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Lysosomotropic agents (LTA), if administered in vivo accumulate selectively in lysosomes; the chemi- 
cal nature of the substance and the mechanism of its uptake may differ [9]. The LTA include certain drugs 
used in clinical practice; lysosomotropism, moreover ,  is a property with which most drugs can be endowed 
by injecting them together with a suitable c a r r i e r  or  in the form of liposomes. Because of these prospects 
for  clinical use of different types of LTA, their  detailed study has become necessary.  It is particularly im- 
portant to know the character is t ics  of irSeraction between LTA and lysosomes, in which these substances 
accumulate. 

The object of this investigation was to study the effect of the LTA surarnin on the structural integrity 
of ra t  l iver  lysosomes,  on activity of hydrolytic enzymes, and on the catabolic function of the particles (pro- 
teolysis ). 

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

Male Wistar rats  weighing 180-200 g (13 experimental and eight control animals) were used in the ex- 
periments .  Suramin* (Bayer-205, g e r m a n i n -  the symmetrical  ureide of m-aminobenzoyl-m-amino-p-methyl-  
benzoylnaphthylamino-l-trisulfonate-4,6,8-sodium) was injected intraperitoneally in the form of a solution 
in 0.9% NaC1 in a dose of 250 mg / kg .  The animals were killed 24 and 48 h after  injection of the preparation. 
Modified bovine serum albumin labeled with 14C (BSA-UC, specific radioactivity 0.18/~ C i /mg  protein)~ was 
injected into the caudal vein of the control and experimental animals 30 rain before sacrif ice in a dose of 1 
rag/100 g body weight. The degree of uptake and digestion of the labeled protein was estimated by the method 
of Davies et al. [8]. Radioactivity was counted in a Mark I scintillation counter (USA). Preparat ive and 
analytical procedures were car r ied  out as described previously [1], with minor modifications. During dif- 
ferential  eentrifugation of the l iver  homogenate, intact cells were removed by preliminary low-speed centrif-  
fugation at 30g for 15 and 10 rain. Total activity of lysosomal enzymes was determined after freezing (in 
liquid nitrogen) and thawing seven t imes.  When activity of acid hydrolases was measured the recommendations 
of Bar re t t  [4] were followed. The resul ts  were subjected to statistical analysis by Student's t - tes t .  

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

The content of BSA-I~C in the l iver  was determined from the level of acid-insoluble (in TCA) radio- 
activity; acid-soluble radioactivity is due to products of intralysosomal hydrolysis of labeled protein [8, 12]. 
An increase in the content of BSA-14C in the ra t  l iver,  calculated in absolute values of acid-insoluble radio- 
activity, and also relative to the injected dose of labeled protein (in the la t ter  case, a tendency toward an in- 
c rease  was observed after 48 h; Table 1), was observed 24 and 48 h after injection of suramin. Since the 

*The suramin was generously provided by Dr. D'Arcy Hart, National Institute for Medical Research, Mill Hill, 
London, E nginnd. 
i 'The authors are grateful to V. G. Budker, working at the Institute of Organic Chemistry, Siberian Branch, 
Academy of Sciences of the USSR, for help with preparing the labeled BSA and counting radioactivity. 
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TABLE 1. Content of BSA-14C in Rat Liver  
af ter  Injection of Suramin  (IV[ �9 m) 

Intact 
rats 

Rats receiving suramin 
Index 

BSA content, cpm/g 
wet weight of 
tissue 27 015+-2519 

BSA-14C content 
(acid -insoluble 
radioactivity), % 
of injected dose 

17,7+-1,6 29,5• 21,6+-2,5 

Legend. Here  and in Table 2, resu l t s  ca lcu-  
lated by methods of Davies et al. [8] and Mego 
[121. 

24 h 48 h 

40 943+_951 35 611+-2772 

TABLE 2. Digestion of BSA-14C in Rat L ive r  
Homogenate and Its F rac t ions  (M + m) 

Index Intact rats 
24 h 4s h 

Acid-soluble radio- 
activity of rat liver 
homogenate, % of 
total radioactivity 
of homogenate 

Increase in acid- 
soluble radioactiv- 
ity of homoge- 
hate, % of acid- 
insoluble radioac- 
tivity 

Digesting activity of 
lysosomal fraction 
(acid -solubte radio- 
activity, % of total 
values for heteroly- 
sosomes of nuclear 
heavy and light 
mitochondrial 
fraction) 

*P < 0.05. 

50, I +3,3 

26,2+-+_4,2 

30,8+-3,8 

26,7+-3,8* 

15,9___4,8" 

10,7+-2,0" 

37,8+-4,0" 

17,6+_..3,5 

12,8___2,1" 

uptake of protein evidently was not increased  after  adminis t rat ion of suramin in this dose [6], it can be con- 
s idered that the accumulat ion of protein was largely  due to a decrease  in the ra te  of its proteolysis .  

The ra te  of in t ra lysosomal  digestion of BSAJ4C was reduced after  injection of suramin (Table 2). 

A sharp  decrease  in specific activity of acid phosphatase (to 35% of the corresponding values in intact 
animals) and an increase  in acid RNase activity were  observed  in the l iver  homogenate (Fig. 1). Nonsedi-  
mented activity of all lysosomal  enzymes  studied, except  acid phosphatase,  was increased  (Table 3), evidence 
of labilization of the l ive r  l y sosomes  [2]. 

The resu l t s  conf i rm the observat ions  of Smees t e r s  and Jacques  [13], who found a reduction in acid 
phosphatase,  f l -glucuronidase,  and f i -N-aeetylaminodeoxyglucosidase  activity in l ive r  homogenate 48 h af ter  
injection of  the same dose of suramin into ra t s ,  but the workers  cited found no change in f l -galactosidase,  
a -g lueos idase ,  o r  eathepsin D activity.  According to o ther  workers ,  the same dose of suramin  inhibited 
eathepsin D activity [5, 6]. 

Although suramin  has been used for  a fa i r ly  long t ime for the t rea tment  and prevention of Parasi t ic  
d iseases  [6], the mechanism of its action has been insufficiently studied. Suramin is a urea  derivat ive with 
s ix sulfonic acid res idues ,  which give the compound its polyanionic cha rac t e r .  These par t i cu la r  features  of 
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TABLE 3. Nonsedimented Activity of Lyso-  
somal Enzymes  of Rat L iv e r  Homogenate (in 
% of  total activity) a f te r  Injection of Suramin 
~m) 

Enzyme ~ntact rats 

Acid phosphatase 
B -galactosidase 
Acid RNase 
Cathepsin D 

6,1--+0,2 
9,5-+0,7 
4,6-+0,4 

11,7• 1,2 

~ats re ceivin~.._suramin 

24 h 48 h 

7,5• 6,3_+_0,9 
17,4• 19,4• 1,4" 
8,4+0,7' 9.8• 

15,5___0,4" 17,8• 

*P < 0.05. 

% 
100 

2 4 234  
A C 

Fig.  1. Specific act ivi ty of lysosomal  
enzymes  of r a t  l i ve r  homogenate 
a f te r  injection of suramin .  A) Control  
(100%); B and C) specific activity of 
lysosomal  enzymes  24 and 48 h r e -  
spect ively af te r  injection of suramin  
(in % of control) .  1) f i -Galactosidase;  
2) acid phosphatase;  3) acid RNase; 
4) cathepsin D. 

the compound make complex format ion possible  with prote ins ,  including with enzymes .  F o r  instance,  in the 
case  of albumin, binding si tes  fo r  this compound with high affinity have been found [6]. After  paren te ra l  
injection, suramin  readi ly  fo rms  complexes with blood plasma proteins and reaches  the l iver  by endo- 
cytosis .  It enters  the lysosomes ,  and the main effect of the compound is evidently its action as an in t ra -  
lysosomal  modif ier ,  Suramin  accumulates  in vivo in the  lysosomes  of Kupffer cel ls  and hepatoeytes,  where  
its concentra t ion may  reach  1-10 mM [6]. In t ra lysosomal  accumulation of the compound is accompanied by 
inhibition of act ivi ty of ce r ta in  acid hydro lases  (acid phosphatase,  for  example).  Slowing of pro teolys is  af ter  
injection of suramin  in a dose of  250 m g / k g  may be associa ted  with inhibition of lysosomal  enzyme activity,  
but no changes in specif ic  act ivi ty of cathepsin D, which plays an important  ro le  in the degradation of modif ied 
prote ins ,  was found in this pa r t i cu la r  investigation. 

It mus t  also be r eca l l ed  that suramin disturbs fusion of lysosomes  with phagosomes,  and this may  be 
accompanied by slowing of  in t ra lysosomal  digestion of prote in  [8, 11]. Dis turbance of prote in  catabol ism 
causes  the accumulat ion of unhydrolyzed substances in the lysosomes .  This state to some degree  r e semble s  
in some features the lysosomal accumulation diseases. Meanwhile injection of suramin can be used to "control n 
the function of lysosomes and, for example, to depress the catabolic function of the lysosomes of liver cells. 
Depression of proteolysis may be accompanied by labilization of lysosomes, as has been demonstrated in 
ischemia and anoxia [7], and may give rise to disorders of cell function (for example, it may slow the secre- 
tion of albumin by hepatocytes [3]). 

Labilization of liver lysosomes is observed after administration of various LTA, including Triton WR 
1339 [I], sodium aurothiomalate, and also surarnin. These substances, which cannot be hydrolyzed in lyso- 
somes, overload the vacuolar apparatus to a varied degree. 

1682 



Labilization of particles following injection of suramin, it must be noted, is connected with the forma- 
tion of autophagosomes, which have greater  ' f ragi l i ty" [10]. Autophagy is observed after injection of Triton 
WR 1339, suramin, and some other LTAs and may be a manifestation of a nonspecific cellular reaction to 
injection of these substances. 
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It was shown previously that during severe physical fatigue noradrenalin and adrenalin synthesis in the 
adrenals from tyrosine and dopa is inhibited in rats  [3]. Glucocorticoids both in vivo and in vitro normalize 
catecholamine synthesis in such animals but do not affect the synthesis of these amines in intact rats.  It has 
been found that the stimulating effect of glucorticoids on depressed catecholamine synthesis is manifested 
only if tyrosine is used as the precursor [5]. Under the influence of hydrocortisone, synthesis of ~I-norad- 
renalin and ait-dopamine from att-tyrosine also is activated in the rat  CNS [6]. These facts suggest that gluco- 
corticoids are evidently universal regulators of the intensity of catecholamine synthesis both in the central 
and in the peripheral regions of the sympathico-adrenal system. 

In the present investigation, which was aimed at studying the effect of the glucorticoid prednisolone on 
the ability of the adrenals to synthesize catecholamines during physical fatigue in animals, a radioisotopic 
method was used. By so doing, by contrast with previous studies [1, 2], it was possible to use the principal 
precursor  of these amines, namely tyrosine, in low physical concentrations and also to investigate dopamine 
synthesis under these conditions. Animals in a state of severe physical fatigue after swimming for 8 h served 
as the experimental model. 
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