
Neuroglia and the myelin-bearing cell: a symposium

After bromophenylacetylurea poisoning in the rat,
severe denervation occurred in the posterior columns,
especially in its upper parts (Cavanagh, Chen, Kyu, and
Ridley, 1968). This began from the eighth day onwards
and was complete by the third week, about 80% of the
fibres being lost with the dose used. Cellular responses to
axonal degeneration were rapidly initiated but only
slowly completed. Phagocytosis of myelin debris took
many weeks and astrocytes actively 'walled off' debris
and other constituents of the damaged area by the
growth of numerous processes. The absence of protein
escaped from blood vessels thus profoundly modified the
responsiveness of both microglia and astrocytes.

In neither lesion had oligodendrocytes been found
unequivocally to respond to these stimuli and they
showed only regressive changes. Moreover, the absence
of irradiation damage in the nuclei of these cells suggested
that they did not proliferate in these circumstances.
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BIOCHEMISTRY OF GLIA AND THE DEVELOPING BRAIN

A. N. DAVISON (London) Biochemical studies on the
neuropil and on isolated glial cells (see Rose, 1968)
indicated that in many ways the metabolism of glia
resembled that of the neurone. In addition, the work of
Hyden and his colleagues suggested a very special
metabolic relationship between the two types of cell, but
the exact role of glia in the partnership was not estab-
lished. Even the presence in glia of high activities of
pseudo-cholinesterase and carbonic anhydrase (Giaco-
bini, 1962) remained unexplained, as did the significant
absence of gangliosides.
There was, however, little doubt that glial cells had

an important r6le in maintenance of the mature myelin
sheath and in myelinogenesis. Thus, myelination in the
central nervous system was effected by macroglial cells
(Maturana, 1960; Peters, 1960) whose extruded plasma
membrane could be traced from the cell to the newly
synthesized myelin lamellae (Bunge, Bunge, and Ris,
1961). In the early steps of development the formative
cell might have different properties from that of the
oligodendroglial cell and had been variously identified as
astrocyte or reactive macroglial cell. Certainly the
myelinogenic cell was rich in enzymes required for lipid
synthesis (Blunt and Wendell-Smith, 1967); RNA and
lipid might also be seen to accumulate within its cyto-
plasm (Mickel and Gilles, 1968).

Shortly before myelination there was a multiplication
of glial cells (Bensted, Dobbing, Morgan, Reid, and
Payling Wright, 1957; Friede, 1961), so that much of the
adult population was reached by the onset of the process.
The stage had been referred to as 'myelination gliosis'.

If myelin originated from glial membrane it would
therefore have been expected that typical myelin con-

stituents would be found in the brain before myelination
occurred, but at that time only traces of the characteristic
myelin lipid (cerebroside) could be detected (Cuzner
and Davison, 1968). Subsequently, there was parallel
increase of cholesterol and phospholipid with deposition
of myelin but accretion of cerebroside remained delayed.
Thus, a relatively low cerebroside content had been found
in kitten optic nerve (Banik, Blunt, and Davison, 1968)
and rat brain myelin isolated by centrifugation during
early development. The newly formed myelin contained
relatively more lecithin and was deficient in long chain
fatty acid phosphoglycerides in comparison with that of
mature optic nerve or isolated myelin. These various
features were characteristic of typical cell membrane,
including possibly those of the glial cell plasma mem-
brane, so that it was proposed by Davison, Cuzner,
Banik, and Oxberry (1966) that the 'early' myelin fraction
contained a transition phase of myelinogenesis consisting
of undifferentiated glial plasma membrane as well as
mature type myelin. This correlated with morphological
observations showing that during the initial phase of
myelination the lamellae were loosely wound around the
axon (Caley and Maxwell, 1968) and that only later was
compact adult type myelin formed. Similarly, changes
had been noted in tissue culture in the appearance of
newly formed myelinated fibres during early stages of
myelinogenesis.

In later work it proved possible to separate two
fractions from 'early' myelin (from 10 to 25-day-old rat
brain), one with a composition comparable with that of
adult myelin and a second similar to that of cell mem-
branes (Norton, Davison, and Spohn, 1968). The
hypothesis was supported by further evidence based on
the enzymatic composition of both membrane fractions
and from isotope experiments suggesting a product-
precursor relationship for myelin and the second
membrane fraction. Current work suggested that 'early'
myelin might be metabolically more active than mature
myelin, for 7-dehydrocholesterol and 24-dehydro-
cholesterol incorporated into myelin at this time could
undergo reduction to cholesterol, whereas preliminary
experiments suggested that this did not happen in older
animals (Banik and Davison, unpublished observation).

It was proposed that during the period of myelino-
genesis glial plasma membrane was converted to myelin
by the insertion of cerebroside and loss of lecithin
molecules. This might, therefore, be an example of the
transition (Benson, 1966; Lucy, 1968) of one type of
membrane-for example, subunit structure-to another
-for example, the unit membrane.
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HISTOCHEMISTRY OF NEUROGLIA AND MYELIN BREAKDOWN

C. W. M. ADAMS and J. F. HALLPIKE (London) In recent
years much interest had centred on the role of astrocytes
in fluid transport in the brain, in their response to trauma,
and in their role in repair processes. Although oligo-
dendroglia might share some of these functions-and
might possibly be one of the precursor cells of astrocytes
-their main roles seemed to be to support symbiotically
the neuronal cell-body and to form as well as to maintain
CNS myelin.
During CNS myelination, Friede (1962) had demon-

strated a marked increase in the oligodendroglial
population and in enzyme activity. These observations
together with well-substantiated ultrastructural studies
showed that the oligodendrocyte was the major cell
involved in myelin formation. The question considered
here was what happened to the oligodendroglia in
demyelinating disease.
Lumsden (1951) reported that the oligodendroglia

abruptly disappeared at the edge of plaques of multiple
sclerosis. In their experience, however, this situation only
applied in those plaques that they regarded as inactive
(Ibrahim and Adams, 1963)-and even then a few
oligodendroglia persisted in the plaque. Around those
plaques that they believed to be active, the oligodend-
roglia proliferated, hypertrophied, and showed increased
oxidative activity; such plaques appeared to be active as

judged by the presence of lipid-laden microglia within
them and, in occasional cases, as indicated by the clinical
history.

It had been suggested that this activity at the edge of
certain multiple sclerosis plaques represented a re-

myelinating process. However, they did not believe this
interpretation was correct, because oligodendroglia
proliferated and developed increased oxidative activity
both in the prodromal stages of experimental cyanide
encephalopathy and in very early multiple sclerosis
plaques (Ibrahim and Adams, 1965).

In recent further studies of five cases of multiple
sclerosis, they had found that proteolytic activity (pH 3-6
and pH 7 4) increased at the edge of active plaques.
Trypsin, pepsin, and elastase digested the basic
(trypanophilic) protein of myelin and released myelin
lipids in vitro (Tuqan and Adams, 1961; Adams and
Bayliss, 1968). Moreover, they had found that extracts of
degenerating peripheral nerves could induce similar
changes in CNS myelin-namely, removal of trypano-
philic basic protein and acceleration of myelin-bud
formation.

Proteolytic activity increased in the early phase of
Wallerian degeneration in peripheral nerves. Thus, the

initial disruption of the sheath in the primary stage of
myelin breakdown-where Rossiter (Johnson, McNabb,
and Rossiter, 1950) had shown that the myelin lipids
remained chemically normal-could be attributed to
digestion of the myelin basic-protein. In fact, trypano-
philic basic protein was abruptly lost at the edge of the
multiple sclerosis plaque and, moreover, substantially
decreased during the first few days of Wallerian degener-
ation in the peripheral nerve. Conversely, chemical
degradation of the lipids and the formation of Marchi-
positive esterified cholesterol were delayed and proceeded
in the second stage of myelin breakdown. Therefore, the
myelin basic-protein seemed to be a particularly vulner-
able part of the myelin sheath in that it was first attacked
during myelin-breakdown.
An outstanding problem was where these proteolytic

enzymes came from. It would not be unreasonable to
suppose that they were derived from lysosomes, as was
suggested by the early increase in acid phosphatase in
Wallerian degeneration. However, myelin was compacted
cell-surface membrane and itself contained leucin
aminopeptidase (L-leucyl-f-naphthylamidase) as well as
a neutral protease. At present they were further investi-
gating the origin of proteolytic enzymes by analysis of
subcellular fractions from both normal and degenerating
peripheral nerves.
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IMMUNOLOGICAL FACTORS IN EXPERIMENTAL ALLERGIC
ENCEPHALOMYELITIS AND MULTIPLE SCLEROSIS AS

REVEALED BY CULTURES OF MAMMALIAN NERVE TISSUE

MURRAY B. BORNSTEIN (New York) Organized cultures
of mammalian central nerve tissues characteristically
developed and maintained myelin and polysynaptic
relationships. These cultures were used as a model
system to examine the blood of animals with experimental
allergic encephalomyelitis (EAE) and patients with
multiple sclerosis (MS) for the presence of immunological
factors which might be involved in these disease processes.
The serum of EAE-affected animals and a majority of
MS patients experiencing an active phase of their illness
contained factors which produced a characteristic pattern
of demyelination in the cultured CNS tissues. Their
potency had been demonstrated to be complement
dependent in both the human and the animal serum.
Those in the animal serum had been shown to be localized
in the 7-S component of the gamma globulins and to be
removed by exposure to brain tissue, but not by liver,
kidney, or red blood cells. Immunofluorescence examin-
ations of exposed cultures revealed the globulins con-
centrated on the neuroglial cell membranes and the
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