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Electron Microscope Studies of the Antileprosy Drug
B663 (Clofazimine; Lamprene)l
A. C. McDougal1 2
Since its discovery by Barry in 1957, the anatomica l structure, and ac id-fast bacilli
riminophenazine 8663 (clofazimine; Lam- (in any form), nerve th erapeuti c response
prene) has been the subject of numerous was often rated as good as skin , for the
publications concerning its bioch emi stry and period of treatment, but was never better
pharmacology ('I' 4), lipid chemistry (2~), and no t infrequ ently worse. In at least one
experimental properties in the laboratory instance, solid-stai ning bacilli were found in
animal (4. 5,23), skin pigmentation l ), clin- nerves seve ral yea rs after beginning treatical use in leprosy (2, 6 , 7 , S. 9, 20. 22), acti on ment where they had ap parently di sa ppeared
in murine leprosy (10 , 11), crystallization (' 5), from the skin.
and effects on macrophages and the reticuIt was, therefore, decided to .study by light
loendotheli al system (12 , J 6. 17).
and electron microscopy, the effects of feedRecently, Conalty et al (14) have pub- in g clofazimine to mice in th eir diet. A s this
li shed furth er findings on this drug in rela- work proceeded it soon became clear that a
tion to the reticuloendotheli al sys tem, giving larger anim al was needed for chemical analparticular attention to the mechani sm of its ys is of drug in peripheral nerves, and that
accumulation and crystallization in cells, and in the mouse, whole-body autorad iography
to the effects of this on macroph age function. would be the method of choice for following
Early in 1972, observati ons in Oxford on the di stributi on of antileprosy drugs into varti ssues from the amputated leg of a leprosy ious body tissues.
patient treated for some years with B663 ,
These results and the findings on light
suggested that thi s drug mi ght not penetrate microscopy will be publi shed separate ly, and
so well ino peripheral nerves as it does into the prescnt paper deals onl y wit h elec tron
va rious other body tissues ,
microscope findings as seen in ce lls of mouse
This was supported by li ght microscope spleen, wit h particular reference to I) the
findings on the histopathology of skin and position and appearance of the " mature"
peripheral nerves biopsies from patients in crystal, 2) a membrane which surround s it,
the Leprosy Research Unit of the M ed ical and 3) the prese nce of electron-de nse "rods"
R esearch Council in Mal aysia, and assessed or " bands" with whi ch it is often closely
here after some years of treatme nt with associated.
B663. Considering the factors of infittrate,
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Parkes albino mice were fed 0.01 % of
powdered B663 in their diet. The animal
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whose tissues appear in Figure 2 was fed
o n the drug for seven months before killing,
but all other anim als and ti ssues referred to
in thi s report were from mice fed on it continuou sly for ten months, and then ch anged
to a no rm al diet before killing six months
later. Thus, with the excepti on of Fi gure 2,
all ti ssues shown come from anim als who
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had not ingested any B663 for six months
following a ten mo nth peri od of drug loading.
Ti ssues ta ken includ ed li ve r, spl een, mesenteric lymph nodes, intestine, lung, brain ,
spin al cord , sci atic nerves, fat, stri ated muscle
and skin . H owever, the ti ssue reported in
thi s study is spleen, and this was cut into
1 mm cubes or slices and fi xed in a 1: 1 mix-

FIG. 1. Mouse spleen. Crystal spaces are seen in the cytoplasm of macrophages in a
multinucleate complex, with occasional osmiophilic bands or rods between them. X 2,400.

FIG. 2. A cluster of crystal spaces is seen in the cytoplasm of a mononuclear cell in mouse
spleen . M- mitochondrion . ER-endoplasmic reticulum . CS-crystal spaces in cytoplasm of
adjacent macroph age. X 10,500.

..
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FIG. 3. Fully-formed "mature" crystal spaces (CS) in cytoplasm of a mouse spleen
macrophage, with various osmiophilic bodies (08 ), one of which shows 4 lighter areas in
its substance (LA). X 5,200.

ture of 3 % glutaraldehyde in 5 % sucrose
buffer and 1% pa rafo rm aldchyde, for two
hours at 0.4 0 C. These were washed seve ral
times in sucrose buffer fo r 30 minutes at
0.4 0 C, and then trea ted with 1 % osmium
tetroxide in 5 % sucrose phosphate buffer
for two hours at 4 0 C. Dehydration was by
routine graded alcohols, 10-1 00 %, over a
period of 2 hours and 20 minutes, followed
by immersion in tolu ene, two changes each
of 30 minutes. Embedding was in a tolu enearaldite mixture, I: I , overnight at room
temperature; followed by araldite, in an oven
at 60 0 C for 48 ho urs. Sections were cut on
an LKB microtome at 500 A, and stained
with saturated uranyl acetate in 70 % alcohol
and Reynold's lead citrate.

RESULTS
The electron micrographs show that there
is a dual phenomenon to be consid ered: 1)
the size, shape, di stribution and membranes
of the electron-transparent crystal spaces,
where the fully formed adu lt crystals have
accumulated (Figs. 1-3) ; and 2) the presence of black " rods" or " bands," often intimately associated with or even surrounded
by crystal spaces (Figs. 7-11) .
When first see n ove r a year ago, these
osmiophilic rods were thou ght to be an arti-

fact , and th e'y were not photographed. Later,
th e possibiliti es of drug-induced crysta lloi d s
( I ~I) o r of physio logica ll y norma l "s to rage"
crystalloids were consid ered. Normal P arkes
albino mice whi ch had not received a ny
8 663 we re th erefore killed and examined
und er EM for simil a r bodies, usi ng an identical processin g tec hnic , and to these were
late r added vario us Oxford laboratory mice.
Nothing whateve r comp arab le to the osmiophili c rods wa s revealed. With increasin g
confid ence in th e fixation and processing, it
soon becamc clear that in 8 663 mi ce th ey
followed a pattern and we re to be found in
many areas, ofte n lying parall el to the long
axes of crystal spaces.
Although their os mi o philic properti es and
posi tion in the cell were in kee ping with the
drug- plu s-lipo protein complex already described fo r 8 663 in ma mm ali an ti ssues (I ::.
I;) , th eir profusion in thi s mate ri al, a nd the
repeated finding of lo ng "rods" o r " bands"
prompted various steps to investigate the
possibilities of impurity in the ingested 8 663,
or artifact during EM processi ng. Th ese results are d escribed below.
Distribution and appearance of crystal
spaces and osmiophilic rods. T he choice of
splee n has raised a difficulty at the outset,
fo r th e no rm al cytology is not always easy
to interpret, particul arly where immatu re
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cells are conce rned. Large dense accumul ati ons of crys tals, cy to plas mi c fu sion and the
form ati on of multin uclea te cells (Fig. I ) all
add to the diffi culti es. Furth erm ore, in so me
anim als eve n after ca reful sea rchin g of the
whole grid , depos its of d ru g appea red to be
entirely ex trace llul ar with no clea r relation
to any cell membrane.
T he term "crystal spaces" is used because,
as processed and photographed in thi s stud y,
th ere is no evidence of any stru cture wi th in

\
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them apart from araldite. Hi gh magnificati on
on th e elec tro n microsco pe and electron diffracti on have co mpl etely failed to revea l
stru cture in th ese areas. Ultrathin frozen
sections of unfi xed and unembedded spleen,
kn own to be full of B663 crystals, have bee n
cut on a cryo-ultratome, and exa mined after
freeze-drying; results of electron microscopy
and X-ray micro analysis from thi s ti ssue are
currently being assessed. For completely unknow n reasons, attempts to embed crystal-

cs

.

., i

F IG. 4. C rystal spaces (CS ) in cytopl asm of mouse splee n macroph age with surrounding
membrane ( M) . N- nuc1eus. OR-osmiophilic "rod." X 20,500 .

F IG. 5. Crystal spaces (CS) in cyto plasm of mouse splee n macrophage, with associ ation
osmiophilic rod (OR ). N- nuc1eus. M- mitocho ndri a. X 20,500 .
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FIG . 6. Hi gh power view of one end of a crystal space (CS ) with a ppeara nce ~ s u gg~sti ng
a double outline (DO) , with increased density between the layers, as compared with adjacent
cytoplasm . X 60,000.

FIG . 7. Crystal spaces (CS) in cytoplasm of mouse spleen macroph age, with osmiophilic
rods (OR) showin g membrane surroundin g them . N - nucleu ~ . M- mitochondria. X 20,000.

laden material in water soluble durcupan or
glycol methacrylate have failed , perhaps due
mainly to difficulties in hard ening th e block
and in cutting.
Crystal spaces, so metim es alone, but often
associated with osmiophilic rod s, have been
see n in a wid e va ri ety of situ ations. Figure
2 shows a large cluster occupying about 25 %
of the rcvealed cytoplasmic area and, as with
numerou s other cells examined, having no

obvious ill-effect on nucleus, membranes,
remaining cytoplasm or orga nelles . Figure 1
shows a heavy deposi t of B663 , mainly involving the cytoplasm of macrop hagcs which
have merged into a multinucl eated cell ; close
examination of th e low powcr picture shows
num erous osmiophilic rods lying betwecn
crystal spaces.
Crystal spaccs and rods usually lie in
mononuclea r cells, this term being selected

6
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FIG . 8. Crystal spaces (CS) with one area (CL) cf concen iric "lami na tion ." N-nucleus.
X 20,000.

with care since in the present study it cannot
be sta ted that all B663 is in macrophages .
Crystals have a lso bee n seen in cells indistinguishab le from mouse sp leen lymphocyte,
and in seve ral in sta nces in th e cytoplasm of
neutrophils.
Fin e spicules of the drug have been seen

in numerous micrographs, sometimes running across th e main tissue without regard
for cell boundaries (Figs. 9, 10). Elsewhere
concentric or laminated formations have
been found (Fig. 8), and occasionally deposits of the drug are closely associated with
endoplasmic reticulum. Of major interest has

Flo. 9. C ry sta l spaces (CS) and osmiophilic rods (OR). M-mitochondria . ER--endoplasmic reticulum . N- nucleus.
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FiG. 10. Crystal spaces (CS) and osmi oph ilic rods (OR ) altern ate in macrophage cytoplasm, while fine spicules (S) run across adjacent cytoplasmic membrane towa rds nucleus
( N) . X 35,000.

FIG . II. Crystal spaces (CS) and osmiophilic rods (OR) gi ve the im pression. especially
in the central complex of "streaming" one between the other. N- nucleus. X 35,000.

been the d e m o n s tr a ti o n of a membrane
around crystal spaces ( Fi gs. 4-7 ) and osmiophilic rods ( Fi g. 7 ). Thi s was not seen at
all in o ur earli er mi ce, and may be mi ssed
completely if fi xa ti on and process ing are not
of hi gh stand ard . It appears as a single " unit"

membrane cl osely envelo ping a space which ,
in sha pe and size, closely accords with
form ed crystals as seen unde r the light microsco pe. I n rare in stances, at hi gh magnificati o n (Fig. 6) , so me membrane areas
suggested a double contour with increased
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electron density between the laye rs, as compared with adjacent cytoplasm.
In contrast to the crystal spaces, the osmiophili c rods have very definite substance.
This can be see n at moderate magnification,
and is ab und antl y co nfirm ed at hi gher magnifi ca ti ons (Fig. 12) and by optical diffraction; aspects which will be fully described
below. In some, but by no means all instances, th ese rods are surrounded by a
membra ne but elsew here they give th e im-
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pression of merging rath er vaguely into the
supportin g cy toplas m (Fig. I I). A hi gh
percentage arc ali gned parallel to the long
axis of crysta l spaces (Figs. 9-1 I ). Some lie
in the midst of tangled, complex masses of
drug depos it ; others are intimately apposed
to crystal spaces or alternate with them
(Figs. 9, 10).
A close examination of many fi elds has
shown osmiophilic materi al, associated with
crystal spaces, and in a round or oval form

FIG. 12 . Mag n:ficatio n 100,000.

FIG . 13

FIG. 14

FIGS. 12. 13 a nd 14. The opt ica l diffraction pattern of the rod (a) which run s diago naUy
across the micrograph in Figure 12 is shown in Figure 13 . Only the fir st order reflection IS
observed which correspo nd s to a spaci n ~ of 33 A. The optical diffraction patt ern of the rod
(b) which is norm a l to the edge of the microgra ph shown in Figure 12 is shown in Figure 14.
Only the first order reflec ti o n is observed which corresponds to a spaci ng of 41 A. Figure 12
magnification 100.000.
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of only moderate dim ensions. A striking
feature of the prese nt tissues , however , has
bee n the profusion o f thi s osmio phili c materi al in much more conspi cio us " rod s" or
" bands" generally thinner th an th e crystal
spaces with w hi c h th ey a r e frequently
a ligned.
Osmiophilic rods; steps taken towards
their further identification and to the elimination of artifact. As noted, the poss ibilities
of a processing artifact or of some impurity
in the 8 663 were considered when these
rods were tirst see n. Steps ta ken to investiga te these will now be described under se parate headings.
A n impurity in the 8 663 ingested by the
l1Iice. In· a prelimin ary survey of the micrographs, we were alerted (1:1) to the possibility th at other phenazines, such as B628 and
B629 , might be present. Altho ugh sampl es
of the original B663 used in fee ding anim als
in thi s series we re no longe r avail able, G eigy
(UK) kindl y suppl ied ano ther sa mple of the
micro ni zed dru g ( Batch MG 98), beli eved
to be pharm aco logica lly very simil ar if not
chemica lly identi ca l. Thi s moved as one spot
o n alumin a TLC, using benzene as eluent.
No other spots showed with u-v light or
iodine vapo r. On silica gel with benzene, the
spots did not move from their ori gin .
A rtifacts in EM processing, lack of alcoh ol
into all parts of the tissue. This seemed unlikely, but to investi gate it ti ssues were
brought up to 100 % alcohol and then left
in it for one wee k instead of th e usual two
hours. Th ere was so me overal1 loss of defini ti on and contrast, but absolutely no change
in the character o r di stributi o n of os mio philic
rods o r crystal spaces.
Th e in fluence of stains. It seemed unlikely
th at stand ard E M stai n combinati ons could
have "created" the os mo philic rod , but in
view of the potenti al interpl ay between
osmium , lead , uranium , B663 itself, and
lipoprotein , it was decided to run various
combin ati ons of the three stains and to omit
os mium from at least o ne seri es altogether.
Th e res ults can be stated very simply : without os mium ve ry littl e can be seen. In fact
with any combin ati on other th an th at described under M ETHODS , results are extremely poor with the one excepti on th at if
os mium is co mbined wi th lead, especially if
the latter is prolonged to 30 minute stain ing,
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some osmi ophili c rods can be detected, but
the appearances are vastly infe rior to th ose
of th e full ro utine.
High magnification electron microscopy
and electro n diffraction . Even at moderate
magnifications the os mi ophili c rods appea red
to have intern al stru cture, and at a m agnificatio n o f 100 ,000 on the electron mi croscope
crys tal pl anes were revealed running app roxim ately ' perpendi cul ar to th e long ax is of the
rod ( Fi g. 12). Th e D epartm ent of Molecul ar
Bio physics, O xford , ve ry kindly exa min ed
these specimens by e\cctron diffr action und er
co nditions in whi ch reflecti ons corresponding
to spacings of l oA or less would have been
detected . No electro n d iffraction was fo und
fo r the crysta l spaces or os mi ophilic rods.
These res ults suppo rt the view that the rods
are not merely aggregates of stain.
The spacings in the rods shown in Figure
12 we re now submi tted to exa min atio n in
the opti ca l di ff ractometer. F o r the rod
ma rk ed " A " th e o pti cal diffractio n pattern
is shown in F igure 13 and ind icates a spacing
of 33 ± 2 A. F or the rod marked " B" the
pattern is shown in Figure 14 and indi cates
a spacing of 41 ± 2 A.
1n th e anti cipati on th at continued effo rts
with wa ter-so luble embedding medi a might
res ult in the cutting of mamma li an tissue
with prese rved crystals in situ , actu al crystals
of B 663 eva porated from acetone in the
laboratory, were examined by X -ray diffracti on. Prelimin ary res ults suggest th at " the
unit ce ll d imensions o f th e crystals are considerabl y smaller than 33 A ( as expected
fo r a mo lecule of thi s size), and th ese results
suppo rt th :: view th at th e rods observed in
th e ti ssue secti ons are mos t likely a crystalline a rray o f the drug with so me other molecule, possibly a lipoprotein."3
" Repo rt by Dr. LOllise Joh nson.

D ISCUSS ION
Alth ough some of the electron micrograph s raise co n s id e r a bl e difficulties in
interpretati on, it has been thought worth
prese ntin g them in advance of o ther studi es
fro m the sa me anim al ti ssues, because o f the
possibility th at th ey may shed light on the
mode of acti on of B663 as an anti leprosy
dru g, and on resea rch on macroph ages,
lysoso mes and lipoprotein. It is important
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to emphasize that with the exception of the
animal whose tissue appears in Figure 2, all
were fed on B663 for a period of ten months
at a concentration of 0.0 I % in the di et and
then transferred to a ' normal diet before
killing six months later. This may account
for the differences between the pictures now
presented and those of the only other EM
studies in th e literature (14 . 17), where animal s were killed after only 14 days on the
drug.
The membranes around crystal spaces
and to a lesser extent around osmiophilic
rods (Fi'g. 7) rai se at least two possibilities
as to th eir origin : first, that the drug has
entered some organelle and is merely increasing in size within a preexisting membrane ; and second, that the membrane has
bcen formed by the cytoplasm in response
to the presence of a growing crystal, rather
as has been suggested (1 8) for the mycobacteria in macrophages of the mouse foot pad.
The close apposition of osmiophilic rods
to crystal spaces together with the "streami ng" effect already described , suggests that
there may be some physical or chemical
relationship between the two. In many rods,
small areas of translucency have been noted,
as already described (14), suggesting a transformation from the black osmiophilic form
to the white fully-formed crystal space. However, in view of the factors concerning th e
period of ingestion of B663 and the time
of killing already stressed above, it is impossible to conclude from the present material that the process is not in fact going
in the other direction , and it is certainly
curious that there is such a profusion of osmiophilic rods , and mainly in what seems to
be longitudinal section. No final conclusion
will be possible until the rods have been
much more closely analyzed, but a drugplu s-lipoprotein complex could be osmiophilic to the extent shown here and the
physical juxtaposition with crystal spaces
suggests that the two are significantly related. The reason for the variation in the
spacings on optical diffraction of the osmiophilic rods (33 A as against 41 A) are not
known , but the fact that the spacings on
X-ray diffraction of the laboratory crystals
were clea rly different supports the view that
the rods may represe nt a crystalline complex of the drug with some oth er molecule,
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possibly a small lipoprotein. It is now clearly
necessa ry to iso late osmiophilic rods from
identical material and to study them by
gradient centrifugation and examination in
an EM pellet. Geigy Pharmaceuticals has
suggested the possibility of up to 3 % allied
substances as impurities in batches of B663,
and this is now being checked, though ·our
investigation s are against significant impurities in the batch es examined so far.
The findings of groups or channels of
crystals which do not relate to any obvious
cell membran e, and which appear ex tracellular, may be due to their emergence from
cell s which were no longer physi ca lly capable
of holding them. Th e mode of breakdown
and excretion of 8663 crystals from th e body
is not cl early known , but it has been suggested (~4) that they may go into solution
and be taken up by another macrophage.
Eventually, on withdrawal of the drug , they
may be excreted unchanged in molecular
form through the kidney and possibly the
bile, though the latter route has not been
investigated.
On the question of cellular entry, it has
been emphasized C 7) "that B663 is not
taken up by macrophages in particulate form
. . . but rather it would appear to enter the
macrophages in solution linked to a lipoprotein carri er, which is then split off, with the
consequ ent intracellular formation of crystals
of 8663." The addition of the micronized
drug to cell cultures is being studied and may
throw light on the mode of entry as well as
on the stages preceding the formation of the
" mature" crystal as a residual body in a
membrane-bound vacuole. B663 can be predicted to maintain some basicity in Iysosomes, and it is not unreasonable to suggest
(I) that it could enter th e lysosomal vacuolar
system, bound to a serum protein carrier,
later to crystallize in secondary lysosomes .
If this can be confirmed, information of
valu e mi ght accru e not only on some aspects
of drug pharmacology and lysosomal function , but also on the mechanism of action
of 8663 again st the intracellular parasite
which causes leprosy in man.

SUMMARY
Following th e oral administration of the
riminophenazine B663 (clofazimine,. Lam-
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prene) to mice at a concentration of 0.0 1%
in their diet, tissues were taken for light- and
electron microscopy. Findings from the latter
are described as seen in cells of the spleen,
where a dual phenomenon was observed.
First, there were well-preserved spaces representing the fully formed crystal of drug,
but dissolved out during processing; and
second, osmiophilic "rods" or "bands" which
had obviously retained their substance, and
which showed linearity at high magnification
on the electron microscope, and a lattice
spacing on optical diffraction in the range
33-41 ± 2 A were noted.
Drug deposits were seen in macrophages,
multinucleate cells , and occasionally in neutrophil polymorphonuclear cells. Membranes
have been de m 0 n s t rat e d around crystal
spaces and osmiophilic rods. The location of
B663 in the cytoplasm of these cells, and the
possible significance of the 0 s m i 0 phi I i c
"rods" are discussed.

RESUMEN
Despues de admin j ~ trar a ratones rimino-fenazina
B663 (clofacimina. Lamprene) por via oral a una
concentracion de 0,01 % en la dieta, se les tomo
tejido para estudios con microscopio de luz y microscopio electronico. Se describen los hallazgos
con este ultimo tal como se observaron en celulas
de bazo. donde se vio reaccion . Primero. habian
espacios bien conservados que representaban el
cristal de la droga total mente formado, pero
di suelto durante el procesamiento y, segundo, se
observaron "bastones" 0 "bandas" osmiofflicas que
obviamente habian retenido su sustancia y que
mostraban linearidad a alta magnificacion en el
microscopio electronico y lin espacio enrejado a
lIna difraccion optica en el rango de 33 - 41 ±
2 A.
Se observaron depositos de la droga en los macrOfagos, celulas muItinucleares y, ocasionalmente,
en neutrofilos polimorfos. Se han demostrado membranas alrededor de los espacios de los cristales y
de los bastones osmiofilicos. Se discute la localizacion del B663 en el citoplasma de estas celulas
y el posible significado de los "bastones" osmiofilicos.

On a pn!leve des tissus en vue d'un examen .par
la microscopie optique et par la microscopie electronique,
la suite de I'administration orale de
riminophenazine B663 (c1ofazimine, Lamprene)
la souris,
une concentration de 0,0 I pour cent
dans la nourriture. Les observations faites au microscope electronique sont decrites telles qu'elles
sont apparues dans les cellules de la rate, ou un

a
a

a
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phenomene double a ete observe. D'abord, on a
constate des espaces bien preserves, qui representaient Ie cristal entierement forme du medicament, qui se dissolvaient ensuite au cours des
manipUlations. En second lieu, on a releve la
presence de baton nets ou de bandes osmiophiles,
qui avaient manifestement retenu leur substance,
et qui montraient un aspect linea ire de forts £rossissements au microscope electronique, de meme
qu'un espacement de la diffraction optique (lattice
spacing) dans la gamme 33-41 ± 2 A.
Des depots de medicaments ont ete observes dans
les macrophages. dans les cellules muItinucleees,
et a I'occasion dans les polymorphonucleaires. Des
membranes ont ete mises en evidence autour des
cspaces cristallins et des baton nets osmiophiles.
On discute la localisation du 8663 dans Ie cytoplasme des cellules, et la signification possible des
batonnets osmiophiles.
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