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Current therapies against toxoplasmosis are limited, and drugs have significant side effects and low efficacies. We evaluated the
potential anti-Toxoplasma activity of propranolol at a dose of 2 or 3 mg/kg of body weight/day in vivo in the acute and chronic
phases. Propranolol as a cell membrane-stabilizing agent is a suitable drug for inhibiting the entrance of Toxoplasma gondii
tachyzoites into cells. The acute-phase assay was performed using propranolol, pyrimethamine, and propranolol plus pyrimeth-
amine before (pretreatment) and after (posttreatment) intraperitoneal challenge with 1 � 103 tachyzoites of the virulent T. gon-
dii strain RH in BALB/c mice. Also, in the chronic phase, treatment was performed 12 h before intraperitoneal challenge with
1 � 106 tachyzoites of the virulent strain RH of T. gondii in rats. One week (in the acute phase) and 2 months (in the chronic
phase) after postinfection, tissues were isolated and DNA was extracted. Subsequently, parasite load was calculated using quanti-
tative PCR (qPCR). In the acute phase, in both groups, significant anti-Toxoplasma activity was observed using propranolol (P <
0.001). Propranolol in the pretreatment group showed higher anti-Toxoplasma activity than propranolol in posttreatment in
brain tissues, displaying therapeutic efficiency on toxoplasmosis. Also, propranolol combined with pyrimethamine reduced the
parasite load as well as significantly increased survival of mice in the pretreatment group. In the chronic phase, anti-Toxoplasma
activity and decreased parasite load in tissues were observed with propranolol. In conclusion, the presented results demonstrate
that propranolol, as an orally available drug, is effective at low doses against acute and latent murine toxoplasmosis, and the effi-
ciency of the drug is increased when it is used in combination therapy with pyrimethamine.

Toxoplasmosis is a widespread infection caused by the obligate
intracellular protozoan parasite Toxoplasma gondii (1). Toxo-

plasma is classified by the National Institutes of Health and Cen-
ters for Disease Control (CDC) as a category B human-infectious
pathogen. Over 1 billion people are estimated to be infected with
T. gondii globally (2). Toxoplasmosis in immunocompetent peo-
ple is usually asymptomatic or appears as flulike symptoms, swol-
len lymph glands, muscle aches, and pain that may last from a few
days to several weeks (3). In HIV-positive individuals and patients
with other immunosuppressive disorders, toxoplasmosis may
cause severe symptoms, such as necrotizing encephalitis, pneu-
monitis, chorioretinitis, and myocarditis, and death (4, 5).

Furthermore, acute infection during pregnancy is a major
cause of spontaneous abortion, gastrointestinal complications, in-
trauterine fetal death, preterm delivery, or serious fetal malforma-
tions, including encephalitis and ocular and cerebral syndromes.
Recently, infections with T. gondii have also been linked to possi-
ble increased risk for autism and early onset of schizophrenia (2,
5). In addition, toxoplasmosis is considered the third most com-
mon nosocomially acquired foodborne disease and can lead to
death if it is not treated (2).

The recommended drugs for treatment or prophylaxis of tox-
oplasmosis are pyrimethamine and sulfadiazine. These drugs have
side effects such as neutropenia, severe drop of platelet count,
thrombocytopenia, leucopenia, elevation in serum creatinine and
serum liver enzymes, hematological abnormalities, and hypersen-
sitivity reactions (6). In addition, other drugs, such as azithromy-
cin, clarithromycin, spiramycin, atovaquone, dapsone, and co-
trimoxazole (trimethoprim-sulfamethoxazole), have been used
for clinical toxoplasmosis (7–10). Spiramycin monotherapy can

be effective during the early stage of pregnancy to prevent prenatal
transmission. More than 50% of patients treated with spiramycin
retained T. gondii DNA in blood and remained infected (2). So, for
prevention/eradication of the chronic infection or protection
against congenital toxoplasmosis, current chemotherapy is not
safe or effective. Therefore, it is necessary to investigate new and
more-effective therapeutic agents with low toxicity to treat this
disease (2, 7, 11).

T. gondii during the host cell invasion attaches to the host cell
with its apical end. This mechanism often occurs as a direct result
of active gliding motility. Moreover, surface antigens such as per-
forinlike protein aid in the interaction between the tachyzoite and
the host cell. The process is accompanied by three sequentially
discharged sets of morphologically and functionally distinct secre-
tory organelles: micronemes, rhoptries, and dense granules. Inva-
sion occurs faster than phagocytosis. Disruption of any of these
essential functions would be expected to kill or inhibit the parasite
(12, 13).

It is known that the cell membrane-stabilizing drugs change
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the resistance of the cell membrane by blocking the actin gel and
interfering with microfilament functions (14, 15). Previously, we
have shown that ketotifen at 2 mg/kg of body weight (16), chro-
molyn sodium at 10 mg/kg (17), and propranolol at 2 or 3 mg/kg
(18) used as cell membrane-stabilizing drugs inhibited T. gondii
penetration into nucleated cells. The aim of the present study was
to determine propranolol anti-Toxoplasma activity during the
acute and chronic phases of experimental toxoplasmosis in a mu-
rine model.

MATERIALS AND METHODS
Parasites used in acute and chronic phases. Tachyzoites of the virulent
strain RH of T. gondii, routinely obtained by serial intraperitoneal pas-
sages in BALB/c female mice, were used for experiments. To prepare fresh
tachyzoites, briefly, 0.5 ml of parasite suspension in sterile phosphate-
buffered saline (PBS; pH 7.4) containing 100 IU/ml penicillin and 100
�g/ml streptomycin was injected in the mouse peritoneum, and
tachyzoites were harvested after 3 to 4 days from peritoneal exudates. The
number of tachyzoites was determined by counting in a hemocytometer
under a light microscope. For challenge, suspensions adjusted to 1 � 103

tachyzoites/ml of PBS were inoculated intraperitoneally to female BALB/c
mice in the acute phase. In the chronic phase, 1 � 106 tachyzoites/ml were
inoculated intraperitoneally into female rats (19, 20).

Mice in the acute phase and rats in the chronic phase. Six-week-old
inbred female BALB/c mice weighing 18 to 20 g were used for this exper-
iment in the acute phase; 8- to 10-week-old female rats weighing 100 to
120 g were used for this experiment in the chronic phase. The study un-
derwent ethical review and was given approval by the Ethics Committee of
Mazandaran University of Medical Sciences. Care and use of experimental
animals complied with local animal welfare laws, guidelines, and policies.
All experimental animals were housed in cages (n � 4) under standard
laboratory conditions (with an average temperature of 20 to 25°C) and
were given drinking water and a regular mouse or rat diet (21).

Experimental design and groups in acute and chronic phases. Acute-
phase experiments were performed in two separate pretreatment and
posttreatment groups. In each group, 24 female BALB/c mice in six sub-
groups (n � 4) were used for the assessment of anti-Toxoplasma effects of
drugs, including propranolol at 2 mg/kg/day, propranolol at 3 mg/kg/day,
pyrimethamine (50 mg/kg/day) plus propranolol (2 mg/kg/day), pyrim-
ethamine (50 mg/kg/day) plus propranolol (3 mg/kg/day), pyrimetham-
ine (50 mg/kg/day) (as the positive control), and PBS (as the negative
control). Drugs were dissolved and diluted in PBS and used freshly. Ini-
tially, for control of drug side effects, a preliminary experiment was con-
ducted on mice receiving the same dose of drugs for 3 days, and no mor-
tality or clinically significant toxicity was observed.

In the acute-phase assays, the study was performed in two sections:
pretreatment and posttreatment. In the pretreatment group, drug injec-
tions were performed 48, 24, and 4 h before challenge with 1 � 103 T.
gondii tachyzoites. In another set of experiments, in the posttreatment
group, drugs were injected 4, 24, and 48 h after challenge with the same
dose. Infected mice were kept for 7 days, and the animals were observed
daily for mortality. Afterwards, brain and eye tissues of BALB/c mice were
isolated. Parasite load was calculated using quantitative PCR (qPCR) tar-
geting the RE gene (38). In the chronic phase, 20 female rats in four
subgroups (n � 5) were used for assessment of anti-Toxoplasma effects of
drugs, including propranolol at 2 mg/kg/day, propranolol at 3 mg/kg/day,
pyrimethamine (50 mg/kg/day) (as the positive control), and PBS (as the
negative control). Drugs were dissolved and diluted in PBS and used fresh.
Initially, for control of drug side effects, a preliminary experiment was
conducted on mice receiving the same dose of drugs for 1 week, and no
mortality or clinically significant toxicity was observed. Treatment was
performed 12 h before intraperitoneal challenge with 1 � 106 tachyzoites
of the virulent strain RH of T. gondii in rats. Two months after infection,
brain, eye, and spleen tissues were isolated and the parasite load was cal-
culated using qPCR targeting the RE gene (Fig. 1).

DNA extraction. Tissues were harvested from each mouse. Afterward,
tissue and tachyzoite DNAs were extracted using the Viogen Tissue DNA
extraction kit (catalog number GG2001-50) according to the manufactur-
er’s instructions.

Detection of T. gondii RE gene by qPCR. DNA samples were dis-
solved in distilled water and used to amplify and quantify DNA from the
T. gondii highly conserved RE gene, yielding 200 to 300 copies. Amplifi-
cation was performed using qPCR, and each amplification included pos-
itive (a DNA extract from 5 � 106 tachyzoites of strain RH per ml) and
negative (water and DNA extracts from a blood sample of a healthy
mouse) controls. qPCR was performed using forward primer F 5=-AGG
GAC AGA AGT CGA AGG GG-3= and reverse primer R 5=-GCA GCC
AAG CCG GAA ACA TC-3=, amplifying a 164-bp fragment of gene RE
with SYBR green master mix (10 �l; Thermo Scientific catalog number
K0221) mixed with 1.4 �l template DNA to reach a final volume of 20 ml
containing 7 �l distilled water and 0.8 �l of each primer at a concentration
of 1 pmol/�l. The following amplification protocol was applied: 10 min at
95°C, 40 cycles at 94°C for 30 s (denaturation), 55°C for 30 s (annealing),
and 72°C for 30 s (amplification). Melting curve analysis was performed
to verify the correct product size and ensure the absence of side products
or primer dimers. Subsequently, qPCR assays were performed in triplicate
with three independent tissue samples for each experimental group. The
number of parasites in the samples was calculated from the qPCR thresh-
old cycle (CT) value according to a standard curve (y � �3.32x � 40.639;
R2 � 0.9829) obtained with DNA samples from a range of serial dilutions
(5 � 106 to 5 � 101/ml) of strain RH tachyzoites. The results were ex-
pressed as T. gondii tachyzoite equivalents per milligram of tissue.

Survival study in the acute phase. As previously mentioned for pre-
treatment groups, the survival rate among different groups was studied in
acute-phase toxoplasmosis. Overall, 36 female BALB/c mice in six sub-
groups (n � 6) were used. The survival periods were recorded daily until
all mice died.

Statistical analysis. Statistical analysis was performed using SPSS soft-
ware version 15. Differences between test and control groups (positive
and negative) were analyzed by analysis of variance (ANOVA) and the
Newman-Keuls multiple-comparison test. A P value of less than 0.05 was
considered statistically significant. The Kaplan-Meier curve was used to
show the survival time, and the survival rates among different groups were
compared using the log rank test. Differences were considered statistically
significant when P was �0.05.

RESULTS

Brain and eye tissue samples were collected 1 week after postin-
fection, and qPCR analysis was applied for detection and quanti-
fication of Toxoplasma DNA in all groups. The qPCR protocol was
performed using RE gene primers and successfully amplified a
164-bp fragment of T. gondii DNA. All samples, standards, and
negative controls were analyzed in triplicate. There was no ampli-
fication observed in negative-control reactions. Over the study
period, parasite burden outbursts occurred in all the Toxoplasma-
inoculated animals, and all samples obtained from both case and
control groups were positive for T. gondii in acute and chronic
phases.

Anti-Toxoplasma effects of drugs in pretreatment groups in
the acute phase. The findings showed that in the pretreatment
group, the highest parasite load (copy number) of T. gondii was
seen in negative-control groups in different tissues (brain,
1,018,000 parasites/ml; eye, 961,367 parasites/ml). In contrast, in
the treatment group, in the brain, the lowest parasite load (14,013
parasites/ml) was observed with propranolol at 3 mg/kg/day com-
bined with pyrimethamine, whereas the lowest parasite load in the
eye (4,007 parasites/ml) was seen with propranolol at 2 mg/kg/day
combined with pyrimethamine. Also, the brain tissue obtained
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from mice treated with propranolol (2 mg/kg/day) displayed a
lower parasite load (43,172 parasites/ml) than did eye tissue.
There was a significant difference between each drug group and
the untreated group (negative control) (P � 0.001) in different
tissues in pretreatment groups (Table 1).

Anti-Toxoplasma effects of drugs in posttreatment groups in
the acute phase. In the treatment group, in the brain, the lowest
parasite load (2,267 parasites/ml) was observed in the subgroup
treated with propranolol (2 mg/kg/day) combined with pyrimeth-
amine, whereas the lowest parasite load in the eye (112.5 parasites/
ml) was seen in the subgroup treated with propranolol (3 mg/
kg/day) combined with pyrimethamine. There was a significant
difference between each drug group and the untreated group
(negative control; P � 0.001) in the eye tissues in posttreatment
groups. Also, results indicated a significant difference in brain

tissues between the effects of propranolol (2 or 3 mg/kg/day) com-
bined with pyrimethamine and what was seen in the negative con-
trol (P � 0.001) (Table 2).

Survival rates of acutely infected mice in the pretreatment
group. Clinically, the number of mice in untreated infected
groups (negative control) started to show reduction on the eighth
day of the study, and all mice died by the ninth day. Mice in the
treatment groups (propranolol alone and in combination with
pyrimethamine) showed statistically higher survival rates than
untreated infected control mice (P � 0.05). There was no signifi-
cant difference between each drug and the positive control (P �
0.05) in the different subgroups (Fig. 2).

Comparison of different doses of drugs in pretreatment and
posttreatment groups in the acute phase. All infected mice
in different groups, in comparison with the negative-control

FIG 1 Schematic diagram of the study design.

TABLE 1 Anti-Toxoplasma activity of different doses of propranolol drug in brain and eye tissues in the acute phase (pretreatment group)

Drug Dose (mg/kg)

Brain Eye

CT
a (mean parasite load) P value CT (mean parasite load) P value

Propranolol 2 24.50 	 1.34 (43,172) �0.001 24.08 	 1.64 (192,931) �0.001
23.13 	 1.26 (119,020) �0.001 23.47 	 1.53 (275,649) �0.001

Propranolol � pyrimethamine 2 � 50 22.75 	 4.50 (70,928) �0.001 26.19 	 1.27 (4,007) �0.001
3 � 50 23.83 	 1.29 (14,013) �0.001 28.19 	 0.87 (33,230) �0.001

Pyrimethamine (positive control) 50 mg 25.74 	 2.23 (40,439) �0.001 27.04 	 2.09 (38,643) �0.001
PBS (negative control) 19.64 	 1.88 (1,018,000) 20.07 	 1.22 (961,367)
a CT values are means 	 SD.
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group, displayed a drastic decrease of parasite load or circulat-
ing parasite DNA levels in their brain and eye tissues, as shown
in Tables 1 and 2.

In brain tissue, animals receiving propranolol dosed at 2 mg/
kg/day (98,740 parasites/ml) and propranolol at 3 mg/kg/day
(244,700 parasites/ml) in the pretreatment group showed lower
parasite loads than those receiving propranolol at 2 mg/kg/day
(796,400 parasites/ml) and propranolol at 3 mg/kg/day (754,000
parasites/ml) in posttreatment groups (P � 0.001).

There was no significant difference between different doses of
drugs in eye tissue in both groups (P � 0.05). All drugs, compared
to the negative-control group, significantly reduced the parasite
load (P � 0.001).

Anti-Toxoplasma effect of drugs in the chronic phase. In the
chronic phase, the findings showed that the highest parasite load
was seen in negative-control groups in different tissues (brain,
28,900 parasites/ml; eye, 4,340 parasites/ml; spleen, 15,800 para-
sites/ml) as shown in Table 3. In contrast, propranolol was highly
effective in the reduction of parasite loads in the treatment groups.
The results indicated that treatment with propranolol (2 mg/
kg/day) decreased the parasite load in the brain (1,630 para-
sites/ml) and spleen (2,170 parasites/ml) tissues. In the eye
tissue, propranolol at 3 mg/kg/day was more effective (3,320
parasites/ml) than propranolol at 2 mg/kg/day (4,180 para-
sites/ml). Despite the anti-Toxoplasma effect of propranolol in
the chronic phase, there was no significant difference between
each drug and the untreated group (negative control) (P � 0.05)
in the different tissues (Table 3).

DISCUSSION

The concept of host targeting for the prevention and treatment of
parasitic infectious diseases has recently emerged (22). The suc-
cess of current therapy against toxoplasmosis is limited, and the
drugs can often cause many side effects. Thus, finding less toxic
new drugs against Toxoplasma is critically needed (23, 24). Since
T. gondii must invade host nuclear cells to proliferate, this inter-
action between the parasite and host cells could be an appropriate
potential site for intervention in the control of Toxoplasma infec-
tions (22, 25). In the present study, we examined the anti-Toxo-
plasma effect of propranolol (2 or 3 mg/kg/day), pyrimethamine
(50 mg/kg/day) (positive control), propranolol (2 or 3 mg/kg/
day) plus pyrimethamine, and PBS (negative control). Treatment
was performed 4, 24, and 48 h before and after intraperitoneal
challenge using 1 � 103 tachyzoites of the virulent strain RH of
Toxoplasma gondii in pretreatment and posttreatment groups in
BALB/c mice in the acute phase and using 1 � 106 tachyzoites in
rats in pretreatment in the chronic phase and then was evaluated
by determination of the parasite load using qPCR. T. gondii RE
gene as a target was amplified in different tissues, including brain
and eye in the acute phase and brain, eye, and spleen in the chronic
phase. Also, the survival rate was evaluated in infected mice in
acute toxoplasmosis as mentioned above for pretreatment groups.

Previously, we have shown the effects of propranolol (2 or 3
mg/kg/day) against T. gondii infection in vivo in pre- and post-
treatment groups. Propranolol, as a beta blocker, stabilizes the cell
membrane and inhibits parasite entry into the host cells (18). It is
known that the cell membrane-stabilizing drugs, with interference
in microfilament functions and blocking of the actin gel, change
the resistance of the cell membrane. Rezaei et al. have shown that
the cell membrane-stabilizing drugs such as cromolyn sodium
and ketotifen, similar to propranolol, are able to inhibit T. gondii
penetration into nucleated cells at appropriate concentrations
in vitro and in vivo (17). Similarly, our data demonstrated that
membrane-stabilizing action of beta-blocking agents such as
propranolol (2 or 3 mg/kg/day) (26, 27) alone and combined with
pyrimethamine in tissues of BALB/c mice in both pre- and post-
treatment groups reduced the burden of parasites. Previous stud-
ies have shown that treatment with cytochalasins impairs entry of
T. gondii and Plasmodium falciparum into their respective host
cells. Cytochalasins, which disrupt actin filaments, block parasite
gliding and host phagocytic responses, thus confusing the inter-
pretation of the observed inhibition of invasion. So, T. gondii actin
filaments are essential for host cell invasion (12, 15). A few studies
have assessed the efficacy of these drugs on infectious diseases,

TABLE 2 Anti-Toxoplasma activity of different doses of propranolol drug in brain and eye tissues in the acute phase (posttreatment group)

Drug Dose (mg/kg)

Brain Eye

CT
a (mean parasite load) P value CT (mean parasite load) P value

Propranolol 2 21.14 	 0.66 (612,623) �0.05 24.70 	 3.18 (227,979) �0.001
3 21.17 	 0.44 (870,668) �0.05 22.86 	 1.52 (428,559) �0.001

Propranolol � pyrimethamine 2 � 50 29.58 	 0.5 (2,267) �0.001 30.82 	 3.17 (491) �0.001
3 � 50 31.68 	 3.76 (2,548) �0.001 31.08 	 2.58 (112.5) �0.001

Pyrimethamine (positive control) 50 30.62 	 2.19 (1,741) �0.001 32.03 	 3.14 (3,577) �0.001
PBS (negative control) 19.64 	 1.88 (1,018,000) 20.07 	 1.22 (961,367)
a CT values are means 	 SD.

FIG 2 Survival curves of mice following acute toxoplasmosis in the pretreat-
ment group. BALB/c mice groups (n � 6) were treated with propranolol at 2 or
3 mg/kg/day, pyrimethamine (PYR; 50 mg/kg/day) plus propranolol at 2 or 3
mg/kg/day, pyrimethamine (50 mg/kg/day) (as the positive control), or PBS
(as the negative control) 48, 24, and 4 h before challenge with 1 � 103 T. gondii
tachyzoites.
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especially parasitic diseases. Ohnishi et al. investigated the effects
of several membrane-acting drugs on malaria and sickle cell ane-
mia and found that propranolol inhibited the growth of P. falcip-
arum (in vitro) and Plasmodium vinckei (in vivo) (28).

The present results clearly demonstrated that propranolol (2 or
3 mg/kg/day), with its membrane-stabilizing effects, significantly
inhibited the intracellular proliferations of the tachyzoites of the
highly virulent strain RH of T. gondii in brain tissues in pretreat-
ment groups (P � 0.001). However, propranolol at 2 mg/kg/day
showed higher anti-Toxoplasma activity than did propranolol at 3
mg/kg/day, and thus the former dose may have greater treatment
efficiency on toxoplasmosis and fewer side effects than the latter.

Propranolol is a dose-dependent drug, as Benedetto et al. have
shown that propranolol at high concentrations causes resistance
to T. gondii in rats (29).

Our data demonstrated that the anti-Toxoplasma activity of
propranolol combined with pyrimethamine in murine infection
with the parasite strain RH in pre- and posttreatment groups sig-
nificantly decreased parasite burden in the brain and eye tissues
(P � 0.001). Moreover, combination therapy improved sur-
vival rates in the pretreatment group.

Martins-Duarte et al. performed a similar study in vivo that
proved that fluconazole combined with sulfadiazine and pyrim-
ethamine against T. gondii was highly effective (25). Combination
therapy is known as the most effective treatment for toxoplasmic
encephalitis (30, 31). Pyrimethamine monotherapy for treatment
of toxoplasmosis is not recommended, seeing that patients receiv-
ing maintenance treatment with pyrimethamine alone were sus-
ceptible to relapses of toxoplasmosis (32).

In addition, the combined administration of pyrimethamine
and propranolol might encourage a decrease in drug dosages and
consequently decreased drug side effects and is an emerging ther-
apy against toxoplasmosis. Murphy et al. showed that erythrocyte
G proteins are functional and that propranolol, as an antagonist of
G protein-coupled b-adrenergic receptors, inhibits G protein
activity in erythrocytes. They also discovered that like other b2

antagonists, propranolol inhibited blood-stage parasite growth, such
that propranolol used in combination with existing antimalar-
ial agents in cell culture reduced the 50% and 90% inhibitory
concentrations for existing drugs against P. falciparum and was
also effective in reducing drug doses in animal models of infection
(33).

Interestingly, propranolol (2 or 3 mg/kg/day) was more effec-
tive in brain in the pretreatment group (P � 0.001) than different
doses of drugs in posttreatment groups. The findings of this re-
search thus show that propranolol as a cell membrane-stabilizing
compound is a suitable drug for inhibiting the entrance of T. gon-
dii tachyzoites into nucleated cells in pretreatment groups and has

potential as a therapeutic agent for the prevention of toxoplasmo-
sis in humans.

In the present study, the effect of propranolol (2 or 3 mg/kg/
day) was analyzed in vivo during the chronic stages of Toxoplasma
infection in the rats. The observations in the infected animals im-
plied that propranolol diminished the number of parasites in the
brain, eye, and spleen tissues after 2 months. We found that pro-
pranolol (2 or 3 mg/kg/day) diminished the number of parasites of
strain RH in the brains of infected rats. However, propranolol at
low doses (2 mg/kg/day) was more effective than at a higher dose
(3 mg/kg/day) in controlling infection. Similar effects were re-
ported for endochin-like quinolone: ELQ-271 and ELQ-316 at
low doses were highly active against the cyst form of T. gondii in
mice, reducing cyst burden by 76 to 88% (34). Moreover, spira-
mycin coadministered with metronidazole was highly efficient
against chronic toxoplasmosis, since metronidazole increased spi-
ramycin brain penetration, causing a significant reduction of T.
gondii brain cysts, with potential clinical translatability for chronic
toxoplasmosis treatment (35).

However, propranolol (2 mg/kg/day) was more effective in re-
duction of the brain tissue parasites in rat. Our results show that all
rats survived until the end of the experiment (2 months); also, no
mortality or clinically significant toxicity was observed. However,
Benedetto et al. reported impairment of natural resistance to
T. gondii infection in rats pretreated with a high concentration
of beta blockers within 4 weeks (36). In addition, decreasing
parasite loads in the brain, eye, and spleen tissues indicate the
proper dose (2 mg/kg/day) of medication in the prevention and
treatment of toxoplasmosis. Propranolol stabilizes cell mem-
brane and inhibits parasite entry into the host cells via inter-
ference in microfilament functions and blocking of the actin
gel, changing the resistance of the cell membrane (15). The
present results clearly demonstrate that propranolol (2 mg/kg/
day) inhibited the intracellular proliferations of the tachyzoites
of the highly virulent strain RH of T. gondii in brain tissues in
latent infection after 2 months (1,630 parasites/ml), which sug-
gests that propranolol at low doses can prevent the formation
of tissue cysts. Thus, propranolol has the potential to reduce
latent infection at low doses.

The beta blocker propranolol has been approved for human
use and is typically prescribed at 0.8 to 4.5 mg/kg/day. It is also
recommended at low doses for use in pregnant women to reduce
the risk of fetal placental transmission (37).

In conclusion, the presented results demonstrate that propran-
olol, as an orally available drug, is effective at low doses against
acute and latent murine toxoplasmosis and that the efficiency of
drug is increased when used in combination therapy with pyrim-
ethamine (propranolol-pyrimethamine).

TABLE 3 Anti-Toxoplasma activity of different doses of propranolol drug in different tissues in the chronic phase

Drug
Dose
(mg/kg)

Brain Eye Spleen

CT
a (mean parasite load) P value CT (mean parasite load) P value CT (mean parasite load) P value

Propranolol 2 30.29 	 1.28 (1,630) �0.05 28.97 	 0.14 (4,180) �0.05 30.05 	 1.71 (2,170) �0.05
3 29.45 	 0.75 (2,540) �0.05 30.37 	 3.35 (3,320) �0.05 29.82 	 2.91 (4,100) �0.05

Pyrimethamine (positive control) 50 29.75 	 0.79 (2,110) �0.05 29.99 	 2.20 (2,950) �0.05 29.52 	 1.33 (2,960) �0.05
PBS (negative control) 26.52 	 2.01 (28,900) 28.40 	 0.53 (4,340) 27.96 	 3.15 (15,800)
a CT values are means 	 SD.
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