
MORPHOLOGY AND PATHOMORPHOLOGY 

A U T O R A D I O G R A P H I C  A N D  E L E C T [ { O N - M I C R O S C O P I C  

I N V E S T I G A T I O N  O F  D A R K  C E L L S  O F  T H E  L I V E R  

L .  D .  K r y m s k i i ,  B .  V .  V t y u r i n ,  
K .  V .  B o t s m a n o v ,  A .  K.  B a d i k o v a ,  
mnd K.  I .  D z a r a k h o k h o v  

UDC 611.36-018.1-086:537.533.35+611.36- 
018.1-088.9:539.6 

The appea rance  of d a r k  ce l l s  in the l ive r  evidently re f lec t s  inc reased  function of the l i ve r  t i s sue ,  
the ce l l s  ~ e m s e l v e s  being cen te r s  of r egenera t ioh :  The appea rance  of the l a rge s t  number  of labeled dark  
hepatic ce l l s  a f t e r  admin i s t r a t ion  of thymidine-H z indicates  that  DNA synthesis  is mos t  intensive in their  
nuclei .  D a r k  cel ls  capable  of DNA syn thes i s ,  i.e.:, ~f regeneratio_n, accumula te  in foci of injury in the l iver .  

T h e r e  i s n o  genera l  a g r e e m e n t  as ye t  regard ing  the s o u r c e s  of regenera t ion  of l ive r  t i s sue .  A. A" 
Zava rz in  and A. V. R u m y a n t s e v  [6] and Yu. N. Darkshev ich  [3] cons ider  that the cambia l  e l ements  Of the 
l ive r  a r e  the so -ca l l ed  d a r k  ce l l s ,  with basophil ic  cy top l a sm.  The appearance  of da rk  ce l l s  in the r e -  
genera t ing  l i v e r  a f t e r  pa r t i a l  hepa tec tomy and in newborn r a t s  a re  a lso  cons idered  a sign of inc reased  
p ro l i f e r a t i on  of the ce l l s  [12, 14, 15]. In the s tage  of r egene ra t i on  a f te r  burn injury,  B.  V. Vtyur in  [2] ob- 
s e rved  an i n c r e a s e  in the number  of m e m b r a n e s  of the g r a n u l a r  endoplasmic re t icu lum,  mi tochondr ia ,  and 
r i b o s o m e s  in some l ive r  ce i l s ,  and he concluded that  these  were  da rk  ce l l s .  Some authors  [5, 8, 11], 
however ,  cons ide r  that the da rk  ce l l s  a re  not cambia l  in na tu re ,  but on the c o n t r a r y ,  old and worn-ou t  
s t r u c t u r e s .  

We considered that autoradiography, supported by electron-microscopic investigations, would supply 
a reliable answer to the question of the functional significance of dark cells. 

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

Expe r imen t s  we re  c a r r i e d  out on 13 albino mice  of both sexes  weighing 18-20 g, divided into two 
g roups .  The exper imen ta l  m ice  all r ece ived  an inject ion of 0.2 ml 40% CCI 4 solution. The mice  of group 1 
r ece ived  CC14 in 10 inject ions at  in terva ls  of one day, and those  of group 2 rece ived  10 inject ions at i n t e r -  
va ls  of 14 days .  Three  an i m a l s  f r o m  each group r ece ived  an in t raper i tonea l  injection of thymidine-H 3 in a 
dose  of 1.5 # C i / g  b o d y w e i g h t  on the 3rd day a f t e r  the l a s t  injection of CC14. 

The an ima l s  were  sac r i f i ced  1.5 h a f t e r  injection of the isotope.  P ieces  of l iver  were  fixed in Carnoy ' s  
fluid and embedded in paraff in  wax.  Autoradiographs  were  p r e p a r e d  f rom sect ions 6-8 p in th ickness .  
The sec t ions  were  f reed f r o m  paraf f in  and coated with NIKFI emuls ion (type M), and exposed in a r e f r i g e r a -  
t o r  at 4-6  ~ f o r  34-45 days in l ightproof  con ta ine r s .  

Deve lopment  was c a r r i e d  out by the fo rmula  r e c o m m e n d e d  by the Motion P ic tu re  R e s e a r c h  Inst i tute 
(metol -hydroquinone deve loper ,  f ixat ion in 30% hyposulfi te  solution),  sec t ions  stained with metatoxyIin and 
eosin.  

Au~oradiographs of the l i ve r  were  studied unde r  the optical  m i c r o s c o p e  with magnif icat ion of 1000x. 
Cel ls  w e r e  r ega rded  as labeled if the i r  nuclei :contained not l ess  than five gra ins  ( t racks) .  Approximate ly  
3000 c e l l s  we re  counted in each sec t ion ,  light and da rk  (labeled and unlabeled) heptaic ce l l s ,  and Kupffer 
ce l l s  be ing counted s e p a r a t e l y .  

P i ece s  of l ive r  for  e l e c t r o n - m i c r o s c o p i c  inves t iga t ion .were  fixed in 2% OsO 4 solution and embedded 
in a bu ty l -me thy l  m e t h a c r y l a t e  m i x t u r e .  The sec t ions  w e r e  e x ~ i n e d  in the I~M-7 e lec t ron  m i c r o s c o p e .  
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Fig.  1. Autoradiegraph of r egen-  
erat ing mouse l iver af ter  ten in- 
ject ions of CCI 4 (0.2 ml of 40% 
solution each time). Numerous 
dark  hepatic cells labeled with 
thymidine-H 3 can be seen. 

Fig.  2. Enlargement  of cavi t ies  
and tubules of endoplasmic r e t i c u -  
lure (Cp) of a light l ive r  ceil  of a 
mouse af ter  injections of CcI  4. 
M denotes a mitochondrion.  25,000• 

Fig.  3. Numerous r ibosomes (R) 
and mitochondria (~I) with dense 
matrLx in a dark l iver  ceil of a 
mouse  after  injections of CC14. 
35,000x. 

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

With an inc rease  in intensity of repara t ive  re,gen- 
erat ion (experiments of s e r i e s  I, injection of CCI4 at 
intervals of one day) the number  of dark  cells  in the 
l iver of the mice  increased  cons iderably .  In the ani -  
mals of the control  group,  fo r  ins tance,  the l iver  c o n -  
tained 8.13% of dark hepatic ce l l s ,  In animals  receiving 
CC14 once every  14 days and in animals  rece iv ing  CCI 4 
in the same dose ,  but on a l ternat ive  days (10 injections 
altogether),  the number  of dark  hepatic cel ls  increased  
to 17.34 and 30.36% respect ive ly  (relative to the total 
number of hepatic cel ls  counted).  

A s imi l a r  tendency was observed  when labeled 
hepatic cr were  counted  (Fig. 1). The percentage  of 
labeled dark  hepatic cel ls  a re  much g r e a t e r  in animals  
receiving CC14 in jec t ions  on a l ternat ive  days than in 
those rece iv ing  CCI 4 once eve ry  14 days and animals  of 
the control group.  The percentage  of labeled cel ls  in 
the animals Of these  groups  was 16.68, 8.82, and 2.84 
respect ively.  

The total number  of dark cel ls  and atso the aura -  
be t  of dark labeled cells were  therefore  dis t inct ly high-  
e r  in the l iver  of mice  in a phase of act ive repara t ive  
degenerat ion than in intact  control  an imals .  

The index of labeled Kupffer cells (i.e., the number of labeled cel ls  per  hundred cel ls  counted) was 
3.7% in the animals of group 1 and 3% in those of group 2, while [n the control  animals  no labeled Kupffer 
cel ls  could be d iscovered.  
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The number of labeled light cells [n the  intact control  animals was negligible, being only 0.18%. As 
the t-~ensity of repara t ive  regenerat ion increased the percentage of labeled light hepatic cel ls  increased t(~ 
reach 2.13 in the animals of group 2 and 6.88 in those of group 1. The number of labeled light hepatic cells  
thus h c r e a s e d  with an increase  in intensity of repara t ive  regenera t ion .  

The impress ion  was gained that light hepatic cel ls  a re  much less able than dark cel ls  to synthesize 
DNA. ~l'he increase  in number of labeled light hepatic ce l ls  in the act ively regenerat ing l iver  was associated 
with gae convers ion of dark cel ls  into light, f requently a f te r  DNA synthesis  had taken place in the dark cel ls .  

The dif ference between light and d a r k  cel ls  in density was also c l ea r ly  apparent  f r o m  elec t ron mic ro -  
g r a ~ .  The mitochqndria in the light cel ls  were  swollen, with a t rans lucent  matr ix ,  thei r  c r i s t ae  were  d is -  
o ~ e d ,  the cavities and tubules of the endoplasmic re t icuium were  dilated,  and in some places vacuolated. 
T h ~  cytoplasm possessed very  low electron density,  and contained few membranes  of the granular  endo- 
~ m i c  ret iculum (Fig. 2). The dark cel ls  were  distinguished by high e lec t ron densi ty,  riumerous mito-  
ch0~tcia with a dark granular  matrLx, a r i ch  endoplasmic re t iculum,  and also by the p resence  of numerous 
f r ee  r ibosomes (Fig. 3). Many lipid inclusions and lysosomes  of di f ferent  s izes and shapes Could be seen 
in the cytoplasm. Charac ter i s t ica l ly ,  the number  of dark hepatic cel ls  was par t i cu la r ly  large af te r  the end 
of e ~ o s u r e  to the toxic action of CC14. 

The study of dark l iver  cel ls  under the e lec t ron microscope  thus showed that thei r  appearance is 
evid~atIy a sign of increased functional activity of the l iver  t i s sue .  Morphological signs of this functional 
acth~ty a re  expressed  by hypertrophy of these cel ls ,  based on hyperplas ia  of the specific organelles  - t h e  
miU~hondria,  endoplasmic ret ieulum, and r ibosomes .  The sharp  increase  in number  of these u l t r a s t rue -  
tures within the cells  is responsible for  the i r  conversion into the dark  cei ls  of the l iver ,  and this process  
can !~e seen under the optical microscope using normal staining methods.  

Autoradiograpbie and e lec t ron-microscop ic  investigations revea led  not only qualitative, but also the 
qua l i t a t ive  cha rac te r i s t i c s  of repara t ive  regenera t ion  of hepatic cel ts  in the experimental  animals.  F rom 
t h e e  investigations we concluded that the appearance of dark cei ls  is a morphological  sign of increased 
ftmc~onaI activity of the l iver  t issue,  and that the cel ls  themselves  a re  apparently cen te r s  of r egen-  
e ra~2~3 n. 
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