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A new cytochemical method is presented for the light and electron microscopic localization
of lysosomes in mineralized and soft tissues. Inorganic trimetaphosphate is used as substrate
in a lead chelate incubation medium at pH 3.9. Lysosomes in several tissues are strongly
reactive, and reaction product is frequently present in Golgi saccules and GERL. The
reaction can be differentiated from acid glycerophosphatase activity, is relatively insensitive
to fixation and demineralization procedures, and the reaction is often complete after short

incubation times.

In a series of papers by Berg (1, 2), inorganic
trimetaphosphate was investigated as a substrate
for histochemical localization of hydrolytic enzymes.
The formation of a lead chelate with the cyclic
structure of the trimetaphosphate substrate permit-
ted this compound to be used histochemically at a
variety of pH values. In these original light micro-
scopic studies, the trimetaphosphatase activity at
acid pH was not suggested to be lysosomal. In fact,
the lysosomal enzyme acid phosphatase previously
had been shown not to hydrolyze the pyrophosphate
substrates (10). However, when Berg's histochemi-
cal method, using inorganic trimetaphosphate, was
applied to electron microscopic studies of skeletal
tissue (3), the reaction was largely confined to
lysosomes.

It was decided to apply the histochemical reaction
for acid trimetaphosphatase to a variety of other
tissues to determine whether this activity is gener-
ally distributed in lysosomes of mammalian cells. If
this reaction can be used as a lysosomal marker, its
several advantages (which are discussed later) may
permit it to replace the more capricious staining
methods now is use (3, 5).

MATERIALS AND METHODS

Kidney, liver, intestine, mandibular incisors,
bone, cartilage, marrow, exorbital lacrimal gland
and dorsal root ganglia were obtained from rats of
the Sprague-Dawley or Wistar strains. Tissues were

! Present address: Department of Anatomy,
McGill University, Montreal, Quebec, Canada H3A
2B2.

fixed by vascular perfusion (7) or by excision and
immediate immersion into fixative. Variations in
the immersion method included using several fixa-
tion times (3 hr to overnight), several types of
fixative (1.25-6% glutaraldehyde; 10% paraformal-
dehyde; Karnovsky (8)), and either 0.1 M cacodylate
or 0.1 M phosphate buffer. These factors were not
as critical for the histochemical reaction as for
preservation of fine structure of the particular tissue
being studied. For mineralized tissues, it was possi-
ble to decalcify with a formic acid-sodium citrate
solution (6), 4.13% EDTA (11), or 10% EDTA (4),
and retain strong histochemical reactivity. Sections
of tissue 50-75 um thick prepared on a Sorval TC-2
tissue chopper or routine frozen sections were used
for incubation in the histochemical media.

Berg's trimetaphosphatase medium was made as
follows: 18 mg of sodium trimetaphosphate (Sigma
Chemical Co., St. Louis, Mo.) was dissolved in 4.5
ml of 0.1 M acetic acid. To this was added 50 ml
distilled water and 10 ml of 15% lead acetate. The
pH was adjusted to 3.9 with 0.1 M nitric acid and
the final volume of medium was brought to 100 ml
with distilled water.

We suggest the following modifications in the
trimetaphosphatase procedure: (a) sections of bone,
cartilage, tooth and dense connective tissue should
be rinsed for 1-2 hr in cold distilled water before
incubation to remove salts adsorbed onto the collag-
enous matrix, (b) the medium should be filtered
through two sheets of Whatman #50 filter paper to
insure clarity prior to use and (c) for fragile tissues,
5 g of sucrose should be added to the medium to
protect cellular fine structure.
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Sections were incubated at 37°C with agitation
for 5-90 min, then rinsed thoroughly with distilled
water or buffer and treated with dilute ammonium
sulfide to visualize the reaction product. For elec-
tron microscopy, sections were thoroughly rinsed
prior to osmium post-fixation, dehydrated and
embedded in plastic.

RESULTS AND DISCUSSION

Localization of reaction product in frozen sections
of rat liver incubated for trimetaphosphatase activ-
ity (Fig. |b) was similar to that observed for acid
phosphatase activity using either RB-glycerophos-
phate (5) (Fig. la) or cytidine monophosphate (9)
(Fig. Ic). With all three substrates, hepatocyte
lysosomes located along the bile canaliculi were

FIG. 1. Light micrographs of frozen sections of
rat liver incubated for 60 min at 37°C. a, R-glycero-
phosphate substrate, pH 5.0. b, trimetaphosphate
substrate, pH 3.9, c, cytidine monophosphate sub-
strate, pH 5.0. Hepatocyte lysosomes (arrows), lo-
cated along the bile canaliculi, are intensely reac-
tive with all three substrates. x1500.

TECHNICAL NOTE

intensely stained. No reaction product was detecta-
ble in sections incubated in the absence of substrate,
and both trimetaphosphatase and acid phosphatase
were inhibited by 10 mM zinc or fluoride.

Several variations in pH and substrate concentra-
tion were examined to distinguish acid glycerophos-
phatase activity from trimetaphosphatase activity.
If the acid glycerophosphatase method is used but
the pH lowered to that of the trimetaphosphatase
medium, pH 3.9, there is only a very slight lysoso-
mal reaction. At pH 6.0, the acid glycerophospha-
tase reaction is very strong, but at the same pH, a
precipitate forms in the trimetaphosphatase me-
dium so that no comparisons are possible. The acid
glycerophosphatase medium (5) contains 225 mg of
3-glycerophosphate per 100 ml of medium. If this is
reduced to the substrate level used in the trimeta-

FIG. 2. Trimetaphosphatase reaction in the os-
teoclast. Golgi saccules (S), vacuoles (V) and lyso-
somes are strongly reactive. The nucleus (N) and
the bone matrix (M) are relatively free of non-
specific deposits. x17,000.
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phosphatase medium (18 mg/100 ml), the lysosomal
reaction is almost negative in liver and frequently
absent from other tissues. These results strongly
suggest that at pH 3.9 there is very little contribu-
tion to the trimetaphosphatase reaction by acid
glycerophosphatase activity.

In the electron microscopic study of the various
tissues, the trimetaphosphatase reaction was con-
sistently observed in lysosomes (Figs. 2, 4 and 5).
After 20-30 min of incubation, the Golgi saccules

FIG. 3. Trimetaphosphatase reaction inthe Golgi
saccules of an intercalated duct cell of the lacrimal
gland. x26,000.

FIG. 4. Trimetaphosphatase reaction in an hepa-
tocyte. Lysosomes (L) are strongly reactive as are
portions of GERL (arrow). x27,500.
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FIG. 5. Trimetaphosphatase reaction in the Golgi
apparatus of an odontoblast. The reaction is very
strong in the lysosomes (L), Golgi saccules (S) and
vesicles (arrows). x17,500.

were frequently reactive (Figs. 2, 3 and 5), and in
the liver, segments of GERL contained trimetaphos-
phatase reaction product (Fig. 4).

Nonspecific staining or diffusion of reaction prod-
uct with the trimetaphosphatase medium was not
as evident as with the B-glycerophosphatase me-
dium. These problems occasionally occurred in sec-
tions containing dense connective tissue but often
were alleviated by (1) rinsing sections in cold dis-
tilled water to remove buffers or sucrose which
could hinder penetration of the medium or (2) pre-
soaking sections in cold fresh incubation medium
for 15-30 min prior to the 37°C incubation.

The advantages of using trimetaphosphatase as
a marker for the lysosomal system are: (a) lyso-
somes from many types of tissue are quite reactive,
(b) at the electron microscope level, the reaction
product has a small particle size which does not
interfere with morphologic studies of associated
cellular or organelle detail, (c) the reaction is undis-
turbed by demineralization procedures and is not
particularly sensitive to prolonged fixation; (d) the
inorganic trimetaphosphate can be used in place of,
or complementary to, the organic substrates; (e)
the reaction often occurs after very short incubation
times and (f) the medium is stable and remains
clean after filtration.
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