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Toxoplasmosis, caused by Toxoplasma gondii, is a common disease worldwide and could
be severe and even fatal in immunocompromised individuals and fetuses. Limitation in
current available treatment options drives the need to develop novel therapeutics. This
study assessed the anti-T. gondii potential of 103 marine natural products. A
luminescence-based β-galactosidase activity assay was used to screen the marine
natural products library. Afterward, those compounds that displayed over 70%
parasite inhibition ratio were further chosen to assess their cytotoxicity. Compounds
exhibiting low cytotoxicity (≥80% cell viability) were applied to evaluate the inhibition
efficacy on discrete steps of the T. gondii lytic cycle, including invasion, intracellular growth,
and egress abilities as well as the cell cycle. We found that both estradiol benzoate and
octyl gallate caused >70% inhibition of tachyzoite growth with IC50 values of 4.41 ± 0.94
and 5.66 ± 0.35 μM, respectively, and displayed low cytotoxicity with TD50 values of
34.11 ± 2.86 and 26.4 ± 0.98 μM, respectively. Despite their defects in inhibition of
invasion and egress of tachyzoite, the two compounds markedly inhibited the
tachyzoite intracellular replication. Flow cytometric analyses further suggested that the
anti-T. gondii activity of estradiol benzoate, rather than octyl gallate, may be linked to
halting cell cycle progression of tachyzoite from G1 to S phase. Taken together, these
findings suggest that both estradiol benzoate and octyl gallate are potential inhibitors for
anti-T. gondii infection and support the further exploration of marine natural products as a
thinkable source of alternative and active agents against T. gondii.
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INTRODUCTION

Toxoplasma gondii, an obligate intracellular protozoan prevalent in one-third of the world’s
population, has been thought of as relevant to public health mainly within the context of
postnatally acquired infection in immunocompromised patients or congenital toxoplasmosis
(Torgerson et al., 2015; Milne et al., 2020). Human infection could be acquired from food or
water contaminated with tissue cysts and/or oocysts (Attias et al., 2020). Within the
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immunocompetent individual, while the host’s immunity has a
positive effect on suppression of the proliferation of tachyzoite, it
fails to robustly eliminate parasites (Carlier et al., 2012).
Therefore, although chronic infections are mainly subclinical,
they often reactivate from bradyzoite to tachyzoite in patients
who are immunocompromised (such as HIV-infected patients
and immunosuppressed organ transplant patients) resulting in
high mortality. Importantly, due to the ability of T. gondii to
infect almost all warm-blooded animals, infection in animals,
especially livestock, not only causes the loss of livestock economy
but also makes them an important infection source (Li et al., 2015;
Hill and Dubey 2016).

Despite decades of research, however, a few advances have been
made in the treatment of toxoplasmosis (Dunay et al., 2018). To
date, the combination of sulfadiazine and pyrimethamine is still the
standardized treatment regimen for T. gondii infection (Neville et al.,
2015). Although both drugs are available to target the tachyzoite, the
active stage of infection, their deficiency in eliminating T. gondii
cysts, which contain a lot of bradyzoites, is responsible for induction
of chronic infection. Also, long-termmedication could lead to severe
hematological side effects and induce drug resistance (Montazeri
et al., 2018; Ben-Harari et al., 2017). Consequently, the limited
options of available treatment for toxoplasmosis patients underscore
the urgent need for searching for novel, more efficient, and safe
therapeutics for T. gondii infection.

In recent years, more attention has been paid to discover safer and
more effective drugs for toxoplasmosis treatment due to some
deficiencies in current drugs with severe side effects, parasite
resistance, and expensive drug prices. Natural products showing
reduced side effects have attracted increasing attention because of
their chemosensitizing activities and synergistic effects. Marine
natural products refer to compounds isolated from marine
microorganisms and phytoplankton, algae, sponges, cnidarians,
bryozoans, molluscs, tunicates, echinoderms, mangroves, and
other intertidal plants and microorganisms (Blunt et al., 2015).
Several marine natural products, such as polysaccharides, steroids,
fatty acids, carotenoids, halogenated compounds, and peptides, have
exhibited a large number of biological properties including anticancer
(Blunt et al., 2015; Saadaoui et al., 2020) and antiprotozoan activity
(Álvarez-Bardón et al., 2020; Nweze et al., 2021; Yoo et al., 2020;
Sanchez et al., 2013). Therefore, it is worthwhile to study the efficacy
of marine products in the treatment of toxoplasmosis.

Zhejiang and Shandong provinces, with a superior ocean
environment, are rich in marine resources. In this study, a
library of 103 marine natural products was screened to
identify those that suppress T. gondii growth in vitro. Products
with good anti-T. gondii activity and low host cell toxicity were
further evaluated for their effects on tachyzoite division and
proliferation in vitro.

MATERIALS AND METHODS

Chemicals
The Marine Natural Product Library containing 103 compounds
was obtained from the Natural Product Library (Cat #L1400;
Selleck, Shanghai, China) by searching the Dictionary of Marine

Natural Products in the ChemNetBase website (https://dmnp.
chemnetbase.com/faces/chemical/ChemicalSearch.xhtml) and
applied for preliminary screens against T. gondii. Estradiol
benzoate (Cat #S4110; Selleck) and octyl gallate (Cat #S9338;
Selleck) were also obtained from Selleck. These compounds were
dissolved with dimethyl sulfoxide (DMSO) into a 10 mM solution
and stored at −20°C. Pyrimethamine (Cat # 46706, Sigma-
Aldrich, Shanghai, China) was used as a reference drug. All
information of compounds is listed in Supplementary Table S1.

Parasites and Host Cells
T. gondii tachyzoites of the RH-2F strain, expressing
luminescence-based β-galactosidase (β-Gal) (Seeber and
Boothroyd, 1996), were maintained in monolayers of human
foreskin fibroblasts (HFFs, ATCC SCRC-1041) cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Gibco,
Invitrogen, Shanghai, China) made up of 10% (v/v) fetal
bovine serum (FBS; Gibco, Invitrogen, Australia) and a
cocktail of 1% (v/v) penicillin–streptomycin–glutamine (Cat #
10378016, Gibco) at 37°C and 5% CO2.

Preliminary screen
To determine inhibition of parasite growth, β-Gal activity assay was
performed in the preliminary screening as described previously (Liu
et al., 2020). In brief, each compound was diluted fresh by using
DMEM without phenol red to a final concentration of 10 μM and
added to confluent HFFs in a 96-well half-area plate. Then
mechanically released RH-2F tachyzoites were added at a
multiplicity of infection (MOI) of 0.2 (parasite/host cell ratio).
HFFs treated with 0.1% DMSO were used as the negative
control, and 10 μM pyrimethamine was used as the positive
control. After incubation for 72 h, 1 mM chlorophenol red-β-d-
galactopyranoside (CPRG; Cat # 220588, Sigma-Aldrich) was added
to the medium, and the absorbance was monitored at 560 nm. The
number of parasites was calculated according to the standard curves
made at the same time. Afterward, those compounds that displayed
over 70% parasite inhibition ratio were further chosen to assess their
cytotoxicity by using a CellTiter 96R AQueous One Solution Cell
Proliferation assay system (Promega Corp, United States) according
to manufacturer’s procedure. Compounds exhibiting low
cytotoxicity (≥80% cell viability) were evaluated for inhibition
efficacy in detail.

In vitro Assessment of Drug Efficacy
Either estradiol benzoate or octyl gallate was added to the first
column of HFFs (~500 cells/well) in a 96-well half-area plate at a
final concentration of 50 μM and then diluted serially across the
plate by twofold, leaving the final column drug free. As a result, the
exact concentration of each well was 50, 25, 12.5, 6.25, 3.125, 1.563,
0.781, 0.391, 0.195, and 0 μM, respectively. Fresh extracellular
tachyzoites were added to each well at an MOI of 0.2 and
incubated at 37°C and 5% CO2 for 72 h. The absorbance was
detected at 560 nm 24 h after addition of CPRG. Meanwhile, HFF
cells (1 × 105 cells/well) treated with different concentrations of
each compound were cultured in a 96-well plate at 37°C and 5%
CO2 for 72 h, and then their cytotoxicity was assessed as described
above. The exact concentration of the estradiol benzoate was 500,
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250, 125, 62.5, 31.25, 15.625, 7.813, 3.906, 1.953, and 0 μM. The
exact concentration of the octyl gallate was 100, 50, 25, 12.5, 6.25,
3.125, 1.563, 0.781, 0.391, and 0 μM. The assay was performed in
triplicate and repeated three times. The 50% toxicity dose to host
cell (TD50) and 50% inhibitory concentration to the parasite (IC50)
were calculated, and the therapeutic index (TI) of each compound
was defined as TD50/IC50.

Plaque Assay
The plaque assay was performed as described previously (Liu
et al., 2020). Monolayers of HFF in 24-well plates containing
5 μM of either estradiol benzoate or octyl gallate in triplicate were
infected with freshly released 100 tachyzoites. DMSO-treated
parasites were used as negative control, and the 10 mM
pyrimethamine-treated group was used as positive control.
Seven days after incubation, the wells were fixed with
methanol and stained with 1.5% crystal violet. The plaque area
of each group was measured with ImageJ software.

Invasion Assay
The invasion assay was performed as described previously (Wilson
et al., 2020) with minor modifications. RH-2F parasites were
inoculated in HFFs and pretreated with 5 μM of each compound
for 8 h. Then the freshly released tachyzoites (5 × 106) were added to
a new 24-well plate of HFFs with coverslips and each compound.
Plates were kept on ice for 15 min and subsequently put at 38°C for
30 min to allow the parasites to invade host cells. Infected cells fixed
with 4% paraformaldehyde were stained with mouse anti-T. gondii
SAG1 (1:5,000, Cat # ab8313; Abcam, United States) for 1 h
followed by antimouse Alexa Fluor 488 (1:1000, Invitrogen,
Shanghai, China) for 1 h. Next, cells were permeabilized with
0.25% Triton-X100 and blocked with 3% BSA. An incubation
step for 1 h with mouse anti-SAG1 was done followed by
staining with anti-mouse Alexa Fluor 594 (1:1,000, Invitrogen,
Shanghai, China) for 1 h. Parasite and host cell nuclei were then
stained with DAPI (4′,6-diamidino-2-phenylindole) for 5 min.
Intracellular parasites were shown as green−/red+, and the
extracellular parasites were shown as green+/red+ (yellow). The
proportion of the number of intracellular parasites to the total
number of tachyzoites was termed as the invasion ratio. Ten fields
were randomly selected under fluorescent microscope for counting,
and three repetitions were performed.

Intracellular Proliferation Assay
The intracellular proliferation assay was performed as described
previously (Liu et al., 2020). Monolayers of HFF in 24-well plates
were infected with fresh tachyzoites atMOI = 4. After 3 h, themedium
was replaced with fresh culture medium containing 5 μM of each
compound. Then 24 h later, the cells were fixed, permeabilized, and
stained with mouse anti-SAG1 for 1 h followed by anti-mouse Alexa
Fluor 594 for 1 h.At least 100parasitophorous vacuoleswere randomly
selected, and the number of parasites in each vacuole was counted.

Egress assay
The egress assay was performed as described previously (Wilson
et al., 2020) with minor modifications. Monolayers of HFF in 24-
well plates were infected with 1 × 104 tachyzoites followed by

incubation at 37°C and 5% CO2 in a medium containing 5 μM of
each compound for 24 h. Prior to egress assays, infected wells
were washed three times with prewarmed PBS. After the final
wash, the cells were treated with 3 μMA23187. The treated plates
were allowed to incubate at 5% CO2 and 37°C for 5 min before
addition of 100% methanol and immediate placement on ice for
10 min. Subsequently, IFA assay was carried out as described in
the invasion assay, and the proportion of the number of egressed
parasites to the total number of tachyzoites was termed as the
egress ratio. Ten fields were randomly selected under fluorescent
microscope for counting, and two repetitions were performed.

Flow Cytometric Analyses of the Cell Cycle
Flow cytometric analyses was performed as described previously
(Liu et al., 2020).Monolayers of HFFwere infected with tachyzoites
at MOI = 1. After 12 h, synchronization of cell cycle was performed
with 80 μM pyrrolidine dithiocarbamate (PDTC, Cat #S1809;
Beyotime) at 37°C and 5% CO2 for 8 h. Then the medium was
replaced with culture medium in the presence of 5 μM of each
compound. After 8 h, the extracellular parasites were removed by
cold PBS washing, and the intracellular tachyzoites were isolated
from host cells through a 27-gauge needle and purified with a 3-μm
filter. After centrifugation at 4°C for 10min at 1,000 × g, parasites
were fixed with 70% ethanol at −20°C for 24 h followed by cold 2%
FBSwashing. Parasites were stainedwith propidium iodide (PI; Cat
# PH0530, Phygene) at 37°C for 30min in the dark and then were
filtered with a 5-μm pore filter. Harvested parasites were detected
on FACSCanto™II flow cytometer (Beckman Coulter, CA,
United States), and the results were analyzed using FlowJo 7.6.1
software (FlowJo LLC, Ashland, OR, United States). At least 50,000
events were collected per sample.

Statistical Analysis
GraphPad Prism 8.0 software (GraphPad Software Inc., San
Diego, CA, United States) was used to analyze all the data.
Data were plotted and are presented as the mean of three

FIGURE 1 | Primary small-molecule screening of different compounds
that show anti-Toxoplasma gondii activity and less cytotoxicity. Human
foreskin fibroblast (HFF) cells infected with RH-2F were cultured with 10 μM of
each compound for 72 h, and then parasite growth was detected by β-
Gal activity. The dimethyl sulfoxide (DMSO) group was used as negative
control group to calculate the inhibition rate. In addition, among the
compounds that inhibited parasite growth more than 70%, we screened the
compounds with less cytotoxicity (≥80% cell viability). Red triangles, no host
cell toxicity (D45 refers to estradiol benzoate; D88 refers to octyl gallate); blue
diamonds, host cell toxicity; black circles, less than 70% parasite inhibition.
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replicates ± standard deviation (SD). The TD50 and IC50 values
were plotted through a nonlinear regression analysis (curve fit).
Phenotypic assay data were analyzed with two-tailed Student’s
t-test or one-way ANOVA with Tukey’s post-hoc test. A value of
p < 0.05 was considered statistically significant.

RESULTS

Preliminary screening identified two
anti-Toxoplasma compounds
We screened 103 marine natural products to identify novel drugs
that were anti-T. gondii (Supplementary Table S1). Our selection

criteria aimed to identify compounds that caused parasite growth
inhibition (at least 70% inhibition ratio) and had low cytotoxicity
toward the host cell (at least 80% cell viability ratio). Two
compounds, estradiol benzoate (parasite inhibition ratio:
73.0 ± 0.9%; host viability ratio: 136.4 ± 2.5%) and octyl gallate
(parasite inhibition ratio: 80.4 ± 1.0%; host viability ratio:
98.6 ± 8.8%), matched our criteria (Figure 1).

Evaluation of the Anti-Toxoplasma Activity
and Cytotoxicity of Two Compounds
To further evaluate the efficiency of estradiol benzoate and octyl
gallate on anti-T. gondii activity, the growth inhibition of the

FIGURE 2 | Estradiol benzoate and octyl gallate have dose-dependent inhibitory effect on T. gondii growth. (A) Molecular structures and molecular weights of
estradiol benzoate and octyl gallate. (B) Dose–response response curves and IC50 values for estradiol benzoate and octyl gallate. RH-2F tachyzoite-infected HFFs were
incubated with serial concentrations (0–50 μM) of the test compounds, and β-Gal activity was measured to evaluate parasite growth. (C) TD50 values of estradiol
benzoate on HFF cells. HFF cells were incubated with various concentrations (0–500 μM) of estradiol benzoate for 72 h, and its cytotoxicity was evaluated. (D) TD50

values of octyl gallate on HFF cells. HFF cells were incubated with various concentrations (0–100 μM) of octyl gallate for 72 h, and its cytotoxicity was evaluated.
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parasite by estradiol benzoate and octyl gallate (Figure 2A) was
tested against the RH-2F strain expressing β-gal, allowing
colorimetric quantitation of T. gondii. The results showed that
estradiol benzoate and octyl gallate inhibit parasites at IC50 values
of 4.41 ± 0.94 and 5.66 ± 0.35 μM (estradiol benzoate vs. octyl
gallate: p = 0.095), respectively (Figure 2B). To analyze the
cytotoxicity of each compound on HFF host cells in vitro, we
examined cell proliferation using an MTT assay. The TD50 values
of estradiol benzoate and octyl gallate were found to be

34.11 ± 2.86 and 26.4 ± 0.98 μM (estradiol benzoate vs. octyl
gallate: p = 0.012), respectively (Figures 2C,D). According to
the results above, the in vitro TI was calculated to be 7.7 for
estradiol benzoate and 4.7 for octyl gallate.

Next, we performed a plaque assay to validate the effect of each
compound on parasite and host cell. Seven days after incubation,
we observed that the monolayer of HFF was intact, further
indicating the low cytotoxicity of the two compounds.
Importantly, the parasites treated with estradiol benzoate

FIGURE 3 | Effects of estradiol benzoate and octyl gallate on the lytic cycle of parasites. (A)HFFmonolayers infected with 100 tachyzoites were treated with 5 μMof
estradiol benzoate, octyl gallate, or pyrimethamine for 7 days. (B) Plaque areas were measured and shown as the mean ± SD from one experiment representative of
three independent experiments.

FIGURE 4 | Estradiol benzoate and octyl gallate have no effect on invasion and egression of T. gondii. (A) Representative immunofluorescence micrographs of
intracellular and extracellular parasites are shown, and the percentage of invaded parasites after treatment was calculated, respectively. (B) Representative
immunofluorescence micrographs of egressed parasites are shown, and the percentage of egressed parasites was calculated. The mean ± SD from one experiment
representative of three independent experiments was shown. Scale = 5 μm.
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(0.11 ± 0.04) and octyl gallate (0.71 ± 0.21) displayed
approximately 93% and 55% reductions in the plaque area
compared with the vehicle control (1.56 ± 0.71), respectively
(Figure 3). Also, we noticed that estradiol benzoate inhibition
in forming of plaque is comparable with pyrimethamine
(0.2 ± 0.07, 87% reduction in plaque area). The results suggest
that the two compounds indeed inhibit the replication of
tachyzoites.

The Two Compounds Inhibit the
Intracellular Growth of Toxoplasma
To unravel the mode of the anti-T. gondii action of the two
compounds, we sought to determine whether any step of the
lytic cycle of the parasite was impaired. We found that both
estradiol benzoate and octyl gallate did not robustly suppress
the ability of parasites to invade (estradiol benzoate:
0.52 ± 0.01; octyl gallate: 0.54 ± 0.02; vehicle control:
0.54 ± 0.01) and egress (estradiol benzoate: 0.77 ± 0.01; octyl
gallate: 0.81 ± 0.06; vehicle control: 0.76 ± 0.03) (Figure 4).
However, both compounds displayed potent ability to inhibit
tachyzoite intracellular growth, as shown by the accumulation
of vacuoles with mostly one, two, or four tachyzoites (Figures
5A,B). By contrast, the parasites treated with DMSO were
mainly composed of vacuoles containing eight tachyzoites

(DMSO: 0.51 ± 0.10; estradiol benzoate: 0 ± 0; octyl gallate:
0.18 ± 0.04).

Estradiol Benzoate Inhibits the Cell Cycle of
Tachyzoites
To clarify their potential mode of anti-T. gondii action, we sought
to investigate the effect of the two compounds on parasite cell cycle
progression by using flow cytometry. We noticed that estradiol
benzoate (0.91 ± 0.08), rather than octyl gallate (0.65 ± 0.02),
markedly resulted in a G1 accumulation peak compared with
the mock treatment (0.64 ± 0.04) (Figures 5C, D),
demonstrating that estradiol benzoate deferred or halted the cell
cycle of tachyzoites by stumbling progression from G1 to S phase.

DISCUSSION

In this study, 103 marine natural products were screened and
evaluated to discover novel marine-derived anti-T. gondii agents,
and two compounds, estradiol benzoate and octyl gallate, were
identified with high anti-T. gondii activity and low cytotoxicity. In
addition, the key to the development and eventual utilization of
anti-T. gondii compounds will be to maximize host cell selectivity.
To this end, therapeutic index was used to assess the selectivity of

FIGURE 5 | Inhibitory effects of estradiol benzoate and octyl gallate on parasite intracellular replication. (A) HFFs infected with RH-2F were treated with estradiol
benzoate, octyl gallate, or DMSO for 24 h. The cells were fixed and detected using IFA. Immunofluorescence micrographs of intracellular parasites are shown. (B) The
number of parasites per vacuole were counted. The percentage of vacuoles containing different numbers of parasites was shown as the mean ± SD from one
experiment representative of three independent experiments. Scale = 5 μm. (C) Flow cytometric analysis of the effects of estradiol benzoate and octyl gallate on cell
cycle progression. Propidium iodide (PI) staining was used to measure the DNA contents. (D) The percentage of parasites in the S/M and G1 phases of the cell cycle.
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both compounds. We found that the improved selectivity of
estradiol benzoate and octyl gallate against T. gondii over host
cells was paralleled by an approximate five- and eightfold greater
potency, respectively. Importantly, the plaque assay revealed that
the inhibitory activity of both compounds was comparable with
that of pyrimethamine (Figure 3B). A previous investigation also
showed that the TI value of sulfadiazine and pyrimethamine,
which are currently used in the clinical treatment of
toxoplasmosis, was ≤1 and ≤8, respectively (Kamau et al.,
2012). Taken together, these findings suggest that the two
compounds, especially estradiol benzoate, may be desirable
agents for T. gondii therapy.

Estradiol benzoate is an estradiol analog that contains a benzyl
ester at the C-3 position, and the compound binds to estrogen
receptor α (ERα) in humans and mice (Matthews et al., 2000). The
role of estradiol is not fully understood, but studies have shown that
estradiol plays an important role in neurodegenerative diseases in
an anti-inflammatory fashion (Marin and Diaz, 2018; Aguirre-
Vidal et al., 2017; Sahab-Negah et al., 2020), since estradiol can
upregulate the synthesis and secretion of inflammatory factors, e.g.,
TNFα, CXCL-8, IL-8, and IL-6 (Aguirre-Vidal et al., 2020). In
addition, estradiol can regulate the estrogen receptor and growth
factor signaling pathways to induce apoptosis (Hossain et al.,
2021). In our phenotypic experiments, estradiol benzoate was
also found to arrest the cell cycle and thereby inhibit tachyzoite
proliferation. However, a previous in vivo study showed that the
addition of estradiol benzoate to either atovaquone-treated group
or the combination treatment ofmetronidazole and spiramycin did
not exhibit more effect in reducing the brain cyst burden in T.
gondii-infected male mice (Hegazy et al., 2019). Nevertheless, due
to the excellent inhibition efficiency in parasite growth and low
cytotoxicity to host cell, we think that the estradiol benzoate
treatment conditions, such as dose, period, and route of
administration, needed to be further optimized.

Octyl gallate (3,4,5-trihydroxybenzoate), an alkyl gallate, is a
widely used food additive and has been reported to possess broad
antimicrobial (Fujita and Kubo, 2002; Saibabu et al., 2020; Uozaki
et al., 2007) and anticancer (Sales et al., 2018) activities. However,
there is a different mechanism of octyl gallate in antifungal and
antiviral activities. The antifungal activity mainly associates with
its antioxidant activity, which causes fungal mitochondrial
dysfunction and subsequently increase intracellular reactive
oxygen species (ROS) level (Saibabu et al., 2020), while
virucidal activity of octyl gallate may contribute to directly
inactivate a virus by inhibition of the transcriptional and/or
genomic replication of the virus (Uozaki et al., 2007; Yamasaki
et al., 2007). In this study, we found that octyl gallate effectively
inhibits parasite intracellular growth. By the combination of
intact morphology of host cell observed through plaque assay
and high TI value, we speculate that octyl gallate suppresses
parasite intracellular growth by hindering a parasite rather than a
host target, though further research is needed to confirm that.

Despite both estradiol benzoate and octyl gallate exhibiting
outstanding antiparasitic activity, the corresponding target of
both compounds in T. gondii has not been identified.
Consequently, the exact mechanism is still unclear and needs
to be investigated next. On this basis, it is necessary to study their

toxicology and optimize their structure. Meanwhile, due to the
lack of type II strain of Toxoplasma, an avirulent strain that can be
induced to form cysts in vitro, we cannot evaluate whether both
compounds are available to inhibit the formation of cyst or
eliminate bradyzoite. Finally, to assess the therapeutic effect of
the two compounds in mice infected with T. gondii, it is necessary
to determine the concentration and duration of treatment.

In brief, we identified two targets with anti-T. gondii activity
and low cytotoxicity from a library of 103 natural marine
products. Although the mechanism of action against T. gondii
clearly needs further investigation, available data suggest that
these two products are hopeful candidates for the treatment of
toxoplasmosis.
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