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Comparison of the s t ructural  features  of the mitochondria  in dark and pale cel ls  with the r e -  
sults of a study of resp i ra t ion  of condensed, intermediate,  and orthodox mitochondria showed 
that dark cells  containing condensed mitochondria are in a res t ing state or a state of specific 
activity coupled with a high level of bioenergetic and biosynthetic p rocesses .  Pale cells,  con-  
taining mainly intermediate mitochondria,  are charac te r i zed  by a state of active specific ac -  
tivity, accompanied by a high energy potential, increased utilization of energy, and a reduced 
level of biosynthetic p rocesses .  Pale cel ls  containing predominantly orthodox mitochondria 
are charac te r i zed  by a low level of energy metabol ism and by predominance of destruct ive 
p rocesses  over p roces se s  of resyn thes i s  of the cell  s t ructures .  

KEY WORDS: dark and pale cel ls ;  morphofunctional types of mitochondria.  

Dark and pale cel ls  were f irst  found under the optical microscope  at the end of the last  century [10]. 
At that time at tempts were made to interpret  their function and contradictory views were expressed on this 
problem. In par t icular ,  dark cel ls  were  r ega rded  by some authors as cel ls  in a state of r e s t  [8], by others  
as functionally active cel ls  [1]. The problem has not been solved by the introduction of e lec t ron-microscopic  
techniques and fur ther  morphofunctional investigations are  neces sa ry  at the intracel lular  level. Compar i -  
son of the resu l t s  of autoradiography with data on u l t ras t ruc tu re  has led to the conclusion that dark cel ls  
are  in a res t ing  state, whereas pale cells a re  in a state of specific activity [3, 4]. 

However, for a final solution to the problem of the functional activity of these ceils,  the c h a r a c t e r i s -  
t ics  of their energy metabol ism must  be settled. 

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

Several  t i ssues  were investigated in var ious  pathological states:  t i ssues  of the heart ,  l iver,  and kid- 
neys of dogs during a 9-h chronic compress ion  syndrome (CCS) and decompress ion  for 2 h (15 dogs}, human 
skeletal  muscles  during e lec t r ica l  stimulation (three cases) ,  and on the 13th day of CCS (four cases),  skele-  
tal musc les  of dogs during ischemia  for 6 h (five animals),  and on the 5th-7th day after subsequent r e g r a f t -  
ing of a limb (five dogs). 

The main method of investigation was to compare  the s t ructure  of the mitochondria in the dark  and 
pale cel ls  with the resu l t s  of function tes ts  on different types o f  these organel les  [2]. 

Mater ia l  for e lectron mic roscopy  was fixed in osmium tetroxide and t reated in the usual  way. Sections 
were examined in the JEM-100V electron microscope .  

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

A charac te r i s t i c  feature of the s t ructure  of the mitochondria  is their  polymorphism, which is c lear ly  
marked under pathological conditions even within the same cell. The resu l t s  of this investigation showed 
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Fig. 1. Different  types  of mitochondria :  a) Distal  tubule of 
kidney of dog with CCS (18,000 x); b) myocard ium of left  ven-  
t r i c le  of  dog with CCS (15,000 • c) l iver  of dog with CCS 
(20,000 x). Here and in Figs.  2 and 3, C, I, O indicate con-  
densed,  in te rmedia te ,  and orthodox mitochondria ,  r e spec t ive ly .  

Fig. 2. P redominance  of condensed mi tochondr ia  in da rk  cel ls :  
a) Dis ta l  tubule of kidney of dog with CCS: Dark cel l  l ies  next 
to pale cel l  containing in te rmedia te  mi tochondr ia  (15,000 x); b) 
myoblas t  in focus of r egenera t ion  of skele ta l  musc le  dur ing CCS 
(20,000 x); c) skele ta l  musc le  of dog on 7th day af ter  r eg ra f t ing  
of l imb af ter  i schemia  for 6 h (18,000 x). DC) Dark  cell ;  PCI) 
pale cel l  with in te rmedia te  mitochondria ;  R) r i b o s o m e s ;  MF) 
myof ibr i l  s. 

that, i r r e s p e c t i v e  of the type of t issue,  all f o r m s  of mi tochondr ia  obse rved  could be divided conventionally,  
in accordance  with Beke tova ' s  c lass i f ica t ion  [2], into three  types:  condensed, in te rmedia te ,  and orthodox 
(Fig. 1). Condensed mi tochondr ia  are  cha r ac t e r i z ed  as a ru le  by an elongated or i r r egu l a r  shape, an e l e c -  
t ron -dense  granular  mat r ix ,  and numerous  tightly packed c r i s t a e  with a widened i n t e rmembranous  space.  
In te rmedia te  mi tochondr ia  differ  f rom the f i r s t  group by being rounder  and having a somewhat  more  t r a n s -  
lucent and finely g ranu la r  mat r ix .  The number  of c r i s t a e  in them and in the condensed mi tochondr ia  was 
comparab le ,  but the space inside the c r i s t a e  was r e l a t ive ly  nar row.  Orthodox mi tochondr ia  were  usual ly  
round in shape with a g rea t ly  swollen e l e c t r o n - t r a n s p a r e n t  ma t r ix  and reduced c r i s t ae .  The r a t e s  of r e s -  
p i ra t ion  for these th ree  types  of mi tochondr ia  f r o m  l iver  t i s sue  were  de te rmined  in different  metabol ic  
s ta tes ,  together  with the r e s p i r a t o r y  control  and the coeff icient  of phosphorylat ion A D P / O  [2]. Considering 
t h e s e  functional po in te rs  to the predominance  of one type of mi tochondr ia  in the da rk  o r  pale ce l l s  [6], the 
function of the ce l l s  could be a s s e s s e d  f rom the slate of their  mitochondria .  

The u l t r a s t r uc tu r e  o f t h e d a r k  ce l l s  obse rved  in the t i s sues  studied (Fig. 2) agreed  mainly  with that 
desc r ibed  by Sarkisov [6]. T h e i r  cha rac t e r i s t i c  fea ture  was that  their  mi tochondr ia  were  predominant ly  
of the condensed type. I-Iigh r a t e s  of r e sp i r a t i on  and coupled oxidative phosphor3/lation a re  obse rved  with 
these o rgane l l e s  [2], ref lec t ing t he i r  high energy potential .  Condensed mi tochondr ia  a re  also cha r ac t e r i z ed  
by high r e s p i r a t o r y  control  on endogenous s u b s t r a t e s  and posi t ive values  of the di f ference V 4 - V2 (the r a t e s  
of oxygen uti l izat ion on succinate af ter  and before  phosphoryla t ion ,  respec t ive ly) ,  evidence of max ima l  ac -  
cumulation of r e s e r v e s  of h igh-energy  phosphates  in them. The la t te r ,  together  with the high energy  po-  
tential  of these  o rgane l les ,  is  r e g a r d e d  [9] as an essen t ia l  condition for w e l l - m a r k e d  biosynthetic  p r o c e s s e s .  
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Fig. 3. Pale cel ls  containing orthodox mitochondria:  a) Col-  
lecting tubule of kidney of dog with CCS: pale cell with or tho-  
dox mitochondria  lie next to pale cell  containing mitochondria 
of intermediate type (10,000 • b) skeletal muscle of dog during 
ischemia for 6 h (20,000 • c) human skeletal muscle after e lec -  
t r ica l  stimulation (20,000 x). PCO) Pale cel ls  with orthodox 
mitQchondria. 

These resu l t s  of the investigation of mitochondrial  resp i ra t ion  show conclusively that dark  cel ls  are in a 
state of r e s t  and accumulation of substrates .  In the wr i t e r s '  view, the high biosynthetic potential of con-  
densed mitochondria  re f lec ts  the predominant concern of dark cells  with the formation, renewal, and r e -  
generation of intracel lular  s t ructures ,  or with synthetic p rocesses  connected with their specific activity. 
Some dark cel ls  are in fact cel ls  f rom loci of regenerat ion,  and these have been shown to have a high level 
of DNA synthesis  [4]. The wr i t e r s '  investigations showed that myoblas ts  f rom regenerat ing muscle tissue, 
which contain single myofibri ls ,  chains of r ibosomes  forming them, condensed mitochondria,  and so on (Fig. 
2b), are also dark cells,  tn addition, because of the predominance of condensed mitochondria,  muscle fi- 
be r s  at the 5th-7th day of regraf t ing a limb in dogs after i schemia  for 6 h are  also regarded  as dark cel ls  
of a special type, in a state of renewal of the intracel lular  s t ruc tures  (Fig. 2c). Dark cells  whose specific 
activity r equ i re s  a high level  of synthetic p rocesses  and of energy metabolism have been found in the mu-  
cous membrane of the stomach [7] and in other t issues.  

Pale cells,  descr ibed by Sarkisov [6], along with other typical features  are  charac te r ized  by mito-  
chondira  of intermediate type (Fig. 2a). Such mitochondria  were found to have the highest efficiency of oxi- 
dative phosphorylation, low re sp i r a to ry  control  on endogenous substrates ,  and a negative value of the dif- 
ference V 4 - V  2. These data, indicating a high energy potential of the organel les  and some depletion of their  
r e s e r v e s  of high-energy compounds, suggest that the pale cel ls  with intermediate mitochondria are cel ls  in 
a state of specific activity. The increased expenditure of energy with the switch of the cel ls  into a state of 
active specific activity [5] is not accompanied by any further significant expenditure of s t ructures .  Their 
cytoplasm still has a high content of cytogranules  and in the electron microscope  it appears only a little 
paler  than the cytoplasm of the dark cells.  

Together with pale cells  containing mainly intermediate mitochondria,  other pale cel ls  deficient in 
cytogranules ,  frequently vacuolated, and containing mitochondria  of orthodox type also were observed (Fig. 
3). Swelling of the matr ix  of these organel les  and destruct ion of their c r i s tae  were accompanied by a de-  
c rease  in the level of respi ra t ion  and uncoupling of oxidative phosphorylation. The predominance of or tho-  
dox mitochondria  in pale cells,  in muscle f ibers after i schemia for 6 h (Fig. 3b), for example, and also dur -  
ing intensive activity of the muscle fibers as  a resu l t  of e lec t r ica l  stimulation (Fig. 3c), is evidence of p r e -  
dominance of the breakdown of s t ruc tures  in these cells  over p rocesses  of their resynthes is .  

The stuOy of morphofunctional types of mitochondria  can thus help to identify the level of bioenergetic 
and biosynthetic p rocesses  in dark and light cells  and can thus shed some light on the mechanisms of adap- 
tation of an organ to different conditions of flmction. 
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