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A B S T R A C T

Severe or lethal damages, caused by Toxoplasma gondii infection in congenital cases and immunocompromised
patients implies the necessity for development of a vaccine and an appropriate adjuvant would be needed to
elicit a protective Th1 biased-immune response. The adjuvant activity of propranolol was surveyed and com-
pared with alum by immunization of BALB/c mice with protein components of T. gondii tachyzoites. Five groups
of BALB/c mice were immunized with phosphate buffered saline (negative control), Toxoplasma lysate antigen
(TLA), alum plus TLA, Propranolol plus TLA, and alum, propranolol and TLA. Immunization efficacy was
evaluated by lymphocyte proliferation and DTH tests, challenge with live tachyzoites, IFN-γ production by
spleen cells, serum TNF-α concentration and anti- Toxoplasma total IgG, IgG1 and IgG2a measurements. Mice of
the PRP-TLA group induced significantly more IFN-γ and TNF-α production and lymphocyte proliferation than
other groups. This group of mice also showed more anti-T. gondii IgG2a and DTH responses and showed a
significantly increased survival time after challenge. These findings indicate that propranolol as an adjuvant in
combination with TLA, may enhance cellular immunity against T. gondii.

1. Introduction

Toxoplasma gondii is a cosmopolitan coccidian protozoon that while
its sexual stage is confined to the intestinal cells of cats, its asexual
stages can infect different types of cells from almost all warm blooded
animals including human (Miller et al., 2009). Despite of rare compli-
cations, primary infection in immune competent individuals leads to a
benign and self-limiting illness but in immunocompromised patients or
if transmitted congenitally, it may be fatal or cause severe birth defects
or abortion (Jongert et al., 2009). There are many diverse routes by
which Toxoplasma infects humans. Water, food and hands polluted with
oocysts and eating raw or undercooked meat containing tissue cysts are
the most important potential routes of transmission (Tenter et al., 2000;
Montoya and Liesenfeld, 2004). With so many ways of transmission,
vaccination against Toxoplasma would be an excellent alternative for
usual prevention tasks (Bhopale, 2003). Though there is a commercially
available live attenuated vaccine for domestic animals, no vaccine has
been licensed yet to be used in humans (Liu et al., 2012). The adjuvant
that is selected to be administered beside the antigen, is as important as

the antigen itself (Liu et al., 2012). The role of aluminum salts as ad-
juvants has been described and they have been the only agents accepted
by FDA to be used in human vaccines for more than 80 years (De
Gregorio et al., 2008; Mohan et al., 2013) but it stimulates Th2 subset of
immunological responses, rather than Th1 (Hem et al., 2007) which is
essential in controlling toxoplasmosis (Tan et al., 2011). We have pre-
viously shown stimulatory effect of propranolol, a β-adrenergic re-
ceptor antagonist, on shifting immune system to Th1 pattern by using it
as an adjuvant in immunization against Salmonella typhimurium and
Plasmodium berghei (Mazloomi et al., 2012; Shahabi et al., 2014a). Here
we report the effect of this drug when is used as adjuvant on enhancing
the potency of immunization against T. gondii.

2. Materials and methods

2.1. Mice

Six to eight week old male BALB/c mice were obtained from Razi
Institute (Karaj, Iran). One week prior to the experiments, the mice
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were allowed to acclimate to housing conditions. All studies were
performed according to the Animal Care and Use Protocol of Urmia
University of Medical Sciences (Urmia, Iran).

2.2. Parasite

Cryopreserved T. gondii RH strain originally from France, was
thawed and injected to BALB/c mice intraperitoneally.

2.3. Toxoplasma lysed antigen (TLA) preparation

Three to four days after infection, 5 ml phosphate-buffered saline
(PBS - pH 7.2) was injected in peritoneal cavity of anesthetized BALB/c
mice and re-aspirated after a few abdomen taps and gentle massage.
The exudate was passed 5 times through a 27 G needle for the macro-
phages to be disrupted and tachyzoites to free and was centrifuged and
washed 3 times with PBS in 750 g. The pellet was then frozen and
thawed 3 times and PMSF (Sigma, Germany), EDTA (Merck, Germany),
penicillin and streptomycin were added in concentrations of 5mM,
1 μM, 100 IU/ml and 100 μg/ml, respectively. The suspension was so-
nicated (BANDELIN SONOPULS, HD 2200, Germany) on ice powder for
15 cycles (10 s sonication and 20 s rest for each cycle and 50W power)
and then was centrifuged in 4 °C and 12000 g for 30min. The super-
natant was dialyzed (Sigma, Germany - pore size: 12400 MWCO)
against polyethylene glycol (Merck, Germany), filter sterilized (GVS,
UK), and it's protein concentration was adjusted on 20 μg/50 μl and
kept at −20 °C until use.

2.4. Immunization

Female 6–8 weeks old BALB/c mice were purchased and kept and
treated under local Ethics Committee regulations. Mice were divided
into 5 groups, 20 mice per group, and received a mixture of PBS or TLA,
and aluminium hydroxide (Sigma, Germany) gel and/or propranolol
(Sigma, Germany - final concentration of 6mg/kg body weight) as
adjuvants (Table 1). Buster injections were done at days 10 and 20.

2.5. Spleen cell proliferation test (MTT assay)

MTT test was performed as described before (Shahabi et al., 2014b).
Briefly, spleens of 5 mice from each group were crushed separately in
2ml of cold RPMI 1640 (Gibco, USA) and the fluid suspension was
centrifuged at 2000 rpm. The supernatant was discarded and RBCs were
lysed with 0.9% ammonium chloride (Mallinckrodt, USA - PH 7.2). The
containing tube was centrifuged and the pellet was washed with RPMI.
Live cells were counted using trypan blue dye (Sigma, Germany) and
their count was adjusted to 1×105 cells/ml in RPMI supplemented
with 10% fetal bovine serum (Gibco, USA). This suspension was divided
in cells of 96-well culture microplates in 100 μl volumes and diluted
with culture medium for control wells and a pre-defined concentration
of TLA in RPMI for test wells. Microplates were sealed and incubated in
37 °C with 5% CO2 for 48 h, after which 20 μl of 5 mg/ml solution of
MTT powder (Sigma, Germany) in PBS was added. The microplates
were incubated again for 4 h and avoiding any shake, supernatants
were discarded. Formed formazan crystals were dissolved with

Dimethylsulphoxide (DMSO- Sigma, Germany) and optical density was
measured at 540 nm (reference wavelength: 630 nm). All tests were
done in duplicate.

2.6. IFN-γ assay

Culture microplates were prepared as mentioned above but were
incubated for 72 h. The microplates were centrifuged for 10min at
200 rpm and the supernatants were removed and stored at −80 °C until
being assayed with mouse IFN-γ ELISA kit (Mabtech, Sweden-
Sensitivity 2 pg/ml). The procedure was done according to the manu-
facturer instructions.

2.7. TNF-α assay

Two weeks after the last immunization, blood samples were taken
from tails of 5 mice from each group and their sera were assayed for
TNF-α concentration, using ELISA kit (eBioscience, UKe Sensitivity
4 pg/ml).

2.8. Assay for specific anti-TLA antibodies

Serum samples from 5 mice from each group that had been taken
two weeks after the last immunization, were tested for anti-TLA total
IgG and IgG1 and IgG2a subclasses. Microplate wells were coated with
100 μl of TLA (20 μg/ml protein concentration) in carbonate-bicarbo-
nate buffer (H 9.6) and were incubated overnight at 4 °C and were
washed three times with 0.05% tween 20 in PBS. Bovine serum albumin
was used for blocking and 100 μl of 1:100 diluted serum samples were
added to washed wells. HRP conjugated anti-mouse IgG (RAY BioTeck,
Iran), and IgG1(AbD serotec, UK), IgG2a (AbD serotec, UK), TMB sub-
strate (Razi Bioteck, Iran) and 5% sulfuric acid were used for the next
steps in a classic ELISA test. The optical densities were measured at
450 nm wavelength (630 nm wavelength as reference). As there was no
commercially available anti-TLA IgG and it's subclasses to be used as
standards, the results were reported as optical densities (ODs) instead of
their exact concentrations. All tests were done in duplicate.

2.9. Delayed type hypersensitivity (DTH) test

Ten days after the last immunization, 50 μl Toxoplasma antigen
suspension containing 20 μg protein was injected in left foot pad of five
mice from each group and simultaneously, 50 μl PBS was injected in the
right foot pad as control. Thickness of both feet were measured 24 h
later using a micrometer, and the difference of two feet for every mouse
and the mean of differences for mice groups were compared.

2.10. Survival test

Three weeks after the last immunization, five mice from each group
were challenged subcutaneously with 1000 live tachyzoites of T. gondii
and their survival rates were recorded until 18 days.

2.11. Statistical analysis

Tests of variance homogeneity and normality were performed to
ensure that the assumptions required for standard parametric analysis
of variance were satisfied. MTT, antibody, and cytokine assays were
analyzed by analysis of variance (ANOVA) followed by Tukey test and
the survival rate was measured using Kaplan–Meier analysis. A p-value
of 0.05 was considered as significant.

Table 1
Immunization protocols for groups of BALB/c mice.

Mice groups PBS (μl) TLA (μl) Alum (μl) Propranolol (μl) Total volume
(μl)

Control 150 0 0 0 150
TLA 100 50 0 0 150
Al-TLA 50 50 50 0 150
PRP-TLA 50 50 0 50 150
Al-PRP-TLA 0 50 50 50 150
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3. Results

3.1. Spleen cell proliferation

All three groups with adjuvant in their formula (Al-TLA, PRP-TLA
and Al-PRP-TLA) showed much more proliferation in response to TLA
antigen but even though differences with control group were statisti-
cally meaningful for Al-TLA and PRP-TLA groups, Al-PRP-TLA group
could not reach that level because of higher standard deviation (Fig. 1).
For the same reason, even though all three groups receiving adjuvant
showed at least twofold proliferation comparing with TLA group, the
difference was not meaningful.

3.2. Cytokine pattern

3.2.1. IFN-γ production
Non detectable (ND) levels of this cytokine were found in all vac-

cinated and control groups, except for the PRP-TLA group (Fig. 2A).

3.2.2. Serum TNF-α concentration
Serum TNF-α of mice immunized with propranolol-TLA was as-

tonishingly higher than every other group (Fig. 2B). Comparing TNF-α
concentration between TLA and Al-TLA and also PRP-TLA and Al-PRP-
TLA groups, shows that alum has reduced production of this cytokine
everywhere it has been used.

3.3. Specific immunoglobulin production

Mice groups with alum adjuvant in their vaccine formulations ex-
hibited more optical densities in total specific anti-TLA IgG ELISA test.
This also happened when anti-TLA IgG1 was measured, while Al-TLA
group showed the least OD when surveyed for specific anti-TLA IgG2a.
The proportion of IgG subclasses to total IgG was calculated by dividing
the OD value of relevant IgG subclass of each mouse to its own OD for
total IgG and the mean value of groups were compared (Fig. 3). All
three adjuvant receiving groups showed higher IgG1/total IgG ratios
but only Al-TLA group had a significant difference with control group.
The highest IgG2a/total IgG was seen in PRP-TLA group following with
Al-PRP-TLA group mice but because of high SD, none of them reached
the significant point.

3.4. Delayed type hypersensitivity test (DTH)

All 3 adjuvant receiving groups revealed significantly higher hy-
persensitivity response to TLA antigen comparing with control group.
The strongest response between these three groups was exhibited by
propranolol and TLA received mice, though still not significant (Fig. 4).

3.5. Survival test

Mice of PRP-TLA group showed significantly higher mean survival
rate (17.2 days) than all other groups when challenged with live

Fig. 1. Effect of administering TLA alone or with alum, PRP and AL-PRP on lymphocyte proliferation. The values are mean ± SE. *p < 0.05.

Fig. 2. IFN-γ (A) production by spleen cells of BALB/c mice exposed to Toxoplasma antigens and Serum TNF-α (B) concentration of BALB/c mice from different
groups. The values are mean ± SE. non detectable (ND). ***p < 0.001, **p < 0.01,*p < 0.05.
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parasites (p value < 0.05). Mean survival time for control, TLA, Al-
TLA, and PRP-TLA groups were 8.6, 10.8, 14.4 and 16 days respec-
tively. The difference between survival rates of Alum-PRP and other
three groups was also significant (Fig. 5).

4. Discussion

Effective immunity against Toxoplasma relies mostly on cellular
reactions and activation of type 1 T lymphocytes (Rich et al., 2008). In
mouse model, IgG1 antibodies are secreted by Th2 lymphocytes, while
Th1 cells produce IgG2a antibodies and IFN-γ which directs immune
system towards Th1 profile and activates cytotoxic lymphocytes (CTL)
(Abbas et al., 2015). CD4+ and CD8+ T cells synergistically inhibit
activation of tissue cysts of Toxoplasma during chronic phase of the
disease (Rich et al., 2008).

Nervous system has an important role in shifting immune responses

to Th1 or Th2 subsets. Stimulation of sympathetic system (β-adreno-
receptors) suppresses the immune responses and shifts it towards Th2
responses, while blocking them, intensifies immune responses and
promotes Th1 differentiation. Norepinephrine and epinephrine inhibit
pro-inflammatory cytokines and prevent cellular immunity (Elenkov
et al., 2000).

Propranolol is a FDA proved drug from non-selective β blockers of
β1 and β2 receptors of sympathetic system (Black et al., 1964). This
study compares immunogenic potencies of this drug, as a novel ad-
juvant, and alum, which is a formerly known adjuvant. Our findings
show that application of propranolol as an adjuvant in combination
with lysed tachyzoites of T. gondii RH strain, significantly enhances
immunogenicity of TLA which is evident in secretion of more IFN-γ and
TNF-α, a tendency towards production of anti-TLA specific IgG2a,
proliferation of lymphocytes, elevated DTH and longer survival of im-
munized mice in challenge with live tachyzoites.

Fig. 3. Optical densities from ELISA test of mice sera for specific anti-Toxoplasma total IgG (A), specific anti-Toxoplasma IgG1 subclass (B) and specific anti-
Toxoplasma IgG2a subclass (C). Ratio of IgG1 to Total IgG (ODs) (D) and IgG2a to Total IgG (ODs) (E) from ELISA tests of mice sera for specific anti-Toxoplasma
antibodies. The values are mean ± SE. ***p < 0.001, *p < 0.05.
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Potent adjuvanticity of propranolol seen in this study, is in agree-
ment with our previous studies with Salmonella typhimurium and
Plasmodium berghei (Mazloomi et al., 2012; Shahabi et al., 2014a).
While the best result of current study was achieved with propranolol
group, in the study with S. typhimurium it was the alum plus propranolol
group that revealed the highest survival of immunized mice. This can be
attributed to the fact that control of S. typhimurium infection needs both
Th1 and Th2 mechanisms (Khalili et al., 2013).

These findings are also in coordination with effectiveness of pro-
pranolol, clenbuterol (β2-AR) and yohimbine (α2-AR) in control of
BALB/c mice infection with Leishmania mexicana (Mittrucker and
Kaufmann, 2000). In recent study, propranolol improved CD4+ and
CD8+ responses and reduced recovery time. Treatment of influenza A

virus infected mice with nadolol and ICI118,551 (non-selective β-
blockers of β1 and β2 receptors), also increased anti-viral activities of
CD8+ T cells (Garcia-Miss Mdel et al., 2015). Immunogenicity of pro-
pranolol in treatment of herpes simplex infection and prevention of
opportunistic infections in severely burned children has been shown
(Peuschel, 2011; Kobayashi et al., 2011).

It has been shown that propranolol reduces recurrence of thick
cutaneous melanoma in patients (De Giorgi et al., 2018) and size of
pancreatic tumors in mice (Partecke et al., 2016). Application of pro-
pranolol as adjuvant in a breast tumor microenvironment, showed anti-
cancer effects and increased secretion of IFN-γ and Il-2, IL-12 and IL-17
cytokines (Ashrafi et al., 2017). Use of propranolol as a drug in acute
and chronic toxoplasmosis, increases anti-Toxoplasma activities and

Fig. 4. Delayed type hypersensitivity of immunized mice shown as increased thickness of foot pad, 24 h after injection of Toxoplasma antigens. The values are
mean ± SE. *p < 0.05.

Fig. 5. Survival rate of immunized mice after subcutaneously challenging with 1000 live tachyzoites of Toxoplasma. *p < 0.05.
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survival of mice (Montazeri et al., 2015, 2016).
As propranolol has a short half-life time inside the body (Ware,

2007), its stimulatory effect on immune system may be due to effect on
innate immunity (Scanzano and Cosentino, 2015) which in turn, pro-
motes specific immunity. Dendritic cells, macrophages, and natural
killer cells, respond to norepinephrine and express β-ARs (Maestroni,
2006) and by this way, propranolol can induce specific immunity
without attaching to its receptors on effector B and T cells. In human DC
β2-AR may affect Th1 or Th2 differentiation of CD4+ T cells (Scanzano
and Cosentino, 2015).

It is probable that, propranolol enhances local inflammation by
blocking β-2 adrenergic receptors and hence inhibits the effects of ca-
techolamines from APCs or other sources like sympathetic system or
adrenal glands (Panina-Bordignon et al., 1997; Woiciechowsky et al.,
1998; Engler et al., 2005; Sitkauskiene and Sakalauskas, 2005;
Steinman, 2004). Catecholamines inhibit migration of neutrophils, ex-
pression of Mac1 and oxidative mechanisms (Scanzano and Cosentino,
2015). Propranolol, also recruits leukocytes and creates pro-in-
flammatory environment by enhancing the secretion of chemokines like
CCL2 and expressing CCR2 (Guo et al., 2014).

The next possible mechanism for propranolol activity as an ad-
juvant, is the inhibitory effect on regulatory T lymphocytes (Treg)
(Malec et al., 1988; Peek et al., 2005; Vida et al., 2011) that down
regulate immune responses. Treg cells in absence of APCs, weakly
suppress effector T cells and it means that APCs are important targets
for Tregs. Therefore, blocking Tregs by propranolol, would allow APCs
to stimulate immune system more efficiently (Houot et al., 2006; Bayry
et al., 2007). Evidences show that propranolol with selective β2-AR
antagonists, suppresses secretion of IL-10 (Garcia-Miss Mdel et al.,
2015; Maestroni and Mazzola, 2003).

In the present study, injection of TLA alone, or along with alum
adjuvant, generated weak protecting responses, comparing with other
groups and it is not surprising, as alum is a weak stimulator for Th1
responses. In contrast, propranolol when used as an adjuvant with TLA,
elicited stronger Th1 reactions and improved cellular immunity. Whole
tachyzoite antigens were used in this study and it is predictable that
applying specific antigens or epitopes may produce better responses. To
our knowledge, this is the first study to survey adjuvant efficacy of a β
adrenergic antagonist receptor along with T. gondii tachyzoite proteins
as a vaccine. As propranolol is an approved and safe drug for human
use, if the other surveys prove its efficacy in immunogenicity, it can be
considered as a candidate to be used not only for T. gondii but also for
most of pathogens and tumors that protective immunity against them
needs Th1 responses and cellular immunity.
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