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Toxicity of Motor Neurone Disease Serum for Myelin in Tissue Culture

E. J. FIELD,* M.D., PH.D., M.S., M.R.C.P.; D. HUGHES,+ B.SC.

[WITH SPECIAL PLATE]

Brit. med. _7., 1965, 2, 1399-1401

The serum of rabbits with experimental allergic encephalo-
myelitis is known to contain substances which produce
demyelination in cultures of newborn rat cerebellum (Bornstein
and Appel, 1961). Although the evidence is far from secure,
experimental allergic encephalomyelitis is commonly regarded
as a " model " for human multiple sclerosis, and serum from
patients with this disease has been claimed to possess a similar
demyelinating activity (Bornstein, 1963). The present work
reports a high proportion of positive results from serum of
cases of motor neurone disease.

Material and Methods
Cases of motor neurone disease which had been subjected to

careful diagnostic scrutiny for another purpose were investigated
(Vejjajiva, Foster, and Miller, 1965). Sera were divided into four
or five aliquots for separate testing and stored at -65° C. for
not longer than two months before use.

Explants of newborn rat cerebellum were set up on coverslips
coated with rat-tail collagen and grown at 350 C. in roller tubes
for 18 to 21 days. The nutrient medium comprised Simm's
balanced salt solution 40% ; Parker 199 medium (Glaxo) 5%;
bovine serum ultrafiltrate (Microbiological Associates, Bethesda,
Md) 25% ; human ascitic fluid 25% ; chick embryo extract
(nine days in ovo) 5%. Glucose was added to a final concen-
tration of about 600 mg./100 ml. and pH was maintained
within the range 6.9-7.1 by adjustment with CO2 as required.
Cultures were screened in bright field or phase-contrast illumi-

nation, and those quite free from degenerative or fatty change
were selected for testing purposes.

Tests were carried out in either a Maximow or an optical-
glass viewing-chamber (Rosenthal, New York), maintained at
350 C. on a hot stage ; or they were carried out in chambers kept
in the incubator and examined at intervals. In this way it was
possible to obtain an overall view of the culture and revert to
a specific field in order to record the sequence of changes
photographically.

In testing each serum the following preparations were set up:
(a) culture plus serum under test (25% in nutrient fluid) and
(b) culture plus normal human serum (25% in nutrient fluid).
As an additional control, culture plus nutrient fluid alone was

set up in many cases. Two preparations of (a) and (b) were set
up for each test; occasionally three. Altogether 101 cultures
of (a), 63 of (b), and 40 with nutrient fluid alone were set up, so
that more than 200 cultures were used in all. Myelotoxicity of
serum is known to be complement-dependent (Bornstein, 1963),
and in some early additional experiments fresh guinea-pig serum
was added as a source of complement. In these cases additional
controls were set up to establish the non-toxicity of the guinea-
pig serum. Later, however, it was found unnecessary to
introduce fresh guinea-pig serum, since direct estimation showed
adequate complement levels to remain in the stored human sera.
At the conclusion of a test the culture was fixed in formol-
saline and the axis cylinders were impregnated by the method
of Bodian.

Altogether serum was tested from 21 patients in whom the
diagnosis of motor neurone disease was based upon the most
stringent diagnostic criteria, five in whom the diagnosis was
highly probable, and 20 normal subjects. A total of 204 cultures
was examined.

* Honorary Director, Medical Research Council Demyelinating Diseases
Research Unit; Neuropathologist, Royal Victoria Infirmary and Uni-
versity of Newcastle.

t Technical Officer.
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Results

In assessing the effects of any particular serum account was
taken of the overall effects upon myelinated fibres and glial cells
throughout the culture, since misleading conclusions might be
drawn if attention was confined to a single selected field. Varia-
tion of effect within a given culture was often observed and
might well have been related to the concentration of myelinated
fibres able to fix toxic antibody. The length of time which
elapsed before morphological changes occurred was noted and
some assessment of toxicity estimated as the percentage number
of fibres damaged at a given time. Results were then scored
according to the schema in Table I. Inevitably some element of
subjectivity was present in assessing minor degrees of change, so
that it was decided to regard + readings as negative. Results
are set out in Table II.

TABLE

Time

6 hours
24 ,
48 ,
72 ,

E I.-Myelin

50!

Destruction (% Fibre

25% 50%

++
+±I

+++
++

+

TABLE II

Score

Type of Sample
4+ 13+ 2+ 1+

A. Motor neurone disease
where diagnosisnot in
doubt(21cases) . . 1 0 7 5

B. Motor neurone disease;
some doubt as to diag-
nosis (5 cases) .. 0 1 1 1

C. Normal (20 cases) 0 1 1 0

Positive

13

3
2

!s)

75%

+++++

Negative Total

8 21

2 5
18 20

The x2 test applied to this table (with Yates's correction for

continuity) shows that P=0.005-0.001-that is, the number of

positive results with clear cases of motor neurone disease is

different from that of normal sera.

No correlation could be observed between clinical evidence

of upper motor neurone involvement (Babinski sign) and posi-

tivity of the test. Thus the most positive patient (4+) showed

no Babinski sign, while some of the negative ones did do so. A

typical sequence of events during the testing of a case of motor

neurone disease is shown in Figs. 1, 2, and 3 (Special Plate).

In Fig. 1 clearly outlined myelinated nerve fibres are seen

coursing through the culture. In bright field illumination they

appear as two parallel refringent lines separated by a dark line.

At the beginning of an experiment glial cells (? oligodendro-

cytes) are pear-shaped or show two or more processes. With

most sera (whether they turn out to be myelotoxic or not)

degenerative changes in these glial cells begin within about an

hour. They become swollen and rounded, and the clear cyto-

plasm contains small granules which are in constant Brownian

motion. A certain number of these glial cells go on to dissolu-

tion, but in many non-toxic sera the majority may gradually

revert to normal. In general the changes in glia in all sera are

well marked (specially if 50 % serum is used in a test) and not

specific.
Fig. 2 shows the same field four and three-quarter hours after

the application of 25% motor neurone disease serum. Swollen

glial cells are prominent (B) and show the cytoplasmic particles

referred to above. As they expand they compress myelinated

fibres which run in their vicinity. Myelin sheaths in this figure

are beginning to show localized expansions and some are becom-

ing rather tortuous (A). The swollen glial cell (B) has com-

pressed the myelinated fibre (C) which passes below it, while

above B there are dilatations along a previously regular

myelinated fibre (D).
At eight hours (Fig. 3) these changes have progressed. The

tortuosity of fibre A is now more marked and is associated with

expansion of adjacent glial cells. The myelinated fibre (C) in

Fig. 2 is now further compressed and that at D has almost
disappeared, leaving myelin ellipsoids. Numerous other
previously regular fibres show beading.
By 24 hours the field (Special Plate, Fig. 4) is almost unrecog-

nizable when compared with Fig. 1. Many swollen glial cells
have now disintegrated and added to the general debris scattered
in the field, and myelin ellipsoids are prominent. Where isolated
myelinated fibres yet remain their sheaths are distinctly thinner
and less refractile than at the beginning of the test. This
particular culture was observed for 69 hours, by which time
marked disintegration had occurred (Special Plate, Fig. 5).
The degenerative changes occurring with, motor neurone

disease serum are essentially similar to those brought about by
multiple sclerosis serum. The latter are, in general, faster
than with motor neurone disease. In addition to myelin
beading and fragmentation, a general dissolution of myelin
similar to that reported by Bornstein and Appel (1961)
commonly took place at the same time, the bright refractile lines
seen in the bright field picture gradually becoming narrowed.
Minor changes are sometimes seen when normal serum is

subjected to the same testing, and careful assessment of controls
is necessary before concluding that any particular serum is toxic.
Often these minor changes are temporary and reversible, while
true toxic changes are progressive. Serum from two normal
subjects did, however, produce well-defined toxic changes (see
Table II). In some cultures which were tested with toxic sera

well-defined growths of glial cells were seen on a more super-

ficial plane than the layer of myelinated nerve fibres. The cells,
which appeared to be astrocytes (though morphology is an

uncertain criterion in assessing the nature of glial cells in
vitro), seemed unaffected by the serum, which was so toxic for
myelin and its immediately associated (? oligodendroglial) cells
(Special Plate, Fig. 6).

Examination of Bodian preparations of the cultures which
had been exposed to strongly myelotoxic serum (either motor
neurone disease or multiple sclerosis) showed persistence of axis
cylinders and nerve cells (Special Plate, Fig. 7), so that the
inimical effect of the serum appeared very largely confined to
myelin and the glial cells associated with it.

Discussion

The present work confirms the findings of Bornstein and
Appel (1961) and of Bornstein (1963) regarding the toxicity of
certain sera for myelinated fibres and glial cells in tissue culture.
The pattern of demyelination, beginning with swelling of glial
cells and myelin sheaths and progressing to the extrusion of
myelin fragments while neurone bodies and axis cylinders are

left relatively unaltered, is confirmed. In a later publication
Bornstein and Appel (1965) reported demyelinating activity in
9 out of 15 sera from cases of amyotrophic lateral sclerosis.
They point out that " the interpretation of tissue culture
techniques . . . must be viewed with considerable scepticism in
view of the general cytotoxic properties displayed by almost all
sera, particularly when applied to short-term or young
cultures." All sera in the present study were toxic to myelin-
associated glial cells, as judged by their marked swelling followed
by disruption in many cases. This was true even with the 25 %
serum tested and seemed similar to the toxic effects reported
with undiluted serum by Berg and Kallen (1962a, 1962b). Such
effects were therefore regarded as non-specific. Recently
Lumsden (1965) has reported nine "strong" positive results,
five " weak," and three repeatedly negative out of 17 acute cases

of multiple sclerosis, and this, too, confirms the reports
summarized by Bornstein and Appel (1965).
Lumsden raises the important question " whether . .. (the

antibodies at work in these tests) . . . are secondary products

of the destruction of myelin." The present work confirms

Bornstein's observation that myelotoxic activity is not confined

to multiple sclerosis but is present, though possibly in lesser

BRTSHMEDICAL JOURNAL
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degree, in amyotrophic lateral sclerosis. The possibility that
myelotoxic antibodies may be formed secondarily to myelin
destruction, arising perhaps from some non-immune cause, is
a very real one in view of the finding of antibody to encephalito-
genic factor in a variety of neurological conditions reported by
Field, Caspary, and Ball (1963). Nevertheless, their undoubted
occurrence in multiple sclerosis and experimental allergic
encephalomyelitis might well be of some pathogenetic import-
ance because of the lowered blood-brain barrier at lesions in this
disease (Broman, 1947, 1964) and in experimental allergic
encephalomyelitis (Barlow, 1956; Vulp6, Hawkins, and
Rozdilsky, 1960; Field, 1961).

Finally, the occurrence of two examples of myelotoxicity
among our 20 normal sera should be compared with the 2 out
of 26 reported by Bornstein and Appel (1965). Lumsden (1965)
does not report upon normals, but in view of the findings of
Hashem and Barr (1963) it is possible that normal subjects may
-become sensitized to brain or its degeneration products if these
are ingested. The possibility exists also that laboratory workers
or others habitually exposed to brain might show some antibody
responses. In this connexion Field et al. (1963) were able to
demonstrate antibody to an encephalitogenic factor in 20.4% of
44 normal subjects. There is, however, no evidence that human
antibodies demonstrated by the tanned-cell method parallel
serum myelotoxicity.

Summary
Serum from 13 out of 21 undoubted cases of motor neurone

disease showed demyelinative activity (at one in four dilution)

when allowed to act upon neonatal rat cerebellum cultures.
Three out of five other cases in which the diagnosis was open
to some doubt also showed this activity. Two out of 20 normal
subjects also did so. All sera showed some degree of gliotoxic
activity.

Myelotoxicity is not a property possessed exclusively by
multiple sclerosis serum, though it may play a part in the
pathogenesis of lesions.

We are much indebted to Dr. A. Vejjajiva, of the Department of
Neurology, Royal Victoria Infirmary, for serum specimens from
cases of motor neurone disease and for providing details of the
clinical condition of the patients.
We would also like to thank Miss Greta Joyce, A.M.I.L.T., for

histological preparations ; and Miss Marjorie Hall, A.M.I.L.T.,
Miss Catherine Smith, A.M.I.L.T., and Miss Christine Colligan for
their valuable technical help in preparing so many cultures.
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Congenital Rubella Syndrome as a Systemic Infection. Studies of
Affected Infants Born in Philadelphia, U.S.A.

J. M. LINDQUIST,* M.D.; S. A. PLOTKIN,#t M.D.; L. SHAW,§ M.D.; R. V. GILDENt PH.D.;
M. L. WILLIAMS,* M.D.

[WITH SPECIAL PLATE]
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Since the teratogenic potential of the rubella virus was
established by Gregg in 1941 a syndrome of maternal rubella
in early pregnancy followed by congenital heart disease,
cataracts, and deafness in the infant has often been described
(Manson et al., 1960; Ingalls et al., 1960; Lundstrdm, 1962).
Although this classical triad of sequelae to intrauterine rubella
infection is well documented, other anomalies have received less
attention. Recently, the birth of a large number of American
infants with a variety of congenital abnormalities has demon-
strated that foetal damage associated with maternal rubella is
not confined to a few defects. The damaged infants were born
six to nine months after an epidemic of rubella that was wide-
spread in the United States from the end of 1963 to the summer
of 1964 (Morbidity and Mortality Weekly Report, 1964;
Plotkin, 1964; Phillips et al., 1965). The congenital abnor-
malities which followed the epidemic included osseous lesions,
hepatosplenomegaly, anaemia, and deficiency of megakaryocytes

in the bone-marrow. In addition, retardation of intrauterine
growth, neonatal thrombocytopenic purpura, and rubelliform
rash were seen with higher frequency than previously reported
(Lilndstrdm, 1962; Berge et al., 1963).
With the aid of recently developed procedures for virus

isolation (Weller and Neva, 1962 ; Parkman et al., 1962), Alford
et al. (1964) showed that infants born after maternal rubella
may excrete virus. In the recent epidemic their findings have
been amply confirmed (Rudolph et al., 1965; Cooper et al.,
1965 ; Plotkin et al., 1965; Rubella Symposium, 1965). In
several instances individuals in contact with infants shedding
virus have developed rubella, thus raising an important public
health and epidemiological problem (Cooper et al., 1965).
The present paper reports the experience in a large city

hospital in Philadelphia, Pennsylvania, during the period in
which rubella-induced abnormalities were prevalent. Informa-
tion is provided with respect to the incidence of congenital
rubella syndrome in a predominantly negro population, the
spectrum of anomalies in affected infants, the persistence of
virus infection after birth, and the development of rubella
antibodies.

* Department of Pediatrics, Philadelphia General Hospital.
t The Wistar Institute.
t The Children's Hospital of Philadelphia.
Department of Radiology, Philadelphia General Hospital.
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FIG. 1.-Myelinated culture of newborn rat cerebellar
cortex 21 days in vitro. Bright-light illumination.
Twenty minutes after application of 25% serum from
a case of motor neurone disease. Section maintained
on heated stage at 35' C. Arrow X marks a clump of
globules serving as a landmark. A, C, and D are
normal myelinated fibres which are later affected. B is

normal glial cell. ( x745.)

FIG. 2.-Same field at four and three-quarter hours.
Clump of globules (X) serves as a landmark. Same
myelinated fibres are becoming tortuous (A), and this
is in large measure due to expansion of glial cells. The
glial cell (B) of Fig. 1 is now markedly swollen and
shows granules clustered round its nucleus. The
myelinated fibre (C), which passes below the cell B, is
compressed. The fibre D above B, which was quite
regular in Fig. 1, shows marked blebbing of myelin.

( x 745.)

FIG. 3.-Same field at eight hours. Note increased
tortuosity of fibre A, and glial cell B beginning to de-
generate. Myelinated fibre C is further compressed
below the cell B, and the myelin of that at D has broken

up with discrete ellipsoids. (X 745.)

FIG. 4.-Same field at 24 hours, showing disintegration
of many glial cells with much granular and myelin
debris. Where short stretches of myelin persist they

are thinned. (x 745.)

MEDICAL JOURNAL
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FIG. 5.-Same field at 69 hours, showing almost total
disorganization of myelin. Nevertheless, axis cylinders

are well preserved. (X745.)

FIG. 6.-Unharmed astroglial cells in culture which had
been largely demyelinated by exposure to motor neurone
disease serum (Figs. 1-5). These cells are more super-
ficial in the culture and more towards the periphery.
They are not actively associated with myelination.

(Bodian stain. x465.)

FIG. 7.-Culture shown in Figs. 1-5 (motor neurone
disease serum test). Nerve fibres impregnated by
Bodian's method. Despite the extensive demyelination,
nerve fibres (and nerve cells) are unaltered. Both thick
axons (which were heavily myelinated initially) and the
non-myelinated fibres are preserved, glial nuclei are

heavily impregnated. (Bodian stain. x 1,245.)
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J. M. LINDQUIST ET AL.:
CONGENITAL RUBELLA SYNDROME

AS A SYSTEMIC INFECTION

Typical x-ray appearance of the lower limbs
in rubella-syndrome infants, showing metaphysial

streaking and irregularity.
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