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H i. ·tochemical studies of lepra cell s have demon st rated the prC'sellce 
of lipids, and have shown that the chem ical composition of the lipids 
va riC's during the development of the lepra cells. In recent years 
electron microscope studies havC' elucidated the submicroscopic struc
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" e' ];;· 25). Tt has been suggested, 
also, that thC'se submicroscopic structures correspond to sudanophilic 
lipids observed by light microscopy. 

Tn the present study, the chemical composition of val'ious figures 
which appear in lepra cells ha s been analyzed physicochemicallr by 
electron staining. For the purpose of comparative study of electron 
stains, various purified lipids have been examined with the electron 
microscope. 

MATERIALS AND METHODS 

Lepromntnus norlulrs from 10 cases, and lepromatous g reat auricular nerves from 3 
('a sC's. \\,rl'C' usC'd ill this study. The biopsy specimens were fixed approximately 4 hours 
at 4°C in 1 pel' cent osmium tetroxidC' buffered with phosphate (1/50 mol) conta ining 7.5 
p!'r tl'llt SU('rose, dehydl'llted for 2 hours in g raded ethyl alcohols, imbedded in a 6 :4 
mixture of butyl and methyl methacrylate, and polymerized with benzoyl peroxide at 
55°C. Blocks were sectioned with glass knives in a Xippon Ultramicrotome. Two rl er·trOIl 
microscopes, an Akashi Tronseope 50 and n Hitachi J-lU 10, were used in examining thp 
sections. 

Some sections were floated on a solution containing hydrogen peroxide and h.\'dro
ch lol'ic acid. By this treatment, initiated by :Merriam (13), the osmium which is combill Nl 
with the tissues is almost entirely removed from the sections. 

In order to examine the electron stains of various lipids, they were dissolved in eth~' l 
ether (sphingomyelin was dissolved in a 9:1 petroleum ether-methanol mixture) and thin 
films were then ma.de on a water surface. These w(' re 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 (oleic acid), two sa.turated f<ltty 
arids (stearic acid and palmitic acid), neutral fat extracted by ethyl alcohol frol11 human 
subcutaneous fa.t ti ssue, two phosphatides (oyolecithin and lung sphingomyelin ), and 
cholesterol. 

OBSERVATJOXS AX!) DISCUSSION 

Ob. erved with the electron microscope, lepra cells are characterized 
by the presence of opaque dropleb; and foamy structures. Opaque 
droplets, so designated by our group (25), are a moderately dense sub-
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stance surrounding leprosy bacilli. I<'oamy s tructures, named by 
Briegel' and Glanert C), we have found to be the disintegra ted suh
stance of opaque droplets (25). These two submicroscopic structures 
are thought to be lipids stainable by histochemical p r ocedures. 

With va rious purified lipid s, electron staill ing gives the fo llowi ll g' 
resul ts . N (' ither the saturated fatty acids used nor cholesterol exhibit 
an osmiophili c property, and consequently they cause hardly any scat
t('r ill ~' of th (' e]('ct ron heam. l ' m;atlll'ated fatty acid and its ester (ll eu
tral fat) show intense elect ron staining . Phosphatides, however, whi ch 
also possess ullsatura t ed fatty acids, show moder ate elechon d (, ll s i t~ , . 
']'hese r esults are in acco rd with ex perim ents carried out by Bahr e· 3) . 

In thi s art icle are di scussed the origin, 01' mechani sm of fo rmatioll , 
and the composition of the opaque llroplet, and a lso these feat ures of 
the foamy structure, comparing them with the r esults of electron s tain s 
for various lipids. 

l"ORMATlON AND COMTOSITTOX OF T HE OI'AQU I': Il ROl'L I':T 

r['hree opinions have been advanced regardillg the origin of the lipid 
suhsta nces ohserved in lepra cells with the ligh t microscope : 1. They 
ori g'i ll ate by the accumulat ion of pinocytotic fat drops supplied from 
the surrounding fat tissue eO).1 2. They arise from the r eactive prod
ucts of the cytoplasm caused by the inva sion of the leprosy bacilli 
(8.14 . 24). 3. T'hey are the break-down products of the degeneration of 
bacillary bodies (23). 

III electron micrograph s of lepra cell s there are seen scatter ed in 
th(' cytoplasm very small, moderately dense droplets measuring less 
than 100 mJ.L ill diameter, thought to be pinocytoti c dr op-lets . rl' h ('.v 
usua ll y cOll sist of a m oderately dense,fi ll ely g ranul ar suhstance sur
r ound ed hy a s ingle membran e, a s shown ill Fig . . 1, 2, 5 a nd 7. 

Concerning the pinocytotic droplet s in lepra cells, Ogata (IG) con
cluded from studies with the light microscope that they consist mainly 
of neutral fat supplied from fat cells . However , it ha s heen substan
tiated in the present study, what was found in a previous study of fat 
cells eO), that n eutral fat drops have a homogeneous electron den s it~, . 
fl'her efore, J cannot agr ee that the pinocytotic droplet s of lepra C011 S 

consist of neutral fat. 
n may he supposed, from the nne]y g ra nular appearance of pino

c~T toti c droplet s, that they may be a lipoprote in derived f r om the hlood 
stream. According to Brand t (4), the limiting membrall e ma~T he in 
terpreted as a plasma memhran e which is taken in to the c~T toplasm hy 

1 To :woid fl n y llllcerta inty on th e pnrt of non cytologists about its lI1enning' , th e fo llowi ng 
two definitions of "pinocytosis" (f rom the Greek pi11-l' ill, t o dri nk ) a rc quoted. From th e Nl'W . 
Gou ld : D rinking' by cells, as opposed to phn gocytos is. eating' by cells. l sed to indicnte 
microscopica lly visi ble " drinking " or ellg'ulting of glohul es of fluid by pseudopod in. '1'he flui d 
later becomes pnrt of the cy toplaslll. From DorIa nd : '1'h e nbsorption of li quid s hy cells: 
especinlly t he p henolllcnon i n which minute in cuppings 0 1' invag'j ll n ti on ~ :11'0 for lll cd in the SlIl' -

bce of lencocytcs, whi ch close to fo rll1 fluid -fill rcl vnclloles.- EDI·I'OR. . 
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pinocytosis, but it may be digested ill th e course of time. 
Although nucleoprotein particles (Palade 's partic l e ~) may COll

glom erate in small masses and exhibit an appearance similar to pino
cytoti c droplets, they are easily distinguished from the latter becau se 
they lack the limiting memhrall e and are larger in size. 

Pinocytotic droplets coalesce with each other to produce rounel or 
oval, moderately dense " coalescent dropl ets " measuring 300-500 mIL 
in diam eter, as is seen in Figs. ] , 2, 3 and 7. Palade e n) observed simi
lar round bodie. of varion s sizes in , eminal epithelia, and he also as
sum ecl that the.'e bodies r epresentecl a terminal appearance of phago
cy tized vacuoles. Since the , e coalcscC'nt lipoprotein di'oplets are not 
abundantly found in normal cells, the fact that they arc numerou s in 
the cytoplasm of lepra cell s sugg'ests a deviation from normal lipid 
metabolism on the part of those cell s. Furthermore, as notecl b~T \zulay 
and de Andrade e), the histiocytes of the leproma contain lipids after 
the leprosy bacilli have di sappeared. It is surmised, therefore, that a 
disord er of lipid metabolism may be characteristic of the les ions of 
lepromatous cases. 

Tnfrequ ently, a texture resembling rnitochollciriaL cri stae i r esolved 
in the coalescent droplets, as in Fig. 3. rPhese figur es are r ega l'ded 
variously as the vi sualization of a changing functional process of mito
chondria eo. 12. 20), as mitochondrial Cl egeneration (0. 21 ) , and as steps 
in the production of differ ent cytoplasmic granules (21). -Under the 
complicated conditions of lepra cells, however, it is difficult to confirm 
that these figures belong to any of these three categories. 

Coalescent droplets accumulate around leprosy bacilli and develop 
into opaqu e droplets (Fig. 3). The opaqu e droplet is r esolved as an 
agglomerate of fin e granul es, delimited from the cytoplasm by a s ingle 
dense membran e measuring about 50A in thickness (Figs. 1, 5, 6 and 
7). Tn addition to thi s evid ence, section s treated by hydrogen peroxide, 
as in Fig. 4, demon strate that the opaqu e droplet r etains its density 
after osmium is r emoved. In this picture, the protein components of 
cytoplasmic organelles and nuclei show electron scattering due to their ' 
high mol ecular 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 he composed of a lipoprotein colloid. The histochemical 
study of Harada (8) has shown tha t lepra cells in their initial stage 
contain lipoprotein. This lipoprotein in the initial stage may corre
spond to that of the opaqu e droplets in electron micrographs. 

From the occurrence of opaque droplets, and the constitution of that 
body, it is inferred that lipoprotein is present in the form of a hydro
phili c colloid. Since this colloid droplet is located in the cytopla sm, 
which also consists of hydrophili c colloids, lipoprotein molecul e. ar
range themselves on the urface of the droplet to decr ease the fr ee 
ener gy of th e surface. This surface arTano'ement may be r esolved as 
th e limitin g membran e around the opaque droplets. 
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]n som e circumstances, however, there may be a differ ellt explana
tion of the limiting m embran e. -When groups of bacilli accompanied by 
r emnants of opaque droplets are discharged into the extracellular en
vironm ent by the breakdown of lepra cells, they are again phagocytized 
hy his tiocytic cell s. Some of the limiting m embranes, ther efor e, might 
be a r emnant of the pla sma membrane r esulting from phagoc~T to sis . 

CHEMICAL COMP OSITION OF TH8 :FOA)\[Y STrt UCT URl~ 

'Vith th e proliferation of leprosy bacilli ill opaque droplets, minute 
ves iclC's occur in association with them- fr equently al'Ollllcl them, but 
som etim es apparently indepelld ellt of them (Wig . 5). Tn my s tud y of 
xanthoma cell s (11), which is on e of the cells with lipid deposition 
caused by abnormal lipid mC'ta bolism, it was found that the vesiculation 
occurs in dense bodies composed of lipoprotein and develops into large 
lucent vacuoles . Since the tissue of the leproma deviates from the 
normal lipid metabolism, the disintegra tion of lipoprotein in the lepra 
cell may be att1'ibute(l not only to bacillary enzymes but al so to abnor
mal enzymatic activiti es of the cC'll proper. 

As r egards the composition of plasma lipoprotein, Oncl ey et aZ. (l S) 
proved that: "Approximately 75 % of plasma lipid is bound in j3-lipo
protein, which is mainly composed of polypeptide, phosphatides, es teri
fi ed and fr ee cholesterol. " Since the lipoprotein of the opaqu e droplet 
originates mostly in pinocytotic plasma lipid, disintegration products 
may also comprise protein, phosphatides and cholesterol. Further 
more, minute vesicles consis t of a limiting membrane of 50A in thick
n ess and contain mod erately dense particles 50A in diameter. ~rhese 
m easurements are in accord with a double length of th e lecithin mol C' -
cule. . 

Histochemical studi es carried out by l'eda e~) and by Sugai (23) 
proved that lecithin is present in lepra cells. Con sid ering the physico
chemical analysis of electron micrographs and the r esults r eported hy 
other worker s, I offer tho speculative hypothesis that the minute 
vesicles may consis t mainly of stable micelles of phosphaticl es. Their 
wall may r epresent a double leaAet the mol ecules of which are arranged 
to face their hydrophilic surface to the outside aqueous phase, ancl the 
moderately dense particles of the interior may be spherical micelles of 
phosphatide radially oriented so a s to present a hydrophilic surface. 
Tt is thought, ther efor e, that the protein moiC'ty is di sintegrated earlier 
than the phosphatide. 

,Vith the further development of vesicle. , th ey coalesce and finally 
form the electron-t r ansparent foamy structures (Fig. 5). 11he r esults 
of clectron stains indicate that the lucent interior of the foamy struc
ture i.' not composed of unsatlll'atecl fatt y acid s, their ester s and phos-. 
phaticles . :B ite (1) r eported from a hi s tochemical stud y of lepra cen s 
that the lipid s of those cells are fr ee of chole. tC']'o1. 1n the present in
ve. tigation, observation with th e polal'i7.ing microRcope ha s clemoll-
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tJ'ated no rcfraqtil e substance in the lepromas used for the electron 
staining. Furthermore, I have observed (H) that in the lepra cells the 
activities of various phosphata ses are incr ea sed, which means that 
phosphate o.mpound s a re 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 low er molecules, which do no t 
sca tter the electron beam. 

Sugai (23) has also found fatty acids in his histochemical stud;' of 
lepra cells. This presence of fatty acids may corre POllel to the stage 
of th'e foamy structure. 

At the boundary between th e foam y structure and the opaqu e drop
let, ther e is present a limiting membrane measuring ;")OA in thickn ess 
which is interpreted as a doubl e lay er of phosphatide, as snggestCfl in 
connection with the formation of the minute ves icles . 

Besides foamy structures , Nishiura (15) has obsCl'vell an electron
transparent zone around leprosy bacilli which he believes is ascrihabl e 
to the metabolites of the bacilli, r elated to bacillary growth. These 
transparent zones are delimite(l from the opaque droplet by a dense 
membran e measuring about ;)0.-\ in thickness (Fig . . 1, 2 and 7). Tn 
ana logy to the formation of th e membrane hetween the opaque droplet 
and the cytoplasm, the presence of this limiting membrane implies that 
the physicochemical state of th e tran sparent 7.on e is 'under the sam e 
conditions as that of the surrounding cytopla sm. 

At the site of a narrow opaque droplet, this membrane and the 
outer enclosing membrane are arranged side by side separated h:' a 
less dense inter space (Figs. 6 and 7). -With the rupture of these limit
ing membranes, cy toplasmic elements are bl end ed with the components 
of th e tran sparent zone (Fig. 6). On the ev idence of these ohservation s, 
iti,s suggested that the transparent zone around leprosy hacilli is not an 
oil phase but a water phase, in which various metaholites of the hacilli 
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 microscopic examination, as pointed out by Ogura et aZ. (17) . 

Summarizing succinctly , the r esults presented, it is conclud ed that 
pinocy totic lipoprotein droplets accumulate around th~ leprosy ba cilli 
in the lepra cell and form the opaqu e dropl et, that these opaque drop
lets und ergo degenerate change to vesicles composed of phosphatide 
mi celles, and that finally the opaque-droplet complex degenerates to 
form the foamy structures containing saturated fatty acids, their 
ester, or lower 'molecular substances. The electron-transparent zone 
slll'l'oundin g the leprosy bacilli is thought to be an aqueou s phase in 
which various metaholites of the bacilli are dissolved. 
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SUMMARY 

1. The submicroscopic s tructures of lepra cells have been a nalyzed 
physicochemically, in compari son with the r esults of electron stains of 
various purified lipids. 

2. The opaque droplet originates from the accumulation of pino
c.vtotic droplets, and it may consist of lipoprotein derived from the 
blood. . 

3. ~~he minute vesicles arise from the di sintegration of the opaqlH' 
droplet. From the phys icochemical analysis it is sugge. ted that the 
minute vesicles may be composed of phosphatide micelles . 

+. ~rh e foamy structure is a terminal appearance of the opaqu e 
dropJet. 'rhe present observation introduce. th e possibility that the 
foa my structure conta in s saturated fatty acids, their esters, or lower 
mol ecular substances. 

5. ~'h e electron-transparent zone a round leprosy bacilli docs not 
cons ist of a lipid phase, hilt of a water phase in which are dissolved th e 
metabolites of the bacilli. 

6. From variou points of view, it is conclud ed that there is a dis-
01'(1 er of lipid metaholism ill the essential lesion cell s of the leproma. 

HESU MEN 

1. Se analizaron fisicoquimicamente la s estructul'a s submicroscopi 
cas de las celulas leprosas, comparandolas con los r esultados de la s 
coloraciones electronicas de varios lipidos purificados. 

2. La gotilla opaca pl'ocede de la acumulaci6n de gotillas pinocitMi
cas, pudi endo constar de lipoproteina del'ivacla de ]a sangr e. 

3. Las ves iculas minuscula s proceden de la desintegracion de la 
got illa opaca. A juzga l' pol' el analisis fisicoq uimico, se sugier e qu e 
dicha s vesicu la s qlliza s esten compues ta s de tagmas de fo sfa.tidos. 

+. La estructura espumosa represellta el aspecto terminal de 1a 
g-01illa opa ca. La ohse l'vacion actual intl 'oduce la posihilidad (le qu e 
(licha estructura con tenga acic10s gra sos sa turados, cs teres de estos 0 
suhstancias moleculares ma s infe1'ior es . 

5. La zona electrono-hal1 spa1'ente alrededol' de los bacilos leprosos 
no consta de una fa . e lipicla, sino de 1ma fa se acuosa en 1a cual estan 
cli sll eltos los metaholitos de los haci10s. 

6. Desde va rios puntos de vista, se c1edllce que ex iste un t1'astorno 
(1(11 metaboli smo' lIpic10 en la s ccllllas dC' ]a l (ls ion esencial clelleproma. 
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DESCRI PTION OF FIGURES 

FIG. 1. An ul tra · thin section of a lepra cell in a sk in nod ule of a 34·year ·old patien t. 
L eprosy bacill i (Lb) a re enveloped in a n opaq ue d roplet (Od ) , wh ich is limi ted by a dense 
si ng le membrane. Pinocy to tic d roplets, sma ll bodies less tha n 100 mIL in dia meter (Pd); the 
coa lescen t cLl'oplets, 300·500 mIL in djam eter, fo rmed by f usion of p inocytotic droplets. (Cd ) ; 
a ll d nu merous mitochondria (M ) a re ' distri buted in the cytop lasm. N either the pinocytotic 
droplets nor opaq ue droplets show :1 homogeneous appeara nce; actually , both kinds consist of 
aggregations of fi ne g ranul es. B et weell the opnq ue droplet a nd the bacilli there is :1 ' limit ing 
m('mbra ne (:1 l'l'ow ) . Pa l:1de ' s pa rti cles ( Pp ) are scnttel'ed in the cytop lasm, a nd de\'elop a 
tendency to cong lomera te in to sm" 11 Ill :lSSes. 

FIG. 2. Olle of the lepra cells in a ski n nod ule of a 56·yea r ·old patient. N um bel's of 
pinocytotic drop lets (Pd ) a ll el t heir coalescent droplet (Cd ) a re obsel'\' ed in the cytoplasm. 
Some of th e la t ter present fi ll appearance as if developi ng in to opa que d roplets (Od ) . Norma l 
mitocllOnd ri a (M ) a re a lso demonstrated, a nd leprosy bacilli CLb ) a re present. 
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DESCRIP'l'ION OF F'IGURES 

FIG, 3, 011 e of th e lepra cells in a skin nodule of a 48-year-old patient. This picture is 
imlicntivc of th e f act that the opaque droplet (Od ) r esults from th e accumulation of 
pinocy toti c droplets, 01' of their coalesccnt dropl ets (Cd ) , around lepro y bacilli (Lb ) . In the 
upper pnrt, a cri sta e-like texture is perceptible in the granular ma trix (M n . Note th e 
d i f'ference betwecn this figure and typi ca l textu re of th e mitochondria eM ) . 

FIG, 4, This picture is of a scction t reated with hydrogen peroxid e, Although the osmium 
is almost entirely removed from th c ti Rsue, th e nucleoprotein and lipoprotein particles retain 
th eir electron -scattering property. At the same time, the ar ea eX ) with 3n opaque droplet 
or n coalescent droplet also shows elcct. ron scnttcring. Leprosy bacilli , Lb. MitochonJlria, M. 
Nucleus of lepra cell, N. -
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])E~(, lnl) '1'lON OF' FTGURE 

FIG. 5. On e of th e well -deHloped Jeprn re ll s in n skin nod ul e of n 48·year·old p:ll il' nt . 
H er(' is a striking demonstration of minnte ,,('sieles Of,, ) , which nppe:lr mostly a round It' pros), 
bacilli ( Lh ), nlth ough som e Y('s ir l('s Ot'e nr in opa que (lroplets ( OIl) ill(l ep('nd('ntly of baci ll i. 
N otr th (' pres('ncc' of minnte v('s ieles in th (' e ledron-trnn spa rent zone ( T z) a rounu th e hal'illi. 
'1' hese minute ves icles co nsis t of fi ne, 1(,88-(l ens(' grnnul ('s surro\l11(I('(l h~' a sing le dens(' Inyt'r. 
In the low(' r par t of th e pi e1 ure arc s('rn t y pi en l f O:lm~' s trlldlln'~ ( r ,, ) , and th('y inel ll dr t he 
remna nts of the fin e gralllli rs of minut (' "('sicles. ]\·fit ochondri a, ]l1. P i ll oeytotic d roplet H, Pd. 
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DESCRIP'l'ION OF FIGURES 

F IG. 6. On c of tho lep ra ccll s in th e sn me Icproma :1S Fig. 3. Enclosed hy an opaq uc 
d roplet of wh ich only a JUllTO\\" zon e is nppnrC'nt on one side ( Od ) , lep rosy hnci lli ( Lb ) are 
situated in the electron -t ra nspa rent zone ('l.'z ) . Th e inn e r limiting membran e of th c opaquc 
dropl et is adjacent to th e other membrane, and therefore th ey look .lik e a doubl e mcmhrnne 
(a rrow ) . At n b renk in t hesc enclosing memb ranes, thc co ntent of th e tran spnrolL t zone 
diffuses ilLto th e cytop lnsm. Strllctu rnl c h nnge,~ of th e cy topln smic orgnlLc ll es nrc not Oh801"I"('(l. 
M itocholLdria, M. N uclcus of Icprn cell , N . Minute " es icles, M,·. 

FIG. 7. Olle of the leprn cell s of ::t ne rve lesio n of th e same pntient: nti F ig. 1. A n Ollnf]U C 
d ropl et (Od) is delimited by n dense membra ne f rom th e cytop ln 111 , and [l lso fro m th c elect ron
t ransparcn t zo ne ( 'l'z ) . An ilTegul a r [l rl":lngelllent of dc nse gr:lllules, thought to bc oSll liulll 
molecul cs , is diffu sed i IL to th c tm nsp:H ent zO lL e. Pi nocytotic droplets, Pd. Lep ro~y bal' i II i. Lb. 
Coa lescent droplet s, Cd . . 
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