
EFFECT 

ON 

OF 

O F  L Y S O S O M A L  L O A D I N G  W I T H  T R I T O N  WR 1 3 3 9  

T H E  D I S T R I B U T I O N  O F  A L B U M I N - 1 4 C  IN T H E  L I V E R  

R A T S  W I T H  C H R O N I C  H E P A T I T I S  

To A.  K o r o l e n k o  a n d  V.  G.  T i t o v a  UDC616.36-002.2-092.9-07:616.36-  
018.11-008.931.577.152 

The mechan i sm of the pro tec t ive  effect  of the l y sosomot rop ic  detergent  Tr i ton  WR 1339 in chron ic  
hepati t is  was examined.  Assuming  that  the improvemen t  in the condition is connected with poten-  
t iat ion of the heterophagous function of the l y s o s o m e s ,  the intensi ty of uptake of albumin-14C by 
the l ive r  and its subee l lu lar  distr ibution in the l ive r  of r a t s  were  studied during admin is t ra t ion  
of the detergent  to an ima l s  with chronic  ca rbon  t e t r aeh lo r ide  hepati t is .  P r e l i m i n a r y  injection of 
the d e t e r g e n t d i d  not affect  the intensi ty of uptake of a lbumin-UC,  but subsequent  injection of 
Tr i ton  WR 1339 into r a t s  with toxic hepati t is  reduced  the prote in  uptake to values  obtained in in- 
tac t  r a t s .  In chronic  hepati t is  albumin-14C is concent ra ted  in the ly sosomal  fract ion.  Af ter  in jec-  
t ion of Tri ton WR 1339 into the poisoned an imals  the peaks  of labeled prote in  and ly sosoma l  en-  
zymes  did not coincide. The se lec t ive  role  of l y s o s o m e s  of the Kupffer ce l l s  of the l ive r  in p r o -  
ducing the more  rapid  r e c o v e r y  of the l i ve r  f r o m  chronic  hepati t is  is examined.  
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The role  of l y s o s o m e s  in the ingestion and digest ion of m a c r o m o l e c u l e s  and pa r t i c l e s  en ter ing  the cell  by 
endocytosis  has been studied in detail  in recen t  y e a r s  [4-7]. The pro tec t ive ,  heterophagous function of the l y s o -  
somes  a s s u m e s  g rea t  impor tance  in the development  of s eve ra l  pathological  p r o c e s s e s  accompanied  by o v e r -  
loading of the ly sosomal  appara tus  of the cell .  Injection of lysosomot rop tc  subs tances ,  increas ing  the uptake 
of foreign subs tances  by the l y s o s o m e s  and the i r  e l iminat ion f r o m  the cell  may contr ibute toward  r e s to ra t ion  
of the no rma l  s t ruc tu re  and function of the ceil .  The w r i t e r s  have shown that  Tr i ton  WR 1339 has a benef ic ia l  
action on the s t ruc tu re  and function of the l ive r  in toxic hepati t is  [1]. 

Considering that  Tr i ton  WR 1339 accumula tes  se lec t ive ly  in the l y s o s o m e s  the effect  of the detergent  on 
the abil i ty of the l ive r  to take up pro te in  was invest igated,  on the grounds that the pro tec t ive  effect  of Tr i ton  
WR 1339 must  be connected with a change in this function. 

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

Male Wis tar  r a t s  weighing 200 g were  used. Chronic hepati t is  was produced  by inhalation of CC14 for  21 
days [1]~ The an ima l s  were  decapi ta ted 1, 3, and 7 days a f t e r  the las t  inhalation. The an imals  of the second 
group rece ived  an in t raper i tonea l  injection of Tr i ton  WR 1339 in a dose of 85 mg/100 g body weight 4 h before  
the f i r s t  inhalation of CC14~ The r a t s  of group 3 rece ived  the detergent  in the s ame  dose but 24 h a f t e r  the las t  
inhalation of CC14 and they were  decapi ta ted 3 or  7 days la ter .  Intact  an imals  and r a t s  rece iv ing  the detergent  
f o rmed  the appropr ia t e  control  groups.  

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  taken f rom De Duve e t a l .  [3, 4]. The uptake of a lbumin-  
14C by the l i ve r  and the in t r ace l lu la r  distr ibution of labeled pro te in  were  de te rmined  30 min a f t e r  intravenous 
injection of albumin-14C in a dose of 0.25 mg/100 g body weight. The r e su l t s  were  e x p r e s s e d  as  pe rcen tages  
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Fig .  1. S u b c e l l u l a r  d i s t r i b u t i o n  of  a c i d  RNase  and a lbumin-14C in r a t  l i v e r .  D i s t r i b u -  
t ion  of  a c i d  R N a s e  shown fo r  in tac t  a n i m a l s ,  RSA of  a c i d  RNase  and  r e l a t i v e  s p e c i f i c  
r a d i o a c t i v i t y  shown f o r  a n i m a l s  r e c e i v i n g  albumin-14C.  A b s c i s s a ,  p e r c e n t a g e  p r o t e i n  
conLent of  s u b e e l l u l a r  f r a c t i o n ;  o r d i n a t e ,  RSA v a l u e s .  B r o k e n  l ine  - R N a s e ;  con t inuous  
l i ne  - a lbumin-14C.  N) n u c l e a r  f r a c t i o n ,  M) heavy  m i t o c h o n d r i a ,  L) l ight  m i t o e h o n d r i a ,  
P) m i c r o s o m e s ,  S) s u p e r n a t a n t .  

of the i n j e c t e d  dose  o f  p r o t e i n  c a l c u l a t e d  p e r  g r a m  of l i v e r  t i s s u e  [7]. The i n t r a e e l l u l a r  d i s t r i b u t i o n  of l a b e l e d  
p r o t e i n  and  of the  m a r k e r  e n z y m e  of  the  l y s o s o m e s  (acid  RNase)  was  r e p r e s e n t e d  a s  the  va lue  of r e l a t i v e  s p e c i -  
fic a c t i v i t y  (RSA) [3]. 

J u s t  a s  in the  e x p e r i m e n t s  of Mego [6], who u s e d  albumin-~25I, we m o d i f i e d  the  s a m e  g r o u p s  (amino  
groups)  of  the  p r o t e i n ;  in t h i s  way  s t a b l e  p r e p a r a t i o n s  of a lbumin-14C w e r e  ob ta ined .  A c e t i c  anhydr ide -14C in 
10% d i m e t h y l f o r m a m i d e  ( spec i f i c  a c t i v i t y  0.1 m C i / m m o l e )  was  a d d e d  g r a d u a l l y ,  wi th  con t inuous  t i t r a t i o n ,  to  a 
s o l u t i o n  of  bovine  s e r u m  a l b u m i n  con ta in ing  5 m g / m l  at  pH 11.0. The p r o t e i n  was  p r e c i p i t a t e d  and  w a s h e d  with 
e thano l ,  d i s s o l v e d  in 7 M u r e a ,  and  d i a l y z e d  a g a i n s t  w a t e r .  The s p e c i f i c  a c t i v i t y  of  the  m o d i f i e d  a l b u m i n  was  
0.14 ~ C i / m g  p r o t e i n .  A f r a c t i o n  con ta in ing  f r o m  0.05 to  0.3 ml  {prote in  conten t  0 .5 -2 .0  mg) was  p r e c i p i t a t e d  
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TABLE 1o Effect of Injection of Tri ton WR 1339 on Uptake of Albumin'14C by the Liver  
of Intact Rats and Rats with Toxic Hepatitis (M • m) 

Experimental  conditions 

CC14 (21 days) 
A. 1 day after  period of 

poisoning 
B. the same, 3 days la ter  
C. the same, 7 days later  

CCI 4 preceded by Tri ton 
WR 1339 

D. 1 day after  period of 
poisoning 

CC14 folloWed by Tri tonWR 1339 
E. 3 days af ter  poisoning 
F. the same, 7 days la ter  

Tri ton WR 1339 
G. 3 days 
H. 7 days 
I. 21 days 

K. Intact animals  

Uptake of albumin-~4C 
(in % of injected dose 
per gram liver) 

4.60 • 0.07 
5.70 • 1.25 
1.40 • 0.24 

4.10 • 0.25 

1.40 • 0.30 
1.55 • 0.03 

5.80 • 0.40 
3.70 • 0.20 
3.8 • 

1.80 ~ 0.13 

Group compared  

A - K  
B--K 

E-B 
E--G 

G - K  
H--K 
I - - K  

P 

< 0.001 
< 0.01 

< 0.01 
< 0.001 

< 0.001 
< 0.001 
< 0.001 

with 5% TCA and fi l tered through an AUFS (Czechoslovakia) ultrafflter.  Radioactivity was measured  in toluene 
scinti l lator on a Mark I (USA) counter.  The resul ts  were subjected to stat is t ical  analysis ,  using Student's c r i -  
terion. 

EXPERIMENTAL RESULTS 

The uptake of modified protein by the liver of intact rats was 1.8%/g tissue (Table i). Injection of the 
detergent into intact rats and the development of chronic hepatitis (I and 3 days after the period of poisoning) 
were accompanied by an increase in the albumin-14C uptake by the liver. This index was back to normal 7 days 
after the last inhalation of CCI 4. Preliminary injection of the detergent into the poisoned animals did not affect 
the intensity of albumin-14C uptake; injection of Triton WR 1339 after poisoning into rats with toxic hepatitis, 
however, reduced the uptake of the protein (after 3 days) to the values obtained in intact rats. Normalization 
coincided in time with a considerable improvement in the morphological picture of the liver. 

In the intact rats and injected protein was concentrated in the lysosomal fraction, as shown by coincidence 
of the peaks of the RSA values for the uptake of albumin and for acid RNase (Fig. i). A redistribution of protein 
of the subcellular fractions and an increase in RSA of acid RNase were observed in the fraction of heavy mito- 
chondria. The latter is evidence of the formation of heterolysosomes, which take up protein and are sedlmented 
at lower accelerations [6], in the liver cells. Similar changes were found in all the groups of experimental rats 
receiving albumin-14C. The development of chronic hepatitis was not accompanied by any change in the sub- 
cellular distribution of labeled protein; an increase in the RSA value was found only in the nuclear fraction. 

After injection of Triton WR 1339 into intact rats the peaks of the RSA values for albumin uptake and acid 
RNase for the lysosomal fraction did not coincide at any time of investigation. Meanwhile RSA for the uptake 
of the nuclear fraction was increased, indicating retention of protein in heterophagosomes [5, 6]. Injection of 
the detergent into the poisoned animals was accompanied by a marked decrease in relative specific radioactivity 
of the lysosomal fraction with an increase in radioactivity in the supernatant. 

In chronic hepatitis the lysosomes of liver cells take up an increased amount of protein and concentrate 
it in the lysosomal  fraction. Meanwhile, ai%er injection of Tri ton WR 1339 into intact and poisoned animals,  the 
distribution of labeled protein and lysosomal  enz~u~es did not coincide completely.  These resul ts  can be in ter -  
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preted as follows. As Davies [2] found, if the detergent and albumin-125I were injected simultaneously,  the 
lat ter  was located in the heterophagosomes,  which did not merge  with he tero lysosomes  containing Triton WR 
1339. Consequently, the albumin-14C may be present  in heterophagosomes,  which are  l a rge r  in size and more  
sensitive to the action of damaging procedures .  During homogenization the par t ic les  are  ruptured and solubil i-  
zation of the radioactive protein takes place, especial ly  during the combined action of Tri ton ~R  1339 and 
CC14. The fact that the distribution of the injection of protein (horseradish peroxidase) did not coincide exactly 
with the distribution of lysosomal  enzymes af ter  loading of the lysosomes  with Tri ton WR 1339 also was ob- 
se rved  by Wattiaux [8]. However, when comparing the resul ts  of biochemical  tes ts  with those of e lec t ron-  
microscopic  examination of the l iver,  Wattiaux selects  the second alternative as the most  probable explanation: 
Lysosomes  of the Kupffer cells  of the l iver  part icipate in the segregat ion of foreign proteins.  

Modified proteins  a re  known to be largely  ingested by the Kupffer cells  of the l iver,  especial ly is ad- 
minis tered  in smal l  doses as  was the case  in the present  investigation. It is therefore  possible to regard  the 
selective role of the lysosomes  of the Kupffer cells  of the l iver  as a response ensuring the more rapid regene-  
ration of the l iver  in chronic hepatitis. 

The authors  are  grateful to Candidate of Chemical Sciences V. G. Budker (Institute of Organic Chemistry,  
Academy of Sciences of the USSR Siberian Branch} for help with the work with albumin-14C and for preparing 
the sample of protein.  
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