EXPERIMENTAL INOCULATION OF HUMAN LEPROSY
IN LABORATORY ANIMALS"*

1I. ELECTRON MICROSCOPE STUDY

Tamorsu Inaena, M. D.
Jacizro Coxvrr, M.D.
Avexer lnukevien, M.D.

AND Prpro Lavexta, M.D.
Fenezuelan Institute of Scientifie Investigations

and Division of Leprosy, Ministry of Health
aracas, Venezuela

In the preceding arvticle of this series (7) we reported transmission
to the golden hamster of a mycobacterium obtained from borderline
leprosy patients, transter of the lesion produced in that animal through
several passages, and failure to obtain growth of that mycobacterinm
in any culture medium suitable for mycobacteria generally. Undoubt-
edly, this bacillus is one of the uncultivable pathogenic mycobaeteria,
such as M. leprae ov M. leprae murivm, and it was suggested that the
infeetion in the hamster might be caused by the former of those micro-
oreanisms. The present investigation comprises studies with the elee-
tron microscope of the hamster lesion which shows, both in the bacilli
and in its environment, structures characteristic of M. leprae.

In recent vears, eleetron microscope studies applied in the field of
leprosy researceh have elucidated submicroscopie features of both M.
leprae and various tissue reactions in the polar types of leprosy
(toEnmreanasen) - Phese studies have revealed espeeially the baeterial
environments characteristie of leprosy lesions. Therefore, to determine
the type of the bacillus transmitted to the hamster from leprosy pa-
tients, eleetron mieroscopic examination of animal lesions caused by
that microorganism is of ercat interest,

The fine structures of hoth the bacillus and its environment in the
passaged animal lesions, as comparved with hhnman and murine leprosy
lesions, are reported in this paper.

MATERIAL AND METHOD

The materials used were the same as those deseribed in our previous report. They
were: the first passage lesion after 8 months, those of subsequent passages after 3-4
months, and year-old lesions of the second passage in hamsters, as well as a 3-months
lesion developed in a white mouse with naterial of the third passage in the hamster.
The fifth passage in the hamster was the last one examined in this study.

U The expenses of this investigation have been covered in part by Grant E-4216 of the
National Institutes of Health, Bethesda, M.

2 A preliminary version of this report was read at the Leonard Wood Memorial-Johns
Hopkins University Symposinm on Researeh in Leprosy, Baltimore, Md., May 810, 1961,
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Biopsy specimens were taken from the ear lesions without loeal anesthesia. The
tissue chips were fixéd with one per e¢ent osminm tetroxide buffered with 2,4,6,-collidine
(0.2 M) at pH 7.3 for 5 hours (7), then dehydrated with acetone and embedded in a
mixture of methyl and butyl methacerylate. Ultra-thin sections were made with a
Ferndndez-Mordn-type Leitz ultramicrotome equipped with a diamond knife, and they
were examined with the Siemens Elmiskop I and Hitachi HS-6 electron microscopes.
The sections were stained with uranyl-acetate solution hefore electron microscopy (19),

RESULTS

Fust passage in the hamster (8 months).— This lesion is mainly
composed of many cells containing bacilli. Their evtoplasm contains
various organclles which show no noteworthy alterations. Rough-sur-
faced endoplasmie reticulum is abundantly distributed, together with
small vesicles. Many bacilli are observed among the eytoplasmic or-
ganelles (Figs. 1-4). The majority of the bacilli are accumulated as
groups, each enclosed by a membrane. A small group of the baecilli is
sometimes surrounded by moderately-dense substance, that being sep-
arated from the bacilli by a narrow transparent zone (Fig. 3). Infre-
quently, a foamy structure is visible around the bacilli (Fig. 4). When
the bacilli form a large agglomeration, however, neither moderately-
dense substance nor foamy structure is visible. Rupture of the cell
membranes of host cells is occasionally observed in such a case; thus,
the large agglomeration of bacilli is exposed to the extracellular envi-
ronment (Fig. 2).

Most of the bacilli, especially those forming agglomerations, appear
to Le eleetron-transparent but contain electron-dense fragments, cor-
responding to the debris of baeterial eytoplasmie components. This
feature may represent bacterial degeneration. However, the bacilli in
the small groups are laden with the eytoplasm and possess the com-
plex membranous configuration deseribed later. Since the details of the
bacilli are the same as seen in subsequent passage materials, they will
be deseribed in a later paragraph.

Membrane-limited vacuoles with fine granular matrix are visible in
the host-cell eytoplasm, and contain an intensely dense substance vary-
ing in size and in shape (Figs. 1, 3 and 4). These vacuoles may repre-
sent the disintegration of phatocytosed melanin. Sometimes baeilli sur-
rounded by moderately-dense droplets are found in these vacuoles.

In the eutaneous nerves of this material, no pathologic changes of
Schwann cells, axons or myelin sheath are observed. The bacillus is not
contained in either the Schwann cells or the axons.

Second passage in the hamster (3 months ).—The material examined
3 months after transmission from the first-passage animal shows the
lesion to consist of bacillated cells similar to those of the first passage.
Frequently multinuclear cells containing the bacilli are also observed
in this lesion (Fig. 8).

The bacilli are dispersed abundantly in the cytoplasm as single in-



30, 4 Iinacda ot al: Erperimental Inoculation of Human Leprosy 397

dividuals or as small groups, always enclosed by a membrane. However,
they are not so closely aggregated as those seen in the first passage, but
are separated from each other in the same enclosing membrane. Very
small amounts of a moderately-dense droplet eling to the baeilli.

The majority of the bacilli are laden with the eyvtoplasmic compo-
nents. A moderately-dense cell wall approximately 10 mp in thickness
covers the bacillary body. Outside the cell wall, a moderately dense
diffuse layer separated from the former by a low density space is dis-
cernible (Fig. ). As observed on the surface of M. leprae (*°), the low-
density space may represent the coating substance covering the cell
wall. The outermost diffuse layer is probably a substance absorbed on
the coating substance,

A dense layer 30 A thick is closely adjacent to the inner surface of
the cell wall. Separated from this dense layer by a less dense space 30 A
in thickness, a dense layer 30 A thick borders on the bacillary eyto-
plasm. These two dense layers may represent the plasma membrane of
the bacillus. In other words, the plasma membrane consists of a double
dense layer separated by the low density space.

In some regions, the plasma membrane enters the bacterial evto-
plasm and is transformed into a complex beehive-like configuration
(Fig. 5). This configuration corresponds to the “‘intracvtoplasmic
membrane system'’ observed in some mycobacteria ('%1%),

A homogeneously dense substance not delimited by any membrane,
believed to be a polyphosphate body, is seen in the bacterial evtoplasm
(Fig.d). Adense, irregularly-shaped substance, representing the nuelear
apparatus, is also observed, and is frequently revealed in the trans-
parent arvea, It is surmised that this appearance of the nuclear sub-
stancee may bhe ecaused by shrinkage during methacrylate polymerization.

Two bacilli flattened end to end are seen in Fig. 10. The eytoplasm
of each is delimited by a membranous layer. In the study of eultivable
mycobacteria, such a picture appears in the last stage of cell division.
In consequence, this feature is believed to represent baeterial cell divi-
sion oceurring in a host cell.

In the evtoplasm of the host cells, large eleetron-transparent vacu-
oles oceasionally contain dense fragments surrounded by a dense mem-
brane (Iigs. 6 and 7). Sometimes this dense membrane appears to be
discontinuous. Since the dimension of this dense membrane conforms
to that of baeterial eell wall, and also sinee membrane-enclosed frage-
ments display an appearance similar to that of the debris of evtoplas
mic components of the bacilli, it is reasonable to believe that these fea-
tures may represent the disintegrating process of degenerated bacilli.

Second passage in the hamster (1 year)—There is no morphologie
difference between the host cells of the 1-year material and those of the
3 months lesion. However, the bacilli within the eells are more abundant
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than in the earlier stages of this passage. Furthermore, the bacilli show-
ing fragmented ‘eytoplasm (i.e., degenerating bacilli), are numerous
(KFig. 9). Usually the bacilli are entirely wrapped in moderately-dense
droplets, which are comparable to the **opaque droplets™ observed in
lepra cells of the human leprosy lesion (™™=, Of course, the en-
closed space containing the bacilli with small amounts of the mod-
erately-dense droplet (Figs. 9, 11 and 12) is also found in this material.
On ocecasion, the droplet containing denser droplets, believed to be of
lipid nature, is attached to the outer surface of the enclosing mem-
brane (Fig. 9).

[t should be noted that a low-density space is always discernible
between the moderately-dense droplet and the eell wall (Fig. 12). This
means that the droplet cannot be attached direetly to the cell wall, he-
cause of the presence of the coating substance of low density.

Neveral nerve twigs, composed of both myelinated and nonmyeli-
nated fibers, are found among the bacillate cells (Fig. 14). Perineurial
cells poor in cytoplasmie components enclose these nerve fibers and
usually form a single lamellar layer. Infrequently, the Schwann cell
cevtoplasm contains many transparent vacuoles, but eytoplasmic or-
ganelles are very scarce. No bacilli are evident in these nerve elements,
although the nerves are surrounded by the cells containing many bacilli.

Third, fourth and fifth passages in hamsters (3-4 months).—The
lesions of these passages show an appearance similar to that of the
earlier passages. No difference in the submicroscopic structures of
either the baecilli or the host cells is observed.

Mouse lesion (3 months)—This lesion was provoked by the bacilli
from the third passage in the hamster (Fig. 13). The distribution of
the bacilli in the host cells is not different from that of the hamster
lesion.

The bacilli are accompanied by various amounts of moderately-dense
droplets, and each is separated from the eytoplasm of the host cell by a
membrane. This finding is very important in considering the identifica-
tion of the bacillus inoculated in the mouse, especially in distinguishing
M. leprae from M. leprae murium, as deseribed later.

DISCUSSION

The bacillus.—The cell surface of the passaged bacillus is composed
of the outermost diffuse layer, the low-density coating substance, and
the less-dense cell wall. The bacterial plasma membrane consists of a
double dense layer, and its outer layer adheres closely to the inner sur-
face of the cell wall. This double plasma membrane enters the baecterial
cytoplasm and forms a complex configuration, which is believed to be a
bacterial organelle because bacterial enzymes are generally located in
the plasma membrane (%),

The submicroscopie structures of M. leprae, reported by several au-
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thors (**') and recently deseribed most clearly by Imaeda and Convit
('), such as the bacterial surface, the plasma membrane and the com-
plex membranouns configuration (the latter called the **intracytoplas-
mic membrane system'), are quite similar to those of that bacillus as
found in animal lesions. However, the fine structure of M. leprae mu-
riveme (%), whieh is also one of the noncultivable mycobaeteria, shows a
close similarity to the bacillus transmitted to animals. This being so,
one cannot diseuss the identifieation of the transmitted bacillus from
its morphologic appearance,

It should be mentioned that the majority of the bacilli forming ag-
clomerations in the first passage contain fragmented cytoplasm. In
subsequent passages, the bacilli laden with their eytoplasm are scat-
tered as small groups in the host cells and do not acenmulate as ag-
glomerations. In the study of leprosy, it is substantiated that M. leprae
grows very rapidly and is clustered as **globi™ in the lepromatous and
some borderline and reactional tuberculoid cases (Y% '™ In addi-
tion, elumped bacilli generally show the so-called **eytoplasmice con-
densation’” (plasmolysis in the bacteriologic sense), which is a sign of
bacterial degeneration. Thus, there is an intimate relationship between
clobus-formation and bacterial degeneration; the bacillus may degen-
erate soon after the globus is formed as a result of rapid growth. The
fact that in most borderline cases, and also in peripheral nerve ele-
ments of various leprosy cases, the majority of the bacilli are laden
with eytoplasmic components suggests that these bacilli may actively
subsist and not quickly degenerate (' ™). These morphological differ-
ences of M. leprae in various lesions can best be explained as different
phases of the multiplication of the bacillus. Of course, the bacterial
growth depends closely on the type of leprosy. :

This opinion regarding the multiplication of 3. leprae can be ad-
duced to explain various features shown by the bacilli inoeulated in
animals. The multiplication phase of the transmitted bacillus may be
dissimilar in the first and the subsequent passages. The bacillus may
multiply rapidly in the first passage, forming agglomerations, and then
rapidly degenerate, as seen in lepromatous leprosy lesions. In subse-
quent passages, the evidenee that the nodule formation in animals oe-
curs within three months is indicative of the faet that the bacillus may
positively multiply in animal tissues. However, they are never clumped
as agglomerations, nor do they degenerate quickly. Since the tissue
response of the kind of animal used for the present study may not be
different in different individnals, the individual animal tissue may not
influence bacterial growth. Therefore, the change of growth rates in
subsequent passages is probably due to adaptation or mutation of the
bacillus transmitted in animals.

Bacterial environment.—In animal lesions, a single bacillus or a
small group of bacilli are usually enclosed hy a membrane, supposedly
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a remnant of the eell membrane taken into the eytoplasm of the host
cell during phagoeytosis, and they are thus separated from the host-
cell evtoplasm. Frequently a small amount of the moderately-dense
droplet material is closely attached to the baecillus in the enclosed space,
even in the mouse lesion. These bacterial distributions are all like those
seen in a borderline leprosy lesion by Imaeda and Convit ('). Murine
leprosy lesions also show similar appearances (* ), but they do not
contain any moderately-dense droplets. From this feature, the possi-
bility of M. leprae murivm infeetion in the present study can be ex-
cluded.

Moderately-dense droplets entirely enclosing the bacillus in the
I-vear lesion resemble closely the **opaque droplets™ observed in lepra
cells of human leprosy lesions. Concerning the occurrence of the opaque
droplet in the lepra cell of lepromatous leprosy, Imaeda (¥) postulated
that pinoeytotic lipoprotein droplets accumulate around the bacilli as a
result of the disturbance of the lipid metabolism in that form of the dis-
ease, In the transmitted animal lesions, moderately-dense droplets,
presumably of lipoprotein origin, cling to the enclosing membrane as
seen in Fig. 9, showing that the pinoeytotie droplet attaches to the en-
closing membrane, passing through it and accumulating around the
bacilli. In addition, the faect that the quantity of these droplets in-
creases in older lesions implies that the aceumulation of droplets oc-
curs very gradually, as in the human leprosy lesion. This correlation
between the moderately-dense droplet and the bacillus in animal lesions
suggests that the transmitted baeillus may correspond to M. leprae; but
this phenomenon is not shown exclusively by 3. leprae, since Salmo-
nella enteritidis is found to be surrounded by a similar droplet, as
reported by Yamamoto and Nakano (*").

Besides the droplets, a foamy structure identical with that of lepra
cells appears around the bacilli. This foamy structure, however, is evi-
dent only in the first passage and not in any of the later passages, even
in the 1-year lesion. It is presumed that the foamy structure in the first
passage might have been contained in the inoculum taken from the pa-
tient, and simply phagoeytosed by histioeytie eells in animals. As al-
ready discussed, bacterial multiplication in later passages may be dif-
ferent from that of the first passage, resulting from mutation during
animal transmission. According to Clifton ('), ‘‘frequently the muta-
tion gives rise to loss of some characteristic possessed by the parent
cells.”” Therefore, it may also be interpreted that the foamy structure
is not formed in subsequent passages because of changes of the bae-
terial activity caused by the mutation.

Cutaneous nerves—The cutaneous nerves of hamsters® lesions do
not contain any bacilli, in spite of the fact that the nerves are com-
pletely surrounded by granulomatous tissue composed of bacillated
cells. Furthermore, pathologic changes of nerves, such as degenerative
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or regenerative features and eytoplasmie changes of Schwann cells, are
not observed, although the eytoplasm of some of the Schwann cells is

racuolated.

In lepromatous and horderline skin lesions, both axons and Schwann
cells are frequently invaded by M. leprae, and the eytoplasmie organ-
elles of the Sehwann cells show a tendeney- to inerease in numbers as a
sign of pathologic changes of the nerves (*') In fuberculoid skin
lesions, alteration of both the Schwann cell and the axon, and epithe-
lioid change of peri- and endo-neurial cells, are observed (' '#). These
features of peripheral nerve lesions of human leprosy imply an intimate
relationship between M. leprae and nerves, as postulated by several
authors (% 14:18),

As compared with human leprosy lesions, the absence of nerve
lesions in the hamster does not strongly support the possibility of
M. leprae infection. However, it is reasonable to believe that the bacillus
may lose the characteristie of invading preferentially the nerves and, as
a result of bacterial mutation, no longer affects them, even if the trans-
mitted bacillus corresponds to M. leprae.

CONCLUSION

Ioxamining the animal lesions caused by the bacillus obtained from
human leprosy patients, one can find some features similar to those of
the human leprosy lesions; i.e., the bacterial fine structure, the opaque
droplet around the bacillug, and the intracellular distribution of the
bacillus. Sinee these features are characteristic of M. leprae infeetion
in human tissues, it seems very likely that the animal lesions studied
were caused by M. leprae, although none of these features can identify
the bacillus conelusively. In studies of animal transmission of human
leprosy by other workers, the materials employed were obtained from
lepromatous lesions in which M. leprae are abundant. As described in
our first report, the majority of the bacilli contained in these lepromas
show degeneration, and, furthermore, may be particularly adapted to
human tissue. On the other hand, the inoculum used in the present study
was obtained from a borderline leprosy lesion, which contains relatively
few M. leprae which, however, show intact features (' '*). From this
point of view, it is possible to say that M. leprae from borderline lesions
may adapt and multiply in animal tissues differently than in its proper
human tissue host.

However, various problems of the animal lesion, such as the absence
of nerve lesions and no formation of either globi or foamy structures in
the subsequent passages, are still unsolved. In order to elarify these
problems, further studies will be made, including immunologie experi-
ments,
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SUMMARY

1. i he nodules produced in the cars of golden hamsters primarily,
and in white mice after transfer, by acid-fast bacilli obtained from a
patient with borderline leprosy, were examined by the eleetron miero-
scope.

2. In the material of the first passage, which required 8 months to
develop, a majority of the bacilli showing plasmolysis are aceumulated
as agglomerations in the host-cell eyvtoplasm. Both moderately-dense
droplets and foamy structures are seen arvound the bacilli.

3. Most of the bacilli in later passages are laden with bacterial
cvtoplasm, even in the oldest lesion, and they are enclosed by maod-
erately-dense droplets, but foamy structures are not evident in the later
passages,

40 The mouse lesion exhibits struetures entively similar to those
observed in the hamsters, differing from the lesion provoked hy 1.
leprae murium infeetion.

5. Cutaneouns nerves of the hamster lesion do not display any le-
sions caused by bacterial invasion.

6. The submieroscopie structure of hamsters’ lesions, compared
with both human and murine leprosy lesions, shows greater similarity
to human leprosy.

RESUMEN

1. Los nédulos produeidos en las ovejas de Criceti anrati primarianente, v en ratones
blancos después del pase a ellos, por bacilos dcidorresistentes obtenidos de un enfermo
con lepra limitrofe, fueron examinados con el microscopio electronico,

2. En el material del primer pase, que requirié 8 meses pava desarrollavse, la mayoria
de los bacilos que revelan plasmdlisis se aenmula en aglomeraciones en el eitoplasimg
de la eélula huésped. Alrededoe de los bacilos se observan tanto gotillas moderadamente
espesas como estructuras espumosas,

3. La mayor parte de los bacilos de los pases subsiguientes estd eargada de eito-
plasma baeteriano, aun en la lesiéon mis antigua, y estd rodeada de gotillas moderamente
espesas, mas no se divisan estrueturas espumosas en los pases mis recientes,

4. La lesion murina manifiesta estrueturas abzolutamente semejantes a las observadas
en los Criceti, diserepando de la lesion provoecada por la infeecion eon M. leprae murinm.

5. Los nervios eutineos de la lesion del Cricetus no despliegan ninguna lesion
ocasionada por la invasién bacteriana.

6. Comparada con las lesiones de la lepra tanto humana como murina, la estructurn
submieroseépica de las lesiones del Cricetus revela mayor semejanza con la lepra humana.

RESUME

1. On a examiné par le microscope électronigne des nodules produits, soit d'emblée
dans les oreilles de hamsters dorés, soit secondairement apres transtert chez la souris
blanche, par des bacilles acido-résistants obtenus d’un malade atteint de 1&pre horder-line,

2. Lors du premier passage, qui requit 8 wmois pour se développer, la majorité
des bacilles montrant de la plasmolyse se sont acenmulés en agglomérats dans le eyto-
plasme des cellules hotes. On a constaté i la fois des gouttelettes modérément opaques
et des struetures spumenses autour des hacilles,
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3. Lors des passages ultéricurs, la plupart des bacilles sont chargés de eytoplasme
bacillaire, méme dans les lésions les plus anciennes, et ils sont enfermés dans des
gouttelettes modérément denses. Les structures spumenses ne sont pas évidentes lors de
ces passages plus tardifs,

4. Chez les souris, les lésions développées témoignent de struetures entiérement
similaires 2 celles observées chez les hamsters, différant du type de lésions provoguées
par Uinfection par M. leprae murinm.

5. Dans la lésion du hamster, les nertfs eutanés ne révelent pas d'atteinte eansée
par Pinvasion baecillaire,

G. Par comparaison avee les lésions de la lépre humaine et de Ia lépre murine,
la structure submicroscopique des lésions des hamsters présente une plus grande res-
semblanee avee la 1epre humaine.

Acknowledgment—We thank My, J. Busquets for his assistanee in the photography.
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Fia. 1. The first-passage lesion in the hamster, Clumped degenerated bacilli (LBd) con-
taining fragmented eytoplasm are enclosed by a membrane in the host cell eytoplasm, Phago-
eytosed melanin granules (Mg) are also seen in the upper part, N: Nueleus of host cell. Mag-
nification, 19,0003,
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F1a. 2. Three agglomerations of the bacilli showing plasmolysis. The upper right one is
exposed to the extracellular environment by rupture of the cell membrane, together with the
evtoplasmie organelles of the host cell. Debris of the host cell eytoplasm (DH) is found in
the agglomeration. Magnification, 16,500,
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Fi6. 3. Around the degenerated baeilli (LBd) is a moderately dense droplet. Melanin
granules (Mg) are also evident in the droplet. Note a low-density space (arrow) between the
haeterial surface and the droplet. Magnification, 80,0003,

Fia. 4. A foamy structure (FS) around bacilli in the first-passage lesion. Melanin gran-
ules are contained, together with the baeilli, in the same vaeuoles. Magnifieation, 30,000,



F16. 5. A bacillus in a 4-months lesion of the second passage. The bacterial surface is
composed of the diffuse layer (DL), the coating substance of low density (CS), and the cell
wall (OW). The plasma membrane (PM), consisting of a double dense layer separated by a
less dense space, is seen between the eell wall and the bacterial eytoplasm, Its outer layer
closely adheres to the cell wall. Both layers of the plasma membrane enter the eytoplasm
(arrow), to be transformed into the intracytoplasmie membrane system (CM), PB: Poly-
pliosphate bodies. Na: Bacterial nuelear apparatus, EM: Eneclosing membrane. Magnifiea-
tion, 120,000,

Figs. 6 & 7. Three-months lesion of the second passage. Dense fragments surrounded by a
membrane are observed in the vacuoles (V). These features may represent the distintegrating
process of degenerated baeilli. Magnifieation, Fig. 6, 32,0003¢; Fig. 7, 25,000,
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Fia. 8. A multinuelate eell containing many bacilli in the 4-month second passage lesion.
The majority of the baeilli are enclosed by membranes in the host cell cytoplasm, and are not
accumulated as agglomerations, Magnifieation, 13,5003,
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Fig. 9. One-year lesion of the second passage. The bacilli (LB) form small groups, each
cnelosed by a membrane. Many vesieles are to be seen in the bacterial eytoplasm. Degenerating
baeilli (LBd) are also seen in this host cell. Moderately-dense droplets are attached to the
baeilli, but the narrow space of low density is always visible between the bacillus and the
droplets. The droplet containing denser droplets elings to the outer surface of the eneclosing
membrane (arrow). Magnification, 35,000,
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Fi6. 10, Three-months lesion of the second passage. Membranous layers are visible be-
tween two bacilli (arrow). This feature may represent the proeess of bacterial ecell division.
Magnifieation, 40,0003,

F1g. 11. Moderately-dense droplet (D) surrounding the baeillus in the second passage
after one year. This appearance is identical with the “opaque droplet” in lopra cells of the
human leprosy lesion. Magnifieation, 30,000% .,
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Fra. 12. This picture shows the diffuse layer (DL) of the bacillus observed in one-year
material of the second passage, Note the low-density space (arrow) bhetween the baeterial sur
face and the moderately-dense droplet. Magnifieation, 56,0005,

F1g. 13, Four-months le<ion in o white mouse, Moderately-dense droplets arve noted around
the baeilli. Magnification, 24,0007,



Frio TE Cutaneous nerves suevonnded by haeillated eells in the one-vear lesion of the

secondd passages The extoplasm of the Sehwann cell (lower left) contains many vaenoles (Vo
bt the extoplasmie orgionelles are pot inereased in nonmber. No baeilli are fonmd o the nerve
clements, Iu the upper et s demonsteated s nonmyelinated fiber surrounded by collagen
fiber<, CF: Collagen tibers, MS: Myelin sheath, Ax: Axon. Magnifiention, 20,000



