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Gd-Enhanced MR Imaging of
Acute and Chronic Experimental
Demyelinating Lesions

Experimental allergic encephalomyelitis, a demyelinating disease with marked simi-
larity to multiple sclerosis, was produced in two of 12 dogs. All dogs were studied with
serial MR imaging. T1- and T2-weighted MR images were obtained both before and
after IV Gd-DTPA. Multiple, new periventricular white matter demyelinating lesions were
observed after each clinical episode of the disease. Like multiple sclerosis, the acute
lesions of experimental allergic encephalomyelitis on T2-weighted MR images were
indistinguishable from the older, more chronic lesions. However, after Gd-DTPA, there
was bright paramagnetic enhancement of the acute lesions and, in one animal, no
enhancement of the chronic lesions on T1-weighted MR images. At necropsy, the
differences in the MR paramagnetic enhancement correlated well with the relative
histologic age of the demyelinating lesions.

Our results suggest that MR with Gd-DTPA may be used to differentiate acute, active
demyelinating lesions from the more chronic, inactive lesions in this animal model.

Experimental allergic encephalomyelitis (EAE) is a well established animal model
for human demyelinating diseases, particularly multiple sclerosis (MS) [1-8]. The
disease is produced by inducing a cell-mediated hypersensitivity response to the
myelin of the CNS with subsequent demyelination. The distribution, gross and
histopathologic appearance of the CNS lesions, as well as the clinical course of
EAE closely resembles MS [1-8].

MR imaging has dramatically improved the diagnostic evaluation in patients with
MS [9, 10]. With MR, one can assess the number, size, and location of the MS
lesions. However, MR has not previously been proved to reliably differentiate acute
active MS lesions from chronic plaques. Recently, Grossman et al. [10] described
paramagnetic enhancement of MS lesions present in patients with new clinical
symptoms, thus suggesting a means by which active MS lesions may be distin-
guished.

The purpose of this project was to (1) determine if the canine form of EAE is a
useful animal model for human demyelinating diseases in relation to its neuropath-
ologic and MR appearance; (2) observe the changes in the demyelinating lesions
over the course of the disease with MR; and (3) determine if Gd-DTPA can be used
with MR to differentiate acute from chronic demyelinating lesions as assessed by
specimen correlation.

Methods and Materials
Experimental Model

Induction of the canine form of EAE was attempted in 12 mongrel dogs, each weighing
approximately 20 kg, by using the method described by Summers et al. [4]. The canine
cervical spinal cord was emulsified in physiological saline to give a 50% weight/volume
suspension. The thick emulsion was mixed with an equal volume of Freund's complete
adjuvant (Sigma, no. F-5881). Each dog was inoculated subcutaneously along the back at
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five different sites with the spinal cord-adjuvant mixture for a total of
1 ml. The injections were repeated every 15 days or until the disease
developed. Once signs of the disease occurred, no additional injec-
tions were given. The dogs were observed daily for neurologic signs
typical of EAE: gait ataxia, progressive paralysis, and blindness. Dogs
were imaged within 24 hr of such signs, and were otherwise scanned
at approximately 10-day intervals.

MR Imaging

A 1.5-T superconducting Picker MR imager was used with a 20-
cm field of view, a 192 X 192 matrix with two repetitions, and a 5-
mm section thickness. Images were obtained in the axial plane with
the dog lying supine after sedation with 5 ml of ketamine intramus-
cularly. The head was placed within a knee surface coil for improved
resolution. T1-weighted SE pulse sequences were 600/20 (TR/TE),
and T2-weighted SE pulse sequences were 2000/90.

The MR examinations were obtained first without and then with
Gd-DTPA, which was administered as an IV bolus injection at a dose
of 0.2 mmols/kg. The dogs were scanned 10 min after the injection.
All dogs in the study had MR scans prior to EAE induction to exclude
any previously existing cranial pathology.

Neuropathology

The dogs that acquired EAE were to be sacrificed during either (1)
the acute phase of EAE, which was defined as 0-5 days after the
onset of neurologic signs, or (2) the chronic phase of EAE, defined
as more than 4 weeks after the onset of neurologic signs and after
partial or complete remission of those signs. The animals were killed
with an overdose of thiopental. The brains were removed intact and
fixed in 10% buffered formalin. They were cut axially at 5-mm sections
in approximately the same plane as the MR images. These sections
were inspected for gross lesions. Histologic whole brain sections
were cut at 10 um and stained with H and E and with Smith’s myelin
stain.

Results
Experimental Model

We attempted to induce EAE in 12 dogs, of which most
received multiple injections and were observed for at least 30
days (range, 30-114 days). Of the 12 dogs studied, only two
(dogs 3 and 6) developed EAE (17%). Both animals showed
clinical signs of EAE 12 days after the first injection. No
additional injections were given. The initial sign was gait
ataxia, which progressed rapidly to extremity paralysis or
weakness. In dog 6, the neurologic deficit was maximal for
10 days and resolved completely over the next 14 days. The
dog did well over the next 36 days, both in appearance and
behavior, until 72 days after EAE induction. At this time, the
animal again developed acute, diffuse neurologic signs, rep-
resenting a second acute episode of EAE.

Dog 6 was sacrificed on day 73 postinduction, which was
considered to be during both an acute phase of EAE (1 day
after the onset of the second episode of neurologic signs)
and a chronic phase of EAE (60 days after the onset of the
initial neurologic signs). Dog 3 died during the acute phase of
EAE on day 12 postinduction (day 1 of neurologic signs).
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MR Imaging

MR examinations were performed within 12 hr of the acute
neurologic signs (day 12 postinduction for dogs 3 and 6). The
pre-Gd T1-weighted MR images did not reveal any abnor-
malities. However, pre-Gd T2-weighted images did show
multiple small, focal regions of high signal in the periventricular
and deep white matter of the cerebrum and cerebellum (Figs.
1A and 1B). After the administration of Gd-DTPA these same
lesions were found to exhibit bright paramagnetic enhance-
ment on the T1-weighted images (Figs. 1C and 1D). On day
30 postinduction (day 18 of the disease), dog 6 was observed
to have persistent but slowly resolving paralysis. The white
matter lesions on pre-Gd T2-weighted images appeared
slightly larger and better defined. Faint paramagnetic en-
hancement was noted on post-Gd T1-weighted images. By
day 56 postinduction (day 44 of the disease) all neurologic
deficits had completely resolved. MR images at this time
demonstrated no change in the appearance of the multiple
white matter abnormalities on pre-Gd T1- and T2-weighted
images. On post-Gd T1-weighted images, however, no en-
hancement was observed (Fig. 2). This animal continued to
be neurologically intact until day 72 postinduction (day 60 of
the disease) when the dog was found to be completely
quadriplegic and severely obtunded. This exacerbation was
considered the second episode of EAE. MR examination
performed at that time revealed multiple, new high-signal
subcortical and periventricular white matter lesions on the
pre-Gd T2-weighted images (Figs. 3A and 3B, arrow). The
white matter lesions from the previous (first) episode of EAE
appeared unchanged and indistingushable in appearance
from the new-onset (second-episode) lesions on pre-Gd T2-
weighted images (Figs. 3A and 3B, arrowheads). Post-Gd T1-
weighted images demonstrated brignt enhancement of the
new, second-episode lesions (Fig. 3C, arrows). Again, no
enhancement of the older, first-episode lesions was observed.

Neuropathology

Dog 3 died during the acute phase of EAE (day 12 postin-
duction, day 1 of the disease), and dog 6 was sacrificed 24
hr after the onset of the second episode of EAE (acute phase,
second episode). At the time of necropsy, dog 6 was also
clinically fully recovered from the first episode of EAE (day 61
of the disease). These lesions were stable, clinically silent,
and considered chronic-phase EAE.

Gross examination of the brain axial sections revealed a
few small foci of necrosis, which correlated with the larger
high-signal lesions seen on the pre-Gd T2-weighted images
(Fig. 4). Many of the smaller lesions noted on the MR exami-
nations were not identified grossly. These same lesions were,
however, seen after whole-section myelin staining with a high
degree of correlation to the T2-weighted images (Fig. 5). H
and E stained sections of the lesions observed on MR during
the acute phase of the disease demonstrated a well organized
perivascular cellular infiltration consisting of small lympho-
cytes and polymorphonuclear neutrophils (Fig. 6A). Myelin
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Fig. 1.—Dog 6, day 12 postinjection (day 1 of
the disease). Neurologic: hind-leg paralysis,
foreleg weakness, mildly obtunded.

A and B, Pre-Gd T2-weighted MR image 2000/
90. Multiple small, indistinct high-intensity le-
sions (arrowheads) in left periventricular (4) and
right cerebellar (B) white matter.

C and D, Post-Gd T1-weighted MR image 600/
20. Paramagnetic enhancement (arrowheads) of
white matter lesions seen on T2-weighted im-
ages in A and B; left periventricular (C) and right
cerebellar (D) white matter.

stained sections of these lesions showed the characteristic
perivascular demyelination (Fig. 6B). These foci were there-
fore characterized as acute demyelinating lesions.

Histologic examination of the chronic-phase (>60 days old)
lesions revealed a disorganized diffuse cellular infiltration con-
sisting of macrophages and plasma cells with the persistence
of some lymphocytes. These lesions were believed to be
subacute to early chronic demyelinating lesions. Truly chronic
lesions in which gliosis had become marked were not seen.
This process may take many months to occur.
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Discussion

EAE was first described in 1933 and has become one of
the most extensively studied experimental autoimmune dis-
eases [1-8, 11]. EAE is a cell-mediated delayed hypersensi-
tivity response that develops to the myelin basic protein (MBP)
present in mammalian neural tissues [2-4, 7]. MBP is a
neuroantigen that stimulates peripheral T-lymphocytes in the
regional draining lymph nodes near the site of the subcuta-
neous injection [2]. These activated lymphocytes circulate,
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Fig. 2.—Dog 6, day 56 postinjection (day 44
of the disease). Neurologic: complete resolution
of all neurologic deficits. Post-Gd T1-weighted
MR image 600/20. No paramagnetic enhance-
ment of white matter lesions observed earlier.

Fig. 3.—Dog 6, day 72 postinjection (day 60
of the disease). Neurologic: new onset of com-
plete quadriplegia, severely obtunded (second
episode of EAE, day 1).

A and B, Pre-Gd T2-weighted MR image 2000/
90. Multiple new high-signal white matter le-
sions; right occipital subcortical lesions (large
arrow, A) confluent with right periventricular le-
sion (small arrow, A); left fronotoparietal subcor-
tical lesion (curved arrow, A). White matter le-
sions from previous (first) episode of EAE are
unchanged (arrowheads, A and B).

C and D, Post-Gd T1-weighted MR image 600/
20. Bright enhancement of the new (second-
episode) lesions (arrows); right periventricular
and left frontoparietal white matter (C). Again,
no enhancement was observed of the older, first-
episode, EAE lesions (left periventricular and
right cerebellar).
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D
encountering MBP in the myelin sheaths of the CNS. A The relapsing form of EAE resembles MS in many ways.
hypersensitivity response is induced with the accumulation of Surviving EAE animals demonstrate marked reversibility of
acute inflammatory cells in the neural perivascular spaces. symptoms. The preferred periventricular anatomic sites of

Demyelination then proceeds either by direct cytotoxic effects demyelinating lesions with perivascular cellular infiltrates and
on the myelin-producing cells or by localized production of demyelination as well as the sera and CSF immunoglobulin

cytotoxic antibodies, or both [2-4].

changes are also similar to MS [2, 3]. The canine form of this
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Fig. 4.—Gross brain, dog 6. 5-mm axial sec-
tions. Arrowhead points to region of abnormal
white matter seen on MR. Focal necrosis left
periventricular white matter after relatively
chronic-phase EAE.

Fig. 5.—Myelin stain, dog 6. 10-um sections.
Arrow points to acute-phase EAE lesions with
patchy demyelination of right periventricular
white matter. Arrowhead points to a relatively
chronic-phase EAE lesion, left periventricular
white matter.

Fig. 6.—Neurohistopathology acute-phase
EAE lesions, dog 6. 10-um sections.

A, H and E stain. Well organized, perivascular
cellular infiltration by polymorphonuclear neutro-
phils and lymphocytes.

B, Myelin stain. Perivascular demyelination
about a venule (arrow).

disease was chosen for its morphologic/pathologic resem-
blance to human MS and for the experimental animal’s large
brain size, which allowed for reproducible lesion imaging in
the living animal.

MR is exquisitely sensitive in detecting white matter abnor-
malities, particularly on the T2-weighted images. These high
signal abnormalities are nonspecific, but in MS patients, the
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periventricular lesions in conjunction with a typical clinical
history and spinal fluid abnormalities allow definitive diagnosis
of the disease [12]. Unfortunately, MR examinations have not
been able to differentiate acute, active MS lesions from
chronic, inactive plaques [10].

EAE in our animal closely resembled MS in disease course
and in MR appearance of the lesions. The clinical episodes of
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the disease in dog 6 were correlated with the appearance of
multiple, new periventricular white matter lesions that were
generally not visualized on the pre-Gd T1-weighted images
and appeared as high signal foci on the T2-weighted images.
Like MS, the appearance of these lesions on MR during the
acute phase was indistinguishable from the relatively chronic-
phase lesions. This situation is illustrated in Figs. 3A and 3B,
where the acute lesions (arrows) cannot be differentiated
from the more chronic, 60-day-old lesions (arrowheads) on
pre-Gd T2-weighted images.

MR contrast enhancement is obtained by the use of para-
magnetic agents, such as Gd-DTPA. The Gd*® ions possess
seven unpaired electrons that impart a relatively strong mag-
netic moment on the ion. This produces a local magnetic field
that shortens the relaxation times, T1 and T2, of the neigh-
boring hydrogen nuclei [13-20]. IV Gd-DTPA is exclusively
extracellular and does not normally cross the blood-brain
barrier [13-15, 18-20]. It is these properties that make Gd-
DTPA useful in assessing the blood-brain barrier breakdown,
which commonly occurs in the acute or active lesions of EAE
and MS [6, 10, 21]. After Gd-DTPA, the histologically classi-
fied acute-phase demyelinating lesions in our dog demon-
strated bright paramagnetic enhancement on the T1-weighted
images (Fig. 3C, arrows). These same lesions were thought
to be clinically active, causing the animals neurologic deficits.
Over the next 3-4 weeks, the neurologic deficits resolved
and the white matter lesions began to lose their paramagnetic
enhancement. Histologically classified subacute/early-
chronic-phase demyelinating lesions, which occurred more
than 60 days after the onset of the disease, did not exhibit
enhancement on the post-Gd T1-weighted images (Figs. 3C
and 3D). These lesions were considered clinically silent with
an apparent reestablishment of the blood-brain barrier. This
difference in the paramagnetic enhancement characteristics
may allow the separation between the acute, active demyeli-
nating lesions and the relatively chronic, inactive lesions.

Our research complements the work of Grossman et al.
[10] in which paramagnetic enhancement was observed in
MS lesions thought to be active. Tissue specimens of these
lesions were, however, not available for gross and histologic
analysis of lesion age or activity. Our study suggests a
relationship between the relative age of the EAE demyelinat-
ing lesions and the presence of paramagnetic enhancement.
More specifically, we have demonstrated in one animal that
the demyelinating lesions of EAE evolve over time from acute
paramagnetic enhancing foci to chronic nonenhancing
plaques. Because of the marked similarities between EAE
and MS, we believe a similar phenomenon can be expected
during MS lesion evolution.

In conclusion, the results from our current investigation
suggest that MR with Gd-DTPA may be used to differentiate
acute from chronic demyelinating lesions in this animal model.
We believe the EAE animal model closely resembles MS in
its MR appearance and provides a unique opportunity to
observe the MR evolution of demyelinating lesions with gross
and histologic specimen correlation. Finally, these findings
may assist in the interpretation of MR with paramagnetic
contrast in human demyelinating diseases.
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