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Our investigations into the chemotherapy 
of mycobacterial disease were begun in 
1944. Four years later we announced ( 4) 
the marked activity in vitro and in vivo of 
Anilinoaposafranine against M. tubercu­
losis. After years of explorative synthesis, a 
related series of phenazine derivatives 
(rimino-phenazines) showing remarkable 
antimycobacterial activity in experimental 
animals was discovered. One of the most 
active of these compounds -3-( p-chIDrDan­
ilino -10- (p -chIDrophenyl) -2,10 -dihydro-2-
(isopropylimino) phenazine (B.663) (3)_ 
has been the subject 'Of much investigatiDn. 
Later we shDwed that 13 .663 and some ana­
logous compounds on oral administration 
concentrated in ceUs of the reticulodendo­
thelial system (RES) and their remarkable 
behavior in this regard suggested to us that 
they might "have an impDrtant rDle in the 
prophylaxis and treatment 'Of tuberculosis 
and leprosy" (5). The course of the above 
researches has recently been summarized 
(2) . 

As members attending this symposium 
are well aware, B.663, or Clofazimine, as it 
is termed in the formulation Lamprene 
being marketed by Geigy 'Of Basle, is, fol­
lOWing the early work 'Of Browne and 
Hogerzeil (13 . 14) and later others, now 
established as having an important role in 
the treatment of leprosy. It has also thera­
peutic significance in the treatment of 
Buruli ulcer due to Mycobacterium ul­
cerans (21). 

It is not our purpose to-day to dwell on 
the clinical aspects of B.663-indeed we are 
DOt equipped tD do so-but rather we wish 
to describe some experimental findings 
which we cDnsider might be of interest, 
and of help to the clinicians working in the' 
leprosy field and also to those workers ----
~ 1M. L. Conalty. M.D.. V.C. Barry. D.Sc .• 

. R. J. A .. (Director of Laboratories) . and Abdul­
:Itan Jina. Lahorato ries, ~redical Research Council 
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interested in the mycobacterial diseases 
generally and in certain facets of immunol­
ogy. 

Although in this paper we shall for the 
most part cDnfine ourselves to B.663 be­
cause of its clinical importance reference 
will also be made to some others of the 
more than 200 related compounds which 
we have synthesized and examined, and 
which have features of particular interest. 
These are represented by the following 
general formula:-

~ , 

OCN~NR 
. ""- I N~NI-1R 

R = phenyl or 4-chlorophenyl 
R' = alkyl or cycloalkyl 

EXPERIMENT AL RESULTS 

Light microscope findings. A characteris­
tic feature of these rimino-phenazines is 
that they are concentrated, in various de­
grees depending on their structure, within 
cells of the reticuloendothelial system and 
this occurs irrespective of the route of ad­
ministration. The characteristic sequence 
following oral administration, as seen in the 
light microscope, has been published previ­
olisTy (10-21) . Briefly, these compounds 
appear initially in the macrophage cyto­
plasm in orange-red bodies 0.5-2ft in diame­
ter (Fig. 1), the time of appearance de­
pending on the drug concentration in the 
diet and the chemical structure of the com­
pound. Macrophages throughout the body 
are involved in this uptake ~ut the actual 
time interval at which the5'e inclusions or 
drug-containing phagosomes are first seen 
varies according to the organ. For example, 
the lung is one of the later tissues to show 
them. As administration of the more 
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FIG. 1. Two macrophages in an unstained 
lung smear from a mouse treated with B.663 
(0.05% in diet) for 14 days showing inclusions 
of B.663. 

FIG. 2. Macrophage in an unstained lung 
smear from a mouse treated with B.663 (0.05S 
in diet) for 14 days showing gradual replace­
ment of drug inclusions by crystals of B.663. 
(Reprinted from J. M. Dickinson, Tubercle so 
(1969) Supplement p. 23, with permission ci 
E. and S. Livingstone, publishers of Tubercle) . 

--, 

_ _~_ _ _ _ __ -...J 

FIG. 3. Macrophage from mouse peritoneal fluid (heat-fixed, aqueous Giemsa stain) 
showing the variation in the size and number of crystals of B.663 per cell following 
48 days' treatment with B.663 (0.05% in diet) . Note absence of inclusions. (Reprinted 
from M. L. Conalty and R. D. Jackson, British Journal of Experimental Pathology, 43 
(1962) following p . 652, Fig. 3, with permission of the Editor of that journal). 
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lipophilic rimino-phenazmes is continued, 
the phagosomes darken in color and with­
in many of them areas of greater density 
may be seen. This phagosomal stage is 
followed within days by the appearance of 
bright-red crystals together with the phago­
somes (Fig. 2), and gradually such cells 
come to contain crystals only ( Fig. 3). 
Methods of fixation or staining, employing 
alcohol, acids or lipid solvents, remove the 
drug, leaving the "ghosts" of the crystals 
behind (Fig. 4). 

Electron microscope findings. In more re­
cent work we have been able to follow this 
process of intracellular crystallization by 
means of the electron microscope. On using 
standard osmium tetroxide fixation it was 
found that the colored phagosomal contents 
did not dissolve out during fixation and 
subsequent ethanol dehydration, but that 
the actual drug crystals did so. The elec­
tron-dense bodies, corresponding to the col­
ored indusions seen by means of the light ' 
microscope, varied in size and in electron 
density (Fig. 5). Some of these smaller 
bodies appeared to fuse with other similar 
but larger bodies; in some instances fusion 
of electron-dense bodies of uniform opacity 
with other less dense bodies of more "gran­
war" appearance was observed. The fusions 
would appear to correspond to the fusion of 
phagosome and lysosome as described by 

de Duve (24). These cytoplasmic inclusion 
bodies (phagosomes, lysosomes and ph ago­
lysosomes) increase in number, size 
(O.2-1.5}L), diversity of shape and electron­
density as treatment is continued (Fig. 6), 
and within some bodies electron­
transparent areas of early crystallization 
where the B.663 has dissolved out are seen. 
Further treatment leads to larger crystals 
(Fig. 7). 

Electrophoretic studies of blood serum of 
orally treated mice have shown almost 
complete binding of B.663 to the lipopro­
teins of the It and fJ globulin fractions ( 111). 
These lipoprotein~B.663 complexes are then 
taken up by the macrophages to form the 
electroncdense phagosomal bodies. Follow­
ing fusion with lysosomes it would appear 
that the lipoprotein carrier is split off en­
zymically from the complex, with the result­
ant crystallization of the freed B.663. 

Origin of lung macrophages. There has 
been considerable speculation as to the 
origin of lung macrophages. Nicol and his 
colleagues (22. 29. 30) have reported that 
the liver and spleen were the main source . 
of lung macrophages. They also postulated 
that a normal physiologic method for the 
elimination of particulate material was the 
mobilization of . macrophages containing 
such material into the circulation, with sub­
sequent excretion via the alveoli into the 

FIG. 4:M~phag;('Gie-msa stain ;-from mouse periw neal fluid showing the "ghosts" 
of crystals removed during fixation (48 days treatment, B.663 0.05% in diet). (Re­
Printed from M. L. Conalty and R. D. Jackson, British Journal of Experimental Path­
olcgy 43 (1962), fololwing p. 652 with permission of the Editor of that journal). 
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FIG. 5. Liver of mouse treated with B.663 (0.05% in diet for 7 days ). Macrophage 
showing nucleus (N), mitochondria (M), Golgi apparatus (G) , and endoplasmic reti­
culum (er). Micropinocytic vacuoles (mp) , a multivesicular body (mv), dense inclusion 
bodies (D), with two showing fusion (y) , are visible. Hepatic cell mitochondria (MH) 
and reticular fibers (d) may also be seen. 
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1p 
Flc. 6. Mesenteric lymph node of mouse treated with B.663 (0.05% in the diet) for 

14 days. Macrophage showing nucleus (N), numerous mitochondria (M) , endoplasmic 
reticulum (er), micropinocytic vacuoles (mp ), and a multivesicular body (mv). Dense 
bodies ( 1-10) of various shapes, sizes and electron densities can be seen. Phagolysosomes 
(5,6) are present and near the center of the field there is early crystal formation within 
a phagolysosome (10) . A lymphocyte (L) is also present. 
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FIG. 7. Mesenteric lymph node of mouse treated with B.663 (0.05% in the diet) for 
14 days. Macrophage showing nucleus (N), mitochondria (M), and assorted dense 
bodies (1-9), some showing fusion (3,8). The outline or "ghost" (C) of a fully formed 
B.663 crystal (the compound itself has dissolved out during the fixation process) is 
prominent. An earlier "precrystal" stage is also to be seen (pc). 
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upper respiratory tract. Capell (17) and 
Pinkett et al. (31) considered that a consid­
erable proportion of lung macrophages 
could be hemopoietic in origin. Bennett 
(7), using tissue culture technics, and Nel­
son(28), reviewing the results of metabol­
ic studies, came to the conclusion that lung 
macrophages were different from others. 
Some of our studies in mice with the rimi­
nophenazines have provided supporting 
evidence for this. 

We found (20) that some analogs of B.663 
[Formula 1, R = parachlorophenyl and R' 
= cycloalkyl (e.g., cyclohexyl, methyl or 
dimethyl substihlted cyclohexyl, and cyclo­
heptyl]-appeared as short, straight, needle­
like crystals in the lung macrophages, 
whereas elsewhere the crystals were long 
and curved, short crystals · being found, 
apart from the lung, only in the macro­
phages in peritoneal fluid. 

Additional evidence to support the hy­
pothesis that lung macrophages are "differ­
ent" is provided by the observation of a 
different rate of accumulation of B.663 in 
the lung macrophages. Brief reference has 
been made to this earlier in this paper. It is . 
found that the inclusion form of B.663 in 
lung macrophages is not observed until 
macrophages in other sites are already 
showing the stage of crystallization and 
that crystals are not seen in the lung until 
about five days after the appearance of in­
clusions, while in other tissues this interval 
varies from one to three days. 

However, we have also noted where 
mice were treated with B.663 in the diet 
for six weeks, returned to ordinary diet and 
then killed, some at seven weeks and others 
at eleven weeks later, that there was a fall 
in the mean drug level in livers and spleens 
during these four weeks whereas the level 
in the lungs actually increased. This phe­
nomenon would fit in with the migration of 
macrophages to the lungs as postulated by 
Nicol and his colleagues. We hope to deal · 
with this in more detail in a future publica­
tion. 

Chemotherapeutic and chemoprophylac­
tic activity. It is hardly an exaggeration to 
regard leprosy as essentially a disease of 

the reticuloendothelial system. Therefore 
the coincidence of intracellular leprosy 
bacilli and intracellular B.663 is indeed 
a happy one. All the evidence­
chemoprophylactic activity in tuberculosis 
of mice (6, 16) and hamsters (M) (essen­
tially an intracellular infection)' M. le­
praemurium infection in mice (also an in­
tracellular infection) ( 18) and particularly 
the chemotherapeutic response in leprosy 
of humans- points to the availability of the 
intracellular drug for the intracellular bacil­
li. This is unlike the situation which has 
been observed in the case of Brucella infec­
tion, where intracellular bacilli are shel­
tered from likewise intracellular tetracy­
cline(23). 

One is encouraged to speculate that the 
peculiar affinity of the RES for B.663 is a 
property which could perhaps be exploited 
further. We see therapy as taking the form 
of loading the RES by a relatively short 
term of intensive therapy and thereafter as 
the provision of much lower doses to re­
place excreted drug and load newly 
emerged macrophages. Possibly these doses 
could be given at intervals. We would like 
to see some clinician exploring this possibil­
ity. 

Phagocytic activity. In an attempt to de­
termine the proportion of macropbages in­
volved in B.663 uptake, a group of mice 
was injected intravenously with colloidal 
carbon following 13 days' treatment With 
B.663 at 0.05 percent in the diet, and liver, 
spleen and lung smears were examined. 
The results are shown in Table l. 

TABLE 1. Proportion of macrophaoes in 
B .663-treated mice shO'wing carbon following 
intravenous injection. 

Organ 

Liver 
Spleen 
Lung 

Macrophage contents 

Carbon 
only 

Carbon 
plus 

B.663 

21% 79% 
7 93 

100 

B.663 
only 

0% 
o 
o 
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In the case of the lung it was not always 
possible to differentiate cells containing 
dust ( the mice were fed a powdered diet ) 
from those containing carbon, but, as in the 
case of the liver and spJeen, none of the 
B.663-containing cells was free from carbon 
or dust. It seems legitimate to conclude also 
that the cells which contained carbon only, 
or in the case of the lungs carbon and/or 
dust, are younger macrophages which had 
been exposed to B. 663 for a time inade­
quate to permit the accumulation of visible 
quantities of B.663. (In other work we 
have reported that B.663-laden macro­
phages are capable of engulfing Mycobac­
terium tuberculosis) (20) . 

Clearly a quantitative assessment of 
phagocytic activity was indicated and this 
we have made, using the carbon-clearance 
technique of Biozzi, Benacerraf and 
Halpern (8) in which mice are given a 
colloidal suspension of carbon intravenous­
ly ( 160 mgm. carbon per kgro-o 
bodyweight) and the blood carbon levels 
are measured at intervals thereafter. The 
logs of the carbon concentrations plotted 
against time provide a linear regression 
coefficient which is taken as the Global 
Phagocytic Index K. This is a convenient 
measure of total phagocytic activity. A 
further index, the Unit Phagocytic Index 11 , 

where account is taken of splenic and he­
patic hypertrophy, is derived from K as 
follows:-

_ Wb -'/K 
ex - Wis v 

Wb = weight of body 
Wis = combined liver and spJeen weights. 

For convenience we also include the T(~)c 
.Jog 2 h' h . th . . . f 
=~, W lC IS e hme m mmutes Or 

the carbon concentration to be halved. 
Our findings for mice treated via the diet 

at the rate of 50 mgm./kgm. B. 663 approx­
imately daily, are set out graphically in 
Figs. 8 and 9. It will be seen (Fig. 8) that 
over the 29 weeks of treatment, while there 
is a progressive fall in the K value for the 
controls due to ageing ( 1 ), there is a very 
much greater fall in K value for the 
treated, the difference becoming significant 
at the 0.001 level as early as the fifth week 

of treatment. This is lilso seen in the T (~ ) < 
value. The profound depression in phago_ 
cytosis is likewise apparent when consid_ 
ered on the unit basis (Fig. 9 ), and at the 
same high degree of significance as early as 
the third week. 

We have also examined for recovery in 
phagocytic activity, following its depression 
resulting from six weeks of treatment as 
above. These findings are set out in Figs. 10 
and 11. It is clear (Fig. 10) that there was 
no substantial improvement during the first 
five weeks after stopping the administration 
of B.663, but that by the 11th week the Ie 
and T( ~)c values had returned to control 
levels but not so the a value (Fig. 11 ). 

That there should be reduced phagocytic 
activity in B.663-'1oaded" animals is per­
haps not unexpected in view of the obvious 
curtailment of intra-macrophage space by 
the sequestered drug. 

Immunological aspects. Naturally these 
findings of depressed phagocytic activity 
have intrigued us, particularly in view of 
the protective effect of B.663 against ery­
thema nodosum leprosum (ENL) reactions 
in leprosy patients (11 . 12. 25. 26). These 
clinical findings suggest that antigens prob­
ably responsible for the ENL reaction be­
long to that group of antigens which re­
quire processing by macrophages ·in order 
to stimulate antigen-sensitive, thymic­
dependent lymphocytes(33), and that the 
B.663 blocl-.ing effect prevents this process­
ing. In this context also the possibility that 
B.663 might be of use in autoimmune dis­
eases of the organ-specific type, such as 
Hashimoto's thyroiditis, must also be con­
sidered. 

B.663 has also been shown to have anti­
inflammatory activity in the experimental 
animal (34. 37). It appears possible that the 
great diversion of lysosomes to deal with 
phagosomal-B.663 may be the key to such 
activity. Also, bearing in mind the effect of 
the intracellular antimycobacteria1 poly­
oxyethy lene derivatives of tertiary octy1 
phenols on lysosomal activity( 10) the pos­
sibility of a direct effect of B.663 on the 
Iysosomes cannot be discounted. 

Incidentally, although one of these com­
pounds, macrocyclon, failed in clinical tu­
berculosis (9) and in leprosy (36), anti-
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ENL activity in leprosy does not appear 
to have been thoroughly investigated, al­
though there was a suggestion of such 
activity in one trial ( S6). 

Recently antilymphocytic serum (ALS), 
administered intravenously in mice, has 
been shown by Sheagren, Barth, Edelin 
and Malmgren ( 33) to produce what they 
describe as a "profound" impainnent of 
carbon clearance in mice, most marked at 
48 hours, where the half-time for clearance 
was approximately doubled. These workers 
speculated whether the dose of concomi-

tantly administered drugs cleared by the 
RES might require reduction or if the 
blocking activity might help to explain p0-

tentiation of immunosuppressive drugs by 
ALS. Yet this blocking effect looks much 
less profound when compared with that 
which we have shown may be obtained 
with B.663. These very same points are, 
therefore, possibly even more relevant in 
the case of B.663. 

All of these considerations have caused 
us ro continue and expand our examinatioo 
of B.663 and its analogs. 
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SUMMARY 

The antimycobacterial agent B.663 
( Clofazimine ), particularly active in hu­
man leprosy and in Buruli ulcer due to 
Mycobacterium ulcerans, is selectively tak­
en up .by cells of the reticuloendothelial 
system (RES) to the extent that intracellu­
lar crystals of the drug are eventually 
formed. The stages in this process are illus­
trated by means of bright-field and phase­
contrast photomicrographs and by electron 
photomicrographs, and the possible 
mechanism of intracellular concentration is 
discussed. The origin of lung macrophages 
is discussed in the light of the findings with 
B.663 and with related compounds. 

The effect of the accumulated drug on 
phagocytic function has been investigated 
quantitatively in mice by means of carbon 
clearance technics. Notwithstanding the 
significant depression of both global and 
unit phagocytic function, which was ob­
served with high doses of B.663, excellent 
results were obtained in mycobacterial in­
fections. Prophylactic experiments showed 
that the intracellular drug was therapeuti­
cally significant. The possible mechanisms . 
by which B.663 exerts its anti-ENL activity 
are discussed. 
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