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serum albumin and 1.0 mM NADP*, The enzyme activity is
expressed as nmoles NADP" reduced/min/mg protein. NAG
activity was measured using 4-methylumbelliferyl-N-acetyl-f-
glucosaminide as substrate’. Protein concentration was deter-
mined using the biuret reaction® with bovine serum albumin as
standard.

Results and discussion. The activities of G6PDH and the lyso-
soma] enzyme NAG were measured in the soleus and vastus
intermedius both before and for 4 days after eccentric exercise
(table). In agreement with Armstrong et al.® the activity of
G6PDH increased in both muscles after exercise. This increase
in G6PDH activity is likely associated with the degeneration-
regeneration process’. The activity of NAG was also increased

Glucose 6-phosphate dehydrogenase (G6PDH) and N-acetyl-B-glucos-
aminidase (NAG) activity in muscles of 411 £ 6 g rats

Hours post Enzyme activity (nmoles/min/mg protein)
exercise Vastus intermedius Soleus

G6PDH NAG G6PDH NAG
Control 1.65+0.12  1.9640.09 4.55+024 1.59+0.04
24 1.744£0.11 1.65+0.07 485+055 1.89+0.09
48 3.18+0.61 2.08+£0.15 6.71+0.50* 1.9540.32%
72 6.54+ 1.14* 323%0.59* 548+0.52 2.06+0.11%
96 4.06+0.62 2284016 412+0.19 1.85+0.07

Values are means + SE for 10 observations. Asterisks indicate the value
is statisticaily different (p < 0.05) from the control value.

400t
2=
£3
s
£ & 3o0f
%3
5«
g °
g8
200t
100f
, . . .
o 1 2 3 r)

Day Post-Exercise

Glucose 6-phosphate dehydrogenase activity in 79 +2 g (squares),
269 + 5 g (triangles), and 411 £ 6 g (circles) rats. Values are expressed
as percent of control. The control values were 3.80 £ 0.16, 1.95 £ 0.19,
and 1.65 = 0.12 nmoles/min/mg protein for the 79, 269, and 411 g rats
respectively.
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in the same muscles following exercise indicating that lyso-
somal enzymes are also involved in the process of muscle dam-
age and repair. Our observation of increased lysosomal en-
zyme activity after eccentric exercise substantiates Friden’s et
al. finding of increased lipofuscin granules in human subjects
after eccentric exercise'®. The maximum increase in G6PDH
activity was 296 and 47% in the vastus intermedius and soleus
respectively while the increase in NAG activity was only 65
and 30% in the same muscles. Thus while both of these en-
zymes are good biochemical markers of muscle damage,
G6PDH was used in subsequent studies because of its greater
responsiveness.

The effect of rat size (age) on exercise-induced muscle damage
was assessed by measuring the activity of G6PDH in small and
medium sized rats as a function of time after exercise and com-
paring these data to the data from the large rats obtained in
our first experiment. The G6PDH activity increased with in-
creasing rat size (fig.). The small rats (79 + 2 g) showed only a
40% increase while the large rats (411 & 6 g) which ran at the
same intensity for slightly less time had a 296% increase. The
medium sized rats (269 &+ 5 g) showed an intermediate 197%
increase even though they had to be run both longer and faster
to achieve the same degree of ‘tiredness’ as the other two
groups. It thus appears that exercise-induced muscle damage
increases as the animal gets older and larger.

The time course of the G6PDH activity shows that the
maximal increase occurs 1, 2, and 3 days post exercise in the
small, medium, and large rats respectively. Since G6PDH is
associated with this repair process, it appears that this process
is delayed in the larger animals. Thus, it scems that older and
larger animals are not only more susceptible to exercise-in-
duced muscle damage, but recover from this damage more
slowly than younger and smaller animals.
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Supramarginal cells in the rat pituitary cleft revealed by scanning electron microscopy
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Summary. An unusual cell type consisting of free elements widely scattered over the marginal epithelium of the rat pituitary cleft is
revealed by SEM. Most of these supramarginal cells characteristically have irregularly shaped cell bodies from which thin branched
processes extend. Supramarginal cells bear resemblances to Kolmer (epiplexus) cells and to supraependymal cells of the brain
ventricles. Their ultrastructural features make it probable that supramarginal cells are phagocytes, and can be regarded as scavengers
of the cleft. Considering the close topographical association between the hypophysial cleft and the floor or the 3rd ventricle,
supramarginal cells may be members of the motile macrophagic Kolmer cells populating the ventricular surfaces of the brain.

Key words. Rat pituitary cleft; scanning electron microscopy; supramarginal cells.



618

The structure of the pituitary cleft in mammals may be of signif-
icance with respect to its close topographical association with
the hypothalamo-hypophysial complex'. Early three-dimen-
sional studies demonstrated that many marginal cells lining the
cavity of the cleft possess basal irregular processes. These pene-
trate between secretory cells of the adenohypophysis and often
end in.contact with pituitary capillaries and other parenchymal
cells®*. A similarity of function between cleft marginal cells and
ependymal cells lining the 3rd ventricle, and particularly its
recesses, has been suggested®’. This scanning electron micro-
scopic (SEM) study reveals irregularly shaped cells widely
scattered over the marginal layer of the rat pituitary cleft. These
elements strongly resemble the supraependymal cells found in
the 3rd ventricle®!!.

Materials and methods. Hypophyses of 30 adult albino rats of
both sexes were used. After vascular perfusion with 2.5% gluta-
raldehyde in cacodylate buffer (0.10 M at pH 7.4) the skull of
each animal was opened. The hypophyses, carefully removed,
were immersed for 12-72 h in a fixative similar to that used for
perfusion. In order to scan the entire cleft the pituitaries were
partially dissected. Fragments of tissues were washed in the
buffer, dehydrated and critical point dried in liquid CO, using a
Sorvall apparatus. Blocks were mounted with silver paint on
metal stubs. Finally the specimens were coated with gold using a
sputter coater prior to examination in a Cambridge 150 stereo-
scan microscope operating at 10-15 kV. For transmission elec-
tron microscopy (TEM), control fragments were postfixed in
osmium, dehydrated and embedded in Epon 812. The thin sec-
tions, stained with uranyl acetate and lead citrate, were viewed in
a Zeiss E/M 9A.
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Results. Observed under the SEM the rat pituitary cleft was seen
to be lined with marginal cells possessing microvilli or cilia.
Mostly ciliated cells were found over the caudal part of the cleft.
Cells with smooth surfaces and isolated and centrally located
cilia were also noted (figs 1-3). Other marginal cells showed a
number of apical protrusions such as blebs, ruffles and short
microvilli restricted to the margins of the cells*™.

Free cells located above the marginal epithelium were found in
the rat hypophysial cleft (figs 1-3). These cells — hereafter calied
supramarginal cells (SMc) — were observed on the surface of
both walls of the fissure. Generally SMc occurred singly but
occasionally they were in small groups of similar cells (figs 1-3).
Some SMc showed a large cell body radiating polymorphic
cortical processes and thus assumed a charactetistic star shape
(figs 1 and 2). Other SMc possessed a roundish, spindle-shaped
or triangular cell body from which two or three long thick
evaginations emerged (figs 3 and 4). These cells, observed for
comparison by TEM, showed an irregularly shaped nucleus. The
cytoplasm was provided with polymorphic dense bodies (lyso-
somes) and vacuoles often containing digested material of un-
known nature (figs 3a and 4a).

Furthermore irregularly shaped cells resembling SMc¢ were also
observed in wide intercellular and pericapillary spaces. Mostly
these cells were in zones of the adenohypophysis close to the
marginal layer of the cleft (figs 5 and 5a).

Discussion. Cells attached to the ventricular surface of the cho-
roid plexus of lower vertebrates and mammals were first
recognized by Kolmer'? and have come to be known as Kol-
mer(epiplexus)cells'>3,

By parallel TEM and SEM observations Kolmer cells have been

Figures 1 and 2. Stellate supramar-
ginal cells (SMc) distributed over the
marginal epithelium of the pituitary
cleft. The SMc in figure 2 is partially
infolded in a depression of the mar-
ginal layer (fig.1 x1125; fig.2
x 1350).

Figures 3 and 3a. Correlated SEM
and TEM pictures of SMc. The cells
are spindle-shaped and bear pseudo-
podial processes extending over the
microvilli (M) and cilia (C) of the
marginal epithelium of the cleft. The
SMc of figure 3a shows a cytoplasm
containing a number of polymorphic
vacuoles and dense bodies of prob-
able lysosomal pature (arrows)
(fig. 3, SEM, x2850; fig.3a, TEM,
% 3450).
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identified as macrophages probably derived from blood mo-
nocytes'% 141617 Fyrthermore, using SEM methods, other cells
were usually found along the ependymal walls of the brain ven-
tricles and termed supraependymal cells®!!. These elements,
closely resembling Kolmer cells, were especially common in the
recesses and along the floor of the 3rd ventricle of various
mammals™!!. Supracpendymal cells were generally regarded as
macrophages somewhat related to or derived from Kolmer
cells&ll,lﬁ—w'

Finally other studies suggested that in some ventricular regions,
certain groups of supraependymal cells had a glial structure or
were modified neurons® ',

In their surface fine features the SMc of the rat pituitary de-
scribed in this study bear striking resemblances to Kolmer cells
and supraependymal cells®'%'%1. The probable phagocytic
property of SMc is indicated in these SEM observations by their
irregular cell projections similar to those typically displayed by
macrophages elsewhere'®?. Further, the macrophagic nature of
SMc seems to be suggested by the occurrence in the cytoplasm of
large phagocytic vacuoles and lysosome-like bodies.

In the light of these results it is reasonable to suggest that SMc
are macrophages of possible hematogenous origin which mi-
grated from the hypophysial tissues to the cleft. This origin is
likely if we consider that macrophage-like cells, resembling SMc,
were also found in close association with the marginal layer of
the cleft or in the intercellular and pericapillary spaces of the
hypophysis.

Like macrophages in other organs of the body the presence of
SMec in the pituitary cleft might depend upon the local physio-
logical demands of the hypophysis. Particularly in the pituitary
the phagocytic function of SMc might help to provide a defense

Figures 4 and 4a. Correlated SEM
and TEM of SMc. Long pseudo-
podial evaginations emerge from the
cell body and extend over the mar-
ginal layer of the cleft. A number of
picces of debris adhere to the surface
of these evaginations (small arrows
in fig.4). The SMc present in figure
4a has a roundish cell body and a
cytoplasm filled with polymorphic
phagocytic vacuoles (arrow plus as-
terisk). A cytoplasmic process ex-
tends from the SMc (arrow). Ante-
rior (A) and posterior (P) wall of the
cleft (fig.4, SEM, x3375; fig.4a,
TEM, x3600).
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Figures 5 and 5a. SEM and TEM
micrographs of multipolar cells (as-
terisk) with ultrastructural features
similar to SMc. These elements are
located in intercellular spaces (I) of
the adenohypophysis close to the
flattened marginal cells (M) of the
anterior wall of the cleft. A number
of dense bodies (lysosomes) and
sparse vacuoles are evident in the
cytoplasm of the cell in figure 5a
(fig. 5, SEM, x3000; fig.5a, TEM,
% 3375).

619

barrier and to remove extraneous material accumulated in the
cleft as a result of the glandular activity. Moreover, as also
postulated for macrophages in different endocrine tissues®,
macrophagic SMc may play an important part in modulating
the function of the hypophysis and maintaining its hormone
secretion.

Finally, another possibility which cannot be ruled out is that
SMc arise from detached marginal cells or from the folliculo-
stellate cells of the hypophysis. In fact, particularly these latter
have been shown to assume active phagocytic properties under
some conditions? %,
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Colloidal carbon as a multilevel marker for experimental lesions
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Summary. The use of colloidal carbon for the anatomical marking of experimental lesions is proposed. Visualization of the lesion site
may be readily performed through this procedure at the macroscopic, light microscopic, and ultrastructural levels in the same
specimen. The chemical inertness of the marker and its relative permanency greatly add to its usefulness.

Key words. Carbon; central nervous system; demyelinating diseases; electron microscopy; injections; light microscopy; lysophospha-

tidylcholines.

There is a modern trend in neuroscience to place minute lesions,
or microinjections, into the nervous system to serve a variety of
experimental goals. There is often a need to identify those foci
sequentially at macroscopic, light and electron microscopic lev-
els. A difficulty in localizing the lesion while preparing tissues for
histopathology may emerge from the small size of the locus and
the lack of inflammatory reaction.

This note reports the use of colloidal carbon as a morphological
marker for multilevel identification of such injection sites, using
as an example the injection of lysolecithin into the spinal cord of
experimental animals which has proven to be an extremely use-
ful model for studying demyelination and remyelination in the
central nervous system!?2,

Materials and methods. The colloidal carbon suspension was
prepared as follows: Three to 5 ml of India ink (‘Pelikan’ special
ink, batch C11/1431A) were dialyzed against distilled water for
48-72 h through a Spectrapor semipermeable membrane (Spec-
trum Medical Industries, Inc., Los Angeles, CA 90054) with
12,000 MW cut-off. The suspension could be stored in the refrig-
erator for many months. To mark the site of lysolecithin injec-
tions, one drop of dialyzed ink was added to 1 ml of 1% lyso-
phosphatidylcholine solution. The surgical operation has been
described elsewhere®. This procedure produces well-localized,
reproducible lesions of known age.The size of the lesion may
vary according to the amount of lysolecithin injected. Injection
of 2 pl of a 1% lysolecithin solution into the lower thoracic or
upper lumbar region of the rat spinal cord produces a focal area
of primary demyelination of approximately 0.4 mm diameter.
At different postoperative times, intracardiac perfusion fixation
was performed and spinal cords were dissected and inspected
macroscopically to locate the injection sites. Subsequently,
tissue blocks containing the lesions were processed and em-
bedded in Epon. One micrometer thick sections were stained
with Stevenel blue for light microscopy® or reacted with antise-
rum to myelin basic protein (MBP) for immunocytochemistry*.
Thin sections were stained with lead citrate for electron micro-
scopy’.

Results. The injection tracks in lysolecithin-injected animals ap-
peared macroscopically as straight black lines in the ventrola-
teral white matter of the spinal cord (fig.1). The lesions re-
mained labeled for at least 70 postoperative days, the longest
survival time allowed in this series.

Light microscopy of 1 um thick sections reacted with anti-MBP
serum revealed reaction in the healthy, but not in the demyeli-
nated, area. The presence of carbon could be readily detected
within the affected tissue (fig. 2). At later stages, when remyelina-
tion took place (fig. 3), carbon tattoo remained as an indicator of
the original site of lysolecithin injection.

The removal of carbon took place slowly, primarily by the ac-
tion of invading phagocytes. The electron micrograph of figure 4
depicts part of 2 macrophage actively involved in the phagocy-
tosis of both myelin debris and colloidal carbon.

Figure 1. Cross section of an unstained spinal cord block, with the site of
lysolecithin injection marked with carbon. x 15.



