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The effect  of the lysosomotropic  compound sodium aurothiomalate on the cha rac te r  of the l iver 
damage and changes in the lysosomes  in acute toxic hepatitis was studied. After the combined 
action of this compound and CC14 the extent of spread of necros i s  was reduced and the a rea  of 
zones with degenerat ive changes in the parenchymatous cells  of the l iver was increased.  The 
degree of solubilization of acid RNase was reduced. Nonsedimented f l-galactosidase and 
cathepsin D activity was the same as in CC14 hepatitis. 
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Sodium aurothiomalate (SA)belongs to the recent ly  distinguished group of " in t ra lysosomal  modifiers," 
with the aid of which di rec t  action on the cell through changes in the lysosomes  is possible [ 10]. If adminis-  
tered in vivo, SA is ass imila ted by the lysosomes,  accumula tes  in them, and sharply reduces  the rate of 
proteolysis  [8, 9]. Such changes in the functional state of the lysosomes,  it might be supposed, would act 
favorably during the development of l iver damage. 

In the investigation descr ibed below the effect of SA on liver damage in acute toxic hepatitis was studied. 

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 35 male Wistar  r a t s  weighing 180-220 g. Intact r a t s  (group 1) served 
as the control. The animals of group 2 received an intraperi toneal  injection of SA (gold sodium thiomalate, 
Aldrich Chemical  Co. Inc., Milwaukee, USA) in a dose of 25 mg/kg  body weight. Given in this dose, the com-  
pound depresses  the rate of proteolysis  in the lysosomes  but has no significant effect on destruct ion of the pa r -  
t icles [ 8]. In the ra ts  of group 3 acute toxic hepatitis was produced by in t ragas t r ic  administrat ion of CCI 4 ha a 
dose of 0.15 ml/100 g body weight, and the animals of group 4 received SA by intraperi toneal  injection s imul-  
taneously with the CC14 as indicated above. In the experiments  of all groups mater ia l  was taken 24 h after ad- 
ministrat ion of the various substances.  

The integrity of the lysosomes  was studied by determining the l iberation of fl-galactosidase [ 3, 4],  acid 
phosphatase, acid RNase, and cathepsin D into the supernatant fraction. The preparat ive procedures  and de- 
termination of acid phosphatase and acid RNase activity were ca r r i ed  out by methods descr ibed previously 
[ 1, 2]. To determine fl-galactosidase,  fl-glucosidase, and cathepsin D activity B a r r e t t ' s  method [7] was used. 
The resul ts  of determination of the nonsedimented activity of the lysosomal  enzymes were expressed  as pe r -  
centages of total activity. 

Paral le l  samples  of mater ia l  were taken for histological and e lec t ron-mic roscop ic  investigation. The 
l iver samples  were prepared  by the usual method. 

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

Administrat ion of SA was followed by solubilization of fl-galactosidase and an accompanying decrease  in 
nonsedimented activity of acid RNase and cathepsin D (Table 1). The total activity of cathepsin D (and also of 
acid RNase, fl-galactosidase,  and fl-glucosidase; Fig. 1), it must be noted, not only was not reduced, but was 
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TABLE 1. Changes in Nonsedimented 
Activity of Lysosomal  Enzymes  (in 70 of 
total activity) after Administrat ion of SA 
to Rats with CC14 Hepatitis 

Group of B - Galac- Acid Cathepsin 
anirnals tosidase RNase D 

[ncac~ 4,620,53 9,1-~0,99 11,220,65 
SA 19,6--I,67 6,0-----0,94 8,7-'-0,10 
:C14 7,6+-0,51 40,3-----8,70 20,62---4,42 
~A +CC14 11,2-----1,57 8,3-- 0.;63 1.4,9• 
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Fig. 1. Changes in total lysosomal  enzyme activity in l iver of ra ts  with CCI~ hepatitis 
following administrat ion of SA: 1, 4) activity of fl-galactosidase and fl-glucosidase, 
respect ively  (in/z moles  p -n i t rophenol /min /mg protein); 2) activity of acid RNase (in 
/zg RNA/min /mg protein); 3) activity of cathepsin D (in/zg t y r o s i n e / m i n / m g  protein). 

actually increased although, according to Davies [9],  after administration of SA the digestive power of the 
lysosomes  with respec t  to albumin-125I is reduced by a lmos t two- th i rds .  This is a resul t  of blocking of thiol- 
dependent lysosomal  enzymes belonging to the cathepsin B group. Under the experimental  conditions used, the 
organization of the hepatocytes differed only a little from that in intact rats.  Some increase  was observed in 
the number of small  and large vacuoles of the Golgi complex and lysosomes  compared with the control. The 
lysosomes  were mainly secondary and contained granules measur ing  20-25 nm (Fig. 2). 

The development of acute toxic CCI 4 hepatitis was accompanied by solubilization of all the lysosomal  en- 
zymes  studied. The changes in nonsedimented acid RNase activity were par t icular ly  marked.  Meanwhile, the 
degree of solubilization of f l-galactosidase was less  than after  administrat ion of SA. The decrease  observed 
in the total f i-galactosidase activity could evidently be regarded  as an indication of a decrease  in the number of 
p r imary  lysosomes,  which are r ich mainly in this enzyme [4]. Morphological investigation at this period 
showed the presence of centr i lobular  foci of necrosis .  These affected about one-f i f thof the  a rea  of the hepatic 
lobules. Zones in which the ceils were in a state of balloon degeneration could be d e a r l y  distinguished. Some 
ceils of the intermediate zones of the hepatic lobules and hepatocytes located at their per iphery had an un- 
changed s t ructure  of their cytoplasmic organoids. In zones of degenerative changes many of the hepatocytes 
were reasonably isomorphic in their u l t ras t ruc tura l  organization. The changes consisted of increased t r ans -  
lucency of the ground substance of the cytoplasm, an increase in the number and size of the lipid inclusions, 
and the absence of glycogen granules.  The granular  re t iculum was fragmented and vacuolated, and the m a j o r -  
ity of the attached r ibosomes  were lost.  The mi tochondr iawere  smal le r  than in the control, their mat r ix  was 
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Fig. 2 Fig. 3 

Fig. 2. Ultrastructure of hepatocyte of rat 24 h after administration of SA. Arrows indicate lyso- 
somes, 30,000• 

Fig. 3. Cytoplasm of centrilobular hepatocyte 24 h after combined administration of SA and CCI 4. 
Top arrows indicate cluster of smooth membranes, bottom arrow indicates Golgi complex, 
28,600x. 

denser, and they had fewer cristae. A characteristic feature of the Golgi complex was ioss of the vesicular 
components (both large and small) at its poles. The number of lysosomes was somewhat smaller (than in the 
hepatocytes of the control animals) and secondary lysosomes predominated. Nearer to the zones of necrosis 
there were individual cells with degenerative changes which, unlike those described above, contained small 
clusters of smooth membranes. In the hepatoeytes with an intact organization the number of large and small 
vesicles in the zone of the Golgi complex and also the number and size of the lysosomes were increased. Most 
of the lysosomes were secondary. 

After combined administration of SA and CCI~ the nonsedimented acid RNase activity was reduced com- 
pared with after CCI~ alone and there was also a tendency toward a decrease in the nonsedimented eathepsin D 
activity. The values of nonsedimented fl-galactosidase activity were higher than those in intact animals. After 
combined administration of SA and CCI 4 the total activity of the various lysosomal enzymes studied was higher 
than in CCI~ poisoning alone. Just as in the experiment with CCI~ alone, cells with necrotic changes were ob- 
served in the centers of the hepatic lobules, but the area of the zones of necrosis was much smaller. Besides 
cells in a state of balloon degeneration, hepatocytes with changes of the cloudy swelling type were observed. 
Besides a marked decrease in the area of the loci of necrosis, zones of cells with degenerative changes were 
larger, mainly on account of the cells of the central and, to some extent, of the intermediate zones in which, in 
the experiment in which CCI~ alone was given, the hepatocytes underwent necrosis. The cells of these zones 
were characterized by a wide spectrum of structural changes: from prenecrotie to mild degenerative. Many 
degeneratively changed cells contained many large clusters of smooth membranes (Fig. 3). The number of 
lysosomes, chiefly secondary, in the cells with degenerative changes was on the whole smaller than in the 
hepatocytes of intact animals, but it varied considerably depending on the degree of injury to the ultrastruc- 
tures of the hepatocytes. They were more numerous in the less damaged cells. Lysosomes in hepatocytes with 
an intact ultrastructure were chiefly secondary and, on the whole, they had the same quantitative and qualitative 
characteristics as similar cells in rats receiving CCI~ alone. This polymorphism as regards the organization 

639 



of the cel ls  of the cent ra l  and in termedia te  zones of the hepatic lobules, and also the ra t io  between the volumes 
of zones with predominant ly  necro t ic  and degenera t ive  changes in the hepatocytes  were  cha rac t e r i s t i c  of the 
e a r l i e r  s tages  (6 h) of the pathological  p roce s s  developing af ter  adminis t ra t ion  of CC14 [ 5, 6]. 

If SA is admin i s t e red  together  with CC14 ~0 animals  it thus cons iderably  modif ies  the phys icochemica l  
p rope r t i e s  of the lysosomes .  Since in intact  an imals  SA reduces  the digest ive power of the ly sosomes ,  it has 
been suggested that the protec t ive  effect  obse rved  when admin is te red  together  with CC14 could be assoc ia ted  
with this p rope r ty  of the compound. However,  a f te r  combined adminis t ra t ion  the values for  the nonsedimented 
cathepsin D act ivi ty  were  the same  as in the expe r imen t  with CCI 4 alone, and the total act ivi ty was actual ly 
higher. Consequently,  the obse rved  d e c r e a s e  in l iver  damage  is difficult  to explain by inactivation of cathepsin 
D. This effect  could perhaps  be due to a dec r e a se  in the nonsedimented acid RNase activity,  which is known to 
be  much  higher in the l y sosomes  of Kupffer ce i l s  than in hepatocytes.  The use  of " lysosomot rop ic  modi f ie rs"  
in ce r ta in  pathological  s i tuat ions thus appea r s  to be genuine and cal ls  for fur ther  study of the m e c h a n i s m s  of 
their  action on cell  function with specia l  allowance for the possible  late r e su l t s  of their  adminis t ra t ion.  
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