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Histochemiecal studies of lepra eells have demonstrated the presence
of lipids, and have shown that the chemical composition of the lipids
varies during the development of the lepra cells. In recent years
electron microscope studies have elucidated the submieroscopic strue-
tures of lepra cells, and have shown that an **opaque droplet’ appears
around the leprosy bacilli in the initial stage of the cells and finally
develops into a “‘foamy structure’ (') It has been suggested,
also, that these submicroscopie struetures correspond to sndanophilie
lipids observed by light mieroscopy.

In the present study, the chemical composition of various figures
which appear in lepra cells has been analyzed physicochemically by
eleetron staining. For the purpose of comparative study of electron
stains, various purified lipids have been examined with the electron
microscope,

MATERTALS AND METHODS

Lepromatous nodules from 10 eases, and lepromatous great auricular nerves from 3
eases, were used in this study. The biopsy specimens were fixed approximately 4 hours
at 4°C in 1 per eent osmium tetroxide buffered with phosphate (1/50 mol) containing 7.5
per eent suerose, dehyvdrated for 2 hours in graded ethyl aleohols, imbedded in a 6:4
mixture of butyl and methyl methaerylate, and polymerized with bhenzoyl peroxide at
55°C. Blocks were sectioned with glass knives in a Nippon Ultramierotome. Twao eleetron
microseopes, an Akashi Tronscope 50 and a Hitachi HU 10, were used in examining the
sections,

Some sections were floated on a solution eontaining hydrogen peroxide and hydro-
chlorie acid. By this treatment, initiated by Merrviam (%), the osmium which is combined
with the tissues is almost entively removed from the sections.

In order to examine the electron stains of various lipids, they were dissolved in ethyl
ether (sphingomyelin was dissolved in a 9:1 petrolemin ether-methanol mixture) and thin
films were then made on a water surface. These were mounted on copper grids covered
with formvar, and then exposed to a vapor of osmium tetroxide for 2 hours. The lipids
used in the present study were an unsaturated fatty acid (oleie acid), two saturated fatty
acids (stearie acid and palmitie acid), neutral fat extracted by ethyl aleohol from human
subcutaneous fat tissue, two phosphatides (ovolecithin and lung sphingomyelin), and
cholesterol. !

OBSERVATIONS AND DISCUSSION

Observed with the electron mieroscope, lepra cells are characterized
by the presence of opaque droplets and foamy struetures. Opaque
droplets, so designated by our group (*), are a moderately dense sub-
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stance surrounding leprosy bacilli.  Foamy structures, named by
Brieger and Glaunert (%), we have found to be the disintegrated sub-
stance of opaque droplets (*°). These two submicroscopice struetures
are thought to be lipids stainable by histochemical procedures.

With various purified lipids, eleetron staining gives the following
results. Neither the saturated fatty acids used nor cholesterol exhibit
an osmiophilie property, and consequently they cause hardly any scat-
terine of the eleetron beam. Unsaturated fatty acid and its ester (neu-
tral fat) show intense eleetron staining. Phosphatides, however, which
also possess unsaturated fatty acids, show moderate eleetron density.
These results are in accord with experiments carried out by Bahr (**).

In this article are discussed the origing, or mechanism of formation,
and the eomposition of the opaque droplet, and also these features of
the foamy structure, comparing them with the results of electron stains
for various lipids.

FORMATION AND COMPOSITION OF THE OPAQUE DROPLET

Three opinions have been advaneed regarding the origin of the lipid
substances observed in lepra eells with the light microscope: 1. They
originate by the acecumulation of pinoeytotie fat drops supplied from
the surrounding fat tissue ('%).' 2. They arise from the reactive prod-
ucts of the eytoplasm caused by the invasion of the leprosy bacilli
(31%24), 3. They are the break-down produets of the degeneration of
bacillary bodies (**).

In eleetron mierographs of lepra cells there are seen scattered in
the evtoplasm very small, moderately dense droplets measuring less
than 100 my in diameter, thought to be pinoeytotie droplets. They
usually consist of a moderately dense, finely granular substance sur-
rounded by a single membrane, as shown in Figs. 1, 2,5 and 7.

(foncerning the pinoeytotie droplets in lepra cells, Ogata (%) con-
cluded from studies with the light microscope that they consist mainly
of neutral fat supplied from fat cells. However, it has heen substan-
tiated in the present study, what was found in a previous study of fat
cells (1), that neutral fat drops have a homogeneous electron density.
Therefore, I cannot agree that the pinoeytotie droplets of lepra cells
consist of neutral fat.

It may be supposed, from the finely granular appearance of pino-
evtotie droplets, that they may be a lipoprotein derived from the bhlood
stream. According to Brandt ('), the limiting membrane may be in-
terpreted as a plasma membrane which is taken into the eytoplasm by

"o avoid any uneertainty on the part of noneytologists about its meaning, the following
two definitions of ““pinoeytosis™’ (from the Greek pinein, to drink) are quoted. From the New.
Gould: Drinking by eells, as opposed {fo phagoeytosis, eating by ecells. Used to indieate
microseopically visible *“drinking '’ or engulfing of globules of fluid by pseudopodia. The fluid
later becomes part of the eytoplasm. From Dorland: The absorption of liquids by ecells;
especially the phenomenon in which minute incuppings or invaginations are formed in the sur-
face of lencoevtes, which close to form fluid-filled vaeuoles.— Epitor.
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pinoeytosis, but it may be digested in the course of time.

Although nucleoprotein particles (Palade’s particles) may con-
glomerate in small masses and exhibit an appearance similar to pino-
evtotie droplets, they are easily distinguished from the latter because
they lack the limiting membrane and are larger in size.

Pinoeytotie droplets coalesee with cach other to produce round or
oval, moderately dense **coalescent droplets’™ measuring 300-500 my
in diameter, as is seen in Figs. 1, 2, 3 and 7. Palade (') observed simi-
lar round bodies of various sizes in seminal epithelia, and he also as-
sumed that these bodies represented a terminal appearance of phago-
evtized vacuoles. Sinee these coalescent lipoprotein droplets are not
abundantly found in normal cells, the fact that they are numerous in
the evtoplasm of lepra cells suggests a deviation from normal lipid
metabolism on the part of those cells. Furthermore, as noted by Azulay
and de Andrade ('), the histioeytes of the leproma eontain lipids after
the leprosy bacilli have disappeared. It is surmised, therefore, that a
disorder of lipid metabolism may be characteristic of the lesions of
lepromatouns cases.

Infrequently, a texture resembling mitochondrial eristae is resolved
in the coalescent droplets, as in Fig. 3. These figures are regarded
variously as the visualization of a changing functional process of mito-
chondria (' '%2°) as mitochondrial degeneration (%), and as steps
in the production of different eytoplasmic granules (*'). Under the
complicated conditions of lepra cells, however, it is difficult to confirm
that these figures helong to any of these three categories.

Coalescent droplets accumulate around leprosy bacilli and develop
into opaque droplets (Fig. 3). The opaque droplet is resolved as an
agelomerate of fine granules, delimited from the eyvtoplasm by a single
dense membrane measuring about HDOA in thickness (Figs. 1, 5, 6 and
7). In addition to this evidence, sections treated by hydrogen peroxide,
as in Fig. 4, demonstrate that the opaque droplet retains its density
after osminm is removed. In this picture, the protein components of
evtoplasmic organelles and nuclei show eleetron seattering due to their
high molecular property. This evidence signifies that the opaque drop-
let is not made of either single lipids or a complicated mixture of lipids,
but that it may be composed of a lipoprotein colloid. The histochemiecal
study of Harada (*) has shown that lepra cells in their initial stage
contain lipoprotein. This lipoprotein in the initial stage may corre-
spond to that of the opaque droplets in eleetron micrographs.

F'rom the occurrence of opaque droplets, and the constitution of that
body, it is inferred that lipoprotein is present in the form of a hydro-
philie eolloid. Since this colloid droplet is located in the eytoplasm,
which also consists of hydrophilie colloids, lipoprotein molecules ar-
range themselves on the surface of the droplet to deercase the free
energy of the surface. This surface arrangement may be resolved as
the limiting membrane around the opaque droplets.
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In some cirenmstances, however, there may be a different explana-
tion of the limiting membrane. When groups of bacilli accompanied by
remnants of opaque droplets are discharged into the extracellular en-
vironment by the breakdown of lepra cells, they are again phagoeytized
by histioeytie eells. Some of the limiting membranes, therefore, might
be a remnant of the plasma membrane resulting from phagoeytosis.

CHEMICAL COMPOSITION OF THE FOAMY STRUCTURE

With the proliferation of leprosy bacilli in opaque droplets, minute
vesicles oceur in association with them—frequently around them, but
sometimes apparently independent of them (Fig. 5). In my study of
xanthoma ecells ('), which is one of the cells with lipid deposition
caused by abnormal lipid metabolism, it was found that the vesiculation
occurs in dense bodies composed of lipoprotein and develops into large
lncent vacuoles. Since the tissue of the leproma deviates from the
normal lipid metabolism, the disintegration of lipoprotein in the lepra
cell may be attributed not only to bacillary enzymes but also to ahnor-
mal enzymatic activities of the cell proper.

As regards the composition of plasma lipoprotein, Oncley ef al. (')
proved that: ** Approximately 75% of plasma lipid is bound in B-lipo-
protein, which is mainly composed of polypeptide, phosphatides, esteri-
fied and free cholesterol.”” Sinee the lipoprotein of the opaque droplet
originates mostly in pinocytotic plasma lipid, disintegration produects
may also comprise protein, phosphatides and cholesterol. Further-
more, minute vesieles consist of a limiting membrane of 50X in thick-
ness and contain moderately dense particles H0A in diameter. These
measurements are in aceord with a double length of the lecithin mole-
cule. '

Histochemical studies carried out by Ueda (*') and by Sugai (**)
proved that lecithin is present in lepra cells. Considering the physico-
chemical analysis of eleetron micrographs and the results reported by
other workers, 1 offer the speculative hypothesis that the minute
vesicles may consist mainly of stable micelles of phosphatides. Their
wall may represent a double leaflet the molecules of which are arranged
to face their hydrophilie surface to the outside aqueous phase, and the
moderately dense particles of the interior may be spherical micelles of
phosphatide radially oriented so as to present a hydrophilie surface.
It is thought, therefore, that the protein moiety is disintegrated earlier
than the phosphatide.

With the further development of vesicles, they coalesce and finally
form the electron-transparent foamy structures (Fig. 5). The results
of eleetron stains indicate that the lucent interior of the foamy strue-
ture is not composed of unsaturated fatty acids, their esters and phos-
phatides. Fite (7) reported from a histochemical study of lepra cells
that the lipids of those cells are free of cholesterol. In the present in-
vestigation, observation with the polarizing microscope has demon-
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strated no refractile substance in the lepromas used for the eleetron
staining. Furthermore, 1 have observed (") that in the lepra cells the
activities of various phosphatases are increased, which means that
phosphate cempounds are disintegrated by enzymes. Based on these
facts, it is thought that the lucent area of the foamy structure consists
of a saturated fatty acid, or its ester, or lower molecules, which do not
scatter the electron beam.

Sugai (**) has also found fatty acids in his histochemical study of
lepra cells. This presence of fatty acids may correspond to the stage
of the foamy structure,

At the boundary between the foamy structure and the opague drop-
let, there is present a limiting membrane measuring 50 in thickness
which is interpreted as a double layer of phosphatide, as suggested in
connection with the formation of the minute vesicles.

Besides foamy structures, Nishiura (') has observed an eleetron-
transparent zone around leprosy bacilli which he believes is aseribable
to the metabolites of the bacilli, related to bacillary growth. These
transparent zones are delimited from the opaque droplet by a dense
membrane measuring about HOA in thickness (Figs. 1, 2 and 7). In
analogy to the formation of the membrane hetween the opaque droplet
and the eytoplasm, the presence of this limiting membrane implies that
the physicochemical state of the transparent zone is under the same
conditions as that of the surrounding evtoplasm.

At the site of a narrow opaque droplet, this membrane and the
outer enclosing membrane are arranged side by side separated hy a
less dense interspace (Figs. 6 and 7). With the rupture of these limit-
ing membranes, eytoplasmie elements are blended with the components
of the transparent zone (Fig. 6). On the evidence of these observations,
it is suggested that the transparent zone around leprosy hacilli is not an
oil phase but a water phase, in which various metabolites of the bacilli
are dissolved.

Infrequently, an irregular arrangement of dense granules is seen in
the transparent area (Fig. 7). This picture may be factitious, arising
from the diffusion of the osmium molecules during the preparation for
electron microscopie examination, as pointed out by Ogura et al. ('7).

Summarizing suecinetly the results presented, it is coneluded that
pinoeytotie lipoprotein droplets aceumulate around the leprosy bacilli
in the lepra cell and form the opaque droplet, that these opaque drop-
lets undergo degenerate change to vesicles composed of phosphatide
micelles, and that finally the opaque-droplet complex degenerates to
form the foamy structures containing saturated fatty acids, their
esters, or lower molecular substances. The electron-transparent zone
surrounding the leprosy bacilli is thought to be an aqueous phase in
which various metabolites of the bacilli are dissolved.
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SUMMARY

1. The submiecroscopic structures of lepra cells have been analyzed
physicochemically, in comparison with the results of eleetron stains of
various purified lipids.

2. The opaque droplet originates from the aceumulation of pino-
cvtotie droplets, and it may consist of lipoprotein derived from the
blood. -

3. The minute vesicles arise from the disintegration of the opaque
droplet. From the physicochemical analysis it is suggested that the
minute vesicles may be composed of phosphatide micelles,

4. The foamy struocture is a terminal appearance of the opaque
droplet. The present observation introduces the possibility that the
foamy structure contains saturated fatty acids, their esters, or lower
molecular substances,

5. The eleetron-transparent zone around leprosy bacilli does not
consist of a lipid phase, but of a water phase in which are dissolved the
metabolites of the baeilli,

6. From various points of view, it is concluded that there is a dis-
order of lipid metabolism in the essential lesion cells of the leproma.

RESUMEN

1. Se analizaron fisicoquimicamente las estrueturas submicroseopi-
cas de las eélulas leprosas, comparandolas con los resultados de las
coloraciones eleetrénicas de varios lipidos purificados.

2. La gotilla opaca procede de la acumulacion de gotillas pinoeitofi-
cas, pudiendo constar de lipoproteina derivada de la sangre.

3. Las vesiculas minusculas proceden de la desintegracion de la
gotilla opaca. A juzgar por el analisis fisicoquimico, se sugiere que
dichas vesiculas quizas estén compuestas de tagmas de fosfatidos.

4. La estructura espumosa representa el aspecto terminal de- la
gotilla opaca. La observacion actual introduce la posibilidad de que
dicha estruetura contenga acidos grasos saturados, ésteres de éstos o
substaneias moleculares méas inferiores.

5. La zona eleetrono-transparente alrededor de los bacilos leprosos
no consta de una fase lipida, sino de una fase acuosa en la cual estian
disueltos los metabolitos de los bacilos.

6. Desde varios puntos de vista, se deduce que existe un trastorno
del metabolismo lipido en las eélulas de la lesion eseneial del leproma.
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DESCRIPTION OF FIGURES

Fig. 1. An ultra-thin seetion of a lepra eell in a skin nodule of a 34-year-old patient.
Leprosy baeilli (Lb) are enveloped in an opaque droplet (Od), whieh is limited by a dense
single membrane. Pinoeytotie droplets, small bodies less than 100 mg in diameter (Pd); the
conlescent droplets, 300-500 mg in diameter, formed by fusion of pinoeytotie droplets (Cd);
and numerous mitochondria (M) are distributed in the eytoplasm. Neither the pinoeytotic
droplets nor opaque droplets show a homogeneous appearance; actually, both kinds consist of
aggregations of fine granules. Between the opague droplet and the baeilli there is a limiting
membrane (arrow). Palade’s particles (Pp) are seattered in the eytoplasm, and develop a
tendency to conglomerate into small masses,

Fig. 2. One of the lepra eells in a skin nodule of a 56-year-old patient. Numbers of
pinoceytotie droplets (Pd) and their coalescent droplets (Cd) are observed in the eytoplasm.
Some of the latter present an appearance as if developing into opaque droplets (Od). Normal
mitochondria (M) are also demonstrated, and leprosy bacilli (Lh) are present.
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DESCRIPTION OF FIGURES

Fig. 3. One of the lepra cells in a skin nodule of a 48-year-old patient, This picture is
indieative of the faet that the opaque droplet (Od) results from the accumulation of
pinoeytotic droplets, or of their coalescent droplets (Cd), around leprosy baeilli (Lb). In the
upper part, a eristae-like texture is pereeptible in the granular matrix (M?). Note the
difference between this figure and typieal texture of the mitochondria (M).

FiG. 4. This picture is of a section treated with hydrogen peroxide. Although the osmium
is almost entirely removed from the tissue, the nucleoprotein and lipoprotein particles retain
their electron-seattering property. At the same time, the area (X) with an opaque droplet
or a coalescent droplet also shows electron seattering. Leprosy bacilli, Lb, Mitochondria, M.
Nueleus of lepra eell, N,
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DESCRIPTION OF FIGURE

Fia. 5. One of the well-developed lepra eells in a skin nodule of a 48 year-old patient.
Here is a striking demonstration of minute vesieles (Mv), which appear mostly around leprosy
baecilli (Lb), although some vesicles oceur in opaque droplets (Od) independently of baeilli.
Note the presence of minute vesieles in the eleetron-transparent zone (Tz) around the baeilli.
These minute vesicles consist of fine, less-dense granules surrounded by o single dense layer.
In the lower part of the picture are seen typical foamy structures (Fsi, and they inelude the
remnants of the fine granules of minute vesieles. Mitochondria, M. Pinoeytotie droplets, Pd.
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DESCRIPTION OF FIGURES

Fig. 6. One of the lepra cells in the same leproma as Fig. 3. Enclosed by an opaque
droplet of whieh only a narrow zone is apparent on one side (Od), leprosy bacilli (Lb) are
situated in the eleetron-transparent zone (Tz). The inner limiting membrane of the opaque
droplet is adjacent to the other membrane, and therefore they look like a double membrane
(arrow). At a break in these enclosing membranes, the content of the transparent zone
diffuses into the eytoplasm. Struetural changes of the eytoplasmic organelles are not observed.
Mitochondria, M. Nueleus of lepra eell, N, Minute vesieles, My,

Fia. 7. One of the lepra cells of a nerve lesion of the same patient as Fig, 1. An opaque
droplet (0d) is delimited by a dense membrane from the eytoplasm, and also from the cleetron-
transparent zone (Tz). An irregular arrangement of dense granules, thought to be osmium
molecules, is diffused into the transparent zone. Pinoeytotie droplets, Pd. Leprosy baeillic Lb,
Coaleseent droplets, Cd. :
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