ACTIVITY OF SERUM LYSOSOMAL ENZYMES IN RATS
WITH EXPERIMENTAL LEAD POISONING
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The effect of experimental lead poisoning on the permeability of the lysosomal membrane
was investigated in albino rats, Activation of two lysosomal enzymes, a~mannosidase and
B-acetylglucosaminidase, was found in the blood serum as early as on the third day of daily
administration of lead acetate (20 mg/kg) to the rats, Injury to the lysosomal membrane
evidently plays an important role in the pathogenesis of lead poisoning,
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Some heavy metals, including lead, are known to accumulate in the lysosomes [8, 11]. This may perhaps
be explained by their intracellular transport and excretion, A similar role of the lysosomes has been demon-
strated for iron salts [6]. Lead has a toxic action on the cell and mitochondrial membranes {9, 10, 13], It is
interesting to determine the effect of this heavy metal on the permeability of the lysosomal membrane because
lysosomes contain numerous hydrolytic enzymes [4], the liberation of which is a potential danger to the cell
2, 5]. Acid phosphatase activity in the blood serum of guinea pigs is known to rise after administration of
lead salts. Acid ribonuclease activity is unchanged under these conditions [14].

The object of this investigation was to study the effect of lead on the permeability of the lysosomal mem-
brane in rats.

EXPERIMENTAL METHOD

Experiments were carried out on 49 male Wistar albino rats weighing initially 150 + 10 g. The animals
were subdivided into 7 groups, each consisting of 7 rats. Two control groups were studied on the 1st and 20th
days of the experiment. The animals of the experimental groups were given an aqueous solution of lead ace-
tate (20 mg/kg) by mouth through a tube. Blood was taken for investigation after decapitation of the animals
on the 1st, 3rd, 5th, 10th, and 20th days of the experiment,

The lead content in the liver was estimated after mineralization [3] with an LP-60 polarograph. 'The
lead content was determined by the standard addition method. The activity of two lysosomal enzymes was de-
termined in the serum of the animals: f-acetylglucosaminidase (EC 3.2.1.30) by the method of Koizumi et al,
{12] and a-mannosidase (EC 3.2,1.24) by the method of Bradley and Tappel [7]. The results were subjected to
statistical analysis [1].

EXPERIMENTAL RESULTS AND DISCUSSION

Graphs showing changes in the lead concentration in the liver and in the activity of lysosomal enzymes
in the serum in the course of the experiments are given in Figs, 1 and 2, The lead concentrations in the ani-
mals of the 1st and 2nd control groups was 0,081 = 0.021 and 0.070 + 0,078 ug/g wet weight of tissue respec-
tively. I will be clear from Fig, 1 that on the 1st, 3rd, and 5th days after poisoning the lead concentration in
the liver was congiderably increased.
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Fig. 1. Lead concentration in liver of animals
with experimental lead poisoning: 1) control; 2)
experiment. Values for which P < 0,05 marked
by asterisk. Ordinate, lead concentration (inug/
g wet weight of tissue); abscissa, days of experi-
ment,

Fig. 2. Serum p-acetylglucosaminidase (A) and

a-mannosidase (B) activity in experimental lead
poisoning. Ordinate, enzyme activity (in pmoles
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 umoles p-nitrophenol/liter/
min, whereas the -acetylglucosaminidase activity was 28.77 = 2,16 u/liter/min, The c-mannosidase activity
was increased (Fig. 2) on the 3rd (P < 0,05) days after daily administration of lead. The serum B-acetylglu-
cosaminidase activity was increased on the 3rd (P < 0.01) and5th (P < 0,001) days of poisoning but was low~
ered on the 10th day (P < 0.001).

Changes in the lead concentration in the liver on the first days of poisoning are evidence that lead ac~-
cumulates rapidly in that organ, for by the method of administration used the whole of the lead must pass
through the liver, Normalization of the lead concentration after 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 a-mannosidase and f-acetylglucosaminidase activity found on the 3rd day after lead
poisoning is evidence that the permeability of the lysosomal membrane is disturbed very early during poi-
soning. The actual organ responsible for this increased serum activity could not be determined reliably be-
fore methods of determining organ-specific isozymes of lysosomal hydrolases had been devised. Since lead
poisoning leads to an increase in the activity of some serum enzymes specific for the liver [14], the main
source of lysosomal enzymes in the serum must be presumed fo be the liver, This hypothesis was confirmed
by the discovery that the highest activity of both lysosomal enzymes in the serum was observed after a maxi-
mal increase in the lead concentration 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 early as on the
first days after its administration [91.

The cause of the decrease in f-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 system of possible inhibitors or activators of this enzyme in
the serum or on the synthesis, degradation, and elimination of the enzyme,

In conclusion it must be emphasized that the model of lead poisoning chosen causes early changes in
permeability of the lysosomal membrane in vivo, which are accompanied by a parallel increase in the lead
concentration in the liver of the experimental animals.
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