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With the aid of lysosomot rop ic  agents,  by modifying the p r o p e r t i e s  of l y s o s o m e s  of t a rge t  cel ls  in vivo 
in a ce r ta in  manner ,  it is poss ib le  to "cont ro l"  the course  of a pathological  p r o c e s s  [11]. Since l y s o s o m e s  
are  involved in the development  of ce l lu la r  damage  [3-5], it s e e m s  m o r e  ra t ional  to a t tempt  to s tabi l ize the i r  
m e m b r a n e s ,  and also to "block" the i r  functions so as to p revent  o r  to reduce as f a r  as poss ib le  the injurious 
action of acid hydro lases ,  l ibera ted  in t ra -  o r  ex t race l lu la r ly .  

F o r  this  purpose  the in t r a lysosomal  modi f ie r  suramin ,  which in cer ta in  doses,  inhibits one of the bas i s  
functions of l y sosomes ,  namely  digest ion of pro te in  [6, 8, 10], was chosen. The compound accumula tes  main ly  
in l y s o s o m e s  of Kupffer  ce i l s  [8]. 

The a im of the invest igat ion was to e s t ima te  the effect  of lowering prote in  ca tabol i sm in the l y s o s o m e s  
on s t ruc tu ra l  and functional p r o p e r t i e s  of the l a t t e r  during l iver  damage.  F o r  compar i son ,  po lyv iny lpyr ro-  
lidone (PVP), which is  iner t  re la t ive  to i n t r a ly sosoma l  p ro teo lys i s ,  and which also accumula tes  l a rge ly  in 
l y s o s o m e s  of the Kupffer  ce i l s  of the l iver  [12], was  used. 

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

E x p e r i m e n t s  were  ca r r i ed  out on 84 male  Wis tar  r a t s  weighing 170-220 g. Suramin (generously  p r e -  
sented by P. D. Hart ,  Grea t  Bri ta in)  and PVP (mol. wt. 24 kilodaltons,  f rom Ferak ,  West Berl in)  were  injected 
s imul taneous ly  with CC14 in doses  indicated p rev ious ly  [2, 3, 6]. The an imals  were  kil led 24 and 48 h a f te r  
CC14 poisoning, i.e.,  in the per iod of p redominance  of l ive r  damage.  

The p r e p a r a t i v e  and analyt ical  p r o c e d u r e s  were  desc r ibed  in [2, 3, 6]. Serum alanine amino t r an s f e r a se  
(AIAT) act ivi ty  of the r a t s  was de te rmined  by the method in [7]. 

EXPERIMENTAL RESULTS 

The development  of acute toxic hepat i t i s  in the r a t s  was accompanied  by cons iderable  damage to the 
hepat ic  pa renchyma ,  as shown by inc reased  A1AT activi ty (Fig. 1). S imi lar  d i s tu rbances  of the p r o p e r t i e s  of 
hepatic  l y s o s o m e s  developed 24 and 48 h a f te r  poisoning [3]. To judge f rom our  data, they included labi l iza-  
tion of the p a r t i c l e s  (an inc rease  in f ree  f l -ga lac tos idase  activity),  loss  of osmot ic  p r o p e r t i e s  (reduction of the 
inc rease  in f r ee  f i -ga lac tos idase  act ivi ty and suppress ion  of in t r a lysosomal  pro teo lys i s )  (Table 1). 

Intact  r a t s  in which l iver  function was undisturbed,  24 and 48 h af ter  adminis t ra t ion  of suramin  showed 
inhibition of i n t r a lysosomal  p ro t eo ly s i s  (Fig. 1; Table 1) and also inhibition of AcP {Fig. 2A) [3, 6]. These 
pa l"amete rs  se rved  as the bas i s  for  the study of accumulat ion of the compound in r a t s  with hepat i t i s  induced 
by CC14. The fall  in the ra te  of prote in  ca tabo l i sm due to su ramin  is linked with inhibition of thiol-dependent  
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Fig. 1. Effect  of su ramin  and PVP on s e rum A1AT 
act ivi ty in r a t s  with toxic hepat i t is .  Abscissa ,  ex-  
pe r imen ta l  conditions; ordinate,  enzyme act ivi ty  
(in pmoles  pyruvtc  ac id /ml /h ) .  1) Intact  ra ts ,  2) 
suramtn  (24 h), 3) suramln  (48 h), 4) PVP (48 h), 
5) CC14 (24 h), 6) CC14 (48 h), 7) suramtn  + CC14 
(24 h), 8) su ramin  4- CC14 (48 h), 9) PVP+ CC14 (48h). 

TABLE 1. Uptake of Labeted Bovine Serum Albumin (14C-BSA) by the L ive r  and Rate of !n t r a -  
l y sosomal  P r o t e o l y s i s  (24 h) af ter  Adminis t ra t ion  of Suramin and CC14 to Rats  ( l i m )  

P a r a m e t e r  

i4C-BSA c o n t e n t ,  % o f  i n j e c t e d  dose  
I S " DiNestion of 4C-B A in lysosomal fraction. 

~/5 of total radioactivity 
Digestion of 14C-BSA in heterolysosomes 

s~edimented with nuclear fraction, 
u/o of total radioactivity 

14C-BSA acid-insoluble radioactivity, 
~ of contro'i 

Experimental conditions 
i n t a c t  ra t s  [ s u r a m i n  

17,7+__1,6 [ 29,5+_.1,2" 

9,6-+i,4 5,7-+I,2" 

tt,6-+2,3 ] 7,7-+1,5 
1 

ioo,o ] !51,6 

1 

CCI~ 

54,9--+5,1" 

6,0__+2,8 

3,8+_0,9* 

269, 5 

suramin + CCI 4 

35,3-+4 ,7*  

5,2___I,4" 

8,8~1,3 

I48,1 

Legend. *P < 0.05. 

catheps[n B~ and with a d is turbance  of lysosomal  fusion [1, 6, 8]. Changes in cathepsin D act ivi ty in intact r a t s  
were  not obse rved  under  the influence of su ramtn  (Fig. 2b), although data on this question a re  con t rad ic to ry  
[6, 8]. 

A g r e a t e r  i nc rease  in A1AT act ivi ty  was obse rved  24 h a f te r  injection of suramin  and CC14 than in "pure" 
hepat i t is ,  evidence of the m o r e  rapid development  of the lesion [n the hepatocytes .  Significant d is turbance  of 
th is  p a r a m e t e r  was found in an imals  of this  group af ter  48 h also (Fig. 1). Under the combined influence of 
suramtn  and CCI o incidentally,  the mos t  intensive labil izat ton of l y s o s o m e s  cor responded  to marked  d i s tu r -  
bances  of the l iver  function tes t  (Fig. 1). 

After  injection of su ramtn  and CCI 4 the effect  of suramin  could be c l ea r ly  d iscerned  as inhibition of AcP 
(Fig. 2A) and a d e c r e a s e  in the digest ive  power  of the l y s o s o m e s  (Table 1). Inhibition of prote in  ca tabo l i sm 
in the l y s o s o m e s  also took place under the influence of CC14, evidently due to a d is turbance  of the s t ruc tura l  
in tegr i ty  of the pa r t i c l e s .  The inc rease  in acid- insoluble  radioac t iv i ty  in the l iver  during both separa te  and 
combined injection of suramin  and CCI 4 re f l ec t s  a fall in the ra te  of degradat ion and, probably,  to a l e s s e r  de- 
g ree ,  inc reased  uptake o r  protein.  Inhibition of i n t r a lysosomal  p ro teo lys t s  by su ramin  evident ly  leads  to a 
significant d is turbance  of l iver  [ysosomal  function, e spec ia l ly  in the Kupffer  cells ,  and this in tensi f ies  the 
p r o c e s s  of injury in the organ.  

To c o m p a r e  the action of suramin ,  inhibiting prote in  ca tabol i sm,  the lysosomot rop ic  agent  PVP, which 
is iner t  with r e s p e c t  to p ro t eo lys t s  [12] and also accumula tes  main ly  in the Kupffer  ce l l s  of the l iver  [2, 11, 12], 
was used. Injection of PVP into intact  an imals  was  accompanied  by an inc rease  in specif ic AcP act ivi ty  in 
l ive r  homogenate  (Fig. 2A). The use of PVP together  with CCI 4 d e p r e s s e d  M A T  act ivi ty (Fig. 1) and, at the 
same  t ime,  p reven ted  the development  of labil izat ion of l y s o s o m e s  obse rved  in "pure"  hepat i t i s  (Fig. 3A). 
This was evidence of the benef ic ia l  action of PVP in hepat i t i s  induced by CC14. 

1041 



70 80 
50 
40 
30 
20 
10 

40 30 20 10 ' 

A 

13 

/'0 ~ i:':. ~, : ~ A 

20  . i 

io 

Fig. 2 Fig. 3 

Fig. 2. Specific act ivi ty  of acid hydro lases  in l iver  homogenate  f rom r a t s  with toxic hepat i t is  
(48 h) t r ea t ed  with suramin  and PVP. Abscissa ,  exper imenta l  conditions; ordinate,  specific 
enzyme activity.  1) Intact  ra ts ,  2) suramin ,  3) PVP, 4) CC[ o 5) suramin  + CCl4, 6) PVP + CCI 4. 
A) AcP) (in ~moles  P i / m i n / g  protein) ,  B) cathepsin D (in #moles  t y r o s l n e / m i n / m g  protein).  

Fig. 3. In tegr i ty  (stability) and l iabi l i ty  to injury of l iver  l y s o s o m e s  of r a t s  with toxic hepat i t is  
(48 h) af ter  t r e a t m e n t  with suramin  and PVP. A) F r e e  /7-galac tos ldase  act ivi ty in l iver  homo-  
genate (in 9 of total  act ivi ty  of enzyme);  B) inc rease  in f ree  p -ga lac tos idase  act ivi ty  af ter  t r ea t -  
ment  of unfract ionated l ive r  homogenate  in 0.125 M suc rose  at 0~ for  30 rain (in %). Remainder  
of legend as  to Fig. 2. 

These two lysosomot rop ic  compounds,  s u r a m i n a n d  PVP, thus had opposite actions in toxic hepat i t is :  
the f o r m e r  inc reased  the s e v e r i t y  of l ive r  damage and intensified labil izat ion of lysosomes ,  the l a t t e r  had a 
p ro tec t ive  effect.  To judge f rom c h a r a c t e r i s t i c  changes in l iver  l y s o s o m e s  induced by suramin  (inhibition of 
AcP, inhibition of i n t r a ly sosoma l  p ro teo lys i s )  and of PVP ( increased AcP activity),  the damaged organ can 
ingest  both these  l y sosomot rop ic  compounds.  Inc reased  l iabil i ty of the o rgane l Ies  to osmot ic  injury during 
the combined use  of these  compounds with CCl 4 probably  develops  on account of loading of the t y s o s o m e s  (of 
the Kupffer  cel ls)  by the injected compound (Fig. 3B). 

When the r e s u l t s  a r e  d iscussed ,  it is e s sen t i a l  to make c l e a r  how inhibition of l iver  lysosomal  function 
af fec ts  the course  of the pathological  p r o c e s s  in the organ.  The development  of injury to the renal  pa renchyma  
is known to be essen t i a l ly  de te rmined  not only by me tabo l i sm of the poison (CC14) , but also by the state of 
function of the hepatic Kupffer  ce l l s  [4, 13-15] .  Fo r  instance,  p r e l i m i n a r y  injection of colloidal carbon and 
t rypan blue under ce r ta in  condit ions has  a p ro tec t ive  action in hepat i t is  induced by CCI~ [14, 15], the mechan-  
i sm of the Kupffer  cel ls ,  where  these  compounds accumulate ,  de te rmine  the i r  benefic ia l  effect  in l ive r  
damage  [4, 14, 15]. 

It has  been suggested that  l y s o s o m e s  of the hepatic Kupffer  ce l l s  p lay an essent ia l  role in the course  of 
both injury and r e p a i r  p r o c e s s e s  in the organ [4]. However ,  it is not c l ea r  how this effect  t akes  place.  The 
r e su l t s  of the p r e s e n t  invest igat ion show that inhibition of p ro t eo ly s i s  by suramin intensif ies  s t ruc tu ra l  and 
functional d i s tu rbances  of the l y s o s o m e s  in the l i ve r  and i n c r e a s e s  damage  to the organ.  A d i rec t  link evi -  
dently ex i s t s  between these  phenomena,  and this is conf i rmed by the fact  that  PVP, which is iner t  in re la t ion to 
in t r a lysosoma[  p ro teo lys i s ,  has  the opposi te  effect.  The lysosomot rop ic  p r o p e r t i e s  of suramin  enable the 
worsening  which is  obse rved  to be connected with d is turbance  of lysosomal  function, espec ia l ly  in the Kupffer  
ce i l s  of the l iver ,  where  the compound accumula tes .  However,  the role  of inhibition of nonlysosomal  en zy mes  
by su ramin  cannot be comple te ly  ruled out [8, 9]. Functioning of the l y s o s o m e s  of the Kupffer  ce l l s  is ev i -  
dently essen t i a l  for  pro tec t ion  of the organ  under  pathological  conditions. 

The r e s u l t s  suggest  that  it is r i sky  to use drugs  which inhibit i n t r a lysosomal  p ro teo lys i s  in the t r e a t -  
men t  of pa t ien ts  with acute hepat i t is .  
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Data in the l i t e r a tu re  on the effect  of m u scu l a r  t ra ining on the card iac  output of the developing organ[sin  
and con t rad ic to ry  [5, 7, 11] and do not r evea l  the i r  control l ing mechan i sms .  The c h a r a c t e r  of control  of the 
card iac  output in the growing o rgan i sm during hypoMnesia l ikewise has  not been studied. 

It  was  accordingly  decided to invest igate  the fo rmat ion  and modif icat ion of the tonic influence of the 
sympathet ic  and pa r a s ym pa t he t i c  d ivis ions  of the autonomic nervous  sy s t em on the s t roke  volume (SV) of the 
hear t  in young r a t s  kept  for  a long t ime under conditions of hypokinesia  or  subjected to m u s c u l a r  t raining.  

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

Nontnbred r a t s  aged 21 days  were  divided into severa l  groups.  The r a t s  of group 2 were  kept for  49 
days  under cons t ra ined  conditions of hypoktnesia  [2]. Animals  of group 3 were  kept  in o rd ina ry  t ra in ing cages,  
with 6 to 8 r a t s  in each cage (control). Animals  of group 4 were  adapted for  49 days  to gradual ly  increas ing  
m u s c u l a r  exe r c i s e  by swimming (trained ra ts )  [1]. Acute expe r imen t s  were  c a r r i e d  out under urethane an- 
e s thes i a  (600 mg/kg) .  SV was de te rmined  by- t e t r apo l a r  rheography  [10] with the RPG-204 apparatus ,  made 
by the No. 1Expe r i m en t a l  Product ion  Workshops ,  Academy of Medical Sciences of the USSR. Specific r e s i s -  
tance for  an imals  of each group was de te rmined  beforehand {data not given). Tone of the sympathet ic  and 
pa r a sympa the t i c  ne rve s  was judged f rom changes  in SV af te r  pharmacolog ic  blockade of the cor responding  
r ecep to r s .  To block sympathet ic  ne rves  the an imals  were  given a subcutaneous injection of a 0.1% solution 
of p ropranolo l  hydrochlor ide  ( I s i s -Chemic ,  Eas t  Germany)  in a doseo f  0.8 rag/100 g body weight. Acetyl-  
choline r e c e p t o r s  of the hear t  were  blocked by f rac t ional  injection of a t ropine (0.1~)in an ave rage  dose of 
0.3 rag/100 g, divided into seve ra l  por t ions .  

EXPERIMENTAL RESULTS 

The experimental results are given in Table 1. The ~/alue of SV in rats of the control group aged 10 
weeks was 6.5 times higher than at the age of 3 weeks, i.e., the cardiac output increased with growth of the 
animal, in agreement with data in the literature [6, 7, 9]. In rats kept under conditions of hypokinesia, SV was 
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