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The possibi l i ty  of using isolated hepatocytes  for the t r ea tmen t  of l iver  d iseases  was studied in 
animals.  The  optimal dose of a cell suspension for in t ravascular ,  intraper i toneal ,  intrapleural ,  
and subcutaneous injection was establ ished and the r e sponse  of exper imenta l  animals  to this 
biological subst ra te  was studied. The effect iveness  of isolated hepatocytes  in the t rea tment  of 
hepatic fa i lure  was demonst ra ted  and the var ious  methods of injection of the cel l  suspension 
were  compared.  
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All the methods cur ren t ly  used to t r e a t  hepatic fa i lure  can be subdivided into conservat ive  and surgical  
[2-8]. However,  these meihods do not give the n e c e s s a r y  therapeut ic  effect  and a re  aimed mainly at removing 
metabolic  products  or reducing their  blood concentrat ion,  with the r e su l t  that the lost  functions of the affected 
l iver  a re  only par t ia l ly  rep laced .  Since 1970 the authors  have been engaged in exper imenta l  r e s e a r c h  to de- 
velop and study methods of act ive t r ea tmen t  of hepatic fai lure,  using an allogeneic cell  suspension for this pur -  
pose .  

A l iver  cell  was f i r s t  isolated in 1943 [16]. Exist ing methods of isolating hepatocytes  now can be sub- 
divided into four groups: mechanical  [9, 10], dissociat ing [12, 13, 15], enzymic [14], and combined [11, 15]. 
According to some workers ,  r ega rd l e s s  of the method used to obtain the isolated hepatocyte,  it is viable 
and functioning cel l  [1, 10, 13, 14, 16]. 

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

Exper iments  were  ca r r i ed  out on 540 male albino r a t s  weighing 100-150 g. A combined method, developed 
by Archakov et al.  [1], was used to isolate the cel ls  (Fig. 1). The  cel ls  in the medium were  counted in a Gorya-  
ev chamber .  The mean number  of l ive r  cel ls  in 1 ml suspension reached  2 x 107. The viabili ty of the cel ls  
was de termined  by morphological  [5, 13, 14, 16] and biochemical  methods [1, 10, 15]. 

Four  se r i e s  of exper iments  were  ca r r i ed  out. In the exper iments  of s e r i e s  I (150 rats)  biologically tol-  
e rable  doses  of a cell  suspension were  de te rmined  in healthy ra t s .  The  animals  of this se r i e s  of exper iments  

TABLE 1. Survival  Rate of  Animals  Depend- 
ing on Method and Dose of Cell  Suspension 
Injected 

Method of injection 

Intravascular 
Intraperitoneal 
Intrapleural 
Subcutaneous 
Intravascular (killed 

celh) 

Dose of cell suspension, ml 

2 ,5  2 ,0  1 ,5  1 ,0  0 , 5  

5 

- -  - -  1 2 3 

0 , 2 5  
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F i g .  1. I s o l a t e d  r a t  l i v e r  c e l l s  o b t a i n e d  

by  t h e  c o m b i n e d  m e t h o d .  S t a i n e d  w i t h  

0.2% m e t h y l e n e  b l u e  s o l u t i o n ;  4 8 x .  

T A B L E  2. 

C e l l  S u s p e n s i o n  
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i/p 1,0 C 30 7 26,6 18,9 
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E) Experimental; C) control; i/v) intravascutar; i/p) intraperitoneal. 
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w e r e  d i v i d e d  in to  s e v e r a l  g r o u p s ,  w i t h  5 r a t s  in  e a c h  g r o u p ,  d e p e n d i n g  on  the  d o s e  [2.5, 2 .0,  1.5, 1.0, 0 .5,  and  

0.25 ml )  a n d  m e t h o d  o f  i n j e c t i o n  of  t h e  c e l l  s u s p e n s i o n  ( i n t r a v a s c u l a r ,  i n t r a p l e u r a l ,  i n t r a p e r i t o n e a l ,  s u b c u t a -  

n e o u s ) .  

In the exper iments of ser ies I~ HI, and IV  (390 rats)  a model of hepatic fa i l u re  was f i r s t  produced. In 
s e r i e s I I  the model was created by l igat ing the hepatic a r te ry .  Depending on the method of inject ion of the cel l  
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suspension the an imals  of this  s e r i e s  were  divided into four groups (172 r a t s  a l together) .  Each group, depend- 
ing on the dose, was subdivided into 2 or 3 subgroups.  In s e r i e s  lII the an imals  were  poisoned with CC14, These  
expe r imen t s  were  c a r r i e d  out on 128 r a t s .  The  cell  suspension in different  doses  was injected in t raper i tonea l -  
ly.  In the exper iments  of s e r i e s  IV s tenos i s  of  the po r t a l  vein was produced.  These  an imals  were  divided into 
th ree  groups,  and in each group only one dose of cell  suspens ion was  given. In each s e r i e s  of exper imen t s  the 
an imals  with exper imenta l  hepatic fa i lu re  we re  divided into two groups :  exper imenta l  and control .  The  r a t s  
of the exper imenta l  group r ece ived  an injection of cell  suspension whe rea s  the control  an imals  r ece ived  the 
s ame  dose of physiological  sal ine.  

Observa t ions  were  mainta ined for  15-17 days  on the an imals  (the color  of the skin, the ac t iv i ty  of the 
animals) ,  the i r  su rv iva l  r a t e  was noted, and b iochemica l  (ammonia,  bi l i rubin,  and u rea  concentrations} and 
morphologica l  changes in the l iver  were  studied. T h e  r e s u l t s  were  subjected to s ta t i s t ica l  analys is  (E. V. 
Montsevichyute-  t~ringene, 1964}. 

EXPERIMENTAL RESULTS 

The morphological and biochemical control observations on the isolated hepatocytes revealed that the 
cells were viable and functionally active, for they preserved their n/orphological structure, cell membrane, 
intracellular inclusions, and biochemical functions, in particular, their ability to synthesize proteins, urea, 
and so on. 

The  r e s u l t s  of  the expe r imen t s  of s e r i e s  I, given in Table  1, show that  by the in t r avascu la r  method of 
injection of the l iving cell  suspens ion doses  of 1.0, 0.5, and 0.25 m l / 1 0 0  g body weight were  to le ra ted .  The  
r a t s  surv ived  even a f t e r  r epea ted  inject ions of that  dose.  When higher doses  were  used s o m e t i m e s  the an ima l s  
died during the f i r s t  week. 

By in t raper i tonea l  and in t rap leura l  injection the opt imal  dose was 1.5 ml.  Th i s  dose of cell  suspension 
can also be r e g a r d e d  as  p e r m i s s i b l e  by subcutaneous injection, although in that  case  a dose of 2 ml could a lso  
be given. A different  p ic tu re  was obse rved  when a suspension of killed ce l l s  was given by the in t ravascu la r  
method. In t he se  ca se s  0.5 ml  of the cell  suspension,  injected once or  twice, caused death of the animals .  

In the expe r imen t s  of s e r i e s  II, lII, and IV the an imals  developed clinical ,  b iochemical ,  and morphological  
changes cha rac t e r i s t i c  of hepatic  fa i lure .  The r a t s  were  apathetic,  drowsy,  adynamic ,  and aggress ive ,  and 
the i r  appeti t ie  v i r tua l ly  d i sappeared .  Biochemical  t e s t s  on the r a t s '  blood showed a sharp ly  inc reased  level 
of ammonia  (1.5-3.5 mg %), bf l i rubin (2.0-4.5 mg %), and u rea  (50-90 mg %). The  morphological  p ic ture  was 
cha rac t e r i zed  by a var ied  degree  of dyst rophy of the hepatecytes ,  edema of the pa renchyma,  d is turbance  of 
the o rde r l y  s t r u c k t r e  of the hepatic t r abecu lae  in the cen te r  of the lobules,  and the appearance  of foci of ne-  
crests. 

h~ the animals in which the hepatic artery was ligated and in those poisoned with CCI 4 acute hepatic fail- 
are developed and reached its greatest degree of severRy on the 4th-5th day. In the rats with stenosis of the 
portal vein the disease was first manifested on the 14th-15th day. Accordingly, animals with an acute and a 
subacute course of the hepatocellular changes could be distinguished. 

The investigations showed that in those groups of experiments in which a model of acute hepatic failure 
was produced better results were obtained by the use of a cell suspension in a dose of 0.5 ml/I00 g body weight 
(Table 2). The doses of the cell suspension established in intact animals and the doses used for the treatment 
of animals with experimental hepatic failure thus did not coincide. In the treatment of acute forms of hepatic 
failure the dose of the cell suspension was 0.25-0.5 ml and in the treatment of subacute forms 1.0 ml by the 
various methods of injection. R also follows from Table 2 that in groups in which the cell suspension was used 
for treatment the mortality among the animals was significantly lower and their mean survival period was 
significantly longer than in rats of the control group. It was accordingly concluded that the cell suspension, 
if injected into the affected animals by the intravascular or intraperitoneal routes, is incorporated into meta- 
bolic and detoxicating processes, replaces the function of the damaged organ, improves the animals' state, re- 
verses the biochemical changes, reduces destruction in the liver, and creates the conditions for more rapid 
reparative processes in the liver itself. 
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C O N T R A C T I L E  R E S P O N S E  O F  T H E  M Y O C A R D I U M  O F  C A R D I A C  

P A T I E N T S  T O  C H E M I C A L  S C A R I F I C A T I O N  O F  T H E  C E L L  

M E M B R A N  E 

V. I .  S h u m a k o v ,  P .  B.  T s y v t y a n ,  UDC 616.126.421-089.168-07:616.125-07 
V.  S.  M a r k h a s i n ,  a n d  E .  S h .  S h t e n g o l ' d  

Str ips of myocardium f rom the aur ic les  of the hear ts  of patients with mi t ra l  s tenosis  (MS) and 
patients  with cardiac septal  defects  (CSD) were t rea ted  with a solution of EDTA (3 raM) to in- 
c rease  the permeabi l i ty  of the cell  membrane  (scarification).  In a 3 mM solution of ethylene-  
hexaminete t raacet ic  acid (EHTA), against the background of increased permeabi l i ty  of the m em-  
brane to the Ca-EHTA complex,  whereby  the Ca 2+ concentrat ion in the myofibrl ls  can be regulated 
between 10 -s  and 10 -4 M, a mechanical  response  of the contract i le  prote ins  to a change in Ca 2+ 
concentrat ion was recorded .  Despite identical threshold concentrations (5 �9 10 -8 M) and sa tura-  
t ion concentrat ions (10 -4 M) of Ca 2+, s t r ips  f rom patients with MS were  found to develop a max-  
imal force  per  unit c ross  section of the str ip only half as high as prepara t ions  f rom patients 
with CSD, which suggests  a probable lesion of the contract i le  prote ins  in the hear ts  of patients 
with MS. The ra t io  between the amplitudes of contract ion unde r  conditions of complete calcium 
activation of the contract i le  prote ins  and a single i somet r ic  contraction for prepara t ions  obtained 
f rom patients with MS was 8-10 and f rom patients with CSD 4-5. It is suggested that this is the 
r e su l t  of more  profound changes in the apparatus of e lec t romechanical  coupling of the myocar -  
dium of patients with MS. 

KEY WORDS: hear t  failure; calcium ions; contract i le  proteins .  

Comparison of the pa r ame te r s  of i sometr ic  contract ions of the mycodard ium of the a t r ia l  aur ic les  of 
patients with mi t ra l  stenosis (MS) and cardiac septal  defects (CSD) revea ls  cer ta in  significant differences.  On 
average the t ime taken to reach the maximum of the i somet r ic  contractions has been found to be appreciably 
longer in the myocardium of patients with MS than in the myocard ium of patients with CSD. In MS, moreover ,  
the normal  response  of the myocard ium to an increase  in the frequency of stimulation i s  modified much more  
often than in CSD, and this is re f lec ted  in the total or  par t ia l  suppression of the Bowditch phenomenon [1, 3]. 

In view of data indicating a dis turbance of the function of the sarcoplasmic  re t icu lum (SR) in cardiac 
fa i lure  [2] it has been concluded that the seve re r  disturbances of the contract i le  function of the myocardium 
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