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INTRODUCTION

In this report intercellular material in developing
cartilage and between reaggregating cartilage cells
has been examined with lanthanum staining (3,
7, 13, 16) . The proteinpolysaccharides of cartilage
have been extensively studied by biochemical
methods (2, 8-10, 18-21), and proteinpolysac-
charide extracted from cartilage has been shown
to precipitate with lanthanum (2) . The lan-
thanum-staining properties of normal developing
cartilage were compared with those of tissue which
had been treated enzymatically . In addition,
lanthanum staining of early and late reaggregates
was compared. These studies showed that (a)
lanthanum staining is characteristically associated
with what are believed to be proteinpolysaccharide
components of the developing matrix, (b) the
matrix as revealed by lanthanum is formed early
in reaggregation, and (c) there is a change in the
morphology of the matrix as aggregates mature .

MATERIALS AND METHODS

Developing cartilage was prepared for electron
microscopy by conventional methods for comparison
with lanthanum staining . The diaphysis of the
humerus of 8-day chick embryos was dissected and
fixed in 2 .5% glutaraldehyde (17) in the cold in 0 .1
as cacodylate buffer, pH 7 .2, for 2 hr, rinsed in caco-
dylate buffer, pH 7 .2, and postfixed for I hr in 1 0/0
osmium tetroxide in cacodylate buffer. Tissue was
dehydrated in a graded series of alcohols, embedded
in Araldite 6005 (14), and sectioned and stained with
uranyl acetate (23) and lead citrate (22) .

For lanthanum staining, cartilage rudiments from
the humerus were fixed overnight in 2.5% glutaralde-
hyde in cacodylate buffer, pH 7 .2, containing 1 %
lanthanum nitrate, rinsed in cacodylate buffer for
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15 min to 1 hr, and dehydrated . Fixation and dehy-
dration were carried out in the cold (circa 4°C) .
Tissues were embedded in Araldite, sectioned, and
viewed with a Hitachi Hu 1 IA electron microscope
without further staining.

For enzymatic treatment, tissues were first fixed
for 2 hr in 2 .5% glutaraldehyde in cacodylate buffer,
pH 7.2, rinsed with buffer for 15 min to 1 hr (four
15-min changes), then incubated at 37 °C in (a)
hyaluronidase (Worthington Biochemical Corp .,
Freehold, N.J .) 1 mg/ml in Hanks' solution for 4 hr
or in Hanks' solution alone, and (b) Tryptar (crys-
tallized trypsin, Armour 25,000 units/ml [Armour
Pharmaceutical Company, Chicago, Ill.]) in calcium-
and magnesium-free Tyrode's (CMF) (11) for 1 hr
or in CMF alone . After treatment, tissues were rinsed
with 2.5% glutaraldehyde in buffer followed by the
above procedure for lanthanum staining. Tissues
were also (a) treated with trypsin as described above
followed by osmium tetroxide fixation and uranyl
acetate and lead staining. (b) treated with heat-
inactivated trypsin and hyaluronidase (boiled for
1 hr) followed by lanthanum staining, and (c) fixed
in 4% formalin for 3 hr in the cold with or without
trypsin treatment followed by lanthanum staining .

For preparing the reaggregates, 8-day chick limb
cartilages were dissociated according to the method of
Coon (1) . Cartilage rudiments from legs (excluding
the femur) were dissected away from the soft tissue .
Then adhering perichondrial material was removed
by incubating for 10 min at room temperature in a
medium consisting of 10% horse serum in CMF with
0.1 % trypsin (Nutritional Biochemicals Corporation,
Cleveland, Ohio 1 :300) and 2 .5 mg/ml collagenase
(Worthington, CLS), followed by four successive
5-min changes in this medium during which the
preparation was continually agitated . Cells were dis-
sociated from the cleaned rudiments by incubation in
this same medium for 20 min at 37 °C on a rotary
shaker, followed by vigorous pipetting . The cells were
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then washed by centrifugation with an equal volume
of culture medium and resuspended in fresh culture
medium. Cells which remained clumped were re-
moved by filtering, by the method of Kuroda (6),
through a Swinney filter (Millipore Filter Corp .,
Bedford, Mass .) with six or seven thicknesses of
lens paper (Kleensite optical lens wipe, Graf-Apsco
Co., Chicago, Ill .) . Dispersed cells were reaggre-
gated by incubating at 37 °C in 3-ml lots in 25 ml
Erlenmeyer flasks on a rotary shaker at 70 rpm with
1-2 X 106 cells/ml of culture medium . The culture
medium consisted of Eagle's basal medium with L-
glutamine and 50 units/ml each of penicillin and
streptomycin and 0.01 mg/ml deoxyribonuclease
(Worthington) with 25% horse serum (Difco Labora-
tories, Detroit, Mich .) . After 1, 3, 10, and 20 hr the
reaggregates were sedimented by gentle centrifugation
and fixed and stained with lanthanum with or without
postfixation in osmium tetroxide .

RESULTS

In the 8 day chick humerus the appearance of
cartilage matrix after conventional methods of
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preparation, i .e ., after glutaraldehyde fixation,
osmium tetroxide postfixation and uranyl acetate
and lead citrate staining is shown in Fig. 1. As
has been shown by Matukas et al . (9), developing
cartilage matrix consists of granules which tend
to be angular with small stellate projections . The
center of these granules may stain less densely
than the periphery (Fig. 1, arrow) . Granules are
frequently adjacent to fibrils which are relatively
sparse and randomly arranged in the main matrix
(Fig. 1) . Towards the perichondrium, both fibers
and granules become more numerous and fibers
tend to be oriented . Such fibers have been de-
scribed as precursors of the typical banded
collagen fibers of the perichondrium (4, 5), and
the stellate projections from granules have been
considered precursors of the fibers (9, 15) .

When stained with lanthanum the main matrix
has a quite different appearance as is seen by a
comparison of Figs . I and 2 . Fibers and stellate
projections from granules do not stain. Such

FIGURE 1 Main matrix of central part of humerus rudiment from 8 day chick embryo . Glutaraldehyde
and 0,0 4 fixation, stained with uranyl acetae and lead citrate . Arrows point to granules with less dense
central regions. X 50,000.

FIGURE 2 Same as above but fixed in glutaraldehyde and stained with lanthanum . Arrows point to
collagen fibers in long section . X 50,000 .
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collagen precursors, like fully developed collagen
fibrils (16), may be negatively stained by dispo-
sition of lanthanum-staining material around them
(arrows, Fig . 2). Granules tend to be rounded,
more numerous, and consistently densely stained
throughout. They typically outline the surface of
fibers. Although both the number and size of
granules in the matrix as seen by conventional
staining (9) and lanthanum staining vary in

different regions of the cartilage, with lanthanum
staining, the frequency of granules in any partic-
ular region appears to be greater . Lanthanum-
staining granules range from 100 to 400 A in
diameter .
For a determination of what components of

cartilage matrix were stained with lanthanum,
fixed tissue was treated enzymatically before
staining . After hyaluronidase and after trypsin

FIGURE 3 Main matrix of the central part of humerus from an 8 day embryo, incubated in Hanks' solu-
tion for 4 hr, glutaraldehyde fixation, and lanthanum staining. Arrows : collagen fibers in cross-section.
X 50,000.

FIGURE 4 Matrix of 8 day humerus, incubated in hyaluronidase for 4 hr, glutaraldehyde fixation,
lanthanum staining. X 50,000 .

FIGURE 5 Same as Fig. 3 but incubated in Tryptar for 1 hr . X 55,000 .

FIGURE 6 Same as Fig . 1, but incubated 1 hr in Tryptar . OsO4 fixation, uranyl acetate, and lead stain
X 50,000 .

B R I E F N O T E S

	

435

 on A
ugust 28, 2017

jcb.rupress.org
D

ow
nloaded from

 

http://jcb.rupress.org/


treatment (Figs. 4 and 5), staining was very much

reduced compared to that of controls in which the
matrix was normal (Fig . 3) . Trypsin removed all
but traces of the matrix components, whereas after

hyaluronidase treatment, although granules were
largely removed, more stainable material remained

to outline the fibrils . Heat-inactivated enzymes
had no effect . Trypsin treatment gave a similar
result after formalin rather than after glutarade-
hyde fixation . Conventional methods of fixation
and staining after glutaraldehyde fixation and
trypsin treatment also failed to reveal matrix
granules (Fig. 6) . In preliminary experiments, it
had been determined that matrix material stain-
able with lanthanum was washed out in controls
when the initial period of fixation was short (20

min) . The above results are consistent with the
conclusions of Matukas et al. (9) that protein-
polysaccharides of developing cartilage are found

in granular components .
With this background of information on the

staining properties of normal cartilage matrix, the

intercellular material between reaggregating cells
from 8-day limb cartilages was examined . Cells
were examined after 1, 3, 10, and 20 hr of reaggre-
gation. 1 hr reaggregates had small cell clusters or
occasionally single cells ; by 3 hr the reaggregates
were considerably larger, and by 10 hr they were
fewer and much larger . Thus reaggregation con-
tinued throughout the period studied .

In 1 hr reaggregates, where two or more cells
were closely juxtaposed, the intercellular region
stained lightly or intensely . This intercellular
material appeared amorphous . In 3-hr prepara-
tions (Fig . 7) cell surfaces in both isolated cells
and aggregates are associated with densely staining
granules. In aggregates such material may lie
between cells or on the outer surface of the cell
group. Granules tend to be clumped and less

regularly dispersed than in later stages . There is

no apparent difference between matrices of 10-hr
aggregates and normal cartilage . The granules are

electron opaque and numerous . Some of the
granules are arranged in small rows outlining th e

FIGURE 7 Lanthanum staining at the outer surface of a 3 hr reaggregate, stained with lanthanum .

X 50,000 .

FIGURE 8 Matrix of a 10 hr reaggregate. Lanthanum staining. X 55,000 .
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fibers (Fig. 8), and the cells have a dense, lan-
thanum-staining margin . Matrix may still be
present on the outer surface of reaggregates . This
lanthanum-staining matrix is the characteristic
intercellular material throughout aggregation .

DISCUSSION

There has been some question about the way in
which lanthanum stains intercellular material .
Stain does not enter the cells except in cases in
which the cell membrane is broken (12, 13, 16),
presumably because it is in the form of a colloidal
particle. It has been suggested that such particles
may be trapped in small interstices between cells,
thus accounting for much of the staining effect,
though chemical bonding of lanthanum with tissue
components remains a possibility (16) . In the
present instance, irrespective of the staining
mechanism involved, matrix granules are deline-
ated by lanthanum treatment . The evidence from
enzymatic digestion is consistent with previous
conclusions (9) that these granules are protein-
polysaccharide. Also, lanthanum staining tends to
outline the unstained collagen fibers which are
known to be associated with proteinpolysac-
charides (2, 8) .

Examination of reaggregating cartilage cells by
lanthanum staining shows that cells are first
associated in very close approximation and later
separated to take on the relations characteristic of
the original tissue . Between 1 and 3 hr, the cells
had begun to separate and matrix material began
to appear. Since matrix material was formed at
the surface of cell clusters as well as in the interior,
or even at the surface of isolated cells at this early
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