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Abstract— Previous studies have shown that cadmium ions cause disruption of albumin-lilled phagolyso-
somes in titro, and that cadmium and mercuric salts inhibit intralysosomal proteolysis and phagolyso-
some formation in vivo in mice after intraperitoneal injections [Biochem. Pharmac. 22, 373 (1973)
and 24, 1227 (1975)]. Cupric, stannous, lead. mercuric and zinc salts also inhibited proteolysis when
added to phagolysosome suspensions in | mM concentrations, and all of these substances caused
phagolysosome disruption except zinc. Reduced rates of intralysosomal proteolysis were noted in liver
and kidney phagolysosomes from mice injected intraperitoneally with zinc at less than b, doses.
but the metal had no inhibitory effect of phagolysosome formation in the liver as measured by the
uptake of labeled protein into osmotically releasable form. The inhibitory effects of zinc on intralysoso-
mal proteolysis were evident in liver phagolysosomes up to about 6 hr after injections, but effects
on kidney phagolysosomes were more prolonged. The results suggest that zinc may be taken up into
phagolysosomes where it inhibits cathepsins B and C.

In previous studies, we have shown that intraperi-
toneal injections of cadmium acetate [1] or mercuric
chloride [2] into mice inhibit phagolysosome forma-
tion and intralysosomal proteolysis of intravenously
injected '?°I-labeled bovine serum albumin in kidneys
or livers. Cadmium chloride was also found to inhibit
intralysosomal proteolysis when added to phagolyso-
some suspensions. The inhibitory effects of cadmium
in rvitro were caused by phagolysosome disruption.
as shown by the release of labeled protein into the
medium. The fungal toxin rubratoxin also inhibited
phagolysosome formation in vivo and inhibited intra-
lysosomal proteolysis after intraperitoneal injections
into mice, but this toxin had no effect on phagolyso-
some suspensions in titro [3]. Similarly to rubratoxin,
cadmium and mercuric ton. zinc acetate also inhibited
intralysosomal proteolysis when injected intraperi-
toneally into mice. but unlike these substances, zinc
had little effect on phagolysosome formation. Results
of these studies are reported in this communication.

MATERIALS AND METHODS

Methods used in these studies have been reported
elsewhere [2.3]. Briefly, mice were injected intraperi-
toneally with the substance to be tested dissolved in
physiological saline. After the interval of time shown
in the tables, the animals were injected intravenously
with 01 ml (1 mg) formaldehyde-treated '?*I-labeled
bovine serum albumin. Thirty min later, the mice
were anesthetized with ether and the livers and kid-
neys were removed and homogenized in cold 025 M
sucrose. The homogenates were centrifuged to sedi-
ment the 500-30,000¢ particulate fraction and these
pellets, containing albumin-filled phagolysosomes,
were resuspended and incubated for 60 min at 35
in 0-25M sucrose, 50 mM mercaptoethanol and
25mM Tris-acetate buffer. pH 5. Samples were
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removed at intervals and added to counting tubes
containing 2ml of 10, trichloroacetic acid. The
radioactivity in these was counted; they were then
centrifuged to sediment precipitated protein and the
supernatants were decanted and counted to determine
per cent of the total radioactivity converted to trich-
loroacetic acid-soluble form due to the action of pro-
teases.

Intact phagolysosomes present in particulate sus-
pensions were estimated by osmotic shock. This was
accomplished by diluting samples of the suspensions
1:10 in cold 0-25 M sucrose buffered with 0-02 M Tris-
acetate, pH 7-3, and in buffer alone. The dilutions
were allowed to set on ice for 10 min and then these
were centrifuged to sediment all particulate material.
The supernatants were decanted and counted.
Radioactivity in samples diluted in sucrose buffer was
subtracted from the corresponding sample diluted in
buffer and the results were calculated as per cent of
the total radioactivity. This method was also used
to determine phagolysosome formation in kidneys
and liver in mice. If the particulate suspensions centri-
fuged from homogenates of these tissucs contained
the same relative quantities of osmotically active par-
ticles as untreated controls. phagolysosomes forma-
tion was assumed to be unaffected. The technique is
a reasonably valid estimate of phagolysosome forma-
tion because particle-bound. non-osmotically active
labeled protein remains relatively constant in tissue
homogenates but osmotically active protein varies
with the extent of the phagolysosome formation [4].

All counts were performed with a Packard Gamma
Well Counter with automatic sample changer.

RESULTS

A number of heavy metal salts were screcned for
inhibitory effects on intralysosomal proteolysis in
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Table 1. Elfects of some metal salts on intralysosomal proteolysis and phagolysosome stability*

Osmotically refeasable radioactivity
(", of totaly

Proteolysis Kidney [iver

“, n 40 mn) @ ———— e —_
Salt Kidney Liver Otime  20min 40 min O ume  20min 40 min
CuSO, 4-8 181 106 0 05 604 19-3 169
Zn(C5H,05)s 104 164 727 533 330 66-9 469 364
ZnS0O, 71 623 4101 307 693 523 RO
Pb(NO ), 182 171 66-1 131 32 60-3 39-0) 250
SnCl, 9-9 179 71-3 122 43 782 S22 370
HeCls 1-4 13-3 576 04 23 603 419 RN
Controls 306 253 752 436 307 730 41-8 40-7

(1-6} (s 15:6) (12-7) 15-3) 64 (108} 152)

* Mice were injected intravenously with 1 mg (01 ml about 44 < 10° cpmi ' l-labeled albumin.
Fhe 500 30,000 ¢ subcellular particulate fractions {unwashed) were mcubated at 33

in the presence

and absence of 1 mM concentrations of the salts in the incubation mixture described in Materials
and Methods. Controls (no metals) are shown with standard deviations in parentheses. Saumples were
removed at 0. 10, 20, 40 and 60 min and assayed for (richloroacetic acid-soluble radioactivity and
osmotically releasable (in dilute pH 7-3 bufler) radioactivity,

mouse Kidney and liver phagolysosome suspensions.
These included nickel chloride. sodium tungstate. zine
acetate, zine sulfate, stannous chloride. cupric sulfate,
lead acetate. lead nitrate. cobaltous sulfate. cobaltous
chloride. mercurous chloride, mercuric chloride. mer-
curic acetate, ferrous sulfate, ammonium molybdate.
sodium molybdate. strontium chloride, barium hyvd-
roxide, calcium chloride, manganous chloride, and
beryllium nitrate. Only cupric sulfate, zinc acetate.
zine sulfate. lead nitrate. stannous chloride and mer-
curic chloride inhibited intralysosomal proteolysis in
I mM concentrations (Table 1). With the exception
of zine salts, all these substances caused the disrup-
tion of kidney phagolysosomes but had little or no
apparent effects on the integrity of liver phagolyso-
somes. Furthermore, mercuric acetate. like cadmium
acetate [1] had no effect. Further studies showed that
mercuric chloride in the presence of acetate buffer
and mercaptoethanol also had no effect. If mercap-
toethanol was omitted from the suspensions. mercuric

acetate caused phagolysosome disruption similar to
mercuric  chloride. Similar results to  these  were
obtained in studies with cadmium salts [ 17.

Since both mercuric and cadmium salt injections
caused decreases in osmotically releasable radioacti-
vity In mouse livers or kidneys after intravenous in-
jections of '**l-labeled serum afbumin as well as inhi-
bitions of intralysosomal proteolysis. it was of interest
to determine whether zine would produce similar
effects, These studies should provide information con-
cerning the action of metal ions on membrane sys-
tems, since effects on phagolysosomes in vitro might
reflect their action in viro.

The 1Ds,, for zinc acetate in the mice used i this
study, determined according to Weil [S] was 12-8 mg
Zn'kg. Table 2 shows the eflects of various concen-
trations of zinc acetate on intralysosomal proteolysis
and on phagolysosome formation (osmotically active
particles containing radioactive protein) in mousc
liver and kidneys 2 hr after intraperitoneal mnjections.

Table 2. Effect of zinc acetate dose 1hr after intraperitoneal injections on uptake
of '**I-labeled albumin in osmotically active mouse kidney and liver phagolysosomes
and on proteolysis in these particles®

Intralysosomal
proteolysis
(", in 40 minj

Osmotically releasable
radivactivity
", of total)

Zn dose

Kidney

(mg'kg) Kidney Liver Liver
6-0 247 253 778 720
7-0 2003 246 660 630
80 2010 167 64-0 726

130 165 9-1 582 645
160 9-5 8- 453 66-8
200 99 62 276 469
None 365 + 43 268 + 47 758 + 50 740 + 43

* Osmotically releasable radioactivity refers to the per cent of the particle-bound
(500-30.000 ) radioactivity released into the medium after suspension in a > 10 vol.
of 0-01 M Tris-acctate buffer. pH 7-3. Proteolysis refers to the per cent of the particle-
bound radioactivity converted to a trichloroacetic acid-soluble form during 40 min
of incubation at 35 . Controls (same as Table 3) are shown with standard deviations
of the means.
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Table 3. Effect of time after injection of zinc acetate (8 mg/kg) on uptake of '**I-labeled
albumin in osmotically active 30,000 ¢ mouse kidney and liver phagolysosomes and on
proteolysis in these particles®

Intralysosomal Osmotically releasable
proteolysis radioactivity
(°, in 40 min) ()
Time No. of
(hr) expts. Kidney Liver Kidney Liver
0 3 310 228 73 K1
I S 191 +1-3 138 + 08 62 + 22 72 4+ 07
2 5 200 + 18 167 + 2:8 64 + 12 73 + 43
4 5 255 + 13 19-5 + 28 64 + 34 77 + 09
6 4 74vj08 224 + 04 6l + 18 71+ 17
12 4 47 + 06
24 4 31-1 + 21
Control 13 365412 268 + 1-3 76 + 13 74 + 111

* Time refers to the hours after intraperitoneal injections of zinc acctate that labeled
albumin injections were performed. All figures, except 0 time, are shown with standard

errors of the means.

These injections produced no apparent effect on pro-
tein uptake in the kidneys or livers except at doses
higher than the LDs,. There were progressively in-
creasing inhibitory effects on both intralysosomal
proteolysis and on phagolysosome formation. At
8 mg/kg, a dose less than the Lbs,, there appeared
to be little effect on phagolysosome formation in the
liver, but intralysosomal proteolysis was inhibited
about 40 per cent. This dose was analyzed in further
detail, and the results are shown in Table 3. At
8§ mg/kg, intralysosomal proteolysis was inhibited in
both liver and kidney phagolysosomes with a maxi-
mum effect at [ hr after injection and slow recovery
up to about 24 hr after injection. The kidney appcared
to require a longer period for recovery than the liver.
In spite of the inhibitory effects of zinc injections on
proteolysis, there was no apparent effect of phagoly-
sosome formation in the liver. Some inhibition (about
20 per cent) did occur in the kidneys, however. per-
haps due to concentration in these organs during
excretion of the metal.

DISCUSSION

Misaka and Tappel [6] have shown that zinc is a
potent inhibitor of cathepsins B and C, and to a lesser
extent cathepsin D. In the present study, 8 mg/kg of
Zn?* inhibited intralysosomal proteolysis, but had no
effects on uptake of formaldehyde-treated !?3I-labeled
serum albumin in the liver or kidneys or on phagoly-
sosome formation at the same dose. This suggests that
the metal might have accumulated in lysosomes
where it exerted inhibitory effects on cathepsin activi-
ties. Tappel et al.[7] found relatively high concen-
trations of zinc as well as other metals in lysosomes
of animals which suggests that zinc may become
sequestered in these organelles.

The apparently greater sensitivity of mouse kidney
phagolysosomes to heavy metal salts in vitro (Table
1) is difficult to explain. We have noted that kidney
phagolysosomes generally appear to be more sensitive
to a number of substances. For example, inhibitory
effects of alkaline buffers and responses to ATP are
greater in  mousc kidney phagolysosomes [8].
Although all the metal salts shown in Table 1 inhi-

bited intralysosomal proteolysis in liver phagolyso-
somes, there were no apparent effects on phagolyso-
some integrity. The reason for this is also not clear,
and no explanation can be offered at the present time
other than the possibility that the substances may
have exerted their effects directly on cathepsin activity
with the phagolysosomes.

In previous studies on interactions of various hepa-
to- and nephro-toxins with mouse liver and kidney
phagolysosomes formation and function, we have
noted that some substances affect only liver, some
affect only kidney and some affect both kidney and
liver phagolysosomes. For example, mercuric chloride
inhibited phagolysosome formation and function only
in the kidneys [2], and the major eflects of Cd*™ and
rubratoxin were in the liver [ 1. 3]. The potent hepato-
toxin carbon tetrachloride affected neither liver nor
kidney phagolysosomes at lethal doses[9]. The rea-
son for these differential effects is not clear at the
present time. However, many substances. including
heavy metal salts, may be taken up principally by
either the kidney or the liver or both. For example,
Cd** is first taken up in the liver and later it is
excreted by the kidney where it becomes temporarily
concentrated [10]. These changes in distribution cor-
relate with effects on phagolysosomes[1], i.¢. effects
were noted in the liver at about 2 hr after injection
of Cd** but kidney phagolysosomes were not affected
until about 18 hr later. Furthermore, in all studies
carried out thus far, those substances which inhibited
intralysosomal proteolysis after intraperitoneal or in-
travenous injection also inhibited phagolysosome for-
mation. All these substances except rubratoxin [3]
caused phagolysosome disruption when added to
suspensions of mouse kidney phagolysosomes. Zinc
represents a notable exception with respect to phago-
lysosome formation in that it caused inhibition of in-
tralysosomal proteolysis in mouse liver phagolyso-
somes after intraperitoneal injection but had no effect
on the relative quantity of osmotically releasable
radioactivity (phagolysosome formation) at the same
dose.
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