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The mitochondrial  system of various objects in situ is in the form of a branching thread [12, 14]. Bio-  
chemical  studies have shown that in the nerve cell this sys tem has a s imi la r  organizat ion [6]. The wr i te rs  
have postulated that ff mitochondria  (MCH) in nerve t issue are  thread-l ike,  the index of heterogeneity (IH) 
in the MCH fract ion oaght to change depending on t issue homogenization conditions. Solutions of different 
composi t ion can be used as the fac tor  modifying the pa ramete r s  of brain homogenization. IH can thus be 
used as a c r i te r ion  for assess ing  the s t ruc tura l  organizat ion of the mitoehondrial  sys tem in the nerve eel1. 

The object of this investigation was to study IH of mitochondrta  in re lat ion to the conditions of isolation 
of mitoehondrial  f ract ions and to compare  tt with 11t of mitoehondrta  in the cell ,  With par t icu lar  r e fe rence  to 
ra t  bra in  nerve cel ls .  

E X P E R I M E N T A L  M E T H O D  

MCH were isolated in solutions (Table 1) by the method in [2]. The technique of e lect ron mic roscopy  
was descr ibed in the same place.  

The morphomet r ic  method of determination of the puri ty of MCH using electron mic rographs  is based 
on known principles [1, 13]. Its details are  as follows: A Plexiglas plate, on which squares  of equaI size a re  
drawn, is placed on a photograph of the MCH fract ion.  The side of each of the squares  is equal to the d iameter  
of the smat tes t  MCH on the photograph. The number  of squares  (in per  cent) corresponding to ai1 MCH, di-  
vided by the number  of squares  occupied by all s t ruc tu res ,  gives the index of purity of the mitochondrial  
f ract ion.  

TABLE 1. Indices of Heterogeneity of MCH in 
Isolated Frac t ions  and ins [de the C ell and also of 
Por t ions  of the Thread- l ike  Structure in Sections 
of the C ell Model (M • m) 

Object 

Model of arrangement 
of one thread -like 
structure inside ball 

Nerve ceil 
Mitochondrial frac- 

tions obtained in 
solutions of: 
0.28 M sucrose 
0,28 M sucrose+ 
0.I mM EDTA 

0.3 M mannitol with 
0.1 toM EDTA 

Krebs--Ringer soh~tion 
with 5.5 mM glucose 

Krebs--Ringer solution 
without glucose 

MCH, % 

small large 

68+6,2 32+4,0 
66~2,6 34~1,2 

28• 72• 

17• 83+8,2 

53~6,0 47~418 

32+3,1 68+4,4 

26~2,5 74+6,5 

Ratio of 
small 
MCH/large 
MCH 

2,1~0,24 
1,9~0,08 

0,39~0,04 

0,20~0,03 

1,13~0,12 

0,47~0,04 

0,35-----~0,04 
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Fig. 1. E lec t ron  mierographs  of rat  brain MCH fract ions ,  a) MCH isolated in 
sucrose  solution (osmium tetroxide),  20,000 • b) MCH isolated in Krebs- -Ringer  
solution with glucose,  30,000 • 

The following paramete r s  were used as IH: a) the rat io of the numbers  of smal l  MCH to the number  of 
la rge  MCH; b) the distr ibution of the rat io between width and length of MCH. Small  MCH were those whose 
a rea  was 1-3 squares .  

A length of plastic cord,  wound at random inside a hollow ball filled with phosphate cement,  was used 
as the model of a r rangement  of the thread- l ike  s t ruc tu re  in the cell .  The volume of cord  in the ball, like the 
volume of MCH in the neuron, was about 7%. Sections through the model were analyzed. 

E X P E R I M E N T A L  R E S U L T S  

The purity of the MCH fract ions in solutions of sucrose ,  suc rose  with EDTA, mannitol with EDTA, and 
K r e b s - R i n g e r  solution with and without glucose was 59+ 3.7, 60 • 5.4, 47 �9 3.8, 89 �9 6.1, and 78• 7.2% r e -  
spectively.  
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Fig.  2. E l e e t r o n  m i c r o g r a p h  of nuc lear  res idue  of r a t  b ra in  
homogenate  with l a rge  and th read - l ike  MCH; 20,000 • 
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Fig .  3. Graphs of dis t r ibut ion of re la t ive  
values  of width (a) and length (b) of s e g -  
ments  of t h r ead - l i ke  s t ruc tu re  in model  (1), 
of  MCH insec t ion  through cell  (2), and in 
lVICH frac t ions  (3). A b s c i s s a ,  rat io of width 
of  MCH to width of s m a l l e s t  MCH (a); ra t io  
of  length of MCH to length of s m a l l e s t  MCH 
(b); ord ina te ,  numbe r  of MCH (in %). 

E l e c t r o n  m i c r o g r a p h s  of MCH isola ted in the f i r s t  (0.28 M sucrose)  and fourth solutions ( K r e b s - R i n g e r  
solution with glucose) a r e  i l lus t ra ted  in Fig.  1; photographs of MCH isola ted in the second,  third,  and fifth 
solut ions were  published p rev ious ly  [6, 11]. Morphomet r i c  e s t ima te s  of homogenei ty  of the MCH f rac t ions  
were  p rac t i ca l ly  the s a m e  as pur i ty  calcula ted on the bas i s  of a theore t ica l  coeff icient  of 100% puri ty  of  b ra in  
MCH [5, 6]. The  functional c h a r a c t e r i s t i c s  of these  MCH f rac t ions  have been descr ibed  in the l i t e r a tu r e  [2, 
5, 6-101. 

The m a x i m a l  yield of MCH did not exceed 20-30% [6]. Grinding brain  t i s sue  in a homogenizer  of Dounce 
type leads to des t ruc t ion  of m o r e  than 80% of the cel ls .  The compara t i ve ly  smal l  yield of MCH cannot t h e r e -  
fore  be explained by inadequate dis integrat ion of the ce l l s .  The superna tant  obtained a f te r  sedimenta t ion  of 
:MCH f rom the pos tnuc lea r  homogenate  contained up to 3-5% of the total  quantity of MCH in the homogenate ,  
and the nuc lear  res idue  contained 70-80% [6]. It was sugges ted  on the bas i s  of these  findings that  the m i t o -  
chondr ia l  s y s t e m  in the ne rve  cell  is a thread ,  l a rge  f r agmen t s  of  which a re  deposited in the nuclear  res idue  
during centr i fugat ton.  E l e c t r o n - m i c r o s c o p i c  invest igat ion of the nuc lear  r es idue  r evea led  the p r e sence  of 
long MCH (fragments)  in 5-6 o r  25-30 f ields (Fig. 2). 

IH of the MCH f rac t ion  differed f rom each o the r  and also signif icantly f rom l:[I in si tu (Table 1), In the 
f rac t ions  t he r e  were  m o r e  of the l a rge  MCH, in situ m o r e  of the sma l l  MCH. The number  of sma l l  MCH in 
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the fractions was in fact less because some of the large organelles (about 10%) were only "scalped" in the 
plane of the section and in the photograph they appeared as small MCH. Consequently, heterogeneity of the 
MCH preparation was significantly lower than in the cell. 

The graphs in Fig. 3 show that virtually all MCH in the cell were of the same width but of different 
lengths, like the segments of the cord seen in a section through the model. The parameters  of distribution of 
relat ive width and length of MCH in the fraction differed in principle from the graphs of the model in situ. 
This shows that MCH in the fraction were spherical and discrete.  It was impossible for there to be any small 
structures in the model, because one thread-like "organelle" had been taken. The practically identical IH 
values in the model and in the cell (Table 1, Fig. 3) suggested that the mitochondrial system in the cell has a 
thread-like structure.  

Analysis of more than 50 electron micrographs of sections through nerve ceils published by other workers,  
and in which at least several  dozen MCH were seen, showed that long MCH were present in almost 100% of 
cases. Long structures were seen with the same frequency in the model. Large,oval ,  and long MCH 
were found in the cell [15]; the small MCH were round and oval, the large were elongated. Where the process 
of a nerve cell could be seen in cross section the MCH was round, where it was cut in longitudinal section it 
was long. 

It can thus be concluded that the mitochondrial system in the nerve cell has the appearance of a thread 
or  of several  long thread-Uke organel les .  The mitochondrial thread is perhaps one of the forms which appears 
at a certain stage in the life ofthe cell. Skulachev [3] put forward the idea that the ret icular  structure of MCH 
in muscle fibers facilitates conduction of signals for contractionwithinthe fibers. Probablythe sameorganization 
of the mitochondrial system in nerve cells determines intracellular conduction of nervous excitation. 

Data from the l i terature cited in this paper were supplied by the "Biomed" Information Retrieval System 
[4], which can give answers to about 1012 types of questions concerning infornntion on t issue respiration, the 
mechanism of oxidative phosphorylation, synthesis, metabolism, and the structure of substances, enzymes, 
receptors ,  the histology and cytology of the brain, l iver ,  heart ,  and other systems of the body, their  functions 
under normal and pathological conditions, and several  model states (interrelations at levels from molecular 
to the whole organism, treatment,  ontogeny, phylogeny, biorhythms, nutrition, inflammation, trauma, infection, 
immunity, transplantation, and the action of chemical and physical factors,  including nonionizing and ionizing 
radiation, etc.). 

The authors are grateful to C andidates of Sciences A. M. and V. F. Dudchenko and also to Junior Scien- 
tific Assistant S. N. Selezneva for help with the electron-microscopic investigations. 
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