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Clofazimine Enteropathy: Possible

Relation to Peyer’s Patches’

Seymour Levine and Arthur Saltzman?

The use and dosage of clofazimine (B663,
Lamprene®) for the treatment of erythema
nodosum leprosum (ENL) are constrained
by the occurrence of a drug-induced enter-
opathy in some individuals (:3:4.12-14.16.17.19-
~~~~~~ 8). The enteropathy has been attributed
to deposition of colored clofazimine crystals
in the intestinal wall. This is a logical con-
clusion, because the intestines are exposed
to a high concentration of the drug during
its initial absorption and, as a result, the
bowel is often more heavily pigmented than
other organs. In some reports, pigmentation
increased distally in the small intestine. Clo-
fazimine is more soluble in lipids (0.7%
w/v in olive oil) than in water (0.001% w/v)
('9), and it is known that some lipid-soluble
drugs are readily absorbed in the intestines
(?7). Clofazimine, like other lipophilic mol-
ecules, is known to be absorbed through
lymphatic channels as well as portal blood
vessels (), which leads to a darker pigmen-
tation of the mesenteric lymph nodes than
other nodes or other tissues.

The ileum, in addition to its role in ab-
sorption into lymphatic channels, is also the
site of much of the intrinsic lymphatic tissue
of the bowel—the Peyer’s patches. Never-
theless, the Peyer’s patches were not men-
tioned or described in animal studies of ab-
sorption, distribution and toxicity (-'!), or
in case reports on clofazimine enteropathy,
except for the case of Jagadeesan, et al. (17).
In that patient, Peyer’s patches were more
inflamed and hypertrophic than the re-
mainder of the intestines. This single ob-
servation suggested to us the possibility that
Peyer’s patches might be especially suscep-
tible to the effects of clofazimine and might
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have a special role in the development of
an enteropathy even when the drug crystals
are well tolerated by the remainder of the
bowel.

The animal investigation reported here
gives some substance to this hypothesis. It
may serve to alert leprologists to the pos-
sible importance of Peyer’s patches so that
pertinent observations can be made when
tissues from patients treated with clofazi-
mine become available for observation or
pathological study.

MATERIALS AND METHODS

Lewis rats of either sex, 150-300 g in
weight, were fed Purina Laboratory Chow
5001 and tap water ad libitum. They were
kept in hanging cages with wire mesh floors
to reduce coprophagy.

Clofazimine was suspended at 10 mg/ml
in corn oil (except as stated in the Results).
A dose of 10 ml/kg body weight was ad-
ministered through a gavage tube into the
stomach. Multiple doses were given three
times a week (Monday, Wednesday, Fri-
day).

The rats were killed by exsanguination
while under ether anesthesia. The color of
the intestines, Peyer’s patches, mesenteric
nodes, and fat were noted. Mesenteric nodes
and spleen were weighed fresh. The intes-
tine was dipped for a minute or two in 50%
acetic acid to make the Peyer’s patches more
conspicuous (?°), and all tissues were fixed
in Bouin’s fluid. Both the acetic acid and
the fixative intensified the colors or turned
brown to green. As in man, the rat’s Peyer’s
patches are located on the antimesenteric
border of the small intestine. They are more-
or-less uniformly distributed in all segments
of the bowel, and the distal patches tend to
be larger than the proximal patches. Most
or all of them were studied histologically in
cross sections of the gut embedded in par-
affin and stained with hematoxylin and eo-
sin (H&E). Peyer’s patches from the apex
of the cecum and the ascending colon were
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FiG. 1. Clofazimine pigmentation of rat intestines.
At left is a segment of normal rat small intestine with
some mesenteric fat attached. Next is a segment of
jejunum showing mild diffuse darkening caused by clo-
fazimine and striking pigmentation of four Peyer’s
patches which vary in size. To the right of the jejunum
is a segment of ileum which is much more darkly pig-
mented. There are four Peyer’s patches which are larger
and darker than those in the jejunum but less con-
spicuous because of the severe diffuse pigmentation.
The patches bulge on the serosal surface of the anti-
mesenteric side of the intestine. At the root of the
mesentery (right center) is the very dark mesenteric
lymph node partly covered by pale fat.

also examined. Some rats were injected in-
travenously with iron-polymaltose complex
(0.9 g/kg, of which 32% is iron) and the
sections were studied in the Gomori stain
for iron. CD-1 mice were studied also.
Twenty-two different experiments were per-
formed.

RESULTS

The rats were given six oral doses of clo-
fazimine (100 mg/kg) during a 2-week pe-
riod, and they were studied 14 days after
the beginning of the treatments. Macro-
scopic examination of the gastrointestinal
tract revealed reddish discoloration of the
small intestines which increased in intensity
from proximal to distal. The Peyer’s patches

Levine and Saltzman: Clofazimine Enteropathy

FiG. 2. Epithelioid cell granulomas in rat Peyer’s
patch. The granulomas (#) are visible on the right side
as rounded collections of large pale cells in and under
the lymphoid follicle (around head and under tail of
#) and under the dome. On the left side, the lymphoid
tissue of the interfollicular corridor is almost com-
pletely replaced by confluent granulomas which extend
into the lamina propria of the overlying villi (H&E
x75).

exhibited a similar gradient, but they were
darker than the adjacent gut wall at all levels.
Colonic Peyer’s patches were lightly col-
ored, but the colonic wall was uncolored.
All of the body fat was orange-yellow. Mes-
enteric lymph nodes were much more col-
ored than other nodes or thymus, frequently
appearing black (Fig. 1).

Microscopically, there was little or no cel-
lular reaction in the intestinal wall, but the
outlines of the clofazimine crystals could be
seen occasionally in the lamina propria (the
drug itself having dissolved out during pro-
cessing of the histologic sections). In the
Peyer’s patches, however, there was usually
a granulomatous reaction (Fig. 2). Small
clusters of epithelioid cells were present in
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the indigenous lymphatic tissue of the
patches, especially at the edges or base, or
in the corridors between lymphoid follicles.
There was no special topographic relation
between the granulomas and the high en-
dothelial venules which characteristically
occur in the corridors. Most of the granu-
lomas were located deep in the wall, close
to the muscularis, but occasionally they were
noted close to the mucosa, beneath the villi.
Granulomas were rarely seen in the follicles
or beneath the domes over the follicles even
though the latter area is normally populated
by phagocytic cells ('* 2?). Clofazimine crys-
tals occasionally could be identified by out-
line in the granulomas. Each cross section
of a Peyer’s patch contained from 1 to 10
granulomas, somewhat less in the colonic
patches.

Granulomas were far more abundant in
the mesenteric lymph nodes which were fre-
quently doubled or tripled in weight as a
result (Table 1). The granulomas were found
in cortex, paracortical nodules and medulla
and even in the sinusoids, but they were
most numerous on the edges of the T-cell
dependent paracortical nodules. The gran-
ulomas in this location were larger than in
the patches and were sometimes confluent,
and usually contained readily detectable
crystal outlines (Fig. 3). Sometimes there
were clusters of pale macrophages that were
so packed with crystal outlines that the usu-
ally eosinophilic cytoplasm was conspicu-
ous by its absence. No necrosis or infiltra-
tion by polymorphonuclear leukocytes or
plasma cells was detected in any location.

Granulomas in lesser numbers were seen
in other pigmented lymph nodes and some-
times in the spleen, but not in the thymus.
There were no granulomas in any location
in the control rats given corn oil without
any clofazimine.

The observations recorded above were not
limited to the Lewis strain of rats. Groups
of Lewis, BN and Lewis X BN F-1 hybrid
rats were given five doses of clofazimine
(instead of the usual six) during a 2-week
period. All three strains had a similar degree
of pigmentation of Peyer’s patches and oth-
er organs. Granulomas in Peyer’s patches
and mesenteric lymph nodes were similar
in all, and the weights of the mesenteric
nodes were markedly elevated (somewhat
higher in the BN and hybrid strains) (Table
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FiG.3. Granuloma in rat mesenteric node. The clo-
fazimine crystals are optically empty but in two cells
they are outlined by darkly stained pigment derived
from the injected iron-polymaltose complex. All the
other epithelioid cells in the center of the photograph
are also filled with crystals, but the lack of negative
contrast makes it more difficult to see them (Gomori
iron stain x 750).

1). Similar observations were made in mice
(Table 2).

In order to prove the relation of the gran-
ulomas to the reticuloendothelial system,
Lewis rats treated with clofazimine orally
were also given intravenous injections of an
iron-maltose complex that was avidly in-
gested by Kupffer cells in the liver and by
macrophages in the spleen and other organs.
In the intestine, the iron stain revealed
phagocytosis of iron by cells in the lamina
propria of the villi and also by cells in var-
ious parts of the Peyer’s patches. The epi-
thelioid cells of the granulomas had taken
in only a little iron or none at all. The very
large number of granulomas in the mesen-
teric node included many that had little or
no iron as well as many that did contain
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TABLE 1. Clofazimine granulomas in three strains of rats.*
Granulomas Weights?
Ra} Treatment = =
strain Patches® Node¢ Spleen Rat Node Spleen
BN Clofazimine Some Many None 150 0.31 £ 0.01 0.49 = 0.02
L x BN Fl Clofazimine Some Many None 166 0.28 + 0.01 0.47 £ 0.02
Lewis Clofazimine Some Many None 173 0.18 = 0.02 0.41 = 0.02
Lewis Corn oil None None None 171 0.14 = 0.01 0.33 £ 0.01

2 Groups of 4 female, 9-week-old rats were given 5 oral doses of clofazimine 100 mg/kg suspended in corn
oil during a 2-week period, or corn oil alone.

b Average fresh weights of tissues taken 14 days after start of treatment are recorded, + S.D.

¢ Peyer’s patches.

4 Node = entire chain of mesenteric nodes from cecum to pancreas.

iron, sometimes a high content of iron which
rivaled the avid phagocytosis by medullary
macrophages (Fig. 3). These granulomas
with high iron content were quite numerous
in rats that received the iron injection at the
beginning of the first or at the beginning of
the second week of clofazimine treatments,
that is, when the granulomas were in the
formative state. In contrast, very few gran-
ulomas absorbed iron when the iron com-
plex was not given until 2 days before sac-
rifice, when granulomas were already
formed, even though there was ample time
for phagocytosis of iron by ordinary mac-
rophages in the gut, lymph node, spleen, and
liver. Therefore, the cells which developed
into granulomas had the same ability to store
iron as other reticuloendothelial cells, but
once differentiated into epithelioid cells, they
had decreased phagocytic ability.

The presence of iron in the crystal-laden
epithelioid cells provided a morphologic
bonus in that the dark-brown hemosiderin
granules increased the negative contrast by
which the crystal outlines could be detected
in H&E stained slides. This was even better
in sections stained for iorn, in which the
dark-blue color of the cytoplasm gave su-
perb negative contrast images of the crystals
(Fig. 3).

The development and evolution of the
granulomatous reaction was studied in oth-
er experiments (Table 3). Treatment for only
1 week (three doses of clofazimine) was not
enough to produce granulomas unless an
additional week (without further doses) was
allowed before necropsy. Presumably the
extra time allowed for re-distribution of the
drug from the depot in adipose tissue to the
sites of granulomas. Similarly, a delay of the
necropsy from 14 to 19 days after the be-
ginning of a 2-week treatment regimen (six
doses), yielded a considerable increase in
granulomas.

The greatest increase in tissue reaction
was produced by increasing both the num-
ber of doses and the duration of treatment.
Twelve doses of clofazimine were given over
a 4-week period, at the end of which the rats
were necropsied. The intestine and Peyer’s
patches had increased pigmentation. Many
villi now had numerous, easily detected
crystal outlines, but no granulomatous re-
sponse. In contrast, the granulomas in the
Peyer’s patches had increased in number,
had become confluent, had invaded the
lamina propria, and had virtually obliter-
ated the interfollicular corridors. There were
some granulomas in the follicles and under
the dome epithelium. Even colonic Peyer’s

TABLE 2. Clofazimine granulomas in mice.

Granulomas Weights® (g)
Treatment
Patches Node Spleen Mice Node Spleen
Clofazimine x 6 Many Myriad Rare 31 0.16 = 0.02 0.15 = 0.06
Clofazimine X 3 Some Many Rare 30 0.08 = 0.02 0.15 = 0.02
Corn oil x 6 None None None 31 0.03 = 0.01 0.13 £ 0.03

2 Groups of 5 female Charles River CD-1 mice were given 6 oral doses during 2 weeks of clofazimine, 400
mg/kg suspended in corn oil, or only 3 doses during 1 week.
» Average fresh weights of tissues taken 14 days after start of treatment + S.D.



396 International Journal of Leprosy 1986
TABLE 3. Development of clofazimine granulomas.?

Duration of Day of Granulomas Weights® (g)

treatment necropsy  patches Nodes Spleen Node Spleen
Week 1 7 None None None 0.10 = 0.01 0.35 + 0.02
Week 1 14 Few Many None 0.26 = 0.04 0.40 £+ 0.01
Weeks 1 + 2 14 Many Many None 0.31 = 0.01 0.40 = 0.02
Weeks 1 + 2 19 Myriad Myriad None 0.51 + 0.02 0.44 + 0.02
Weeks 1, 2, 3,4 28 Myriad Myriad Myriad 0.67 + 0.02 0.89 = 0.11

» Groups of 4 female rats, 150-200 g in weight, were given clofazimine orally, 100 mg/kg in corn oil, 3 times

weekly and necropsied on the day indicated.
® Mean *+ S.D. fresh weights of tissues.

patches had many granulomas. Mesenteric
lymph nodes had a further increase in
weight. Granulomas were so numerous in
all areas that the nodal architecture was par-
tially obliterated. In these animals, the spleen
and liver also had many granulomas.

DISCUSSION

The observation that clofazimine granu-
lomas in Peyer’s patches continued to in-
crease after cessation of oral treatments (Ta-
ble 3) could be due to the time required for
the maturation of the epithelioid cells in
response to the drug that had been absorbed
from the lumen. Interestingly, one of the
main sites of the granulomas, the thymus-
dependent corridors between follicles, is also
the site at which India ink particles accu-
mulate after absorption from the lumen ('8).
However, the progression of granuloma de-
velopment could also be due to accretion of
clofazimine by the Peyer’s patches from the
bloodstream as it is gradually released from
the stores in adipose tissue. It is even pos-
sible that the granuloma cells or their con-
tents eventually migrate to the lumen, and
thereby play a small part in the excretion of
the drug.

Peyer’s patches have an important defen-
sive role against foreign antigens and mi-
croorganisms derived from the gut contents.
However, the patches are also the initial site
ofinvasion in certain disease states (typhoid
fever, other salmonella and yersinia infec-
tions) (> ¢), and may also be primary targets
in Crohn’s disease (regional ileitis) (**). Par-
ticulate material and soluble antigens in the
intestinal contents can enter into the Peyer’s
patches even in the normal state (*4).

In light of these facts, great importance
may attach to the observation by Jagadee-

san, et al. (') that clofazimine affected the
Peyer’s patches more than the remainder of
the gut. In the present work, we have made
the same observation in experimental ani-
mals. Furthermore, we propose that the
Peyer’s patches may be the initial site at
which clofazimine enteropathy develops.
For this hypothesis we have no direct evi-
dence. However, some support is provided
by our demonstration that clofazimine elic-
its a granulomatous reaction in the Peyer’s
patches and not elsewhere in the intestines.
It is immaterial whether the granuloma for-
mation is a response to clofazimine during
the initial absorption of the drug or whether
the macrophages develop into epithelioid
cells at a later stage due to absorption of the
drug from the bloodstream (as in the spleen).
The important point is that the Peyer’s
patches have a greater response to clofazi-
mine than do other areas of the intestine. It
is conceivable that the greater accumulation
of pigment and the greater reaction to pig-
ment could, in certain cases, develop into
an injurious rather than defensive process,
and trigger the development of an enterop-
athy.

Further exploration of this hypothesis de-
pends on careful observations and histolog-
ic studies of human tissues from surgery or
autopsy. In addition, we are currently at-
tempting to define, in animal experiments,
those conditions that might turn a normal
defensive reaction in Peyer’s patches into
the initial lesion of an enteropathy. In the
present work, we have used doses of clo-
fazimine that were far higher (on a weight
basis) than usual doses given to patients.
This was necessary in order to get repro-
ducible results in a short time. However,
prolonged administration of low doses is
another important avenue for future work.
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SUMMARY

Clofazimine administered orally to rats
and mice caused pigmentation of the intes-
tines, draining lymph nodes, fat, and other
tissues and organs. Peyer’s patches were al-
ways more deeply colored than the remain-
der of the intestine. A microscopic study
revealed crystal-containing epithelioid cell
granulomas in the patches and in the drain-
ing mesenteric lymph nodes but not in the
remainder of the gut. During the evolution
of the granulomas, some of the epithelioid
cells were capable of phagocytosing an iron
complex, a circumstance which made it pos-
sible to get detailed views of the clofazimine
crystals in paraffin sections by negative con-
trast in histochemical stains for iron. The
granulomas appeared after three oral treat-
ments during 1 week, but were better de-
veloped after six or more treatments during
2 or more weeks. Similar observations were
made in three strains of rats and in mice.

We hypothesize that the greater pigmen-
tation of Peyer’s patches and their granu-
lomatous response to clofazimine might in-
dicate a special susceptibility to toxic effects
of the drug. Whether or not this suscepti-
bility is the starting point for an enteropathy
can only be determined by examination of
affected human tissues and by further ani-
mal experimentation.

RESUMEN

La clofazimina administrada oralmente a ratas y ra-
tones causoé la pigmentacion de los intestinos, ganglios
linfaticos regionales, grasa y otros tejidos y Organos.
Las placas de Peyer siempre estuvieron mas coloreadas
que el resto del intestino. El estudio microscdpico re-
veld la presencia de granulomas con células epitelioides
conteniendo cristales tanto en las placas como en los
ganglios mesentéricos pero no en el resto del tubo di-
gestivo. Durante la evolucion de los granulomas al-
gunas de las células epitelioides fueron capaces de fa-
gocitar un complejo de hierro, circunstancia que
permitié ver detalladamente la presencia de cristales
de clofazimina en los cortes de parafina cuando se ti-
fieron con técnicas histoquimicas para hierro. Los
granulomas aparecieron después de 3 tratamientos ora-
les durante una semana, pero estuvieron mejor desa-
rrollados después de 6 6 mas tratamientos durante 2
6 mas semanas. También se hicieron observaciones
similares en 3 cepas de ratas y en ratones. Proponemos
la hipétesis de que la mayor pigmentacion de las placas
de Peyer y surespuesta granulomatosa a la clofazimina,
podrian ser indicativas de una especial susceptibilidad
a los efectos toxicos de la droga. Si esta susceptibilidad
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es o no el punto de partida para una enteropatia solo
podra determinarse examinando los tejidos afectados
en el humano y experimentando mas con animales.

RESUME

De la clofazimine administrée par voie orale a des
rats et a des souris a entrainé la pigmentation des in-
testins, des ganglions lymphatiques afférents, de la
graisse, ainsi que d’autres tissus et organes. Les plaques
de Peyer étaient toujours plus intensément colorées que
le reste de I’'intestin. Une étude microscopique a révélé
des granulomes a cellules épithélioides contenant des
cristaux, dans les plaques et dans les ganglions lym-
phatiques mésentériques drainant la région, mais non
dans les autres segments du tractus intestinal. Au cours
de I’évolution des granulomes, certaines des cellules
épithélioides acquiérent le pouvoir de phagocyter un
complexe a base de fer. Ceci a dés lors permis d’obtenir
des images détaillées des cristaux de clofazimine, qui
apparaissent en contraste négatif dans des coupes de
paraffine traitées par des colorants histochimiques fixant
le fer. Les granulomes apparaissent aprés trois traite-
ments administrés par voie buccale, pendant une se-
maine; ils sont cependant plus étendus aprés six trai-
tements ou plus, administrés pendant 2 semaines ou
davantage. Des observations semblables ont été faites
chez trois souches de rats et de souris.

On formule I’hypothése qu’une pigmentation plus
prononcée des plaques de Peyer, ainsi que la formation
d’un granulome aprés administration de clofazimine,
pourraient révéler une susceptibilité particuliére aux
effets toxiques du médicament. Il serait cependant né-
cessaire d’examiner des tissus lésés chez I'homme, et
il faudrait procéder a des expérimentations plus pous-
sées chez I’animal, pour savoir si cette susceptibilité
pourrait étre a I’origine d’une manifestation intestinale
clinique.
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