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The anti-Toxoplasma activities of nine antiretroviral drugs were examined in vitro. Nucleoside analogs had
no effect on parasite growth, whereas ritonavir and nelfinavir were inhibitory for Toxoplasma, with 50%
inhibitory concentrations of 5.4 and 4.0 mg/ml, respectively. None of the antiviral drugs affected the anti-Toxo-
plasma activity of pyrimethamine or sulfadiazine.

In human immunodeficiency virus (HIV)-infected patients,
the recommended treatment or prophylaxis for toxoplasmic
encephalitis is a combination of a sulfonamide and a dihydro-
folate reductase inhibitor (8, 13). An additional therapeutic
benefit can also be expected from antiretroviral therapy
through the restoration of host antimicrobial immunity. How-
ever, one study showed that azidovudine (AZT) negatively
interfered with the antiparasitic effect of pyrimethamine (7); in
contrast, didanosine (ddI) was found to have in vitro and in
vivo activity against Toxoplasma gondii (12). Thus, our objec-
tive was to extend these studies by testing the anti-Toxoplasma
activities of five nucleoside analogs and four protease inhibi-
tors and their possible in vitro interaction with pyrimethamine
and sulfadiazine, as first-line anti-Toxoplasma drugs.

We used tachyzoites of the virulent RH strain of T. gondii.
Tissue cultures and drug tests were carried out using MRC5
fibroblast tissue cultures as previously described, with quanti-
fication of Toxoplasma growth by enzyme-linked immunosor-
bent assay (ELISA) (4). The following drugs were tested: AZT,
lamivudine, ddI, stavudine, zalcitabine, ritonavir, indinavir,
nelfinavir, and saquinavir. Stock solutions (10 mg/ml) were
prepared in distilled water, except for ritonavir, which was
dissolved in methanol, and saquinavir, which was dissolved in
50% methanol–50% acetone. Pyrimethamine and sulfadiazine
(Sigma) were dissolved at 1 mg/ml in 50% methanol–50%
acetone. Serial dilutions were then prepared in culture me-
dium. Each antiviral drug was tested at serial concentrations
ranging from 5 3 1025 to 100 mg/ml (final concentration).
Each concentration was tested in eight replicate wells and in
two replicate culture plates. For assessing the interaction be-
tween drugs, combinations of three concentrations of each
antiparasitic drug and four concentrations of each antiviral
drug were tested in a two-dimensional test. From the results of
previous experiments (4) and from individual tests of antiviral
drugs, we selected concentrations that resulted in a range of
inhibition from noninhibitory to completely inhibitory. For
antiviral drugs that had no anti-Toxoplasma activity, we se-
lected the highest concentration that was found to be nontoxic
for the monolayer and three fivefold dilutions of this concen-
tration. Each experiment used two or three replicate plates in
which each drug or drug combination was tested in four rep-
licate wells. All experiments were repeated twice. The effect of
each drug at various concentrations was described by plotting

the optical density (OD) values generated by the ELISA as a
function of the logarithm of the concentration. A linear regres-
sion model was used to summarize the concentration-effect
relationship and to determine the 50% inhibitory concentra-
tion (IC50). The effect of the drugs in combination was tested
by using a two-way analysis of variance which included the
estimation of an interaction factor (4).

ddI, zalcitabine, stavudine, and lamivudine had no inhibitory
effect on Toxoplasma growth, and no toxicity to the monolayers
was observed by microscopic examination. With AZT and indi-
navir, an inhibitory effect was noted at 100 mg/ml without
significant toxicity to the host cells (Fig. 1A and B). Saquinavir
was inhibitory at concentrations of $20 mg/ml, which were also
found to be toxic for the monolayers. Ritonavir and nelfinavir
were inhibitory for Toxoplasma at concentrations of ,10 mg/ml
(Fig. 1C and D). Both ritonavir and nelfinavir were noninhibi-
tory at concentrations of #2 mg/ml, and a marked increase of
the inhibitory effect was observed with between 2 and 10 mg/ml,
the concentration at which Toxoplasma growth was completely
inhibited. A toxic effect on the monolayers was noted with
nelfinavir at 20 mg/ml and with ritonavir at 40 mg/ml. The IC50s
were estimated to be 5.4 mg/ml (95% confidence interval, 4.5 to
6.9 mg/ml) for ritonavir and 4.0 mg/ml (95% confidence inter-
val, 3.4 to 5.2 mg/ml) for nelfinavir.

With the two-way analysis of variance that was used for
assessing the drug combinations, the effect of each drug and
the interaction effects of drugs in combination were estimated,
taking into account the individual effect of each drug as well as
the intra- and interplate variability. The synergistic effect of the
combination of pyrimethamine with sulfadiazine was con-
firmed (Table 1), and combinations of one of the antiretroviral
drugs with pyrimethamine or sulfadiazine were analyzed. For
all combinations tested, there was no significant interaction
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TABLE 1. Inhibitory effect of pyrimethamine combined
with sulfadiazine

Concn of
sulfadiazine

(mg/ml)

OD value (103) at the indicated pyrimethamine
concn (mg/ml)a

0 0.01 0.05 0.5

0 838 6 60 855 6 65 679 6 70 73 6 23
0.02 756 6 74 819 6 32 233 6 51* 42 6 27
0.2 393 6 54 140 6 39* 26 6 14* 15 6 14*
2 37 6 9 18 6 11 14 6 13 14 6 6

a Mean 6 standard deviation; each value represents the results from 8 to 12
replicate wells from 2 or 3 replicate plates. P values were calculated for the
interaction effect. *, P , 1024.
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effect. Drugs that individually had no inhibitory effect against
T. gondii did not alter or enhance the anti-Toxoplasma activity
of sulfadiazine or pyrimethamine. When antiretroviral drugs
that were found to have an inhibitory effect on T. gondii were

combined with pyrimethamine or sulfadiazine, an additional
but not synergistic effect resulted (Tables 2 and 3). We con-
clude that these antiviral drugs had no interaction effect in
vitro on the anti-Toxoplasma activity of pyrimethamine or sul-

FIG. 1. In vitro effect of antiviral drugs on T. gondii growth in MRC5 tissue culture. Each graph shows the OD value (31,000) from ELISA with infected monolayers
(y axis) versus drug concentration (x axis) for AZT (A), indinavir (B), ritonavir (C), and nelfinavir (D).

TABLE 2. Inhibitory effect of AZT and indinavir, combined with sulfadiazine or pyrimethamine

Drug and concn
(mg/ml)

OD value (103) at indicated drug concn (mg/ml)a

AZT Indinavir

0 1 5 25 100 0 1 5 25 100

Sulfadiazine
0 630 6 106 642 6 131 626 6 97 648 6 78 376 6 103 734 6 86 762 6 97 692 6 71 654 6 107 287 6 85
0.02 512 6 91 523 6 103 554 6 97 537 6 81 309 6 77 605 6 111 666 6 55 637 6 122 624 6 114 254 6 91
0.2 209 6 51 172 6 40 201 6 45 169 6 45 135 6 27§ 188 6 92 284 6 122 400 6 116 249 6 107 62 6 31§
2 31 6 26 27 6 15 30 6 20 27 6 20 27 6 19 28 6 18 42 6 30 36 6 16 26 6 20 31 6 21

Pyrimethamine
0 932 6 104 1,013 6 75 989 6 109 898 6 145 743 6 83 697 6 143 813 6 120 837 6 84 837 6 90 330 6 32
0.01 959 6 104 1,062 6 105 927 6 106 908 6 112 703 6 82 643 6 136 755 6 110 800 6 164 791 6 122 339 6 56
0.05 706 6 84 702 6 52 666 6 97 679 6 57 587 6 65§ 552 6 38 603 6 86 745 6 112 795 6 103 250 6 51§
0.25 100 6 36 107 6 65 92 6 50 92 6 19 81 6 22 80 6 40 79 6 16 76 6 11 78 6 29 84 6 29

a Each value represents the results from 8 to 12 replicate wells from 2 or 3 replicate plates. P values were calculated for the interaction effect. §, additive but not
synergistic effect (P . 0.05).
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fadiazine. In particular, we found no antagonistic effect be-
tween AZT and pyrimethamine, as had been previously re-
ported by Israelski et al. (7), and this was confirmed with four
other nucleoside analogs.

Our study revealed that several antiretroviral drugs were
inhibitory for T. gondii. In contrast to Sarciron et al. (12), we
found no inhibitory effect with ddI at concentrations up to 100
mg/ml. There is no clear explanation for this discrepancy, ex-
cept that we used a more virulent strain of T. gondii and that
cultures were prepared with fibroblasts instead of phagocytic
THP1 cells. We found that ritonavir and nelfinavir were highly
inhibitory for Toxoplasma growth, with IC50s of 5.4 and 4.0
mg/ml, respectively (i.e., concentrations that can be achieved in
humans [5, 6, 9, 10]). The mode of action of HIV protease
inhibitors on T. gondii remains to be elucidated. Indeed, sev-
eral proteases already have been found in protozoa (3, 11), but
evidence of the target enzyme of HIV protease inhibitors, i.e.,
aspartyl protease, has not yet been found in T. gondii. Our data
suggest that this enzyme is present in T. gondii and that it plays
a role in parasitic replication. Recent data showing that aspar-
tyl protease is also present in fungi and can be inhibited by
anti-HIV protease inhibitors (1, 2) also indicate that this en-
zyme could be a target for various microorganisms. In these
other two studies, ritonavir was a potent inhibitor of Candida
albicans and Pneumocystis carinii, as we found in this study for
T. gondii. In addition to this direct pharmacological effect on
parasitic growth, ritonavir and nelfinavir also may have an
indirect effect on the host cell through enhancement of the
respiratory burst of neutrophils (D. Ghanimi, A. Perianin,
J. Morini, M. Levacher, I. Florentin, J. Giroud, and B. Rouveix,
Abstr. 39th Intersci. Conf. Antimicrob. Agents Chemother.,
abstr. 1831, 1999). This mechanism could be of particular im-
portance for an intracellular parasite such as T. gondii.
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TABLE 3. Inhibitory effect of ritonavir and nelfinavir, combined with sulfadiazine or pyrimethamine

Drug and concn
(mg/ml)

OD (103) at indicated drug concn (mg/ml)a

Ritonavir Nelfinavir

0 1 2 5 25 0 0.5 2 5 10

Sulfadiazine
0 633 6 43 611 6 50 596 6 49 472 6 38 33 6 16 762 6 128 810 6 87 767 6 73 423 6 133 80 6 113
0.02 632 6 34 631 6 88 632 6 63 463 6 43 29 6 12 695 6 62 754 6 109 690 6 64 454 6 106 15 6 11
0.2 421 6 77 455 6 99 555 6 39 383 6 63 14 6 13§ 264 6 69 370 6 84 526 6 109 556 6 95 14 6 12§
2 14 6 11 52 6 25 31 6 17 64 6 75 6 6 6§ 14 6 12 31 6 23 38 6 29 57 6 30 24 6 16

Pyrimethamine
0 705 6 58 766 6 107 756 6 105 628 6 47 32 6 29 821 6 77 855 6 65 842 6 67 578 6 190 15 6 17
0.01 672 6 128 830 6 115 854 6 128 614 6 43 24 6 17 764 6 69 819 6 32 808 6 65 625 6 106 9 6 7
0.05 595 6 69 543 6 120 607 6 55 500 6 45 15 6 17§ 603 6 48 565 6 80 560 6 50 583 6 97 10 6 8
0.25 120 6 35 83 6 50 105 6 32 75 6 44 17 6 16§ 11 6 9 25 6 14 16 6 15 29 6 23 11 6 8

a Each value represents the results from 8 to 12 replicate wells from 2 or 3 replicate plates. P values were calculated for the interaction effect. §, additive but not
synergistic effect (P . 0.05).
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