 
experimentally study the energy profile of 
satellite gliocytes (SG) of the cranial cervical 
sympathetic ganglion (CCSG), where similar 
effective activity associated with transmission 
of excitation, is realized through other iono-
tropic excitatory synapses – nicotinic choli-
nergic synapses (nChS) [5]. The objective 
approach to elucidation of the role of the ac-
tivity of nicotinic cholinergic transmission in 
energy metabolism of SG consisted in use of 
an experimental model of partial and com-
plete block of nChS. 

Aim – to determine the energy profile of 
satellite gliocytes in the cranial cervical sym-
pathetic ganglia in normal functioning of nChS 
and in pharmacological deprivation of nChS. 

Materials and Methods 
The experiment was carried out on 9 

male rabbits of Chinchilla breed of 8 months’ 

age. Deprivation of synapses in CCSG was 
implemented by subcutaneous introduction of 
cholinolytic dimecolinum [6] at the dose of 
10 and 50 mg/kg which induced partial and 
complete, respectively, block of synaptic 
transmission through nChS [6], with subse-
quent analysis of the material in the period of 
the maximal manifestation of the effect of the 
drug – in 1 hour after its introduction at each 

dose in complete correspondence with the 
pharmacodynamics earlier established for this 
preparation [7]. The animals were divided 
into 3 groups – control group and 2 experi-
mental groups with a partial and complete 
block of synapses, respectively. The animals 
were kept in a vivarium, and were looked af-
ter in compliance with the norms and rules of 
handling laboratory animals stated in the In-
ternational Recommendations for Conduction 
of Medico-Biological Research with Use of 
Animals (1985), Rules of laboratory practice 
of the Russian Federation (Order of HM of 
RF of 19.06.2003 №267) and Cruelty to An-
imals Act of 01.12.1999. The experiment was 
conducted in compliance with the rules for 
work with use of experimental animals ap-
proved by Order of Health Ministry of the 
USSR №577 of 12.08.1977. 

The animals were withdrawn from the 
experiment by overdose of diethyl ether.  

Peculiarities of energy metabolism of 
satellite gliocytes were determined by the ac-
tivity of H- and M-isoforms of lactate dehy-
drogenase (LDH) which are known [7] to 
modify aerobic and anaerobic, respectively, 
phases of energy production in cell.  The ac-
tivity of isoforms was determined on frozen 
sections separately after histochemical stain-
ing by Brumberg and Pevzner method [7] 
with subsequent quantitative measurement of 
optic density in relative units on МИФ-1 cy-
tophotometer using a method of integral cy-
tophotometry [1]. The number of cells in the 
control group and in each experimental group 
was from 210 to 300 satellite gliocytes. The 
isoenzyme profile of LDH was determined by 
ratio of the activity of H-isoform to that of M-
isoform (Н/М). Statistical processing was car-
ried out using Statistica 7.0 program. For sta-
tistical assessment of reliability of differences 
and of the required sampling volume, the ob-
tained experimental data were preliminarily 
analyzed for correspondence with the law of 
normal distribution using Student’s t-test. The 
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differences were considered statistically sig-
nificant at <0.05. 

Results and Discussion 
In satellite gliocytes of CCSG (Table 1) 

a considerably higher activity of M-isoforms 
of LDH was found (р<0.05) as compared to 
the activity of H-isoforms, which evidences 
predomination of anaerobic mechanisms of 
energy metabolism over aerobic mechanisms 
in the studied cells, exactly like in the astro-
glia of the brain [1,3].  

The obtained results permit to suggest a 
probably universal character of anaerobic 
'behavior’ of glial cells and is likely to be a 

phenotypic peculiarity of gliocytes non-
dependent on their location in the nervous 
system.  

In experimental deprivation of satellite 
gliocytes of nChR (Table 1), the activity of 
only M-isoforms of LDH successively de-
creased (p0.05) – by 43.0% in partial depri-
vation and by 55.0% in complete deprivation.  

  
Table 1 

Activity of LDH Isoenzymes in Satellite Gliocytes  
of Sympathetic Ganglia Calculated per Cell 

 

Groups 
Quantity of  

Animals 
Quantity of 

Cells 
Н-isoforms М-isoforms Н/М 

Control 3 230 5.290.12 7.710.11 0.69 0.02 
Partial deprivation  
of synapses 

3 210 5.010.16 4.370.15* 1.150.05 

Complete deprivation 
of synapses 

3 233 4.980.11 3.430.07* 1.450.04 

 
Note: *statistically significant changes as compared to control group (p0.05) 

 
On the contrary, the activity of H-

isoforms in gliocytes did not show any statisti-
cally significant changes both in partial, and in 
complete deprivation of synapses of nChR 
(р0.05). Because of these alterations, the rela-
tionship between the levels of activity of 
(Н/М) isoforms of LDH in block of synapses 
in satellite gliocytes exhibited a complete in-
version in comparison with this parameter in 
glial cells of CCSG with normal functioning of 
synapses. In a partial deprivation this parame-
ter already exceeds unity (Н/М=1.15) which 
indicates that the activities of aerobic H-
isoforms and anaerobic M-isoforms of LDH 
become comparable (Table 1). In a complete 
block of cholinergic synapses the activity of 
H-isoforms far exceeds that of M-isoforms 
(Н/М=1.45) (Table 1) which,  taking into ac-
count substrate specificity of H-isoforms, 
shows that in conditions of full deprivation of 
cholinergic synapses, energy in gliocytes of 
CCSG is predominantly produced by aerobic 
processes like in any other eukaryotic cell.  

Comparison of the results of partial 
and complete block of synapses demon-
strates a distinct pattern of gradual replace-
ment of anaerobic processes of energy meta-
bolism in satellite gliocytes with the aerobic 
processes, as far as the number of active 
nChR is reduced. Thus, experimental ap-
proach used in this work highlights the fact 
that it is the activity of nicotinic cholinergic 
transmission that plays a role in transforma-
tion of energy production in satellite gli-
ocytes towards anaerobic mechanisms, ex-
actly like ionotropic glutamate-ergic syn-
apses provide predomination of anaerobic 
mechanisms in astroglial cells [1-4].  

All the said above permits to suggest a 
common regularity that consists in the exis-
tence of a definite relationship between a spe-
cial organization of energy metabolism of glio-
cytes with predomination of anaerobic 
processes of energy production and the activity 
of excitatory ionotropic synapses irrespective 
of their localization in the nervous system. 
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Conclusion 
Satellite gliocytes of the cranial cervical 

sympathetic ganglion, like any other somatic 
cells, possess initially programmed aerobic 

system of energy production which undergoes 
transformation towards anaerobic processes 
under influence of impulses arriving through 
nicotine-sensitive cholinergic synapses. 
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