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Comparison of the in vivo and in vitro immunosuppressive activities of the five
rifamycins with their in vitro antibacterial and anti-ribonucleic acid polymerase
activities indicated that correlation was poor. Examination of their activities on
mitogen-induced blastogenesis in human peripheral blood leukocytes and inhibi-
tion of delayed-type hypersensitivity to partially purified protein derivative in
immunized mice demonstrated that correlation was usually good. Antibacterial
activity in cultures and the activities of the rifamycins inhibiting deoxyribonucleic
acid-dependent ribonucleic acid polymerase appeared to correlate well. However,
when these two types of activity, antiimmune and antibacterial, were compared,
correlation was poor on occasion and indicated that the antiimmune activities
and antibacterial activities of the rifamycins are probably not related.

It has been reported previously (6) that some
members of the ansamycin class of antibiotics,
including certain rifamycins and streptovaricins,
share the well-recognized immunosuppressive
properties of rifampin (3, 4, 8, 11). It was noted
in that report that when the in vitro antibacterial
activity of these substances was compared with
their in vivo immunosuppressive activity, cor-
relation was poor, suggesting that the two activ-
ities are unrelated.
The following is a report of studies of the

immunosuppressant activity of five rifamycins,
chosen because they had large differences in
antibacterial activity. Comparison of the anti-
bacterial and immunosuppressant activities of
these compounds demonstrated that their in
vitro antimicrobial activity was often unrelated
to their in vivo and in vitro immunosuppressive
effects.

MATERIALS AND METHODS
Rifamycins used. The following rifamycins were

kindly supplied by Gruppo Lepetit, Milano, Italy (the
minimal inhibitory concentrations required for Myco-
bacterium tuberculosis, as determined in Lepetit's
laboratory, are within parentheses): rifampin (0.5 ug/
ml), rifamycin SV (0.05 Ag/ml), rifamide (0.2 ytg/ml),
8 methyl-rifamycin (5 tLg/ml), and rifamycin formo-S
(5 jg/ml). (See Results.)

Rifamycins were prepared for use by dissolving
them in a minimal volume of a 1:10 mixture of di-
methyl sulfoxide (Me2SO) (Mallinckrodt, St. Louis,
Mo.) and fetal calf serum (Grand Island Biological Co.,
Grand Island, N.Y.). This solution was further diluted
with a volume of physiological saline sufficient to
provide the desired concentration of drug. Solutions
used for control studies contained a concentration of
Me2SO and fetal calfserum in saline equal to the drug-
containing solutions.

Inhibition of in vitro blastogenesis. The effects
of the rifamycins studied on mitogen-induced blasto-
genesis were assayed by using human peripheral blood
leukocytes. Blood was drawn from healthy donors into
heparinized tubes, and the leukocytes were isolated
and cultured by the method of Thompson et al. (14)
and by the microculture technique with 5 x 104 cells
in 0.2 ml of Eagle medium supplemented with pooled
human AB plasma, penicillin, streptomycin, and L-
glutamine. When 5 jig of concanavalin A (Con A)
(Calbiochem, San Diego, Calif.) per ml and 1 jig of
phytohemagglutinin (PHA) (Wellcome Reagents Ltd.,
Beckenham, England) per ml were used, the mitogens
were added to the cell cultures at the same time as the
rifamycins. After 72 h of incubation, the cells were
pulsed with [3H]thymidine (6.7 Ci/mmol; New Eng-
land Nuclear Corp., Boston, Mass.) and harvested with
a Brandel model M12V cell harvestor (Brandel Inc.,
Rockville, Md.). The cell-incorporated radioactivity
was counted in a Beckman liquid scintillation counter,
model LS-100C (Beckman Instruments, Inc., Cam-
bridge, Mass.) with toluene with Omnifluor (New Eng-
land Nuclear Corp.).
To look for a nonspecific toxic effect of the various

rifamycins, the effect of these substances on survival
of cells in culture was determined. The cells were
incubated under the same conditions as in the mitogen
studies, with the same concentrations of the rifamy-
cins. After 72 h of incubation with rifamycin, the cells
were exposed to 0.2% trypan blue, and viability was
visually determined by noting exclusion of the dye.
More than 90% of the cells survived culture with 100
,ug of either rifampin, rifamycin SV, 8 methyl-rifamy-
cin, or rifamide per ml. Cultures with 10,ug ofrifamycin
forno-S per ml yielded at least 85% surviving cells.

Because it was also considered possible that the
effect of the rifamycirm on mitogen-induced blastoge-
nesis could be the result of binding of the mitogen by
the rifamycins, two experiments were conducted to
assess this possibility. Rifamycin SV (one of the more
active compounds studied) at 100 jig/ml was passed
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alone or together with 50 pg of Con A per ml through
Sephadex G-25 (Pharmacia Fine Chemicals, Uppsala,
Sweden), packed in a column 1 by 20 cm with phos-
phate-buffered saline (pH 7.0). The column was then
eluted with saline, and the progress of the colored
band was noted. The measured volume of exclusion of
rifamycin SV was the same in both experiments, and
only a single band was observed in the column effluent
regardless of the presence or absence of Con A.

In addition, 8 pg of rifamycin SV per ml and 120 pug
of Con A per ml were dissolved in phosphate-buffered
saline, pH 7.0, and dialyzed at 20C across a semiperme-
able membrane (Union Carbide, Chicago, Ill.) imper-
meable to Con A. The movement of rifamycin SV
across the membrane, as reflected by spectrophoto-
metric measurement of the concentrations of antibi-
otic at the end of 24 and 72 h, dialyzed alone or mixed
with Con A, was the same. Thus, binding of Con A to
the rifamycins seems an unlikely explanation of their
diminished activity as mitogens in these experiments.
In vivo studies. Assay of the in vivo effect of the

rifamycins on delayed-type hypersensitivity (DTH)
was performed in mice by methods described in detail
elsewhere (6). In brief, the animals were immunized
with the R1R, strain of M. tuberculosis, and the re-
sulting immunity was tested by injecting 250 units of
partially purified protein derivative (Connaught Lab-
oratories, Willowdale, Ontario, Canada) into the hind
footpad. The induced swelling was measured 24 h later
with calipers. Rifamycins were administered intraper-
itoneally once a day (see Table 2 for doses), and their
effects on DTH, as measured by inhibition of footpad
swelling, was measured after 7 and 14 days of therapy.
Therapy was then stopped, and after 7 drug-free days,
DTH was measured again.

Susceptibility of bacteria to rifamycin. The
methods used to determine the in vitro susceptibility
ofM. tuberculosis to the five rifamycins were identical
to those previously published (6). Growth of the or-
ganisms was measured 7 days after adding the antibi-
otics. The in vitro susceptibility of Listeria monocy-
togenes (kindly provided by F. M. Collins, Trudeau
Laboratories, Saranac Lake, N.Y.) to the rifamycins
was determined in Typticase soy broth (BBL Micro-
biology Systems, Cockeysville, Md.). The drugs were
added at the time of inoculation, and the organisms
were incubated for 24 h at 37°C. Bacterial growth was
assessed visually.

Effect of rifamycins on DNA-dependent RNA
polymerase. Deoxyribonucleic acid (DNA)-depen-
dent ribonucleic acid (RNA) polymerase activity was
measured by the method of Nakamura and Yura (9).
Escherichia coli, strain K-12 (kindly supplied by Sam
Donta, University of Iowa, Iowa City), was grown in
medium E (16), supplemented with 0.5% glucose and
0.01% Difco Casamino Acids, at 37°C until it was in
the logarithmic phase of growth. The culture was then
centrifuged, and the harvested bacteria were washed
and suspended in fresh medium with 1% Me2SO. At
time 0, the rifamycins to be studied (in a final concen-
tration of 100, 50, or 10 ,ug/ml), together with nalidixic
acid (100 pg/ml; Sigma Chemical Co., St. Louis, Mo.),
were added, and the final mixture was shaken at 37°C.
After 2, 4, or 6 min, the bacterial suspensions were
pulsed for 1 min with 5 pg of [3H]uridine (40 Ci/mmol;
New England Nuclear Corp.). The reaction was

stopped, and the nucleoprotein was precipitated with
10% trichloroacetic acid. The nucleoprotein was har-
vested on a Millipore HA 0.4-pn filter (Millipore Filter
Corp., Bedford, Mass.), washed with 5% trichloroacetic
acid, and dried. The incorporated radioactivity was
counted in the Beckman liquid scintillation counter,
model LS-100C. Each determination of activity was
done in triplicate.

Controls were provided by identical bacterial sus-
pensions which were incubated without rifamycins.
The results were recorded as a percent of the control
(experimental results x 100 + control values).

RESULTS
In vitro blastogenesis. The effects of the

five rifamycins on mitogen-induced blastogene-
sis in cultures of human peripheral blood leu-
kocytes are shown in Table 1. All of the rifa-
mycins studied inhibited both PHA- and Con A-
induced blastogenesis in this system, but there
was a substantial difference in the relative activ-
ity of these compounds. Of the five compounds
studied, rifamycin formo-S had the greatest sup-
pressive effect with either mitogen. Both rifam-
ide and rifampin had much less activity than the
other rifamycins used in this system. Exposure
of the cells to 100 lag of rifamide per ml produced
less inhibition of mitogen-induced blastogenesis
than exposure to 10 ug of rifamycin forno-S per
ml or to 50 jig of rifamycin SV per ml. The
results with rifampin were similar to those noted
by Nilsson (10) in experiments with identical
cells and PHA.

Effect of rifamycins on DTH in Mice.
Treatment of mice with the five rifamycins re-
sulted in a significant suppression of DTH as
measured by their footpad reactions to partially
purified protein derivative in several instances.
This suppression was similar to that previously
noted with other ansamycins (6).
However, one of the compounds used was

inactive in the doses employed. As shown in
Table 2, rifamide, in a daily dose of 200 mg/kg,
had no detectable suppressive activity after 14
days. Rifampin, rifamycin SV, and 8 methyl-
rifamycin appeared to be approximately equal
in activity in this immunological model and pro-
duced a significant reduction in footpad swelling
after 14 days of therapy. Rifamycin formo-S was
active when the mice received a dose of 100 mg/
kg per day. This was a dose of antibiotic which
had been shown to be ineffective with rifampin
used under identical conditions in previous ex-
periments (6). Thus, it can be said that although
the in vivo differences in activity were not great,
rifamycin formo-S appeared to be the most ac-
tive substance studied in vivo, as it was in vitro,
and that rifamide was the least active substance
studied in both systems.
Where immunosuppressive activity was
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TABLE 2. Effect of rifamycin on hypersensitivity to
partially purified protein derivative in mice

Mean footpad diameter ± standard
deviation (mm) at:

Drug treatment
(dose)' Day of treatment Posttreat-

7 14 mentb

Control 2.7 ± 0.2 2.7 ± 0.2 2.7 ± 0.1
Rifampin (200) 2.7 ± 2.0 2.4 ± O.1c 2.7 ± 0.1
Rifamycin SV (200) 2.5 + 0.2 2.4 ± 0.2d 2.6 ± 0.1
8 methyl-rifamycin 2.7 ± 0.2 2.4 ± 0.2d 2.8 ± 0.1

(200)
Rifamide (200) 2.6 ± 0.2 2.6 ± 0.1 2.6 ± 0.1
Rifamycin formo-S 2.6 ± 0.3 2.3 ± 0.1O 2.6 ± 0.2

(100)

a Each treatment group consisted of 10 animals, except the
rifampin group which consisted of 9. Doses are shown as
miligrams per kilogram of body weight per day.

bDrug treatment discontinued for 7 days.
c P < 0.01, based on Donnet's test.
d P < 0.05, based on Donnet's test.

found, it was noted to be reversible. Pretreat-
ment levels of DTH in the suppressed animals,
as measured by their response to partially puri-
fied protein derivative, returned 7 days after
therapy was stopped (Table 2).
Antibacterial activity. Rifampin, rifamycin

SV, and rifamide had essentially the same anti-
mycobacterial activity and inhibited growth at
a concentration of 0.02 jig/ml. This minimal
inhibitory concentration of rifampin and rifam-
ide required for mycobacteria was the same as
that found by others (7, 13).

Neither 8 methyl-rifamycin nor rifamycin
formo-S was as active as rifampin, rifamide, or
rifamycin SV with M. tuberculosis (strain R1R,),
and concentrations 1,000 times greater than
those ofrifampin were required to inhibit growth
under the conditions used. Growth, as deter-
mined in our laboratory, was not inhibited by
concentrations of 50 ,ig of 8 methyl-rifamycin
per ml; 25 ,ug of rifamycin formo-S per ml was
required to achieve this result.
The susceptibility of L. monocytogenes to the

five rifamycins was also determined, and the
pattern of activity of each of the five rifamycins
was similar to the one obtained with M. tuber-
culosis. It was found that 0.01 ,ug of rifamycin
SV per ml inhibited the in vitro growth of L.
monocytogenes. Rifampin and rifamide in-
hibited this microorganism at a concentration of
0.1 ,ug/ml. Rifamycin formo-S and 8 methyl-ri-
famycin were the least active rifamycins tested,
and concentrations of 10 and 100 ,ug/ml, respec-
tively, were required to produce the same effect.

Effect on RNA polymerase. In an attempt
to see if there was a correlation between the
antiimmune or antibacterial activities of the five
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rifamycins and the activity of these substances
as inhibitors of bacterial DNA-dependent RNA
polymerase, their effect on this enzyme was ob-
served by using suspensions of E. coli. In gen-
eral, the effect of these substances on DNA-
dependent RNA polymerase appeared to paral-
lel their antibacterial activity rather than their
antiimmune effect. At a concentration of 50 ,ug/
ml, rifampin, rifamide, and rifamycin SV in-
hibited polymerase activity after 2 min of incu-
bation to about 50% of that of the control cell
suspensions (48, 50, and 60% of control, respec-
tively). Rifamycin formo-S and 8 methyl-rifa-
mycin were not active at this concentration, but
appeared to stimulate the enzymatic activity
(157 and 106% of control, respectively). Similar
studies with the five rifamycins, at concentra-
tions of 100 and 20 ,g/ml and adding the rifa-
mycins at 2, 4, and 6 min after initiation of the
reaction, yielded similar results. For example,
when 100 ,ug of rifampin or rifamycin SV per ml
were added, DNA polymerase activity at 2 min
was 23 and 27% of the control, respectively, but
the rate with rifamycin formo-S at the same
concentration was 89% of control.
Although these experiments with RNA po-

lymerase are not elaborate, they indicate that
there were substantial differences in the abilities
of the five rifamycins to inhibit DNA-dependent
RNA polymerase in vitro. There also appears to
be a reasonable correlation between their activ-
ity in this regard and their antibacterial activity
observed with M. tuberculosis and Listeria, but
not with their activities with the two immune
systems studied.

DISCUSSION
Comparison of the activities of the five rifa-

mycins used in these experiments indicates that
there was poor correlation between their im-
munosuppressive effects and their antibacterial
activity and inhibition ofDNA polymerase. Two
of the compounds, 8 methyl-rifamycin and rifa-
mycin formo-S, were relatively weak antibacte-
rial substances, but inhibited DTH in mice and
mitogen-induced blastogenesis in cell cultures as
well as or better than any rifamycin tested.
Rifamycin SV was relatively active as an anti-
bacterial substance and also inhibited bothDTH
and mitogen-induced blastogenesis under the
conditions used. As compared with rifamycin
SV, rifamide was as active as an antibiotic, but
much less active as an immunosuppressant.
Comparison of the inhibiting activity of the

rifamycins observed with E. coli DNA polym-
erase with their antibacterial activity observed
with M. tuberculosis and Listeria indicated that

correlation of the two activities is good. The
mechanism of action of rifampin in bacteria,
including M. tuberculosis, has been shown to be
the result of the binding of rifampin to DNA
polymerase with inhibition of RNA synthesis
(12, 15, 17). In this regard, it would seem reason-
able to speculate that the antienzyme and anti-
bacterial activities of the rifamycins are linked
and that their antibacterial activity is related to
their activity with this or a similar enzyme in
both M. tuberculosis and Listeria.

It has also been observed that a permeability
barrier may be another factor in rifampin resist-
ance in mycobacteria (5). This reported perme-
ability barrier was diminished when Tween 80
was added to the medium used to determine
rifampin susceptibility (5). The medium used in
the study reported here contained Tween 80,
suggesting that a permeability barrier was not
an important factor in the results of these ex-
periments.

Correlation between suppression of mouse
DTH and mitogen-induced blastogenesis in cell
culture by the five rifamycins was good, with the
possible exception of rifampin. Rifampin in vitro
was less active than rifamycin SV, but slightly
more active than rifamide. Rifamide was the
least active substance studied, particularly when
PHA was used as a mitogen. As compared with
its effect on DTH in the mouse, rifampin seemed
to be about as active as 8 methyl-rifamycin or
rifamycin SV. This difference between the in
vivo and in vitro antiimmune activity of rifa-
mycin cannot be explained with the data avail-
able.
On the basis of the data presented here,

screening of the ansamycins for immunosup-
pressive activity might be accomplished by de-
termining their ability to inhibit mitogen-in-
duced blastogenesis in cultures ofhuman periph-
eral blood leukocytes, since this assay is reliable,
simple, and uses only small amounts of drugs.
Whereas rifampin was found to be relatively less
active in vitro as a suppressor of Con A-induced
blastogenesis than in its effect on DTH in vivo,
it was clearly more active than rifamide when
PHA was used as a mitogen. Nevertheless, the
in vivo and in vitro results with rifampin indicate
that determination of suppression of mitogen-
induced blastogenesis is not a perfect predictor
of in vivo activity.

It has been stated that the immunosuppres-
sive activity of rifampin is the result of the
inhibition of protein synthesis in mammalian
cells (1, 2); the data presented here are compat-
ible with that proposal since it is possible that
the rifamycin analogs tested could have different
activities in this regard.

VOL. 19, 1981



ANTIMICROB. AGENTS CHEMOTHER.

ACKNOWLEDGMENIS
We acknowledge the support provided for this investigation

by the Veterans Administration.
We thank Nancy Hamann for typing the manuscript. Tests

for the statistical significance were performed with the assist-
ance of the Biostatistics Section of the Department of Preven-
tive Medicine and Environmental Health, University of Iowa.

LITERATURE CITED
1. Buss, W. C. and E. Kun. 1978. Effects of rifampin on

RNA and protein synthesis in isolated rat liver mito-
chondria. Biochem. Phannacol. 27:2139-2145.

2. Buss, W. C., R. Morgan, J. Guttmann, T. Barela, and
K. Stalter. 1978. Rifampicin inhibition of protein syn-
thesis in mammalian cells. Science 200:432-434.

3. Dajani, B. IL, J. E Kask, and J. S. Thompson. 1973.
Effect of rifampin on the immune response in guinea
pigs. Antimicrob. Agents Chemother. 3:451-455.

4. Grassi, G. G., and E. Pozzi. 1972. Effect of rifampin on
delayed-hypersensitivity reactions. J. Infect. Dis. 126:
542-544.

5. Hui, J., N. Gordon, and R. Kajioka. 1972. Permeability
barrier to rifampin in mycobacteria. Antimicrob. Agents
Chemother. 11:773-779.

6. Kasik, J. E., M. Monick, and J. S. Thompson. 1976.
Immunosuppressant activity of the ansamycins. Anti-
microb. Agents Chemother. 9:470-473.

7. Lorian, V., and M. Finland. 1969. In vitro effect of
rifampin on mycobacteria. Appl. Microbiol. 17:202-207.

8. Mukerjee, P., S. Schuldt, and J. E. Kasik. 1973. Effect

of rifampin on cutaneous hypersensitivity to purified
protein derivative in humans. Antimicrob. Agents
Chemother. 4:607-611.

9. Nakamura, Y., and T. Yura. 1974. Effects of rifampicin
on synthesis of functional activity of DNA-dependent
RNA polymerase in Escherichia coli. Mol. Gen. Genet.
145:227-237.

10. Nilsson, B. S. 1971. Rifampicin: an immunosuppressant?
Lancet ii:374.

11. Paunescu, E. 1970. In vivo and in vitro suppression of
humoral and cellular immunologic response by rifam-
picin. Nature (London) 288:1188-1190.

12. Rabussay, D., and W. Zilig. 1969. A rifampicin resistant
RNA polymerase from E. coli altered in the B-subunit.
FEBS Lett. 5:104-106.

13. Sensi, P., N. Maggi, S. Firsz, and G. Maffli. 1967.
Chemical modifications and biological properties of ri-
famycins, p. 699-714. Antimicrob. Agents Chemother.
1966.

14. Thompson, J. S., M. J. Parmely, R. Flink, M. S.
Conody, and C. D. Severson. 1972. Relationship of
mixed lymphocyte culture response to HL-A histocom-
patibility antigens. J. Exp. Med. 135:596-609.

15. Tsukamura, M. 1972. The pattern of resistance devel-
opment to rifampin in Mycobacterium tuberculosis.
Tubercle 53:111-117.

16. Vogel, H. J., and D. M. Bonner. 1956. Acetyl ornithase
of Eacherichia coil: partial purification and some prop-
erties. J. Biol. Chem. 218:97-106.

17. Wehrli, W., and M. Staehelin. 1971. Actions of the
rifamycins. Bacteriol. Rev. 35:290-309.

138 KMIK AND MONICK


