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Recently a number of investigators have 
described the effectiveness of semisynthetic 
derivatives of rifamycin against mycobacteria 
( 1, 2 ) ,  trachoma (3-5), vaccinia and adeno- 
viruses (6, 7 ) ,  and gram-positive and gram- 
negative bacteria (8). One such derivative, 
rifampin,2 appears to be a clinically useful 
antibiotic for certain bacterial infections (9, 
10) and can be given orally. The drug ap- 
pears to act by inhibition of RNA synthesis 
in intact bacteria ( l l ) ,  and i t  specifically 
inhibits the RNA polymerase reaction in vi- 
tro ( 12-15). Recent evidence indicates that 
rifampin inhibits the RNA polymerase reac- 
tion by acting on the enzyme rather than on 
the DNA template (7 ,  16, 17). At  drug 
concentrations 100- to 1000-fold higher than 
those effective in bacteria, rifampin does not 
appear to inhibit RNA synthesis in mammal- 
ian cells or inhibit the in vitro mammalian 
RNA polymerase reaction ( 13, 15). 

Toxoplasma gondii is an obligate intracel- 
lular protozoan which replicates within verte- 
brate cells and causes natural infection of 
many mammals, including man. The organ- 
ism has been shown to infect and replicate 
efficiently in many mammalian cell types in 
tissue culture. Recently ( 18), we reported 
the isolation and preliminary characterization 
of the RNA of T .  gondii and demonstrated 
that organisms free of mammalian cells were 
able to synthesize RNA. This system 
provided an opportunity to study effects of 
rifampin on toxoplasma. 

Materials and Metho.ds. Toxoplasma in L- 
cell cultures. The trophozoite form of T .  gon- 
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2 Rifampin, formerly designated as rifampicin, and 
also referred to as rifamycin AMP. 

dii ( R H  strain) was obtained from the peri- 
toneal exudate of female Swiss-Webster mice 
48 and 72 hr after acute infection. The peri- 
toneal fluid was collected into Earle's bal- 
anced salt solution (BSS) containing 10% 
fetal calf serum (FCS) and 10 units of hep- 
arin/ml. The preparation was then filtered 
through glass wool, centrifuged at 5OOg for 5 
min at  4" and the sediment was resuspended 
and forced through a 27-gauge needle. The 
organisms were quantitated by counting on a 
Neubauer-Levy hemacytometer and appro- 
priate dilutions in Eagle's minimum essential 
medium (MEM) were made prior to cell 
culture challenge. 

The methods of cell culture and toxoplas- 
ma challenge were similar to those previously 
described (19). Monolayers of 1 X lo5 L- 
cells were grown in MEM with 10% FCS 
overnight on 22-mm2 coverslips and then in- 
fected with approximately 10-20 toxoplas- 
ma/L-cell. The toxoplasma were removed af- 
ter 1 hr of adsorption at  37", and the mono- 
layers were washed once with BSS. The mon- 
olayers were then incubated with MEM 
with 10% FCS which contained various con- 
centrations of rifampin. All experiments were 
carried out in an atmosphere of 5 %  CO2 at 
37". At various time intervals, the monolayers 
were fixed in 9-aminoacridine hydrochloride 
in ethanol and stained with Giemsa stain. 

R N A  synthesis in toxoplasma. The prolif- 
erative form of toxoplasma was harvested as 
previously described ( 19) into' BSS contain- 
ing 100 units/ml of heparin. The exudate was 
forced through a 27-gauge needle, passed 
through glass wool and then filtered through 
sintered glass filters (Corning, medium coarse 
porosity 15-25 p )  . With this method, large 
numbers of toxoplasma were obtained free 
from detectable cells other than small num- 
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bers of red blood cells (18). After filtration 
the organisms were centrifuged at  3000g for 
10 min at  4’ and than resuspended in MEM. 
Toxoplasma (6 x lo7) were incubated in 3 
ml of MEM with 10% dialyzed FCS, 5 %  
dialyzed chick embryo extract and varying 
concentrations of rifampin at  37”  for a total 
of 4 hr with continuous mixing with a magnet- 
ic stirring bar. At various time intervals, 30 
pCi of “-uridine (sp act 21 Ci/mmole) was 
added and tritium incorporation into RNA 
was measured as previously described ( 18). 

Growth of L-cells in culture. Forty L-cell 
cultures were started with 1 x lo5 
cells/60-mm plastic tissue culture dish in 5 
ml of MEM with 10% FCS. Rifampin was 
added to groups of 8 cultures a t  concentra- 
tions of 10, 20, 40, and 80 p.g/ml. Each day 
for 4 days the cells from 2 dishes from each 
drug group and from cultures without rifam- 
pin were removed with trypsin and counted 
in a Coulter cell counter Model B. 

In vivo experiments. Rifamycin SV was 
added to powdered laboratory mouse food 
and blended thoroughly using 187.5 mg/lOO 
g of meal or a 300 mg/kg of mouse weight 
dose based on approximately 4 g of food 
consumed by a mouse per day (20). After 
overnight starvation, mice were infected with 

an intraperitoneal dose of 2 X lo4 toxoplas- 
ma of the RH strain (a  dose resulting in 
death of 100% of normal mice by day 8 or 
9) .  Twenty of the mice were immediately fed 
with food containing drug and another 10 
were used as controls. Three mice not infect- 
ed with toxoplasma were fed food containing 
drug to test toxicity. Rifampin was also fed 
to mice using the same procedures except a 
200 mg/’kg dose was used. In another feeding 
experiment rifampin at a dose of 500 mg/kg 
was administered orally by gavage immedi- 
ately after challenging mice with toxoplasma. 
The animals were fasted for 6 hr prior to 
gavage to facilitate rapid absorption. 

For intraperitoneal administration, rifamy- 
cin SV was dissolved in deionized HzO and 
administered daily in concentrations of 10, 
50, 100 and 200 mg/kg of mouse weight in a 
volume of 0.2 ml. The mice were infected 
with a dose of toxoplasma as described above 
4 hr prior to the first inoculation of drug. 
Ten of the infected mice were not treated, 
and 10 were inoculated with 0.2 ml deionized 
Hz0 daily. The 200 mg/kg dose of rifamy- 
cin SV was administered to 3 mice with no 
toxoplasma infection to test for toxicity. Ri- 
fampin was also administered intraperitoneal- 
ly a t  a dose of 40 mg/kg. 

TART,E T. Eff e r t  of Rifampin on Toxoplasnin Multiplication in L-Cells. 
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Organisills which had multiplied within a vacuole were counted as one invading organism. 
The total number given represents the sum of these plus the total number of undivided parasites. 
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Results. Effect of rifampin on replication 
of toxoplasma in L-cells. To determine the 
effect of rifampin on the multiplication of 
toxoplasma, varying concentrations of the 
drug were added to L-cell monolayers follow- 
ing iinfection (Table I and Fig. 1 ) .  At 8 hr 
only 45% of invading toxoplasma in un- 
treated cells had multiplied. That not all tox- 
oplasma divide under similar conditions has 
been noted previously by Lycke and Lund 
(21). In  cultures treated with a dose of 100 
pg/ml, only 25% of organisms had divided 
by 8 hr. Organisms dividing more than once 
were only observed in the untreated cell mon- 
olayers and in monolayers treated with 20 
pg//ml of rifampin. The 8 hr results shown in 
Table I are representative of those obtained 
in the 4 experiments performed and suggest 
that rifarnpin has an effect on the first divi- 
sion of toxoplasma. 

At 12 and 24 hr, the inhibition of multipli- 
cation beyond the first division by rifampin 
can clearly be seen. In  all experiments per- 
formed at  24 hr after infection, approximate- 
ly 50% of organisms divided more than once 
in untreated cell monolayers, whereas less 
than 5% did so in. monolayers treated with 
100 pg/ml of rifampin. Doses of 50 and 75 
pg/ml were also definitely inhibitory. A sig- 
nificant effect was not noted with 20 pg/ml a t  
24 hr and although this dose appeared to 
have some effect at 1 2  hr in the experiment 
in Table I, this was not observed in other 
experiments. 

By 12 and 24 hr many cells in monolayers 
treated with 5 0  pg/ml or less had been de- 
stroyed. At these time periods, the percentage 
of organisms which had multiplied once 
probably reflects reinvasion of the monolayer 
by parasites released from disrupted cells 
rather than division of organisms from the 
original challenge. The higher percentage of 
organisms multiplying once in those monolay- 
ers treated with 75 and 1010 pg/ml may also 

FIG. 1. Effect of rifampin on toxoplasma multipli- 
cation in L-cells. Cultures are a t  24 hr after in- 
fection with toxoplasma. A = treated with 100 pg of 
rifampin; B and C = untreated controls. Arrows in 
A poinit to organisms which have divided once; in B 
to rosettes of toxoplasma; in C to  cytoplasm 
filled with multiplying onganisms. 
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reflect newly infected cells. Figure 1 shows 
representative microscopic fields from a 
treated and an untreated monolayer 24 hr 
after infection. The remarkable difference in 
multiplication can be seen easily because of 
the large number of rosettes formed in the 
untreated cells. 

Since toxoplasma multiplies only within 
cells and its multiplication undoubtedly de- 
pends on certain host cell functions, the inhib- 
itory effect of rifampin on toxoplasma mul- 
tiplication could be due either to an effect on 
toxoplasma itself and/or to an effect on the 
host cell. Experiments were performed to test 
the effects of rifampin on toxoplasma alone 
and on L-cells in culture. 

Efiect of rifampin on toxoplasma RNA 
synthesis. Since the only specific biochemical 
effect known for rifampin is inhibition of 
RNA synthesis in bacterial cells by inhibition 
of the RNA polymerase reaction, expri-  
ments were performed to determine whether 
rifampin inhibits RNA synthesis in extracel- 
lular toxoplasma. Toxoplasma, purified free 
of mouse peritoneal cells, were incubated 
with :'H-uridine in the presence and absence 
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FIG. 2 .  Results of 2 experiments on the effect of 
dose (100 pg/ml) of rifampin Ion uptake of 3H- 
uridine by cell-free toxoplasm,a (see text). 
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FIG. 3 .  Effect of various concenltrations of rifam- 
pin on multiplication of L-cells. 

of rifampin. Figure 2 shows that rifampin a t  
100 pg/ml had no apparent inhibitory effect 
on the rate of incorporation of "-uridine 
into TCA precipitable RNA of toxoplasma 
over the 4 hr period. Similar results were 
obtained using 50 and 200 pg/ml of rifampin. 
In  each of the 4 experiments performed, 
uridine uptake was definitely greater in ri- 
fampin-treated toxoplasma than in untreated 
organisms. The reason for this is unclear. 

Eflect of rifampin on L-cells in cdture.  To 
determine the effect of rifampin on L-cells, 
the rate of growth of L-cells in culture with 
different concentrations of rifampin was de- 
termined. Figure 3 shows that the cell num- 
ber a t  least doubles each day in cultures 
without rifampin and with drug concentra- 
tions of 10 and 20 pg/ml there is only a 
slight reduction in the rate of cell growth. At 
40 pg/ml, however, there is marked inhibition 
of cell growth and a t  70 pg/ml the cell 
number in the cultures decreases progressive- 
ly. Within 12  hr after adding 40 or 80 g / m l  
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of rifampin to cultures, severe cytopathic 
changes in the cells were observed microscop- 
ically. Experiments with L-cells, similar to 
the ones with toxoplasma, to determine the 
effect of rifampin on "-uridine iiicorpora- 
tion into RNA showed that drug concentra- 
tions up to 100 pg/ml do not inhibit L-cell 
RNA synthesis confirming previous studies 
with other mammalian cells (13, 15). Thus 
rifampin exerts a significant toxic effect on 
L-cells at  the same concentrations which in- 
hibit toxoplasma multiplication. The enhanced 
uridine uptake noted in rifampin-treated toxo- 
plasma was not observed in L-cells. 

In  vivo studies. To determine the effec- 
tiveness of rifampin and rifamyin SV in ex- 
perimental toxoplasmosis, mice infected with 
the RH strain were fed laboratory chow in 
which these drugs were incorporated. In  2 
experiments, a dose of 300 mg/kg/24 hr of 
rifamycin SV did not provide protection as 
measured by mortality or prolongation of 
time to death. The therapeutic effectiveness 
of rifampin against toxoplasma in mice was 
also investigated, since it is rapidly absorbed 
through the intestinal tract, whereas rifamy- 
cin SV is not. Rifampin, when administered 
in the diet a t  200 mg/kg/24 hr or by gavage 
in 2 separate studies did not protect mice. 

Parenteral therapy employing 10 to 200 
mgJkg of rifamycin SV daily by the intra- 
peritoneal route afforded no protection in 
vivo against toxoplasma. On day 8, all mice 
had died and intrapritoneal inoculations 
were discontinued in uninfected, treated con- 
trol mice. Despite this, 2 of 3 mice receiving 
200 mg/kg died on the 11th and 13th days, 
respectively, reflecting direct toxicity of rifa- 
mycin SV at  this dose. Rifampin adminis- 
tered intraperitoneally did not protect mice 
in the one experiment performed. 

Discussion. The results described above 
detnonstrate the ability of rifampin to pre- 
vent multiplication of toxoplasma and there- 
by to protect cells from destruction by this 
parasite. The mechanism of inhibition of tox- 
oplasma multiplication in L-cell cultures by 
rifampin is not clear. 

Since rifampin was added to the L-cell 
cultures after toxoplasma infection had taken 
place, its action in this system appears to be 

intracellular. Our results indicate that RNA 
synthesis in cell-free toxoplasma is not inhib- 
ited by rifampin in concentrations more 
than 10.0 times that required to inhibit RNA 
synthesis in bacterial cells (1 1-15) and at  
the same concentrations which inhibit tox- 
oplasma multiplication in L-cells. This sug- 
gests that general inhibition of toxoplasma 
RNA synthesis is not the mechanism by 
which rifampin inhibits toxoplasma multipli- 
cation in L-cell cultures. Our data do not 
exclude that rifampin might selectively inhibit 
synthesis of a minor fraction of toxoplasma 
RNA which is too small to be detected in our 
experiments and which is essential for tox- 
oplasma multiplication. Such selective inhibi- 
tion of RNA synthesis is not known to occur 
in sensitive bacterial cells. Similarly, we can- 
not exclude that toxoplasma RNA synthesis, 
during the organisms' multiplication cycle 
within L-cells, in some way becomes sensitive 
to rifampin, although this would seem un- 
likely if the same enzyme is involved in tox- 
oplasma RNA synthesis under both condi- 
tions. We have not tested the effects of rifam- 
pin on other metabolic functions of purified 
toxoplasma. 

Because the toxicity of rifampin for L-cells 
and its inhibition of toxoplasma multiplica- 
tion occur a t  the same drug concentrations, it 
is possible that rifampin inhibits toxoplasma 
multiplication by its toxic effect on the L- 
cell. Inhibition of vaccinia and adenovirus 
(6, 7 )  replication in tissue culture occurs a t  
similar high rifampin concentrations suggest- 
ing the possibility of a similar mechanism on 
host cells although an effect on the replicat- 
ing parasites is not excluded. Although we 
have not elucidated the mechanism of rifam- 
pin toxicity on mammalian cells, the effect 
does not appear to be on specific inhibition of 
RNA synthesis and it occurs only at  100- to 
1000-fold higher drug concentrations than 
required to inhibit RNA synthesis in sensi- 
tive bacterial cells. A recent report ( 5 )  sug- 
gests that rifampin a t  100 pgJml may alter 
protein synthesis in uninfected as well as in 
vaccinia virus-infected HeLa cells and that 
this effect is not related to inhibition of RNA 
synthesis. Moss and his colleagues ( 2 2 )  
have reported that rifampin did not inhibit 
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vaccinia virus RNA polymerase and believe 
from their electron microscopy data that the 
primary effect of the drug is to interfere with 
the assembly of virus DNA and protein 
when the virus envelope is formed ( 2 3 ) .  
This suggests that the action of rifampin in 
sensitive bacterial cells and in the mammal- 
ian cell-toxoplasma and vaccinia virus sys- 
tems may be quite different. 

Despite the marked effect against toxoplas- 
ma replication in vitro in mammalian cells 
cultures, administration of rifamycin SV or 
rifampin by the oral or intraperitoneal route 
did aot confer protection against experimen- 
tal toxoplasma infection in mice as measured 
by percentage mortality and time to death. 
The lack of efficacy in vivo most likely 
reflects the relatively high doses of rifampin 
which were necessary to limit multiplication 
of toxoplasma in tissue culture. 

Rifampin in combination with drugs used 
in the treatment of toxoplasmosis (e.g., sul- 
fonamides and/or pyrimethamine) might en- 
hance their effectiveness and allay emergence 
of bone marrow toxicity by allowing for use 
of smaller doses of pyrimethamine. That such 
synergism may occur is suggested by studies 
of the drug in murine tuberculosis (24). 

The potential usefulness of this drug in 
combination with other antimicrobial agents 
in the treatment of toxoplasmosis in humans 
remains to be determined. 

Summary. Rifampin, a t  concentrations of 
50 pg/ml and greater, significantly inhibited 
multiplication of toxoplasma in L-cell cul- 
tures. Similar concentrations also inhibited 
growth of L-cells. No effect of rifampin was 
found on toxoplasma RNA synthesis in tox- 
oplasma preparations free of mammalian cells 
or on RNA synthesis in L-cells. Mice which 
had received rifampin in high doses by the 
oral or intraperitoneal routes were not pro- 
tected against lethal infection with tox- 
oplasma. 

We thank Dour Chemical Co. for their generous 
supply of rifampin. 

1. Hobby, G. L., Lenert, T. F., and Maier- 

Engallena, J., Amer. Rev. Resp. Dis. 99,453 (1969). 
2. Lorian, V., and Finland, M., .4ppl. Microbiol. 

17, 202 (1969). 
3. Becker, Y., and Zakay-Rones, Z., Nature (Lon- 

don) 222,851 (1969). 
4. Becker, Y., Asher, Y., Himmel, N., and Zakay- 

Rones, Z., Nature (London) 225,454 (1970). 
5. Ben-Ishai, Z., Heller, E., Goldblum, N., and 

Becker, Y., Nature (London) 224, 29 (1969). 
6. Subak-Sharpe, J .  H., Timbury, M. C., and 

Williams, J. F., Nature (London) 222, 341 (1969). 
7. Heller, E., Argaman, M., Levy, H., and Gold- 

blum, N., Nature (London) 222, 273 (1969). 
8. McCabe, W. R., and Lorian, V., Amer. J .  

Med. Sci. 256, 2.5’5 (1968). 
9. Brickner, P. W., J. Clin. Pharmacol. 9, 243 

(1969). 
10. Deal, W. B., and Sanders, E., N. Engl. J. 

Med. 281, 641 (1969). 
11. Frontali, L., Leoni, L., and Tecce, G., Nature 

(London) 203, 84 (1964). 
12. Hartmann, G., Honikel, K. O., Knusel, G., and 

Nuesch, J., Biochim. Biophys. Acta 145, 843 (1967). 
13. Wehrli, W., Nuesch, J., Knusel, F., and 

Staehelin, M., Biochim. Biophys. Acta 157, 215 
(1968). 

14. Sippel, A., and Hartmann, G., Biochim. Bio- 
phys. Acta 157, 218 (1968). 

15. Umezawa, H., Mizuno, S., Yanazaki, H., and 
Nitta, K., J. Antibiot. 21, 234 (1968). 

16. Tocchini-Valentini, G. P., Marino, P., and 
Colvill, .4. J., Nature (London) 220, 275 (1968). 

17. Di Mauro, E., Snyder, L., Marino, P., 
Lamberti, A,, Coppo, A., and Tocchini-Valentini, G. 
P., Nature (London) 222, 533 (1969). 

18. Remington, J. S., Bloomfield, M., Russell, E., 
and Robinson, W. S., Proc. SOC. Exp. Biol. Med. 
133,623 (1970). 

19. Remington, J. S., and Merigan, T. C., Science 
161, 804 (1968). 

20. Eyles, D. E., and Coleman, N., Antibiot. Chem- 
other. (Washington, D.C.) 4, 988 (1954). 

21. Lycke, E., and Lund, E., Acta Pathol. Micro- 
biol. Scand. 67, 276 (1966). 

22. MOSS, B., Katz, E., and Rosenblum, E. N., 
Biochem. Biophys. Res. Commun. 36, 858 (1969). 

23. MOSS, B., Rosenblum, E., Katz, E., and Grun- 
ley, P. M., Nature (London) 224, 1280 (1969). 

24. Verbist, L., and Gyselen, A., Amer. Rev. Resp. 
Dis. 98, 923 (1968). 

Received .4pr. 17, 1970. P.S.E.B.M., 1970, V O ~ .  135. 


