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A G G R A V A T I O N  OF I N J U R Y  TO L I V E R  L Y S O S O M E S  
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Pre l iminary  prolonged administrat ion of chlorpromazine  (5 mg/kg  for three weeks) aggravated 
the injury to l iver lysosomes  of ra ts  with acute CC14 hepatitis. Similar marked changes were 
observed in lysosomes  sedimented with "heavy  ~ and " l i gh t "  mitochondrial  fractions.  
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The developmental dis turbances of l iver function during chlorpromazine therapy suggests  that this drug 
is a hepatotropic substance, with an effect at the cellular  and u l t ras t ruc tura l  levels [ 8, 10, 12]. During r e -  
peated administrat ion of chlorpromazine,  the drug remains  for a long time in the l iver and brain [ 121 and it 
probably accumulates  in the lysosomes,  subcellular  s t ruc tures  capable of accumulating various cationic sub- 
s tances [ 11]. The changes in the proper t ies  of the lysosomes taking place under these c i rcumstances ,  it can 
tentatively be suggested, may aggravate the injury to the l iver caused by other factors.  

In this investigation the degree of changes in the liver lysosomes  was assessed  in rats  with CC14 hepatitis 
developing after  pre l iminary  administrat ion of chlorpromazine.  Considering that the formation of acute toxic 
hepat i t is  is accompanied by an increase  in the specific acid hydrolase activity of the " h e a v y "  mitoehondria 
[1] ,  a separate  study was made of the integri ty and vulnerability of the lysosomes  sedimented with the " l i g h t "  
and " h e a v y "  mitochondrial  fractions.  

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

Experiments  were car r ied  out on 60 male Wistar  ra ts  weighing 150-180 g. Acute toxic hepatitis was in- 
duced by in t raventr icular  injection of CC14 in a dose of 0.15 ml/100 g body weight. The animals were killed 
24 h later. Chlorpromazine was injected subcutaneously in a dose of 5 mg/kg  daily for three weeks and the 
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r a t s  were  decapitated 72 h af ter  the l as t  injection of the drug. In the case  of CC14 poisoning of the r a t s  a f te r  
repeated  admin is t ra t ion  of ch lo rp romaz ine ,  the poison was given 48 h af ter  the las t  inject ion of ch lo rp romaz ine  
and the an imals  were  decapitated a fu r ther  24 h af ter  the beginning of CC14 poisoning. 

The l ive r  was f rac t ionated by the method of De Duve et al. [7].  The integr i ty  and vulnerabi l i ty  of the 
pa r t i c l e s  [ 3, 5, 6] were  de termined in f rac t ions  sedimented at 3500 and 16,000g (designated in the "heavy w 
and " l i g h t "  l y sosomes ,  respect ive ly)  [9].  

In all the groups of r a t s  a morphologica l  invest igat ion was made of l iver  sec t ions  by the usual histologi-  
cal  method. Glycogen was revea led  by Schiff 's  reac t ion  with per iodic  acid. The r e su l t s  were  subjected to 
s ta t i s t i ca l  analys is  by the use  of Student 's  c r i te r ion .  

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

The development  of acute CCI 4 hepat i t is  was accompanied by inc reased  f ree  acid phosphatase  act ivi ty 
of the " h e a v y "  and " l i g h t "  l y sosomes  and by inc reased  vulnerabi l i ty  of the pa r t i c les  to t r ea tmen t  at pH 5.0 
and 370C; solubit izat ion of acid phosphatase  was observed  (Tables I and 2; Fig. 1). This  indicates  cons ide r -  
able d is turbance of the in tegr i ty  and inc reased  vulnerabi l i ty  of the ly sosomal  subfrac t ions  studied. After the 
end of ch lo rp romaz ine  adminis t ra t ion  minimal  changes were  found (an i nc r ea se  in f ree  acid phosphatase  ac-  
t ivity of the " l i g h t "  ly sosome  fraction).  

TABLE 1. Effect  of CC14 Poisoning on 
Total  and Nonsedimented Acid Phosphatase  
Activi ty of L iver  of Rats  a f t e r  P r e l i m i n a r y  
Prolonged Chlo rp romaz ine  Adminis t ra t ion  
(M �9 m) 

Group of animals 

1 (intac t) 
2 (receiving 
chlomromazine) 
3 (administra- 
tion of CCI~ 

4 (adminisUa o 
tion of chl0rpro 
mazine + CCL0 

Acid phosphatase activity of liver 
homogenate 

total  vg Pi/10 min/mg 
,rotein 

18,7• 1,48 

23,1• 

18,5• 

16,2• 1,62 
Pl - 3 < 0 , 0 0 1  
Pt- 1 <0,001 

nonsediment- 
ing, %of total 

4,4• 

4,8-----0,09 

7;2• 

12,6• 1,80 
Pe-4<O,Ol 
P3- ~<0,05 

TABLE 2. Effec t  of CC14 on Integr i ty  and Vulnerabil i ty of " L i g h t "  L iver  L y s o s o m e s  
of Rats  a f t e r  Repeated Adminis t ra t ion  of Ch lo rp romaz ine  (M �9 m) 

Group of animals 

t (intact) 

2-~repeated adminisua- 
r a ~ .  of chlorpromaz'.me) 

3 (a~Iminisrsatinn6f COb) 
4 (repeated adms 
iiofi 6f chlorpromazine + 
CCLt) 

Tomlacuv-I 
i vgp I /  
~ m g  pro- basic index 
tein 

47,0• 10,0-----0,92 

3fi,3+4,21 13,6--0,~6 

38,9• 14,1• 

31,6• 24,7"-2,98 

PI_4<0,01 P1_e<0,05 
Pt- ~<0,01 
Pl -  4<0,001 
p ~  a<0,01 " 
P~_4<0,01 

Le~end~ .Increase in activity relative to free activity, 

F r e e  activity,.% of total activity 

during ueat- I 
ment with I 
hy•otonic 
solution 

24,4• 1,54 
(14,4) 

25,5~--- 1,39 
(I 1,9) 

27.1• 

29,7~3,45 
(5,0) 

�9 P1- 3<0, 00 I 
P l -  4 <0,001 

JP3_4<o,1 

by the method of Neely et al. 

Heat treatment, pH 5.0 

15 min 30 min 

22,4• 37.5• 

22,8+2.16 38.9• 1,o4 

43.8-'- 3.30 63.0• 

66.2• 12.07 80,3--5,73 

P x _ 3 < O , O l  
Px_4<O,O01 
P2-4<0,001 
P3-4<0,005 

131 shown in 

60rnin- 

65,4• 

80,7~5,39 

61,8~4,57 

79,0• 9, 57 

Px- 2 <0,1 

~arenthses. 
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Fig. 1. Changes in "heavy" l iver lysosomes  of ra ts  receiving a combination of chlorpromazine  
and CC14: 1) in tac t  animals;  2 )ch lo rp romaz ine ;  3) CC14; 4) chlorpromazine  + CC14. A) Total 
acid phosphatase activity (in/~g Pi/10 min /mg protein); B) free activity (in percent  of total); 
C) the same after  t reatment  in hypotonic medium; D, E, F) the same after t reatment  at pH 5.0 
and 37~ for 15, 30, and 60 min, respectively.  

The question ar i ses  whether the changes in the lysosomes,  which were already sufficiently marked in 
acute CCI 4 hepatitis, could be aggravated. During the combined action of chlorpromazine  and CCI~ the greates t  
changes were found in the liver lysosomes  of the rats ,  including marked dis turbances of integrity of the 
" l i g h t "  and " h e a v y "  lysosomes  and increased vulnerabili ty of the par t ic les  to heat treatment.  In this se r ies  
of experiments  a high level of nonsedimenting acid phosphatase activity was observed; the changes were s ig-  
nificant compared with the corresponding data for administrat ion both of chlorpromazine and of CClt. 

The degree of solubilization of the enzyme reached almost  the maximal values found on lethal poisoning 
of ra ts  with an extract  of A. phalloides [5] .  Compared with CC14 hepatitis, during the combined action of CC14 
and chlorpromazine  the fract ions of " h e a v y "  and " l i g h t "  lysosomes  showed a tendency toward an increase  in 
free activity and increased vulnerabili ty on heat t rea tment  (37~ at pH 5.0. During the combined action of the 
two substances the "light" lysosomes  almost  lost their ability to swei1 in hypotonic medium (the changes were 
5.0~). The fraction of " h e a v y "  lysosomes  gave the same increase  [ 13j as in intact animals,  although the ab- 
solute values in the hypotonic solution were g rea te r  than those for the intact animals. 

In the intact animals the " h e a v y "  lysosomes  were more  vulnerable to injury in a hypotonic medium than 
the " l i g h t "  fraction. This difference in the osmotic behavior of the par t ic les  ref lects  the easy revers ibi l i ty  of 
metabolic changes in the lysosomes [ 13] and is probably connected with the relative predominance of hetero-  
lysosomes  in the ~'heavy ~' fraction. The same pattern was observed in all groups of experimental  animals. 
The " l i gh t "  lysosomes  of the intact animals,  almost  like the " h e a v y , "  were susceptible to the harmful action 
of heat treatment.  In the experimental  ra ts  a tendency was Observed for the "heavy" lysosomes  tobe more  vul- 
nerable to t reatment  at pH 5.0 and 37~ The possibili ty cannot be ruled out that in the less highly purified 
("heavy")  fraction the products of peroxidation injure the lysosomes more actively. Observations of this sor t  
have been obtained in investigations of fract ions of different degrees  of purity [4]. 

It is interest ing to compare  these facts showing increased vulnerabili ty of lysosomes after pre l iminary  
repeated administrat ion of chlorpromazine  to animals with CC14 hepatitis with the protective effect of other 
phenothiazine derivat ives [2, 15]. Administrat ion of promethazine simultaneously with CCI 4 prevents the de- 
velopment of necros i s  and reduces the intensity of changes in the lysosomes  to some extent [15L We tried as 
far  as possible to prevent  d i rec t  interact ion between the chlorpromazine  and CCI 4 by not giving the two agents 
at the same .time, and the grea tes t  changes were thereupon observed in the lysosomes.  
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Fig. 2. Effect  of p r e l i m i n a r y  prolonged adminis t ra t ion  of ch lo rp romaz ine  on morpho-  
logical p ic ture  of l ive r  of r a t s  with acute CCI 4 hepati t is .  A) Single dose of CCI 4. Areas  
of fatty degenerat ion and des t ruc t ion  of hepatocytes;  B) combined adminis t ra t ion  of 
ch lo rp romaz ine  and CC14. Zone of nec ros i s  with in t raee l lu la r  edema and fatty degene r -  
ation of hepatocytes ,  400 • Hematoxylirr-eosin.  

Morphological ly,  compared  with CCI~ hepat i t is ,  a f te r  combined admin is t ra t ion  of CCI 4 and eh lo rp romaz ine  
the foci of nec ros i s  and the des t ruc t ive  les ions  were  l a rge r .  Some ce l l s  showed cloudy swelling, but the p r e -  
dominant fo rm was fatty degenerat ion (Fig. 2). The dis tr ibut ion of glycogen was mosaic  in cha rac te r .  

Combined adminis t ra t ion  of CCI 4 and eh lo rp romaz ine  thus aggrava tes  the degree  of injury to the l iver  
and changes the c h a r a c t e r  of the lesion. During combined adminis t ra t ion  of CC14 and ch lo rp romaz ine  the fea -  
tu res  of l i v e r  injury observed  a f te r  adminis t ra t ion  of each sepa ra t e ly  a re  probably  combined. The pheno- 

t h i a z i n e s  have been shown to potentiate changes in l y sosomes  produced by other  harmful  fac tors ,  in this case  
CC14. Although ch lo rp romaz ine  is widely used in psych ia t r i c  prac t ice ,  the f requency of hepatic complicat ions  
is  r e la t ive ly  low [14 ] ;  t r ea tmen t  witL this substance mus t  be regarded  as a potential ly se r ious  background 
fac tor  contr ibut ing to the s e v e r e r  cou r se  of other  l ive r  d i seases .  
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