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The main indication for cimetidine is in
reducing gastric acid hypersecretion, but re-
cent studies suggest that cimetidine also may
act as a nonspecific stimulant of cell-me-
diated immunity (CMI) (U Inhibition of
various T cell functions ("• '') and activation
of suppressor cells (8) appear to be mediated
in part via H-2 receptors. Cimetidine, an
H-2 receptor antagonist, has been shown to
augment cellular immune responses to Can-
dida antigens in chronic mucocutaneous
candidiasis ( 5 ), and delayed-type hypersen-
sitivity (DTH) to a variety of antigens (').

Whether or not cimetidine could produce
immune enhancement in patients with lep-
rosy would be of interest for two reasons.
An increase in the degree of host CMI might
be beneficial in the killing and clearing of
bacilli. Contrariwise, enhancement of CMI
might precipitate reaction phenomena. To
investigate these questions, a clinical study
was carried out in northern Thailand. Pa-
tients with inactive lepromatous disease
were chosen for study since they are known
to remain anergic to antigens of Mycobac-
terium leprae ( 2), but the reduced antigen
load may allow an immunological effect to
be more easily demonstrated. Moreover, the
lower load of antigen places them at less
risk of experiencing erythema nodosum lep-
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rosum (ENL) than active patients ( 13). A
smaller group of patients with active disease
were studied in a randomized, double-blind
protocol.

MATERIALS AND METHODS
Study of patients with inactive
lepromatous leprosy

Patients. Thirty patients who were resi-
dents of McKean Rehabilitation Institute,
Chiang Mai, Thailand, enrolled in the study.
They ranged in age from 24 to 60 years, and
consisted of 22 males and 8 females. A sin-
gle, experienced leprologist had classified all
of the patients as having either lepromatous
(LL, 25 patients) or borderline lepromatous
(BL, 5 patients) leprosy. All patients but one
had had well-documented clinical episodes
of ENL while under therapy at McKean,
and each had had bacterial indices (BI) of
2.0 or greater. (One exception was a patient
who arrived with a BI of 1.7 after having
received initial treatment at another hos-
pital.) Twenty-two of the patients had had
BIs of 3.0 or greater. Follow-up skin scrap-
ings were performed every six months, and
the BI of each patient had been 0.0 for at
least one year prior to this study.

Patients were excluded from the study if
they were: 1) pregnant or lactating, 2) mal-
nourished, 3) had experienced ENL or re-
versal reactions in the prior three months,
4) had used glucocorticoids in the prior 30
days, 5) had bradycardia or arrhythmias, or
6) had other medical conditions known to
influence immune responses. The patients
were receiving dapsone monotherapy with
the exception of two who had been treated
with clofazamine and rifampin for one week
just prior to, or during, the study. All pa-
tients were informed of the nature of the
study, and gave their informed consent be-
fore entry.

Study design. In an open study, 400 mg
tablets of cimetidine (provided by Smith
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Kline & French Laboratories) were given
under supervision to outpatients twice a day
for four weeks. Prior to starting treatment,
the patients were examined, photographed,
had blood drawn for in vitro assays, and skin
tests applied and read. Cimetidine was con-
tinued until the repeat skin tests (applied
after four weeks of therapy) had been read
and blood collected for in vitro assays.

Skin testing. Skin tests, 0.1 ml of each
antigen, were applied intradermally by
nurses proficient in the technique. Four an-
tigens were employed: Dharmendra lepro-
min of human origin (courtesy of M. Abe,
National Institute of Leprosy Research, To-
kyo); PPD-S (5 T.U., Connaught Labs, To-
ronto, Canada); candida (1:100; Hollister-
Stier Labs, Atlanta, Georgia, U.S.A.); and
trichophytin (1:100; Hollister-Stier). All skin
tests were read by one of the authors (AB)
at 48 hr. Crossed-diameters of induration
were measured and averaged. When an ini-
tial test produced more than 10 mm of in-
duration, re-testing with the same antigen
was not performed.

Lymphocyte transformation test (LTT).
LTTs were performed on patients before and
after four weeks of treatment. Control sub-
jects (male blood donors and project staff)
were assayed concurrently. Peripheral blood
mononuclear (PBM) cells were separated
from heparinized blood by Ficoll-Hypaque
(Litton Bionetics, Bethesda, Maryland,
U.S.A.) gradient centrifugation, washed, and
cultured in triplicate for five days (three days
for PHA) using standard techniques ( 12 ).
Each culture received 0.1 tiCi of 3 H-thy-
midine 18 hr prior to harvesting. The mean
cpm of each triplicate sample was deter-
mined and the degree of stimulation ex-
pressed as Acpm, calculated as follows:

cpm = mean cpm stimulated — mean cpm
unstimulated.

Lymphocyte cultures were stimulated with
Dharmcndra lepromin, BCG (Connaught
Labs), or PHA (Burroughs Wellcome Co.,
Tuckahoc, New York, U.S.A.). Lepromin
was used in concentrations of 2 x 10 4 , 2 x
10 5 , and 2 x 10' bacilli/well; BCG in con-
centrations of 2 x 10 3 , 2 x 10 4 , and 2 x
10 5 bacilli/well; and PHA at 10 pl (125 pg/
ml) per well.

Phenotyping of peripheral blood lympho-
cytes. PBM cells were frozen in a controlled

rate freezer, and shipped in liquid nitrogen
to Cincinnati. Thawed cell preparations were
resuspended at a concentration of 5 x 10'
cells/ml in RPM' 1640 (KC Biologicals, Le-
nexa, Kansas, U.S.A.). The viability of cells,
as tested by trypan blue dye exclusion, was
greater than 70%. Two hundred pl aliquots
of cells (10") were placed in tubes to which
was added 5 pl of one of the following mono-
clonal antibodies: OKT3, OKT4, or OKT8
(Ortho Diagnostics, Raritan, New Jersey,
U.S.A.). Alter incubation for 30 min at 4°C,
cells were washed twice at 4°C and further
incubated at 4°C for 30 min with 100 pl of
fluorescein-labeled anti-mouse immuno-
globulin (Cappel Labs, Cochranville, Penn-
sylvania, U.S.A.). Control cells were incu-
bated with the latter immunoglobulin only.
The cells in each tube were washed twice
and analyzed for surface phenotype using a
fluorescence-activated cell sorter (FAGS III;
Becton-Dickinson, Sunnyvale, California,
U.S.A.).

Statistics. Skin test results and blood and
lymphocyte counts were analyzed using a
comparison of paired means. Since the LTT
results were not normally distributed, non-
parametric analysis (Wilcoxon rank sum
test) was employed ( 3 ).

Study of patients with active
lepromatous leprosy

After giving informed consent, eight pa-
tients with active lepromatous leprosy were
randomized under a double-blind code to
receive either 400 mg of cimetidine (N =
3), or identical-appearing tablets of placebo
(N = 5), four times per day. Patients re-
ceived the study drug for one month while
hospitalized, thus allowing supervised
administration. Immune status was as-
sessed before, and at the end of, the treat-
ment period using the intradermal skin tests
listed above plus mumps antigen (Eli Lilly,
Indianapolis, Indiana, U.S.A.). LTT re-
sponses to lepromin, BCG, and PHA were
determined before therapy and again after
four weeks on drug or placebo, as described.
Patients were examined by one of the au-
thors (AB) on a daily basis to detect leprosy-
related reactions and other possible side ef-
fects. To evaluate patient responses to a new
antigen, contact sensitization was attempt-
ed with dinitrochlorobenzene (DNCB) by
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TABLE 1. LTT responses in patients with inactive lepromatous leprosy before and after
cimaidine treatment.

LTT responses"

Stimulant Bacilli
well

per Before cimetidine
median (range)

N = 28

After cimetidine
median (range)

N = 28

Controls
median (range)

N = 14

PHA 28.5 (15.6 to 39.9) 26.6 (15.7 to 38.8) 25.0 (17.4 to 36.8)
BCG 2 x 10' 2.7 (-2.8 to 25.0) 2.2 (-2.3 to 18.8) 4.9 (0.0 to 22.1)

2 x 10' 3.8 (-3.4 to 14.7) 2.4 (-3.0 to 15.5) 4.3 (-0.6 to 23.5)
2 x 10' 2.9 (-1.0 to 17.9) 2.6 (-4.7 to 17.4) 4.6 (-1.4 to 27.7)

Lepromin 2 x 10' 0.0 (-0.8 to 9.9) 0.6 (-2.7 to 8.6) 1.9 (-0.2 to 16.3)
2 x 10' 0.3 (-6.0 to 14.6) 0.4 (-5.3 to 17.3) 4.1 (-1.0 to 15.7)
2 x 10' -0.2 (-8.8 to 13.1) -0.1 (-6.3 to 8.5) 2.7 (-0.9 to 19.8)

Responses given as Acpm x 10 '.

applying 1000 lig of DNCB after two weeks
of treatment with cimetidine or placebo. A
challenge dose of 50 jig of DNCB was ap-
plied two weeks later.

RESULTS
Study of patients with inactive disease.

The course of cimetidine therapy was com-
pleted by 29 of the 30 inactive disease pa-
tients enrolled. No patient developed either
ENL or reversal reaction episodes during
the study or in the following six weeks.

More than 60% of the study group had
initial skin test responses greater than 10
mm with PPD, and one third of these were
greater than 20 mm. (Only four of the pa-
tients had BCG vaccination scars.) Re-test-
ing of nine patients in whom the initial PPD
response was less than 10 mm showed an
increase in induration from a mean of 2 mm
before, to 5 mm after four weeks of ci-
metidine treatment (p < 0.05). Skin testing
with antigens other than PPD demonstrated
no statistically significant changes. In re-
sponse to Dharmendra lepromin at 48 hr
(Fernandez reaction), one patient had re-
actions of 5.5 mm before, and 5.0 mm

("weakly positive" 4) after cimetidine treat-
ment. All other Fernandez reactions were
less than 5 mm, or "negative." These data
are in agreement with the clinical classifi-
cation of these patients as having BL/LL
leprosy.

Initial LTT responses to PHA and BCG
were not different from those of staff and
blood bank controls; responses to lepromin
were decreased (p < 0.01; Table 1). Repeat
LTTs after four weeks of cimetidine admin-
istration revealed no significant change in
the responses to PHA, BCG, or lepromin
(Table 1).

The total lymphocyte counts measured in
Chiang Mai were within normal limits and
did not change significantly with cimetidine
therapy (Table 2). In eight patients, no sta-
tistically significant changes in T cell sub-
populations were observed in peripheral
blood studied before and after treatment
(Table 2).

Study of patients with active disease.
There were no significant changes in skin
test or LTT responses after therapy in eight
patients with active lepromatous leprosy
(Table 3). The observed difference in sen-

TABLE 2. Lymphocyte populations in patients with inactive lepromatous leprosy before
and after cimetidine treatment.

Cell population No. Before cimetidine
(mean ± S.D.)

After cimetidine
(mean ± S.D.)

Total lymphocytes 27 2914 ± 1547/mm' 2534 ± 1266/mm'
OKT3+ 8 3054 ± 1936/mm' 2433 ± 1546/mm'
OKT4+ 8 1536 ± 1001/mm' 1562 ± 1106/mm'
OKT8+ 8 1062 ± 789/mm' 826 ± 587/mm'
OKT4/OKT8 8 1.78 ± 0.78 1.99 ± 0.72
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TABLE 3. Responses to treatment of patients with active lepromatous leprosy given
cimetidine or placebo.

Parameter^ Cimetidine group^Placebo group

Clinical events
Leprosy-related reactions^None^ Iridocyclitis x I

?ENL x 2
Other possible side effects^Mental depression^x I^Macular rash x 1

Skin tests (change in induration (mm))
Lepromin^ —2 (N = 3)^ 0 (N = 5)
Mumps^ +4 (N = 3)^ 0 (N = 4)
1'P1)^ +4 (N = 3)^ +2 (N = I)
Candida^ +1 (N = 3)^ —1 (N = 4)
Trichophytin^ 0 (N = 3)^ —1 (N = 5)

DNCIP^ 0/3 positive^ 3/5 positive
LTTs (median changes in &pm)

PHA^ —10,376 (N = 3)^1,359 (N = 5)
BCG (2 x ►0'^ 528 (N = 2)^1,695 (N = 3)
Lepromin (2 x I()' bacilli/well)^518 (N = 2)^1,055 (N = 3)

Definition of positive: 50 pg challenge dose produced induration.

situation with DNCB between cimetidine
and placebo recipients is not significant.
None of three patients given cimetidine
developed leprosy-related reactions. Among
5 patients on placebo, 1 developed acute
iridocyclitis, 2 developed cutaneous nod-
ules consistent with mild ENL, and 1 de-
veloped a macular rash of uncertain etiology
which disappeared spontaneously.

DISCUSSION
Plaut and coworkers ( 6) demonstrated

pharmacologically that mice have T lym-
phocytes with H-2 receptors. Mice immu-
nized intraperitoneally with allogeneic cells
developed specific, lymphocyte-mediated,
cytolytic activity, inhibited more than 40%
by histamine. The inhibition was reversed
by antagonists of H-2 (burimamide and me-
tiamide) but not H-1 (diphenhydramine and
pyrilamine) receptors. Using guinea pigs
immunized with orthochlorobenzoyl-bo-
vine gamma globulin in complete Freund's
adjuvant, Rocklin (") found that histamine
(10 -3 M) reduced DTH skin reactions by
40-60%. This suppression was completely
reversed by an H-2 receptor antagonist
(burimamide).

Jorizzo and coworkers ( 5) reported four
adult patients with chronic mucocutaneous
candidiasis who were unresponsive to Can-
dida antigen as measured by skin test, LTT,
and production of leukocyte MIF. After four
weeks of therapy with cimetidine, all four

patients responded to Candida skin tests and
2 of the 4 produced leukocyte MIF. Four
weeks after discontinuing cimetidine treat-
ment, all four patients had reverted to their
prior state of unresponsiveness. Retreat-
ment with cimetidine was again followed by
positive skin test responses and production
of leukocyte MIF. Despite these changes in
host responses to candida antigen, there was
no significant effect on the clinical manifes-
tations of their disease.

No studies of the effects of cimetidine, or
other H-2 receptor antagonists, in leprosy
have been reported. The patients in this
clinical trial were on long-term treatment
for lepromatous leprosy and had cleared the
vast bulk of the antigen load to become clin-
ically inactive. A limited number of active
lepromatous patients with large bacterial
loads ofM. leprae were also studied. A small
but statistically significant increase in PPD
reactivity was found in the inactive patients
studied. This is interpreted to reflect the
"booster" effect of repeated PPD skin test-
ing ( 7). No other significant immune en-
hancement was documented in either study
group.

Immune status in leprosy has been de-
termined functionally most often by skin
test and LTT responses to M. leprae prep-
arations. These techniques are somewhat
imprecise but they should allow significant
biological effects to be detected, if present.
By these criteria, cimetidine had no im-
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munological effect. However, interest in im-
munomodulators as adjuvant therapy in
leprosy should continue since immune en-
hancement could play a key role in better
treatment of patients with lepromatous lep-
rosy.

The widespread use of cimetidine around
the world raises concern over its safety in
various subpopulations, including the esti-
mated 12-15 million people who have lep-
rosy ('). In our studies, neither patients with
active disease nor those with inactive dis-
ease developed leprosy-related reactions. At
highest risk for these reactions are patients
with active lepromatous disease, for they
possess very high antigen loads. Although
three active disease patients who received
cimetidine in this study did not experience
reactions, administration of cimetidine to
larger numbers will be required before de-
finitive conclusions can be drawn. The sam-
ple size of patients with inactive disease al-
lows us to predict that if cimetidine does
precipitate such reactions, the incidence
would be less than 4%. Thus, patients with
inactive lepromatous leprosy may use the
drug for peptic ulcer disease without fear of
being at unusually high risk of side effects.

SUMMARY
To test the capacity of cimetidine to en-

hance cellular immunity in patients with le-
promatous leprosy (LL), cimetidine was
given for one month to 29 inactive LL pa-
tients and 3 active LL patients. Immune
function was monitored with skin tests
(lepromin, PPD, candida, and trichopytin),
lymphocyte transformation tests (phyto-
hemagglutinin, BCG, and Dharmendra lep-
romin), and quantitation of peripheral blood
lymphocyte subpopulations. A small but
significant "booster" response to PPD was
the only change observed in the study of
patients with inactive disease, and leprosy-
related reactions did not occur. In the few
active LL patients studied, neither immune
enhancement nor leprosy-related reactions
were observed. The results of this investi-
gation suggest that cimetidine can be used
safely in patients with inactive lepromatous
leprosy.

RESUMEN
Para probar la capacidad de Ia cimetidina para in-

crementar la inmunidad celular en los pacientes con

lepra lepromatosa (LL), se administrO cimetidina du-
rante 1 mes a 29 pacientes LL inactivos y a 3 pacientes
LL activos. Las funciones inmunes se evaluaron con
pruebas dermicas (lepromina, PPD, candidina y tri-
cofitina), con pruebas de transformación de linfocitos
(PHA, I3CG y lepromina do Dharmendra) y por la
cuantificación de las subpoblaciones de linfocitos pe-
riféricos. En los pacientes LL inactivos solo se observó
una pequeiia pero significante respuesta anamnesica
con el PPD pero no se observaron reacciones relacio-
nadas con la lepra. En los pocos pacientes LL estudia-
dos no se observaron ni increment° en la función in-
mune, ni reacciones relacionadas con Ia lepra. Los
resultados de esta investigación sugieren quc Ia cime-
tidina puede usarse sin riesgos en los pacientes con
lepra lepromatosa inactiva.

RESUME
On a administre de la cimetidine pendant un mois

A 29 malades atteints de lepre LL inactive et 0 3 ma-
lades LL presentant une maladie active, afin d'êtudier
dans quelles mesures la cimétidine pout stimuler
munité cellulaire des malades atteints de lepre lépro-
mateuse. On a suivi la fonction immunitaire par des
tests cutanes (lepromine, PPD, candida et trichophy-
tine), répreuve de transformation lymphocytaire (phy-
tohemagglutinine, BCG, et lépromine de Dharmen-
dra), et par la mesure des sous-populations de
lymphocytes dans le sang periphérique. Une reponse
de stimulation (booster) peu prononcée, mail toutefois
significative, a etc observée A Ia suite de I'injcction de
PPD, chez les malades atteints de lepre inactive; au-
cune reaction associée A Ia lepre n'a été enregistrée.
Chez les quelques malades lépromateux actifs qui ont
etc etudies, on n'a pu observer aucunc stimulation im-
munitaire ou reaction associée A la lepre. Les resultats
de cette etude suggere quc la cimetidine pout etre uti-
lisée sans danger chez les malades présentant unc lepre
lepromateuse inactive.
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