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Most leprologists now accept that im-
mune complexes (ICs) play a key role in the
immunopathogenesis of erythema nodo-
sum leprosum (ENL) ( 22 . 21) . 3 '). Mycobac-
terial antigen-antibody complexes have been
demonstrated in the circulation of lepro-
matous leprosy patients ( 2 '). Earlier, Chak-
rabarty, et al. ( 5 ) identified several compo-
nents present in leprosy patients. They
detected IgG, Clq, Cls, C3, C-reactive pro-
tein and mycobacterial antigens of 67, 20,
and 14 k Da. I3ut, most surprisingly, the ICs
were not eliminated from the circulation of
ENL patients even 3 years after the subsi-
dence of the clinical severity of the reaction
( 20). Furthermore, ICs are solubilized in fresh
normal human sera, and this is mediated
by C3 and factor 13 (4). These authors further
showed that during an ENL reaction the
patients' sera tend to lose their capacity for
complement-mediated solubilization (CMS)
of the ICs. Most astonishingly, this CMS of
the ICs is not restored even after clinical
remission of ENL. This, they suggested, is
due to circulating mycobacterial antigens
which consume complement by the alter-
native pathway. Earlier, Saha, et al. ( 25 )
showed that at the onset of an ENL reaction,
factor B and C3 are cleaved; following'clin-
ical improvement of ENL, there is elevation
of serum C3 levels. These results perhaps
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indicated that after the subsidence of a lepra
reaction, there is no further breakdown of
complement component and no more ac-
tivation of the complement cascade ( 30), al-
though the circulating immune complexes
(CICs) remain in the vascular bed ( 24 ).

Very recently, we reported that even some
antileprosy drugs, such as dapsone and clo-
hizimine, as well as antireactional drugs,
such as chloroquine, aspirin and, to a lesser
extent, prednisolonc, are able to inhibit the
CMS of preformed 125 1-1-ISA-anti-FISA im-
mune complexes ( 15). Thus, both circulating
mycobacterial antigens as well as antilepro-
sy drugs, given to patients with an ENL re-
action, prevent the CMS of ICs. These ob-
servations raise questions about the handling
of CICs in leprosy patients treated with an-
tileprosy multidrug therapy (MDT). The
main aim of the present investigation was
to study the kinetics of the elimination of
preformed ICs from the circulation of nor-
mal mice and how it is modulated in normal
animals given MDT.

MATERIALS AND METHODS
Preparation and labeling of ICs

Preparation of 425 I-HSA-anti-HSA ICs (at
five times the antigen excess) has been de-
scribed earlier ( 4). In brief, anti-HSA anti-
serum was raised in rabbits ( 3). HSA was
labeled with 125 I by the chloramine-T meth-
od ( 7). A quantitative precipitin curve was
constructed using ' 25 I-HSA and anti-HSA
antibody. IC at five times HSA excess as
compared to the equivalence point was pre-
pared by mixing 0.35 ml ' 25 1-HSA (1 mg/
nil) with 0.1 ml anti-HSA antiserum. The
resulting insoluble precipitates were washed
three times with cold phosphate buffered
saline (PBS) and then suspended in PBS ( 13).

Drugs
MDT against leprosy included three drugs:

dapsone (Wellcome, India); clofazimine
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(Surhind Geigy Chemicals, India); and ri-
fampin (Lupin Laboratories, India).

Animal experiments
Animals were divided into two groups.

Group A mice were control animals; Group
B mice were test animals treated with MDT.

Group A animals. Tissue distribution of
radioactivity Ibllowing intravenous injection
of labeled ' 25 1-IISA-anti-IISA at five times
antigen excess (ICxs) in normal mice: The
method described by Barcelli, et al. was fol-
lowed ( 2). Twenty-four healthy, male, Swiss
albino mice each weighing approximately
20 g were divided into six groups with four
animals in each group. Two-hundred jig la-
beled ICxs in 0.2 ml with a total radioac-
tivity of 1.1-1.7 x 10 6 counts per minute
(cpm) was injected into the tail vein of each
mouse. Thereafter the mice in each group
were sacrificed at intervals of 15, 30, 60,
120, 240, and 720 min. Blood samples were
taken from the heart of each animal im-
mediately after sacrifice, and 0.1-ml blood
samples were taken in a heparinized tube.
The liver, spleen, and both kidneys were
collected from each animal, rinsed with 0.9%
saline, blotted with filter paper, weighed,
and kept in separate test tubes. The radio-
activity of the whole organs was counted in
a gamma counter. The radioactive counts
of blood samples were also taken. The total
blood volume of the animals was consid-
ered as 7% of their body weight (p'). The
total radioactive counts recovered in the
whole blood volume from the individual
animals at the various time intervals was
expressed as the percentage of the initial
radioactive counts in the ICxs samples in-
jected into the animals.

Group B animals. Tissue distribution of
radioactivity following intravenous injection
of labeled soluble ICxs in MDT-treated mice:
Another 24 healthy, adult, normal Swiss

albino mice, each weighing about 20 g, were
divided into six groups with four animals
in each group. On the first day they were
fed orally with rifampin (12 mg/kg body
weight), clofazimine (1 mg/kg), and dapsonc
(2 mg/kg) suspended in ground nut oil (1
ml/kg). From day 2 the animals were fed
daily with dapsone (2 mg/kg) and clofazim-
ine (1 mg/kg) suspended in ground nut oil
(1 ml/kg) for 6 days ( 26). On the eighth day
the animals received 0.2 ml labeled ICxs

into the tail vein. The animals were sacri-
ficed at intervals of 15, 30, 60, 120, 240,
and 720 min. The remaining procedures
were the same as described for Group A.

RESULTS
The clearance kinetics of ICxs from the

vascular compartment of the Group A and
B animals are illustrated in Figure 1. About
40%-50% of the total radioactivity injected
intravenously could be recovered from the
blood of the animals at 15 min. After 720
min, about one third (15% of the total ra-
dioactivity injected) was still present in the
peripheral blood of Group A mice. On the
other hand, in Group B mice there was de-
layed clearance of ICxs (Fig. 1). Thus, 720
min after injection of ICxs about half (40%)
of the total radioactive IC injected persisted
in the circulation.

The retention kinetics and hepatic distri-
bution of ICxs were by and large compa-
rable in Group A and Group B mice (Fig.
1). At 15 min the radioactive counts were
7% and 6% in the livers of Groups A and
13 mice, respectively (Fig. 1); 720 min after
injection, only 1.3% of the radioactivity
could be detected in the livers of both groups
of animals.

Figure 2 illustrates the delayed rate of re-
tention of radioactivity in the spleen of
Group B mice from 60 min onward. The
initial rate of uptake of ICxs was, however,
slower in Group B than in Group A animals.
The percentage of uptake of the total radio-
activity in the spleen was very meager in
comparison to the hepatic uptake in both
groups of animals. Thus, the maximum ra-
dioactivity was 0.35% in the spleen of Group
A mice 15 min after injection. On the other
hand, the maximum uptake in the spleen of
Group B mice was 0.54%, which was very
delayed (240 min) (Fig. 2).

The uptake of ICxs in the kidneys was
more in comparison to the spleen but less
in comparison to the liver. Thus, in Group
A animals the maximum uptake of ICxs,
which was 1.8% of the total radioactivity
injected, was observed at 30 min. There-
after, the radioactivity count declined to
about 1.2% at hour 12. On the other hand,
the rate of uptake of radioactivity in the
kidneys ofGroup B mice was initially slower,
but its retention in their kidneys remained
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FIG. I. Relative blood and hepatic distribution of
' 35 1-HSA-anti-IISA immune complexes (1Cxs). Re-
sults of Group A and Group 13 mice arc shown by thin
outlined bars and thick outlined bars, respectively.
There was delayed clearance of the immune complexes
in Group 13 mice.

persistently as high as 1.4% in comparison
to that in Group A mice even after 240 min.

DISCUSSION
The persistence of circulating immune

complexes (CICs) in the peripheral blood of
lepromatous leprosy patients is of major
clinical importance because it reportedly
may lead to ENL episodes ( 20). In the pres-
ent study, we attempted to explore the
mechanism of the delayed elimination of
CICs from the blood of leprosy patients with
ENL, even after clinical remission of the
reaction ( 24). We thought that antileprosy
drugs might have some role for this persis-
tence of ICs in the circulation of leprosy
patients because earlier we had shown that
dapsone and clofazimine were anticomple-
mentary (15,26), and it also is well known
that complement plays a key role in phago-
cytosis ( 19 ). Here we have been able to doc-
ument the delayed clearance of preformed
immune complexes injected intravenously
into mice fed with MDT for 7 days.

The selection of a suitable size IC is of
utmost importance because the biological
properties of antigen-antibody complexes
as well as their FcR-mediated clearance vary
significantly with their molecular compo-
sition ( 23 ). When antigen excess was mod-
erate (five times) in HSA-anti-HSA com-
plexes, their sedimentation pattern showed
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FIG. 2. Relative spleen and kidney distribution of
the immune complexes. Results of Group A and Group
B mice are shown by the thin outlined bars and thick
outlined bars, respectively. There was increased reten-
tion in spleen and kidneys of MDT-treated mice. Each
bar is the mean value obtained from 4 different mice;
ND = not done.

three well-defined peaks for Ag(45), Ag Ab/
Ag2 Ab(125) and AgAb2(175), of which
AgAb2 was the dominant complex ( 18).

In a separate experiment, we had isolated
soluble CICs from the sera of two lepro-
matous patients at the onset of ENL, as well
as after clinical remission of the reaction,
using 4% polyethylene glycol (6000) (24), and
thereafter their sedimentation constants
were determined with a Model E Analytical
Ultracentrifuge (Beckman Instruments, Inc.,
Fullerton, California, U.S.A.). At the onset
of ENL, the Svedberg constants were 13.25
and 15.4S; after clinical remission of the
ENL episode their constants increased to
24S and 20.9S, respectively. Admittedly, the
ratio of antigen to antibody was not known.
In the present experiment, therefore, we used
preformed HSA-anti-HSA (five times an-
tigen excess) of comparable Svedberg con-
stants ( 18).

The present results of delayed clearance
of ICxs from the MDT-treated mice might
be explained by one of the three following
mechanisms:

a) The clearance of ICxs from the Group
A drug-untreated mice might be facilitated
by complement-mediated solubilization
(CMS) of ICs following covalent binding of
C3b, a complement component fragment of
C3 with the amino-acid residue (tyrosine)
of antigen and antibody present in ICs (32).
Also, solubilization of ICxs could be me-
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Waled by factor B of the alternative path-
way, but the involvement of the classical
pathway made solubilization faster ( 4). The
delayed clearance of HSA-anti-HSA ICxs
from the circulation of Group B MDT-fed
mice (Fig. 1) was in keeping with the above
notion, because recently we have shown that
dapsone and clofazimine could inhibit CMS
of-- 5 I-HSA-anti-HSA (xs) in vitro ( 15 ). Ad-
mittedly, we have not demonstrated the in
vivo impairment of CMS of IC following
administration of MDT in mice for 7 days.
However, if this notion is true, then 125 1-
HSA-anti-HSA ICxs would not be easily
solubilized in MDT-fed animals and, thus,
its excretion would be delayed.

b) The macrophage plays a significant role
in the phagocytosis and clearance of CICs
from the circulation ("). In vivo IC-mac-
rophage interaction brings about a blockade
of its Fc-receptor-mediated uptake and
stimulates C3b-receptor-mediated inges-
tion of ICs ('°). Thus, serum complement
might facilitate the uptake of ICs by mac-
rophages. It is believed that ICs could ac-
tivate the complement system ( 33), leading
to the deposition of C3b on the ICs, which
might open up an avenue for C3b-receptor-
mediated uptake ( 7 ). This mechanism might
possibly be operative in the handling of se-
rum ICs in health and disease. We have
earlier shown the anticomplementary activ-
ities ofdapsone and clofazimine by both the
hemolytic technique ( 26) and the CMS tech-
nique (IS). Therefore, in Group B MT-treat-
ed mice, dapsone and clofazimine might
interfere with the phagocytosis of 125 I-HSA-
anti-HSA IC via C3b receptors of macro-
phages. Our observation that in vitro
addition of anti-C3b antiserum to fresh hu-
man sera remarkably inhibited CMS of 125 1-
HSA-anti-HSA (xs) also lends support to
this notion (unpublished observations).
Thus, it clearly indicates that C3b helps in
the solubilization of IC, perhaps by depo-
sition of C3b on IC. Moreover, receptors
for C3b are also present on red blood cells
which are likely to use the receptors to pick
up the complement-coated immune com-
plexes and deliver them to Kupffer cells in
the liver and spleen macrophages, blood
monocytes and kidney mesangial phago-
cytes. All these processes of handling im-
mune complexes may be interfered with in
the absence of the formation of C3b.

c) An alternative explanation of delayed
handling of ' 25 I-HSA-anti-HSA ICxs from
MDT-treated mice might be the large ac-
cumulation of clofazimine and rifampin in
macrophages (6). Johnson, et al. ( 12) sug-
gested that antibiotics perhaps either inter-
fered with C3b receptors on the cell surface,
and thus caused delayed phagocytosis, or
inactivated the various hydrolytic enzymes
of macrophages, leading to a loss of the abil-
ity to degrade ingested ICs within the mac-
rophages. It has been shown that inhibitors
of respiration, such as NaN 3 and KCN, re-
duced ingestion of ICs by 20%-40%, while
a deoxyglucose, an inhibitor of glycolysis,
led to a 30% decrease of digestion ( 16 ).

All of the blood and tissue phagocytes
arise from bone marrow and other hemo-
poietic tissue, and they have a common pro-
genitor ( 27 ). The delayed uptake and pro-
longed persistence of ' 25 I-HSA-anti-HSA
ICxs in the spleens and kidneys of Group B
MDT mice (Fig. 2) were consistent with the
delayed clearance of ICs from the vascular
bed (Fig. 1). The retention of ' 25 I-HSA-anti-
HSA ICxs in the kidneys was maximum at
30 min, which was six times more than that
in the spleens perhaps due to the fact that
the uptake of iodine by the kidney is next
to that in the thyroid ( 9). The uptake of sol-
uble IC was maximum in the liver, as com-
pared to the spleen and kidney, because sol-
uble ICs are removed from the circulation
mainly by the hepatic Kupffer cells ( 8 ). The
hepatic handling of 125 I-HSA-anti-HSA ICxs
was similar in both Groups A and B mice
(Fig. 1). This needs exploration. Perhaps the
excretion of immune complexes through the
bile was not affected by the antileprosy drugs.

SUMMARY
In this report we describe an animal ex-

periment which showed delayed clearance
of preformed ' 25 I-HSA-anti-HSA immune
complexes (with five times excess HSA) from
the circulation of mice treated with antilep-
rosy drugs (dapsone, clofazimine, and ri-
fampin—multidrug therapy for 7 days) in
comparison with normal (untreated) mice.
The results also showed delayed retention
of the preformed immune complexes in the
spleen and kidneys of the antileprosy-drug-
treated animals. The exact mechanism of
the delayed handling of preformed immune
complexes in mice fed antileprosy drugs
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could not be ascertained. However, in light
of the anticomplementary effects of clofaz-
imine and dapsone, as reported earlier, and
in light of the large accumulation of clolaz-
imine and rifampin in macrophages, it has
been postulated that in the drug-fed animals
either the immune complexes could not be
phagocytosed by macrophages, through the
avenue of their C3b receptors, or the im-
mune complexes could not be downgraded
easily within the macrophages overloaded
with clofazimine and rifampin. These re-
sults might have clinical significance and
might throw sonic light on the prolonged
persistence of circulating immune complex-
es in the vascular bed of lepromatous pa-
tients even after clinical remission of ery-
thema nodosum leprosum.

RESUMEN
Comparados con los ratones no tratados, aquellos

tratados con una combinaciOn dc drogas antileprosas
(dapsona, clofazimina y rifampina) por 7 dins, mues-
Iran un retardo en su velocidad de depuraciOn san-
guinea de complejos inmunes( 15 1ISA-anti-HSA)
preparados cn exceso de antigeno. El bazo y los rifiones
de los animales tratados con las drogas tambiên mos-
traron una retention retardada de los complejos in-
munes. No se pudo establecer el mecanismo exacto del
manejo retardado de los complejos inmunes por los
animales tratados. Sin embargo, sobre Ia base de los
efectos anticomplementarios de Ia clofazimina y de la
dapsona reportados antes y de la gran acumulaciOn de
clofazimina y rifampina cn los macrOfagos de los ani-
males tratados, es posible que la fagocitosis de los com-
plejos inmunes (via receptores para C3b) o su degra-
daciOn, no se Ileven a cabo eficientemente 'en los
macrOfagos saturados con las drogas. Estos resultados
podrian tener implicaciones clinicas y podrian explicar
Ia prolongada persistencia de complejos inmunes cir-
culantes en Ia red vascular de los pacientes leproma-
tosos, aim despues de Ia remisiOn clinica de la reaction
leprosa tipo eritema nodoso leproso.

RESUME
Dans cc rapport nous decrivons une experimentation

animals qui a montre une disparition retardee de com-
plexes immuns preformes '"I-HSA-anti-HSA (avec 5
fois plus d'HSA) de la circulation de souris traitees
avec des medicaments anti-lepreux (dapsone, clofazi-
mine, et une polychimiotherapie a la rifampicine pour
7 jours) en comparaison avec des souris normales (non
traitees). Les resultats ont aussi montre une retention
retard& de complexes immuns preformes dans la rate
et les reins des animaux traites avec les medicaments
anti-lepreux. Le mecanisme exact de Ia gestion retard&
des complexes immuns preformes chez les souris ayant

rect.' des medicaments anti-lepreux n'a pas pu etre de-
termine. Cependant, au vu des effets anti-complémen-
taires de la clofazimine et de Ia dapsone, ainsi que
rapportes precedemment, et au vu de Ia grande accu-
mulation de clofazimine et de rifampicine au niveau
des macrophages, il a etc suppose que chez les animaux
traites soil les complexes nnmuns ne pouvaicnt etre
phagocytes par les macrophages par In vole des recep-
teurs C'3b, soit les complexes immuns ne pouvaicnt
pas etre facilement degrades a l'interieur des macro-
phages surcharges de clofazimine et rifampicine. Ces
resultats pourraient avoir une signification clinique et
pourraient jeter quelque lumiere sur Ia persistance pro-
longee de complexes immuns circulant dans le lit vas-
culaire de patients lépromateux mettle apres remission
clinique de l'erytheme noucux lepreux.
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