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Effect of Rifampin on the Immune Response in Mice
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In an investigation of the effect of rifampin on the immune response in mice,
the cellular immunity was evaluated with the split-heart allograft technique. The
survival time of the heart in animals treated with rifampin at a dose of 20 mg/kg
per day from the day of the transplantation until the graft was rejected was longer
(33.7 days, P < 0.001) than that of animals not treated with antibiotics (14.5
days). When rifampin was given at a dose of 5 mg/kg per day for the same period,
the mean survival time of allografts was 19.5 days. The number of demonstrable
plaques of hemolysis and the humoral antibodies to sheep erythrocytes were also
reduced by a human therapeutic dose (20 mg/kg per day). However, the suppres-
sion of the humoral immune response was probably of more limited biological
significance, suggesting a differential sensitivity to rifampin. In contrast to rifam-
pin, benzylpenicillin had no noteworthy inhibiting effect on the cellular or
humoral immune response.

Rifampin, an antibiotic that inhibits bacterial
deoxyribonucleic acid dependent ribonucleic
acid polymerase and is readily soluble in lipids
(10, 16), has previously been controversially de-
scribed as an immunosuppressive agent (1, 3, 9,
21). Recent in vitro studies in our laboratory
have demonstrated that this antibiotic markedly
inhibits the chemotaxis of human polymorpho-
nuclear leucocytes as well as the lymphoprolif-
erative response of the human lymphocytes
stimulated with mitogens (7, 8).
The purpose of the present study was to elu-

cidate the effect of rifampin on both the humoral
and the cellular immune response in mice. Re-
jection of tissues or organs transplanted in allo-
genic recipients has been generally regarded as
an example of cellular immunity, implying that
it is probably lymphocytes arising in the thymus
that are mainly responsible for initiating such
rejection. In the investigation of cellular immu-
nity, the split-heart allograft technique has been
used (23). In the study of the humoral immune
response, immunization was performed with
sheep erythrocytes (SRBC), and the number of
antibody-producing cells was determined as well
as levels of agglutinating and hemolytic antibod-
ies.

MATERLALS AND METHODS
Animals. Mice of the CBA H-2' (Anticimex AB,

Evelund, Sollentuna, Sweden) strain were used. They
were 8 weeks old when first treated. Donor hearts
were obtained from 12- to 36-h-old DBA/2J (Gi;
Blomholtgard Ltd., Denmark).

Antibiotics. Rifampin (kindly supplied by A. B.
Ferrosan, Malmo, Sweden) was dissolved in 10% di-
methylformamide and then diluted in sterile water.
The antibiotic was given intraperitonfeally (i.p.) in the

morning at a daily dose of 20 mg/kg (human thera-
peutic dose, HTD) or 5 x HTD (100 mg/kg) or 1/4
HTD (5 mg/kg). Penicillin (benzylpenicillin, Kabi)
was injected i.p. in a single dose of 200 mg/kg per day.

Determination of rifampin serum level. The
serum concentration of rifampin was determined mi-
crobiologically by gel microdiffusion by using a strain
of Streptococcus faecalis (12).
Antigen and immunization. SRBC were col-

lected and stored in Alsever solution at 4°C for 1 week
before use. The cells were washed four times in iso-
tonic balanced salt solution (BSS) (pH 7.4) and diluted
1:4, and 0.2 ml of the suspension was injected i.p. (14).
Agglutinating antibodies. Antisera were serially

diluted in BSS, and each dilution was mixed with an
equal volume (25 pl) of 2% washed SRBC. The tests
were performed in microtiter plates (Sterilin, Tedding-
ton, Middlesex, England). Agglutination was read after
45 min at 37°C. Sera from treated but unimmunized
mice were used as controls (14).

Hemolytic antibodies. Serial dilutions of antisera
in BSS were incubated with equal volumes (25 pl) of
1.5% SRBC and guinea pig complement. Hemolysis
was determined after 45 min at 37°C. Sera from
treated but unimmunized mice were used as controls
(14).
Antibody-producing cells. The splenic produc-

tion of antibodies to SRBC was measured by a direct
plaque-forming cell assay by using a modification of
the Jerne-Nordin method (4, 11). Lymphocytes were
prepared from spleens removed 4 days after immuni-
zation with SRBC by passage through a metallic mem-
brane filter (Millipore Corp., Bedford, Mass.) and iso-
lated by density gradient centrifugation on Lympho-
prep (Lymphoprep, Nyegaard and Co. A/S, Oslo, Nor-
way). A solution of 0.5% agar (Difco Laboratories,
Detroit, Mich.) and 0.05% diethylaminoethyl dextran
(Pharmacia Fine Chemicals, Inc., Uppsala, Sweden) in
250 fl of BSS at 46°C was mixed with 25 ,ul of SRBC
diluted 1:5 in BSS, 25 pi of guinea pig serum (previ-
ously absorbed with SRBC for 20 min at 4°C) diluted
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1:4 in phosphate-buffered saline, and 100 tl of the
spleen lymphocytes in a concentration of 106 lympho-
cytes per ml. Three separate 100-,ul drops of the mix-
ture were placed on a petri dish, and a glass cover slip
(24 by 32 mm) was immediately placed on each drop.
Plates were incubated for 3 h at 370C, and plaques
wele counted under a stereomicroscope (Wild M5,
Wild Heerburg, Inc., Heerburg, Switzerland). Repre-
sentative plaques were checked for a central lympho-
cyte.

Transplantation. Heart grafts were transplanted
with a modification of the Judd and Trentin method
(13, 23). Hearts from newborn DBA mice were sec-
tioned along the ventricular septum and each half was
inserted into a subcutaneous pouch in the dorsal part
of the ear of the recipient CBA mouse. The survival of
the transplant was monitored by measuring the elec-
tric activity with a Mingograf 61 with an integrated
amplifier. The activity of the host hearts was also
recorded. This activity differed from that of the trans-
planted hearts and did not confuse measurements.

Statistics. Statistically evaluated tests were per-
formed to determine whether the results obtained
might be significant. Student's t test was used.

RESULTS
Toxicity of rifampin. Rifampin was appar-

ently well tolerated by the mice when given in
an HTD or 1/4 HTD. However, when rifampin
was given in a larger dose (5 HTD), signs of
toxicity appeared, such as loss of body weight.
Determination of rifampin serum level.

The serum concentration of rifampin was deter-
mined microbiologically 2 h after injection. In
mice given 5 mg of rifampin per kg per day (1/4
HTD), the serum concentration of the antibiotic
ranged from 6 to 13 ,ug/ml, and in mice given 20
mg/kg per day (HTD), it ranged from 17 to 28
Ag/ml.
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Survival time of allografts. As reference,
untreated transplanted mice were used. Figure
1 illustrates the effect of rifampin given i.p. on
the survival time of split-heart allografts from
DBA mice in CBA mice. Daily antibiotic treat-
ment was given from the day of transplantation
until rejection of the grafts was detected with an
electrocardiograph. A remarkable and signifi-
cant (P < 0.001) delay occurred in the rejection
of the grafts in the mice given rifampin in an
HTD (20 mg/kg per day) (Fig. 1). The mean
survival time ± standard deviation (MST ± SD)
was 33.7 ± 9.6 days, compared with 14.5 ± 3
days in the reference group. When rifampin was
given in a dose of 5 mg/kg per day (1/4 HTD)
for the same period, an MST ± SD of 19.5 ± 4.1
days was detected, which also differed signifi-
cantly from the reference group (P < 0.01).
Figure 1 also illustrates that penicillin given i.p.
for the same period did not prolong the survival
of the grafts (15.9 ± 3.9 days).
A marked prolongation (P < 0.001) of survival

of allografts was also noted in mice given rifam-
pin at an HTD from 20 days and 10 weeks before
transplantation and every day until rejection
(Fig. 2). The MST was 25.2 ± 6.2 days and 24.2
± 5.7 days, respectively. Figure 2 also shows that
in mice treated only from the day of transplan-
tation, the rejection was later (33.7 days) than
in the pretreated groups, but the difference was
not significant (P > 0.4).

Figure 3 illustrates the effect of an HTD of
rifampin on the survival time of allografts when
given daily from the day of transplantation until
day 7 or from day 9 after transplantation until
rejection. In both groups survival was signifi-
cantly prolonged (P < 0.01). However, the effect

DAYS AFTER TRANSPLANTATION

FIG. 1. Percentage of surviving split heart DBA allografts in CBA mice treated daily with an HTD of
rifampin (-), a 1/4 HTD of rifampin (0), or an HTD of benzylpenicillin (O) from the day of tranplantation
until the rejection of the grafts. Untreated transplanted mice (0) served as a reference. Numbers at the top of
each curve denote the number of transplantation experiments in each group.
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DAYS AFTER TRASPLATATION

FIG. 2. Percentage of surviving split-heart DBA allografts in CBA mice treated daily with an HTD of
rifampin from the day of the transplantation until the rejection of the grafts (-) and in addition for 20 days
(@) or 10 weeks (E) before the transplantation. Untreated transplanted mice (0) served as a reference.
Numbers at top of each curve denote the number of transplantation experiments in each group.

DAYS AFTER TRANSPLANTATION

FIG. 3. Percentage of surviving split-heart allografts in CBA mice treated daily with an HTD of rifampin
from the day of the transplantation until the rejection of the grafts (U), from the day of transplantation until
day 7 after transplantation (E), or from day 9 after transplantation until rejection ofthe grafts (0). Untreated
transplanted mice (0) served as a reference. Numbers at top of each curve denote the number of transplan-
tation experiments in each group.

of the drug was less pronounced (P < 0.02) in
these groups of mice than in the group given
rifampin from the day of the transplantation
until the rejection of the allografts (Fig. 3).
Antibody-producing cells. The direct

plaque-forming cells from spleens of mice im-
munized with SRBC and treated with rifampin
or penicillin from the day of immunization with
or without pretreatment, were analyzed. When
the mice were treated with rifampin in a dose of
20 mg/kg per day from the day of immunization
until day 3, only 52% + 5% of the number of
plaques of hemolysis obtained with the spleens
of untreated immunized mice was detected (P
< 0.001) (Fig. 4). The primary antibody response
to SRBC was also curtailed when treatment

with the HTD was given from day 30 until day
3 (39% ± 8% of the control values). Animals
pretreated for 7 days and then daily until day 3
after immunization (62% ± 10% of the control
values) and animals treated from 1 day after
immunization until day 3 (77% + 10% of the
control values) also had a reduced number of
plaque-forming cells. Only a slight decrease
(21%) in the number of plaques was observed in
mice given rifampin in a dose of 5 mg/kg per day
from the day of immunization until day 3. How-
ever, penicillin did not interfere with the assay.
Agglutinating and hemolytic antibodies.

The titers of the agglutinating and hemolytic
antibodies of mice immunized with SRBC and
treated with rifampin or penicillin were meas-
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ured. The antibody titers of normal mice im-
munized with SRBC were used as a reference.
Table 1 shows that mice treated with rifampin
at an HTD from the day of immunization until
day 3, 4 days after immunization had an agglu-
tinating antibody level (P < 0.01) as well as a

hemolytic antibody level (P < 0.02) significantly
lower than the reference mice. Also in sera from
mice treated for the same period and, in addi-
tion, for 7 days or 30 days before the transplan-
tation, the titers tended to be lower. A difference,
although of lower statistical significance, was

0

RIFAMPICIN HTD: DOD3 (PT=0)

RIFAMPICIN HTD: DO*D3 (PT=30 DAYS)

RIFAMIPICIN HID: DO*D3 (PT=7 DAYS)

RIFAMPICIN HTD: D1+D3

RIFAMPICIN 1:4 HTD: DO+D3 (PT=0)

BENZYLPENICILLIN: DO D3 (PT=0)

CONTROL

also found in animals treated with a 1/4 HTD of
rifampin. Penicillin given to immunized mice did
not interfere with the primary antibody response
to SRBC.

DISCUSSION
Rifampin, a widely used antibiotic, inhibits

the synthesis of deoxyribonucleic acid-depend-
ent ribonucleic acid polymerase in bacteria (10)
and readily diffuses into human cells (16). How-
ever, in 1970 Paunescu (19) reported an immu-
nosuppressive effect of rifampin on delayed hy-

20 40 60 80 100

p < 0.001

20 40 60
PLAQUE FORMING CELLS

(PERCENTAGE OF CONTROL)

FIG. 4. Direct plaque-forming cells from spleens of mice immunized with SRBC and treated daily with
rifampin (HTD, 1/4 HTD) or benzylpenicillin (HTD) from the day of immunization (DO) or one day after
immunization (Dl) until day 3 (D3) with or without pretreatment (PT). Each group consisted of 7 to 10 mice.
The results denote the mean ± SE expressed as a percentage of the control. The number ofplaque-forming
cells in the control group was 73 ± 6/105 lymphocytes.

TABLE 1. Agglutinating and hemolytic antibodies from sera of mice immunized with SRBCa

Status Agglutinating ti- t P Hemolytic titers t P
ters

Normal 46 ± 7 768 ± 161
Rifampin HTD: day 0 to day 3 (PT = 23 ± 5 2.673 0.02 256 ± 90 2.774 0.01

0)
Rifampin HTD: day 0 to day 3 (PT = 33 ± 9 1.140 0.3 473 ± 160 1.299 0.2
30 days)

Rifampin HTD: day 0 to day 3 (PT = 7 22 ± 11 1.840 0.1 282 ± 126 2.377 0.02
days)

Rifampin HTD: day 1 to day 3 (PT = 35 ± 13 0.745 0.4 334 ± 195 1.716 0.1
0)

Rifampin 1/4 HTD: day 0 to day 3 (PT = 26 ± 5 2.324 0.05 405 ± 75 2.043 0.1
0)

Benzylpenicillin HTD: day 0 to day 3 41 ± 10 0.409 0.4 581 ± 91 1.011 0.3
(PT = 0)
a Mice were treated daily with rifampin or penicillin (HTD, 1/4 HTD) from the day of immunization or 1 day

after immunization until day 3 with or without pretreatment. Agglutinating and hemolytic antibody titers from
untreated but immunized mice served as references. The results are expressed as the mean ± SD of the titers.
Each group consisted of 10 mice. Student's t test was used in the statistical analysis. PT, pretreatment.
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persensitivity in rabbits and guinea pigs and the
production of antibodies after injection ofserum
albumin. Forsgren et al. (6, 7) recently found
that rifampin inhibits the chemotaxis of human
polymorphonuclear leukocytes in vitro and as-

cribed the effect to inhibition of the protein
synthesis necessary for chemotaxis of the leu-
kocytes. Forsgren et al. (5) also observed an

inhibition of the lymphoproliferative response of
human peripheral lymphocytes incubated with
25 Itg of rifampin per ml and stimulated with
mitogen, an observation in agreement with data
given by Paunescu (19, 20) and Nilsson (17).
The present study shows that rifampin signif-

icantly delays rejection when given daily in an

HTD (20 mg/kg per day) from the day of the
transplantation. The immunosuppressive effect
appeared weaker when treatment with rifampin
was started before the transplantation, presum-

ably because the mice became accustomed to
the antibiotic, probably owing to the induction
of deacetylating liver enzymes (18). Treatment
performed only before the transplantation or

discontinued on day 7 after transplantation in-
hibited the immune response less, which con-

trasts with the usual lympholytic immunosup-
pressants, such as corticosteroids (2). Treatment
started day 9 after transplantation also notably
delayed the rejection of the allografts, an effect
which might prove clinically useful in the pre-

vention of graft rejection. Serrou et al. (21) have
reported a significantly longer survival time of
skin allografts in rabbits treated with rifampin.
Dajani et al. (3) observed that the cutaneous
reaction to Mycobacterium bovis BCG and
DNCB in guinea pigs was markedly reduced
during treatment with rifampin in an HTD. The
reactions were restored when the antibiotic was
withdrawn. Dajani et al. (3) also observed a

progressive reduction in the skin test reaction to
stabilized purified protein derivatives in 14 pa-

tients with active pulmonary tuberculosis un-

dergoing treatment with rifampin. Also on these
patients the immunological reactions were re-

stored after withdrawal of the antibiotic. But
according to Smith et al. (22), certain rifamycin
derivatives have a stronger toxic effect on fresh
human leukemic blood cells than on normal
blood cells. However, Smith et al. (22) claimed
that rifampin does not affect normal lymphopro-
liferation.

Bassi et al. (1) noticed a depression of the
primary antibody response in mice only when
large doses were given i.p. In our investigation,
however, the primary antibody response to
SRBC, as judged from number of demonstrable
plaque-forming cells, was significantly (P <

0.001) inhibited by daily treatment of the ani-
mals with an HTD, during the period of sensi-

tization (day of immunization to day 3) with or
without pretreatment. Mice given a 1/4 HTD of
rifampin exhibited a reduced immune response,
but the reduction was not statistically signifi-
cant. The level of agglutinating, as well as he-
molytic, antibodies was also influenced by rifam-
pin.
Our finding on the prolongation of heart grafts

during rifampin treatment seems biologically
highly significant. However, the reduction of
antibody-forming potential, while statistically
significant, is probably of a more limited biolog-
ical significance. A 50% reduction of plaque-
forming cells represents a reduction of a single
round of multiplication of B-cells. The serology
experiments showing a reduction with only one
to two twofold-dilution steps can be interpreted
similarly. The experiments thus seem to show a
differential sensitivity of the cell-mediated re-
sponse versus the antibody response to rifampin.
Further experiments are required to elucidate
this possibility.
The mechanism of interaction of rifampin

with the responding cells is obscure. There is
general consensus that macrophages are present
in an allograft bed and are necessary for the
primary antibody response to T-cell-dependent
antigen (15). One might therefore imagine that
the immunosuppressive effect demonstrated is
related to an inhibition of the phagocytic activity
(1). However, the immunosuppressive properties
of rifampin can be ascribed to its ability to
diffuse into human cells, owing to its ready li-
posolubility and to its inhibition of protein syn-
thesis in lymphocytes. The availability of an
antibiotic with immunosuppressive additive ef-
fect when used in combination with immunosup-
pressants can be useful in clinical situations for
treatment of patients with inflammatory dis-
eases and for transplanted patients. However,
the immunosuppressive properties of rifampin
may also be an important adverse effect of the
drug.
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