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The effect  of expe r imen ta l  lead poisoning on the pe rmeab i l i t y  of the ly sosomal  m e m b r a n e  
was  inves t iga ted  in albino ra t s .  Act ivat ion of two l y s o s o m a l  enzymes ,  ~ - m a n n o s i d a s e  and 
f l -ace ty lg lucosaminidase ,  was  found in the blood s e r u m  as ea r ly  as on the th i rd  day of daily 
admin i s t r a t ion  of lead ace ta te  (20 mg/kg)  to the r a t s .  Injury to the l y sosoma l  m e m b r a n e  
evident ly  p lays  an impor tan t  ro le  in the pathogenesis  of lead poisoning. 
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Some heavy  meta l s ,  including lead, a re  known to accumula te  in the l y s o s o m e s  [8, 11]. This  may  perhaps  
be  explained by the i r  i n t r ace l lu l a r  t r a n s p o r t  and excret ion.  A s i m i l a r  role  of the l y s o s o m e s  has  been demon-  
s t r a t ed  f o r  i ron  sa l t s  [6]. Lead has  a toxic act ion on the cel l  and mi tochondr ia l  m e m b r a n e s  [9, 10, 13]. It is  
in te res t ing  to d e t e r m i n e  the effect  of this heavy meta l  on the pe rmeab i l i t y  of the l y s o s o m a l  m e m b r a n e  because  
l y s o s o m e s  contain numerous  hydrolyt ic  enzymes  [4], the l ibera t ion  of which is  a potent ial  danger  to the cel l  
[2, 5]. Acid phosphatase  act ivi ty  in the blood s e r u m  of guinea pigs is  known to r i s e  a f t e r  admin is t ra t ion  of 
lead sa l t s .  Acid r ibonuc lease  act ivi ty is  unchanged under  these  conditions [14]. 

The object  of this invest igat ion was to study the effect  of lead on the pe rmeab i l i t y  of the l y sosoma l  m e m -  
b rane  in ra t s .  

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

Exper imen t s  we re  c a r r i e d  out on 49 male  Wis ta r  albino r a t s  weighing init ial ly 150 �9 10 g. The animals  
were  subdivided Lute 7 groups,  each consis t ing of 7 ra t s .  Two control  groups were  studied on the 1st and 20th 
days of the exper iment .  The an imals  of the exper imen ta l  groups  were  given an aqueous solution of lead ace -  
tate  (20 mg/kg)  by mouth through a tube. Blood was taken fo r  invest igat ion a f t e r  decapi ta t ion of the an imals  
on the 1st,  3rd, 5th, 10th, and 20th days of the exper iment .  

The lead content  in the l i ve r  was e s t ima ted  a f t e r  minera l i za t ion  [3] with an LP-60  po la rograph .  The 
lead content was de t e rmined  by  the s tandard addition method. The activi ty of two l y s o s o m a l  enzymes  was de-  
t e rmined  in the s e r u m  of the an imals :  f l -ace ty lg lucosaminidase  (EC 3.2.1.30) by the method of Koizumi et al. 
[12] and ~ - m a r m o s i d a s e  (EC 3.2.1.24) by the method of Brad ley  and Tappel  [7]. The r e su l t s  we re  subjected to 
s ta t i s t i ca l  ana lys i s  [1]. 

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

Graphs showing changes in the lead concentra t ion in the l i ve r  and in the act ivi ty of l y sosoma l  enzymes  
in the s e r u m  in the c o u r s e  of the expe r imen t s  a re  given in Figs.  1 and 2. The lead concentra t ions  in the ani-  
ma l s  of the 1st  and 2rid contro l  groups was 0.081 �9 0.021 and 0.070 ~ 0.078 pg /g  wet weight of t i s sue  r e s p e c -  
t ively.  It will be  c l e a r  f r o m  Fig. 1 that  on the 1st, 3rd, and 5th days  af ter  poisoning the lead concentra t ion in 
the l i ve r  was cons iderab ly  inc reased .  
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Fig. 1. Lead concentration in liver of animals 
with experimental lead poisoning: 1) control; 2) 
experiment. Values for which 1 o < 0.05 marked 
by asterisk.  Ordinate, lead concentration (in,g/ 
g wet weight of tissue); abscissa, days of experi- 
ment. 

Fig. 2. Serum fl-acetylglucosaminidase (A) and 
a-mannosidase (B) activity in experimental lead 
poisoning. Ordinate, enzyme activity (in #moles 
substrate/liter/min); abscissa, days of experi- 
ment. Remainder of legend as in Fig. 1. 

The serum (~-mannosidase activity of the control animals was 4.88 • 0.44 #moles p-nitrophenol/liter/ 
rain, whereas the fl-aeetylglucosaminidase activity was 28.77 • 2.10 #/liter/rain. The ~-marmosidase activity 
was increased (Fig. 2) on the 3rd (P < 0.05) days after daily administration of lead. The serum fl-acetylglu- 
cosaminidase activity was increased on the 3rd (P < 0.01) and 5th (P < 0.001) days of poisoning but was low- 
ered on the 10th day (P < 0o001). 

Changes in the lead concentrat ion in the l iver on the f i r s t  days of poisoning are  evidence that lead ac-  
cumulates rapidly in that organ, for  by the method of administrat ion used the whole of the lead must  pass  
through the liver~ Normalizat ion of the lead concentrat ion af ter  the 10th day of the experiment can be ex-  
plained by activation of the deposition of lead in the bones and its elimination with the urine and bile. 

The increase  in ~-mannos idase  and fl-acetylglueosaminidase activity found on the 3rd day after lead 
poisoning is evidence that the permeabil i ty  of the lysosomal  membrane  is disturbed very  ear ly  during poi-  
soning. The actual organ responsible  for  this increased serum activity could not be determined rel iably be-  
fore  methods of determining organ-spec i f ic  i sozymes  of lysosomal  hydrolases  had been devised. Since lead 
poisoning leads to an increase  in the activity of some se rum enzymes  specific for  the l iver  [14], the main 
source of lysosomal  enzymes in the serum must  be presumed to be the liver.  This hypothesis was confirmed 
by the d iscovery  that the highest  activity of both lysosomal  enzymes in the se rum was observed after  a maxi-  
mal increase  in the lead concentrat ion in the liver. Some of the increased activity of the serum lysosomal  
enzymes may perhaps have been of renal  origin, for  lead also accumulates in the kidneys as ear ly  as on the 
f i r s t  days after  its adminis t rat ion [9]. 

The cause of the decrease  in f l-acetylglucosaminidase activity on the 10th day of poisoning could not be 
confidently determined.  It can tentatively be suggested that lead has an inhibitory action on the activity of this 
enzyme, just  as on the activity of another lysosomal  enzyme, acid phosphatase [15]. This may probably be 
due also to the secondary action of lead on the sys tem of possible inhibitors o r  act ivators  of this enzyme in 
the se rum or  on the synthesis ,  degradation, and elimination of the enzyme. 

In conclusion it must  be emphasized that the model of lead poisoning chosen causes  ear ly  changes in 
permeabi l i ty  of the lysosomal  membrane  in vivo, which a re  accompanied by a paral le l  increase  in the lead 
concentrat ion in the l iver  of the experimental  animals.  
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