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Abstract

The mouse foot-pad system represents the first truly useful and reproducible animal model of Mycobacterium leprae (M. leprae)

infection. The simple and sensitive technique for demonstrating the viability of M. leprae in mice foot-pad system remains an essen-

tial tool for leprosy research. The pathogenesis of nerve destruction varies considerably along the spectrum. The light and ultrastruc-

tural study in sciatic nerve in infected mice was carried out of ascertain the changes in Schwann cells (SCs) containing myelinated

and nonmyelinated axons. The SCs was observed the sign of degeneration by clumping neural filaments and neural tubes. However,

axonal multiplication was clearly observed.
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Introduction

M. leprae the causative agent of leprosy, has a selective affinity
for peripheral sensory nerves [1-3] specifically for SCs. M. leprae
multiplies within SCs and can survive in them for long periods as
‘persistor’ or ‘resistor’ organisms [4,5]. Apart from macrophages
and SCs are therefore considered the main natural host cells of M.
leprae. Despite the historical importance of the mouse foot-pad te-
chnique in acquiring knowledge of M. leprae and leprosy, and it's
continuing importance for the foreseeable future. Shepard’s findin-
gs were subsequently confirmed by Rees and Pattyn among others,
and the mouse foot-pad system became an important research tool
in leprosy. Before Shepard’s work, many workers had inoculated M.
leprae into mice and other small mammals by a variety of routes.
However, these workers sought evidence of a leprosy-like disease,
whereas Shepard simply enumerated the AFB in the inocula and,
after multiplication, in the inoculated tissues. When leprosy is not

recognised and treated at early stage peripheral nerve damage en-

sues, leading to muscle weakness, paralysis and severe deformities
[6]. In common practice, the clinical diagnosis of neuritis is made
when there is pain or tenderness, or swelling of a nerve, a sensation
of pinprick and tingling localized to that part of the skin supplied
by the nerve. The clinical diagnosis of leprosy depends mostly on
the degree of the nerve damage in patients. The histopathological
demonstration of M. leprae in the nerve depends on the presence
of an inflammatory granuloma in and around a nerve mandatory to
confirm the diagnosis of leprosy. The inoculated mice are divided
among groups of 10-20 mice each; Given the inherent imprecisi-
on of the technique, papers reporting the results of experiments
in which the mouse foot-pad technique has been employed must
present all of the data, so that they may be carefully evaluated in
terms of the sources of error already described. However, very little
is known about the mechanism of entry of M. leprae into SCs cells.
In this study we have examined adherence of M. leprae to the SCs

cell surface and we present data about the nature of the adherence.
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The mechanism of interaction between M. leprae and neural
cells has not been elucidated so far. No satisfactory interpreta-
tion exists as to the bacterium tropism to the nervous system in
particular. The present study will be useful for understanding the
structural characteristics of SCs cells, axons and other infiltrated
cells including the interaction of M. leprae organism. This study has
shed new light on some aspects of the infection of M. leprae and
the phenomenon of nerve involvement has opened new avenue of
research, possible mechanism of nerve damage after inoculation of

M. leprae in mice food pad.

Materials and Methods

Nerve biopsies of sciatic nerves were obtained from 3 swiss
albino mice infected with 107 M. leprae 1, 2, and 3 months after
infection. One other part of the infected nerve biopsies was proces-
sed by fixing in 2.5% glutaraldehyde for electron microscopy. Thin
layer covering or sputtering coating of a conducting material, ty-
pically a metal, such as a gold/palladium (Au/Pd) alloy was done.
Conductive coating is needed to prevent charging of a specimen
with an electron beam in conventional SEM mode (high vacuum,
high voltage). The sciatic nerve was observed under SEM S3000N,
Hitachi.

Subsequently, the another part of nerve tissue were dehydra-
ted in grades of alcohol and embedded in Spurr’s resin and blocks
were made. Initially the semi-thin sections were cut and stained
with toludine blue for the pathological studies and to make the
orientation of the tissue for cutting ultrathin sections. The secti-
ons were put on to cupper grid and stained with uranyl actate and
lead citrate. The stained ultrathin sections were examined in a Hi-

tachi-7650 transmission electron microscope.

Results

The present experimental model was developed with a purpo-
se of depicting the typical nerve lesions similar as seen in human
leprosy and to study the early sequence of events surrounding the
entry of M. leprae into the peripheral nerve. This study was under-
taken to see if M. leprae inoculated into the mouse foot pad have
the capacity to produce damage in its sciatic nerve, during the 1*
month 2" months and 3 months. The mouse sciatic nerve used as
a control was taken at the same time as those of the experimental

group of inoculated mice and showed normal features. The semi
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thin sections consisted of one large, one small, and one very tiny
funicle with a compact group of fibers. At the electron microscopic
level, the normal nerve revealed an unmyelinated fiber group as
compact multiple axonal units surrounded by a single Schwann cell
(SCs) with a prominent nucleus. Myelinated fibers were well pre-

served with intact neuro tubules and neuro filaments (Figure 1).

Figure 1: Semi-thin sections of Sciatic nerve of normal mice
(Control) showing well preserved myelinated and unmyelinated

nerve fibres with some endoneurial blood vessels X500.

Freshly harvested M. leprae injected into the mice foot pad and
nerve biopsies were obtained 1*month 2" months and 3™ months
after inoculation in three mice (Figure 2) . Sciatic nerves were ex-
pose surgically and changes, such as adhesion, swelling and thic-
kening if any at the site and along the length of the nerve, were

recorded.

Figure 2: Showing the load of M.leprae after inoculation in mice

foot pad during 1%, 2" and 3" months.
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The mice were anesthetized using 4% isoflurane and two cm
length of the nerve was biopsied subsequently, fixed in glutaral-

dehyde for processing light and electron microscopy.

Histopathological and Ultrastructural findings

At the light microscopic level semi-thin sections were cut and
stained with toludine blue. There were no appreciable changes
produced nor any bacilli were observed in any of the sciatic nerves.
In the 1° months, light microscopic examination showed a normal
complement of cells within the perineurial envelope. In the 2"
and 3™ month, at which time there was minimal SCs proliferation
and minor degenerative changes in the nerves were evident. In M.
leprae infected mice, the semi thin sections stained with toludine
blue showed swollen of myelinated, undemyelinating fibers and
proliferation of the endoneurial blood vessels (Figure 3,4). Obser-
vations at the 3" post inoculation month indicated discrete areas

and loss of few nerve fibers.

At the 3" post inoculation month, both unmyelinated and mye-
linated fiber groups were involved. The changes observed were
hypertrophy of the SCs of myelinated and unmyelinated fiber and
their axons. Unmyelinated fibers showed axonal swelling, disinte-
gration of neurotubules and neurofilaments, and extremely small
axonal sprouts surrounded by folded basement membrane tubes,
indicating minor degeneration of an unmyelinated fiber unit. The
involvement of the unmyelinated fiber at the 3™ post inoculation

month persists and progress with time (Figure 5).

Figure 3: Semi-thin sections of Sciatic nerve of infected mice foot
pad after 1* month inoculation with M. leprae showing swollen
of myelinated and unmyelinated nerve fibres. Some endoneurial
blood vessels is clearly visible. X800.
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Figure 4: Semi-thin section of Sciatic nerve of mice foot pad after
3" months inoculation with M. leprae showing disrupted of
myelinated and unmyelinated fibres. Many small myelinate fibres

and inflammatory cells are clearly visible. X 500.

Figure 5: Scanning electron micrographs of the sciatic nerves af-
ter inoculation of M. leprae in mice foot pad after 1%* Month, 2"
Months and 3 Months showing disrupted elongated fascicles. X
5000.

The histopathological features of early nerve damage parallel
the observation in patients and are similar in experimentally infec-
ted SW mice. At the 1t months to 3" month intervals. Macrophages
with extensive foamy cytoplasmic changes were seen as aggregates
in the endoneurium and epineurium of macrophages (Figure 4).
Cellular activity showed a peak between the 2" and 3™ months and
noticed vacuolated cytoplasm, thus indicating regression similar to
the leprosy patients. In addition, SW mice SCs cells secreted incre-
ased levels of collagen in vitro which correlated with observations
in sciatic nerves from experimentally infected SW mice and nerves

of leprosy patients.
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However, the presence of nerve abnormalities in the inflamma-
tory cells reiterates the concept of a immunological mode of ner-
ve damage in the initial stages, possibly due to aberrations in SCs
functions. The clumping of the neurofilament and neural tubes was

quite clear which characterized degeneration of SCs (Figure 6).

On the other hand, the absence of bacilli in SCs may merely re-
flect differences in the affinity or the nature of neural barriers in

the human and mouse models.

Figure 6: Transmission electron micrograph of SCs of Sciatic
nerve of mice foot pad after inoculated with M. leprae showing
degenerated of N SCs by neural filaments and neural tubes. The
connection of axon (A) to the basement membrane is clearly vis-
ible. X 20,000.

Discussion

The involvement of the peripheral nerve is the most constant
feature of leprosy and seems to be very specific to infection by
M. leprae. It is interesting to note that nerve damage occurs in all
forms of leprosy, irrespective of the immunological status of the
patient. Such peripheral nerve damage underlies sensory motor
loss and accounts for most of the deformities and disabilities in
leprosy. Therefore, it was decided to use the mouse sciatic ner-
ve model to understand that M. leprae could produce the typical
damage seen at the light and ultrastructural level in this model.
A standard inoculum of 10* to 10° organisms was inoculated into
the mouse foot pad as used for M. leprae and pathological changes

were observed.

The Growth curves in the foot pad were fairly similar to tho-

se recorded for these mycobacteria by other observers no clinical
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or histological nerve damage has been reported by any of these
authors, and no ultrastructural studies have been undertaken by
them [7,8]. The only exception has been who described infiltration
of MLM and macrophages containing acid-fast bacilli in the auri-
cular and sciatic nerves of mice observed from the seventh month
onward after inoculation [9]. Our study did not reveal minor infil-

tration in the sciatic nerve on light or electron microscopy.

In the present experimental model the sciatic nerve of freshly
harvested mice was observed and found that at 1st inoculation the
nerve is intact and well preserved. In semithin sections the few blo-
od vessels, along with foamy cytoplasm was prominent. The myeli-
nated and unmyelinated is clearly visible as observed in peripheral
nerve in leprosy patients [10-12]. Further these workers suggested
that SCs of unmyelinated fibers were frequently harboring the M.
leprae organisms. These features in the initial phase of nerve da-
mage have also been studied in the mouse model. The major limi-
tation in the mouse model has been the absence of inflammatory
cells and granulomatous reactions mimicking the spectral disease
of the human, as well as the inability to demonstrate bacilli in SCs
of the affected nerves. However, the presence of nerve abnormali-
ties in the absence of inflammatory cells reiterates the concept of
a non-immunological mode of nerve damage in the initial stages,
possibly due to aberrations in SCs functions. On the other hand,
the absence of bacilli in SCs may merely reflect differences in the
affinity or the nature of neural barriers in the human and mouse
models. The Swiss White (SW) mouse is a strain in which the res-
ponse of host cells to M. leprae infection parallels those observed
in lepromatous patients as opposed to the mice strain in which the
response to M. leprae is similar to that observed in tuberculoid pa-
tients or normal individuals. The histopathological features of early
nerve damage parallel the observation in patients and are similar

in experimentally infected SW mice [13].

Possible mechanisms of entry of M. leprae in to nerve

M. leprae can enter the nerve by four different pathways. It was
suggested that M. leprae enter the body through naked nerve fi-
laments in the epidermis and spread centripetally along the axon
[14]. The upward movement of the bacilli along the axonal flow was
compared to fish swimming against the stream. Intra-axonal bacilli
have been shown by several workers in electron-microscopic stu-

dies, but it is a rare occurrence.
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The second suggestion was that M. leprae, on entering the skin,
are phagocytosed by SCs in the upper dermis. Thus protected from
the cells of the immune system, they multiply inside the SCs and
travel along the nerve from one SCs to another by contiguity. Many
workers consider that M. leprae has a special predilection for SCs

and it remains as an important host cell of M. leprae [15].

The third possibility is that macrophages in the upper dermis
initially take up the bacilli and these bacilli-laden cells aggregate
around skin adnoxal structures, including nerve bundles. Bacilli
released from these macrophages are ingested by perineurial ce-
1ls, which pass them on to SCs or the macrophages containing the

bacilli infiltrate the perineurium and invade the nerve.

Mechanism of nerve distraction

In paucibacillary patients leprosy has enough resistance and
considerable delayed-type hypersensitivity to the antigen of M.
leprae, and this hypersensitivity produces intense granulomatous
reaction and sometimes necrosis at sites where antigen continue
to appear. The peripheral nerves in human were present in the lo-
calized tuberculoid showed inflammation which destroyed large
portion of the nerve. The inflammation is composed of epitheloid
cells, giant cells and lymphocytes resulting the affected portion of
the nerves shows localized enlargement. In BT diseases varying
degrees of hypersensitivity to M. leprae and its antigen and varying
degrees of ability to limit the diseases was evident. There is gra-
nulomatous inflammation composed of macrophages and lymp-
hocytes in and around the nerves. The granulomatous infection
characteristics of hypersensitivity are present in all the involved
nerves. There is extensive distraction of the peripheral nerves by
the granuloma, the nerves are finally replaced by fibres tissue.
Large portion of the nerves shows marked of thickening and de-
formities due to nerve damage. The distribution of the lesions in
the nerve trunks has been to be in areas where the temperature is
lower and preferentially growth of the bacilli at these sites having
been demonstrated [14,15]. A slight edema to the nerve due to mi-
nimal inflammation will produce enough thickening of its size to
causes trauma during its passage in and out of the narrow tunnel.
The distraction of the peripheral nerves might be possible because
the perineurium and epineurium are tight structure composed of

large amount of collagen and fibrous tissue.
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The vasculopathy and nerve-affection were common in all types
of leprosy. Thickening of vessel wall, was multi-layering and proli-
feration of basement membrane, irregularly enlarged EC, accumu-
lation of infiltrating cells, were common findings [16-19]. Whatever
may be source; this basement membrane material appears to be
antigenic in nature and is capable of inviting an antibody-respon-
se. Such antibody response could have actually occurred was evi-
denced by the cells which had infiltrated in and around the vessels.
These cells were lymphocytes, plasma cells, large mono-nuclear ce-
lls or macrophages, all of which are known to be immunologically

competent in one form or other.

In addition, this is evident that endoneurial blood vessels (EBV)
supply the nutrients to the nerve through blood for maintaining
the metabolic activity of the SCs and proper nerve fibers functions.
In paucibacillary cases our ultrastructural study clearly indicated
that due to the hypertrophy of endothelial cell the lumen of the
blood vessels become narrower and finally get closed resulting to
hampering the blood supply causing the ischemia in the patients.
In addition, to stop the supply of nutrients to the nerves and ner-
ve become severely damaged. On the other hand, in multibacillary
patients the lumen of the EBV is wide open, nucleus is small and
blood circulation is normal, but ultrastructurally many bacilli have
been observed in endothelial cell. These bacilli got multiply and
pressure is increased inside the endothelial cell resulting to rup-
turing the endothelial wall and organisms comes into lumen and
blood stream of the EBV.

Therefore, our study using light and electron microscope tech-
niques has convincingly confirmed that beside the SCs, the EC of
blood vessels also harbour M. leprae frequently. In paucibacillary
leprosy the patients has enough resistance and considerable de-
layed type hypersensitivity to the antigen of M. leprae, and this
hypersensitivity produces intense granulomatous reaction and
some time necrosis at site where antigen continue to appear. The
granulomatous inflammation characteristics of hypersensitivity is
present in all of the involve nerve. There is extensive destruction of
peripheral nerves by the granuloma, the nerve are finally replaced
by fiberous tissue large portion of the nerves shows marked thic-
kening and deformities due to the nerve damage. Thus, the typical
sequential changes seen in the sciatic nerve of the mouse model
may be used as one of the criteria for characterizing cultivable

mycobacteria which are responsible for nerve damage.
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