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The phys icochemica l  p rope r t i e s  of the l iver  l y sosomes  were  invest igated in ra t s  a f t e r  admin is -  
t ra t ion  of a single dose of the ly sosomot rop ic  agent Tr i ton WR 1339 to intact  ra t s  and to r a t s  
with acute toxic hapati t is .  Adminis t ra t ion  of the detergent  to intact  animals  was followed by a 
dec rease  in the buoyant densi ty  of the par t i c les ,  solubil ization of the ly sosomal  enzymes ,  and r e -  
duced r e s i s t ance  of the pa r t i c les  in a hypotonic medium. Signs of over load ing  of the vacuo la r  
appara tus  with the detergent  also were  found in the l ive r  cell  l y sosomes  of r a t s  with toxic hepa-  
t i t is .  The most  marked  solubil ization o f /~ -ga lac tos idase ,  acid RNase,  and cathepsin D was 
obse rved  in the case  of combined adminis t ra t ion  of CC14 followed by WR 1339 24, 48, and 72 h 
and 7 days la ter .  The poss ib le  consequences of  over loading of the vacuola r  appara tus  of the ra t  
l i ve r  cei ls  a re  d iscussed.  
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The isolat ion of a group of lysosomot rop ic  agents (LTA) [6] has r a i sed  the question of the "control"  of 
l y sosoma l  functions in vivo, i .e . ,  of acting on the cell  for  specif ic  purposes  through the lysosomes .  Since these  
pa r t i c l e s  a re  concerned with the development  of var ious  pathological  p r o c e s s e s  [3, 4, 6], i t  is  in te res t ing  to 
inves t iga te  the effect  of LTA under  pathological  conditions accompanied  by dis turbance of l y sosoma l  functions 
[9]. Of the known LTA, the nonpolar  detergent  Tr i ton WR 1339, which is  se lec t ive ly  taken up by l y sosomes  of 
r a t  l iver  cel ls ,  has been studied in stffficient detail.  Meanwhile the action of LTA t h e m s e l v e s  on ly sosomes  
damaged as a resu l t  of  the development  of a pathological  p r o c e s s  has  been invest igated the least .  

The object  of  this  invest igat ion was to a s s e s s  the action of  Tr i ton  on ra t  l i ve r  l y sosomes  during the 
development  of  acute toxic  hepat i t i s ,  which is  accompanied by labil izat ion of these  pa r t i c l e s .  

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

Male Wis t a r  r a t s  weighing 220 ~10.0 g were  used. Acute toxic  hepat i t i s  was induced by p e r o r a l  admin i s -  
t ra t ion  of CC14 in a dose of 0.15 ml  100 g body weight. The an imals  were  killed 24, 48, and 72 h and 7 days 
a f te r  poisoning. Tr i ton  was injected in t raper i toneaI ly  in a dose of 85 mg 100 g body weight, and in the s e r i e s  
in which it  was given in conjunction with CC14, the Tri ton was given 4 h before poisoning. P repa ra t ive  and ana-  
l y t i c a l p r o c e d u r e s w e r e  c a r r i e d  out as in [1, 2]. Activity of  f l -ga lac tos idase  and cathepsin D was de te rmined  by 
B a r r e t t ' s  method [5], using 4 -n i t ropheny l - f l -D-ga lac topyranos ide  ( f rom Chemapol,  Czechoslavakia)  and hemo-  
globin (fron Reanal,  Hungary) r e spec t ive ly  as the subs t ra tes .  Total  act ivi ty  of l y sosomal  enzymes  was d e t e r -  
mined with 0.1% Tri ton  X-100 [14]. The s tabi l i ty  of the ly sosomes  was es t imated  f r o m  the degree  of se lubi l iza-  
tion of l y sosomes  by the enzyme /~-galactosidase p re sen t  in the mat r ix ,  and the pa r t i a l ly  membrane -bound  en-  
zyme acid RNase and cathepsin D [3l. The resu l t s  of de terminat ion  of nonsedimented activi ty of l y sosoma l  en-  
zyme were  e x p r e s s e d  as pe rcen tages  of total  activity. The f ragi l i ty  of the lysosomes  in hypotonic medium (HFL) 
was es t imated  by the method desc r ibed  p rev ious ly  [11]. The resu l t s  were  subjected to s ta t i s t ica l  analysis  by 
means  of Student 's  cr i ter ion.  

To de te rmine  the buoyant densi ty  of  Tr i ton- loaded ly sosomes ,  equi l ibr ium centr ifugation of the combined 
f ract ion of heaw/a nd  light mi tochondr ia  was ca r r i ed  out in sepa ra t e  expe r imen t s  in a l inear  suc rose  densi ty  
gradient  [14]. The model  12-75B S p i n c o - B e c k m a n  u l t racent r i fuge  with SW65L ro to r  was used. 
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Fig. 1. Distr ibution of acid phosphatase,  
acid DNase, and prote in  af te r  centr i fuga-  
t-ion of f ract ion of heavy and light mitochon- 
dr ia  f rom rat  l iver  homogenate,  24 and 72 
h af ter  injection of Tri ton,  in a l inear  su- 
c rosedens i tygrad ien t (0 .776-3 .419  M} [14]. 
Abscissa ,  nos.  of samples  in o r d e r  of tak-  
ing (corresponding values of sucrose  density,  
in g/cm 3, given in bot tom par t  of  f igure);  
ordinate ,  ra t io  of  concentrat ion of indicator  
of given subfract ion (C) to i ts initial  concen- 
t ra t ion  (Ci) in fract ion of heavy and light 
mitochondria.  A) Intact animals;  B) injec-  
tion of Tri ton:  1) 24 h, 2) 72 h af ter  in jec-  
tion. Continuous line shows distr ibution of 
acid phosphatase,  broken line distr ibution 
of acid RNase, dotted line distr ibution of 
protein.  Ends of gradients  shown by shaded 
columns. 

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

Administrat ion of Tri ton led to a decrease  in the buoyant density of the lysosomes  to 1.15 g/cm 3, which 
was observed as ea r ly  as a f te r  24 h (Fig. 1). Meanwhile inc reased  fragi l i ty  of the pa r t i c les  was found in hypo- 
tonic medium (Fig. 2A). Later ,  48 and 72 h af te r  inject ion o f  Tr i ton,  osmot ic  changes in the lysosomes were 
sti l l  more  marked (Fig. 2B, C), and the buoyant density of  the par t ic les  fell  to 1.1 g/cm s (Fig. 1). Nonsedimentefl 
f l -ga lac tos idase  (24, 48, and 72 h, 7 days), acid RNase (72 h), and cathepsin D (24 and 72 h, 7 days) act ivi ty was 
inc reased  (Table 1). The combination of changes observed pointed to overloading of the vacuolar  apparatus of the 
l iver  ceils  with Tr i ton,  such as has been observed  for  30-35 days af te r  adminis t ra t ion of a single dose [14]. The 
in tens i ty  of the osmot ic  changes in the lysosomes  af ter  adminis t ra t ion of  Tr i ton was to some extent  a measure  
of the p resence  of the detergent  in the par t ic les .  

The development of toxic hepati t is  was accompanied by solubilization of the lysosomal  enzymes  B-ga lac-  
tos idase  (24, 48, and 72 h, 7 days), acid RNase (24 h), and cathepsin D (48 and 72 h). The fragi l i ty  of the lyso-  
somes in hypotonic medium (24, 48 h) was reduced (Fig. 2), i .e . ,  considerable loss of the osmotic  p roper t i es  of 
the par t i c les  detectable in the intact  animals was observed.  This was due, it can be tentat ively suggested, to 
in jury of the phospholipids of lysosomal  membranes  by lipid peroxides  and free radicals ,  although these organ-  
e l les  a re  known to undergo l ipid-peroxidat ion much more  slowly than mitochondria and, in par t icu lar ,  than 
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Fig. 2. Osmot ic  changes in l y sosomes  of 
l ive r  cel ls  in unfract ionated homogenate  of  
r a t  l ive r  a f t e r  inject ion of Tr i ton  into intact  
r a t s  and r a t s  with toxic  hepat i t is  - 24 h (A), 
48 h (B), and 72 h (C) a f t e r  poisoning. Ab- 
sc i s sa ,  mo la r i ty  of  suc rose ;  ordinate ,  in-  
c r e a s e  in f ree  acid phosphatase  act ivi ty (in 
#moles  P i / g  wet  weight of t i s sue /10  rain 
[11]. 1) Intact ,  2) Tr i ton ,  3) CC10 4) T r i t o n +  
CC14. 

TABLE 1. Effect  of  Tr i ton  WR 1339 on Nonsedimented Activi ty of L ive r  L y s o s o m a l  En-  
zymes  of Rats  with Acute Toxic Hepati t is  (M �9 m) 

Time after injection of CC14, h 
Enzyme Group 

2 4  4 8  7 2  I 6 8  

-Galactosidase 

t~ase 

Cathepsin D 

1, Intact 
2. Triton 

P 
3. CCI4p 

4, Triton+ CC14 
P 

1. Intact 
2. Triton 

P 
3. CC14 

P 
4. Triton + CC14 

P 

1. Intact 
2. Triton 

P 
3. CC14p 

4. Triton+ CC14 
P 

I 1,8+2,04 
<0,001 
7,6• 
<o,01 

12,2• 
<O2Ol 

14,4• 

40,3• 
<0,ol 
7,9• 

23,5_'~4,74 
<0,05 

20,6+4,42 

36,6_-~6,97 
<0,01 

4,56• 
10,6• 1,84 
<021 
17,7• 1,78 
<0,001 

31,2• 
<0,ool 

P2,a<O,O1 

9,13• 
15,7• 

10,4• 1,78 

14,3• 

8,9• 
<02t 

9,3• 
<o,o l 

14,7• 
<0,01 

P2,3<0,01 

16,1• 
<0,05 

9,3• 

16,2• l 
<0,05 

11,18• 
15,8• 21,8~• 

- -  <0,01 
37,8• 23,9• 
<O,Ol <0,05 

41,1• 15,9__+3,09 
<O,Ol 

9,4• 
<0,001 
6,6• 
dO ,05 

10,9• 1,35 
<0,01 

8,9•  1,56 

6,95• 

14,1• 
<025 

16,2_1,10 
<0,05 

14,9• 

18,3___ 1,47 
<0,05 

m i c r o s o m e s ,  which c o r r e l a t e s  with the lower  lipid content in the l y sosomes  [13]. On the whole, the dis t inct ive 
c h a r a c t e r  of  the changes in the l y s o s o m e s  - namely  an i n c r e a s e  in solubil izat ion of the enzymes  with a d e c r e a s e  
in o smot i c  f ragi l i ty  (24 h) - r e c a l l s  the cor responding  obse rva t ions  made dur ing anoxia of  the l i ve r  [10, 11]. The 
l y s o s o m e s  had a lmos t  regained  t h e i r  o smot i c  p r o p e r t i e s  72 h a f t e r  adminis t ra t ion  of  CCI 4. 

The mos t  marked  labi l izat ion of the l i ve r  l y s o s o m e s  was obse rved  a f t e r  combined admin is t ra t ion  of Tr i ton 
and CCI4: an i nc r ea s e  in nonsedimented ~ - g a l a c t o s i d a s e  (at al l  t imes  studied), acid RNase (72 h and 7 days),  
and cathepsin D (24 and 48 h, 7 days) activity.  The values  for  ~ - g a l a c t o s i d a s e  (48 and 72 h) were  h igher  than the 
cor responding  data obtained a f t e r  adminis t ra t ion  of  both Tr i ton and CC14. The osmot i c  f ragi l i ty  of  the l y s o s o m e s  
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following combined administration of  Triton and CC14 was the same after  24 h as that obtained with CC14, and 
after  72 h as that obtained after administration of Triton. 

Firs t ,  therefore,  the most marked features of injury to the lysosomes, as reflected in the degree of sol- 
ubilization of their  enzymes, were observed in the animals receiving a combination of Triton and CCI~, and 
each factor separately caused s imilar  but less marked changes in the particles.  Solubilization of the matrix 
enzyme, ~-galactosidase,  was on a la rger  scale. Similar changes occurred in acid phosphatase [1, 2, 8]. 

Second, to judge from the increased HFL (48 and 72 h), signs of overloading of the vacuolar apparatus of 
the cells were present  in lysosomes of the liver damaged by toxic hepatitis in response to injection of Triton. 
However, in the ear ly  periods (24 h) accumulation of the detergent in the l iver cells of the poisoned animals 
took place more slowly than in intact rats .  This may perhaps have been the result  of the slower uptake of the 
polymer by "damaged" lysosomes. The possibility likewise cannot be ruled out that if the uptake of Triton was 
undisturbed, the l iver  lysosomes of rats with CC144nduced hepatitis are less able to retain the material  taken 
up, i.e.,  by analogy with lysosomal enzymes, the possibility of a "leak" of macrotri ton [7, 12] from the particles 
may also take place. 

The absence of a parallel  trend in the changes in nonsedimented lysosomal enzyme activity and HFL must 
be noted. For instance, after administration of Triton an increased HFL accompanied solubilization of the ly- 
sosomal enzymes; in CC14 hepatitis an increase in nonsedimented enzyme activity was accompanied by a sharply 
reduced HFL. The greatest  degree of solubiHzation of lysosomal enzymes as a result  of the action of Triton 
and CC14 was observed in the presence of reduced (24 h), "normal ~ (48 h), followed by increased fragility in 
hypotonic medium (72 h). On the whole this is evidence that the degree of enzyme solubilization and the fragility 
of the part icles in hypotonic medium are independent, i.e.,  that these indices characterize different physico- 
chemical propert ies of the lysosomes, as has been observed with other models [4, 10, 11]. 

The results show that LTA can exhibit their  effect on ~damaged" liver lysosomes also. The consequences 
of accumulation of LTA in altered liver cell lysosomes following injury to the organ and the possible phenomena 
resulting from increased labilization of lysosomes must therefore be taken into account. 

The authors are grateful to Candidate of Chemical Sciences V. G. Budker (Institute of Organic Chemistry, 
Siberian Branch, Academy of Sciences of the USSR) for help with the equilibrium centrifugation in a l inear 
sucrose density gradient. 
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