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Edema of the Spinal Cord in Experimental Allergic
Encephalomyelitis.* (31536)
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Edema of the spinal cord has potentially
serious consequences because of the anatomic
relationships to its envelopes. Increased vol-
ume of cord parenchyma within a relatively
inelastic pia and a relatively rigid vertebral
canal might cause increased tissue pressure,
with compression and collapse of blood vessels
and subsequent ischemic necrosis. It has
been suggested that this sequence of events
is responsible for certain human cases of
necrosis of the spinal cord (necrotic myelopa-
thy) and certain sequelae of spinal cord
trauma(1l). The hyperacute form of experi-
mental allergic encephalomyelitis (EAE) pro-
vides a useful model for the study of this
problem because it is characterized histologi-
cally by striking accumulations of inflamma-
tory edema fluid in the spinal cord(2). The
present study concerns chemical confirmation
and quantitation of spinal cord edema in
hyperacute EAE.

Methods. Male Lewis rats 250-350 g in
weight, had free access to Purina Laboratory
Chow and tap water. Hyperacute EAE was
induced by intradermal injection of 200 mg
(wet weight) guinea pig spinal cord homoge-
nized in 0.1 ml pertussis vaccine concentrate
(20 billion organisms) into the right foot
pads(2). The rats were sacrificed by exsan-
guination while under ether anesthesia. The
brain was dissected after removal of the cal-
varia. “Forebrain” refers to the tissue iso-
lated by passing a scalpel just in front of the
frontal poles and just behind the occipital
poles at right angles to the long axis of the
brain; it included telencephalon, diencepha-
lon, and part of midbrain; olfactory bulbs,
optic nerves and chiasm were excluded.
“Hindbrain” refers to cerebellum and re-
mainder of brain stem down to the atlas. The
spinal cord was blown out of the vertebral
column with a blast of air from a syringe and

* Supported by grant from USPHS, Nat. Inst.
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needle placed in the lower end of the spinal
canal. Tissues were weighed fresh and again
after drying at 100°C until constant. Water
content was the loss of weight, expressed as
a percent of fresh weight. All estimations
were done on groups of 3 rats, and the aver-
ages plus ranges are reported in the Tables.

Swelling refers to the augmentation in
weight of edematous central nervous system
(CNS) tissue compared to control CNS. It
was calculated from the formula

P—P
P,

where P = percent solids in control CNS and
Py = percent solids in edematous CNS(3).
This calculation required the assumption that
the experimental procedure increased the wet
weight of the CNS but had no effect on the
dry weight. This assumption may be close
to the truth for acute water intoxication if
only water entered the CNS. In the case of
EAE, a decrease in dry weight due to loss of
solids from the CNS seems highly improbable,
but it is reasonable to expect an increase in
dry weight because of the influx of leukocytes
into the CNS and the protein-rich character
of inflammatory edema fluid. Values of swell-
ing calculated on the basis of this false as-
sumption of constant dry weight are too low
(3) and must be considered as minimal esti-
mates only.

Results. Water content was determined on
successive days in groups of rats that had
received encephalitogenic inoculum and in
groups of untreated controls (Table I). Five
and 6 days after inoculation, there were no
clinical signs of EAE and the spinal cord
water was normal, Inasmuch as microscopic
lesions often antedate clinical signs, additional
groups of rats were sacrificed at the same
times for histological control. The sections
revealed no lesions at 5 days and rare lesions
of minimal severity at 6 days; this agreed
with previous observations(2) and may be
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TABLE I. Water Content of Spinal Cord in EAE at Various Times.

EAE Water (range) Solids Swelling*
— % ~
None (normal controls) t 68.7 (1.2) 31.3 —

”  (incubation period) D 4 5% 68.5 ( .1) 31.5 —
Histologic lesions only D+6 68.9 ( .4) 31.1 —
Mild elinical signs D+7 69.7 (1.0) 30.3 2.9
Severe clinical signs D+7 73.2 ( .2) 26.8 16.8

? ” ? D+38 73.5 ( .2) 26.5 18.0

* 9 solids of control CNS — % solids of edematous CNS

v

% solids of edematous CNS

t 9 rats. Other groups consist of 3 rats.

i Day of water determination, counted from day of encephalitogenie inoeulation as DO.

TABLE II. Water Content of Forebrain and Cord.

Avgwt Forebrain Spinal cord

Treatment of rats* Water (range) Swelling  Water (range) Swelling

g I % —
EAE 256 784 (.1 73.5 (.2) 16.9
None 343 785 ( .3) — 68.9 (.8) —
Starved 289 78.7 (1.3) — 69.0 (.5) —_
Starved 4 overhydrated 272 79.8 ( .1) 5.5 70.8 (.0) 6.0
EAE + overhydrated 275 79.5 ( .2) 3.6 74.4 (.5) 21.1

* Bach value in Table represents average of 3 rats.

extrapolated to the rats whose CNS was used
for water determination. Seven days after
inoculation all the rats had clinical evidence
of EAE and the spinal cord water was ele-
vated. However, swelling was much greater
in rats with severe disease (paralysis) than
in rats with mild signs (limpness of tail).
Some rats with mild signs were followed to
the eighth day after inoculation, at which
time their signs became severe and their
spinal cord water content very high. The
results indicated that swelling was propor-
tional to the severity of the disease rather
than its duration.

In another experiment, water content was
determined in spinal cords and in forebrains
of paralyzed rats, 8 days after inoculation
(Table II). As before, there was marked
swelling of cord, but forebrain water content
was hardly different from that of normal ani-
mals. This finding was in agreement with the
histologic evidence of striking predilection
of hyperacute EAE for the spinal cord. In
view of the loss of body weight in paralyzed
rats, water contents were determined in nor-
mal rats in whom a similar loss of body weight
was induced by starvation (with no restriction
of water intake). Starvation had no effect on

water content of CNS (Table II).

It was of interest to compare the water con-
tent in EAE with that in a non-inflammatory
type of CNS swelling. For this purpose, nor-
mal rats were overhydrated by intravenous
injection of distilled water, the method of
Weed & McKibben and other workers(4-7).
Thirty-eight ml water were instilled during 44
minutes through a catheter in the dorsal penile
vein of starved rats under ether anesthesia.
The injection was terminated as soon as res-
piratory distress in any one animal signalled
the presence of severe water intoxication.
This procedure caused 6% swelling in the
spinal cord, much less than that observed in
severe EAE. On the other hand, the swelling
was not restricted to the cord; 5.5% swelling
was found in the forebrain. Overhydration
was also performed on rats with EAE; an
additive effect on spinal cord water content
was found (Table IT). In another experi-
ment of similar design, no attempt was made
to keep body weight uniform and the dose
of water was varied according to the body
weight; very similar results were obtained. In
that experiment hindbrains were analyzed
also; like the forebrains, they exhibited swell-
ing after overhydration but not after EAE.
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Although brain swelling following IV over-
hydration has usually been attributed to hy-
posmolarity, the procedure also causes hemol-
ysis and hemodilution. However, we and
others have produced similar brain swelling
after intragastric water administration, where
hemolysis was not a factor(8). Contrariwise,
we have been unable to produce brain swelling
in 360 g rats after intravenous injection of
enormous volumes (140 ml) of either saline
or 5% glucose solutions, despite hemodilu-
tion. Therefore, hemolysis and hemodilution
were not the major causes of brain swelling,
but a contributory role cannot be excluded.

Discussion. The effect of EAE on water
content has been studied before only in the
ordinary variety of EAE, in guinea pigs. Fois
et al found no abnormality in brain or cord
water(9), but Wender and Hierowski re-
ported marked swelling in both areas(10).
Our finding of swelling in cord but not in
brain of rats with hyperacute EAE is of par-
ticular interest because it paralleled the dis-
tribution of histologic lesions. According to
electron microscopic observations, the in-
creased water consists mostly of edema fluid
in dilated extracellular spaces and excess
cerebrospinal fluid(11). Part of the elevated
water content may be due to infiltrating
leukocytes.

The excess water in the brain following
overhydration has been localized in glial cyto-
plasm by electron microscopy by some work-
ers(5,6) but not by others(7). The present
work demonstrates, apparently for the first
time, that overhydration also causes spinal
cord swelling, and the swelling is of similar
magnitude,

The additive effect on water content of
overhydration and hyperacute EAE is inter-
esting in relation to the possibility that the
excess water occupies the glial cytoplasmic
compartment after overhydration(5,6) and
the extracellular compartment in hyperacute
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EAE(11). Of particular importance is the
severity of swelling obtained by this combina-
tion. Further experimentation is required to
determine whether such a marked swelling
can interfere with blood flow and cause
ischemic necrosis, as has been hypothesized
(1).

Summary. The hyperacute form of experi-
mental allergic encephalomyelitis produced
inflammatory edema of the CNS, with 3-18%
swelling of the cord but not of the brain; the
magnitude of change paralleled the severity
of disease. Overhydration (water intoxica-
tion) caused 6-7% swelling of the spinal cord,
and changes of similar degree occurred in the
brain. The combination of overhydration and
inflammatory edema had an additive effect
on water content of the spinal cord.
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