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Multiple Axonal Myelination in the Experimental
Mouse Leprosy Model

To THE EDITOR:
Myelination around multiple axons is re-

portedly a rare phenomenon in mature pe-
ripheral nerves. Brown and Radich (') ob-
served a six-times higher incidence of
multiple axonal myelination in developing
sciatic nerves of mice with benign muscular
dystrophy as compared to normal mice.
They speculated that the multiple axonal
myelination could result from either an ax-
onal-Schwann cell abnormality or it may be
the nonspecific response of the uncommit-
ted Schwann cell to an early failure of mye-
lination. They also presumed that such
structures are unstable and that they ulti-
mately degenerate. A high incidence of mul-
tiple axonal myelination was observed in an
experiment carried out to study the effect
of Mycobacterium leprae infection followed
by dapsone (DDS) treatment. An attempt
is made to understand and postulate the for-
mation of such fibers.

Ten non-immunosuppressed Swiss white
female mice, aged six weeks, were inocu-
lated into the right hind foot pad with 5000
Al. leprae obtained from a patient who had
shown clinical evidence of resistance to DDS
therapy. A second batch of ten mice were
inoculated similarly, and were given oral
DDS in a dose of 50 pg/day from day zero.
The third batch of ten mice were given only
oral DDS 50 pg/day/mouse. Sciatic nerve
biopsies were obtained from three mice from
each batch at the sixth post-inoculation
month. Nerves were fixed in situ with 2.5%
glutaraldehyde, further fixed in cacodylate-
buffered 2.5% glutaraldehyde, and post-fixed
in buffered 1% 0,0,, dehydrated and
embedded in epoxy resin mixture. Foot pad
harvest was also done simultaneously of the
individual mice. The results were compared
with six normal nerves obtained from un-
inoculated control mice of the same age
group maintained under similar conditions.

THE TABLE. Sciatic nerves of mice showing number of fibers with multiple axonal
myelination.

Experimental detail

Sciatic nerves

Mouse 1 Mouse 2 Mouse 3

Right Left Right Left Right Left

Mice with 5000 M. leprae inoculated
into the right foot pad only Nil 1 2

Mice with 5000 M. leprae inoculated
into the right foot pad + oral DDS
50 µg/day 16 19 15 6 8

Mice with only oral DDS 50 pg/day Nil 1 Nil Nil 2 Nil
Uninoculated normal mice 2 1 Nil Nil 1 Nil
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THE FIGURE. Transverse section of sciatic nerve of Mouse 2 inoculated in the foot pad with Mycobacterium
leprae and given oral DDS in a dose of 50 pg/day. Biopsy at the sixth post-inoculation month shows a large
cluster of axons surrounded by a myelin ring system. Most of the axons are tangentially arranged and have
watery axoplasm. Few axons (a) cut in transverse plane are individually ensheathed by Schwann cell processes
( x18,125).

No growth of M. leprac was recorded at
the sixth post-inoculation month in the foot
pad harvests from any of the mice treated
with DDS 50 pg/day; whereas the untreated
mice showed a tenfold increase in the bacil-
lary growth. However, M. leprac from the
same patient revealed partial resistance to
DDS, i.e., a concentration of 5 pg/day
showed bacillary growth in the foot pads but
here the nerves were not studied.

All of the six nerves from the mice with
M. leprae infection treated with oral DDS
50 pg/day showed a high incidence of fibers
with myclination around multiple axons.
The Table shows the number of such fibers
encountered in individual nerves in each
group of mice, i.e., with M. leprae infection,
with M. leprae followed by DDS treatment,
DDS alone, and the uninoculated normal
controls.

The count was carried out on ultrathin
transverse sections scanned under the Phil-
ips 300 microscope. Sections were mounted
on 50 micron TAAB lab grids, where 20-
25 grid squares covered the whole funicle
of the sciatic nerve.

A careful study of both transverse and
longitudinal serial sections of these fibers
with myelination around multiple axons re-
vealed abnormalities such as swelling of the
axons, watery appearance of the axoplasm,
tangential arrangement of the axons and the
presence of some unusually small axons. The
axons within the myelin ring system often
did not have individual Schwannian en-
sheathment (The Figure). The longitudinal
sections of these fibers clearly demonstrated
that these multiple axonal myelinations oc-
curred within a short segment of an other-
wise unmyelinated group of fibers.
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An average of 14 fibers per funicle with
multiple axonal myelination, observed in
the mice with M. leprae infection followed
by DDS treatment, was striking as com-
pared to nerves of mice with only Al. leprac,
only DDS, and normal, age-matched con-
trols kept under similar conditions. Al-
though the exact cause for such abnormal
myelination is not very clear, we can spec-
ulate that the unmyelinated fibers and their
Schwann cells, which are known to be af-
fected following Al. lcprae infection ( 4), have
shown abnormal regenerative activity fol-
lowing DDS treatment.

Abnormalities such as a) swelling of the
axons, b) tangential arrangement of the ax-
ons, c) the presence of miniature axons as
well as d) partial or total loss of individual
ensheathment by the Schwannian processes
of the axons within the myelin ring system
suggest that the myelination had com-
menced following partial disorganization of
a parent unmyelinated fiber unit.

There is no definitive evidence, such as
degenerating myelinated fibers or myelin
debris, to suggest that there was prior axonal
degeneration of myelinated fibers. It is
therefore unlikely that multiple axonal mye-
lination is a regenerative activity following
axonal degeneration. Waxman ( 5) suggests
that the branching of a single axon within
its myelin sheath would result in myelina-
tion of multiple axons. On the other hand,
Brown and Radich (') have shown a number
of axons lying outside the myelin ring sys-
tem. They propose that the multiple axonal
myelination is a focal phenomenon occur-
ring within one internodal length of myelin
along the course of an otherwise unmyeli-
nated bundle of axons. This is also the opin-
ion of Okada, et al. ( 2). Our own observa-
tions favor the proposition by Brown and
Radich (').

Our material does not give any evidence
to suggest that such fibers degenerate in the
course of time. In this mouse leprosy we
have a unique experimental model of selec-
tive involvement of unmyelinated axons and
their Schwann cells in the initial stages of
infection. Therefore it is speculated that oc-
currence of multiple axonal myelination in
this model is a misguided regenerative re-
sponse following partial denervation of un-
myelinated fiber groups, implicating a de-
fective Schwann cell axon interaction.
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Theophylline-sensitive and Theophylline-resistant
E-rosette-forming Cells in Leprosy

To THE EDITOR:
The heterogeneity of surface markers on

lymphocytes and their relations to functions
have been amply demonstrated ( 5 . 6. I"). Re-
cently, changes in the T cell subsets in lep-

rosy patients have come under study, using
different kinds of markers (1.7. 11, 12

)
. One of

the standard markers for T lymphocytes,
E-rosette formation, is considered to iden-
tify the total T cell population (ERFC). But
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