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Abstract

Background: Toxoplasmosis, caused by the protozoan Toxoplasma gondii, is a widespread zoonotic infection posing
serious health risks, particularly among immunocompromised individuals and pregnant women. Standard
treatments—such as pyrimethamine and sulfadiazine—are often limited by adverse effects, toxicity, and drug
resistance. Recently, interest has grown in herbal medicine as a complementary or alternative therapy due to its
accessibility and reduced side effect profile.

Methods: This review evaluated 50 peer-reviewed preclinical and in vitro case studies examining the antiparasitic,
immunomodulatory, antioxidant, and anti-inflammatory effects of plant-derived compounds against T. gondii. Data
sources included PubMed, Scopus, and Google Scholar, selecting studies published between 2004 and 2022. The
analysis focused on the model used, compound type, treatment outcomes, targeted parasite stage, and safety profiles.
Results: Approximately 94% of studies reported significant reductions in parasite load, particularly at the tachyzoite
stage. Bioactive compounds such as thymoquinone (Nigella sativa), berberine (Berberis vulgaris), allicin (Allium
sativum), and artemisinin (Artemisia annua) demonstrated notable efficacy. Many treatments enhanced host immunity
(e.g., increased IFN-y, IL-12) and reduced oxidative stress markers (e.g., MDA) with minimal toxicity. About 20% of
studies noted synergistic benefits when herbal compounds were combined with standard drugs, allowing for dose
reduction and decreased toxicity.

Conclusions: Herbal medicines offer promising therapeutic benefits in toxoplasmosis management. Their multi-
targeted mechanisms and favorable safety profiles support their potential as adjunct or alternative therapies.
Nonetheless, the findings are predominantly preclinical. To advance these compounds toward clinical application,
further standardized trials and pharmacological studies are essential.

Keywords: Toxoplasmosis, Toxoplasma gondii, Herbal medicine, Phytotherapy, Medicinal plants, Antiparasitic
activity, Immunomodulation, Antioxidants, Case study review, Alternative therapy.

Introduction women due to the risk of congenital transmission and
Toxoplasmosis is a parasitic infection caused by severe neurological complications in neonates
Toxoplasma gondii, an obligate intracellular (Montoya & Liesenfeld, 2004). Conventional
protozoan with global prevalence. It poses significant ~ treatment regimens typically involve a combination
public health challenges, particularly among  of pyrimethamine and sulfadiazine along with folinic
immunocompromised individuals and pregnant acid supplementation. However, these therapies are
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often associated with severe side effects, such as
bone marrow suppression, allergic reactions, and
hepatotoxicity, limiting their long-term use (Robert-
Gangneux & Dardé, 2012).

In recent years, there has been growing interest in the
potential of herbal medicine as a safer and more
accessible alternative to conventional drugs. Herbal
compounds are recognized for their
immunomodulatory, antiparasitic, antioxidant, and
anti-inflammatory properties, making them suitable
candidates for adjunct or standalone therapies in
toxoplasmosis (Ezzat et al., 2020). Multiple in vivo
and in vitro studies have demonstrated promising
anti-T. gondii activity in plant-derived compounds,
such as allicin from garlic, thymoquinone from
Nigella sativa, artemisinin from Artemisia annua,
and berberine from Berberis vulgaris, among others
(El-Maadawy et al., 2016; Mahmoudvand et al.,
2015; Abou El-Nour et al., 2020).

This review emphasizes 50 documented case studies
involving herbal treatments for toxoplasmosis. These
include  preclinical and evidence,
highlighting the efficacy, safety profiles, and
mechanisms of action of plant-based therapies. The

clinical

goal is to critically evaluate the role of medicinal
plants in combating 7. gondii, bridge the gap between
traditional knowledge and modern science, and
propose pathways  for  developing
phytotherapeutic agents with optimized
pharmacological profiles.

future

Aim of the Study

e To explore the effectiveness of herbal
medicine in treating toxoplasmosis, based on
50 documented case studies.

e To analyze the pharmacological actions and
mechanisms of plant-derived compounds
used against Toxoplasma gondii.

e To evaluate the safety profiles and potential
side effects of herbal
comparison to conventional drugs.

treatments in

e To identify the most promising medicinal
plants that could be developed into
alternative or adjunct therapies.

e To highlight gaps in current research and
propose directions for future studies in
herbal-based toxoplasmosis management.

Literature Review

1. Overview of Toxoplasmosis and Current
Treatment Challenges

Toxoplasmosis is caused by the obligate intracellular
parasite Toxoplasma gondii, affecting nearly one-
third of the global population. While the infection is
often  asymptomatic in  immunocompetent
individuals, it can lead to serious complications in
pregnant women and immunocompromised patients,
including congenital abnormalities, encephalitis, and
ocular disease (Montoya & Liesenfeld, 2004). The
standard treatment for acute toxoplasmosis includes
a combination of pyrimethamine, sulfadiazine, and
folinic acid, which primarily targets the tachyzoite
stage. However, these medications are associated
with significant adverse effects such as bone marrow
suppression, hypersensitivity reactions, and hepatic
toxicity (Robert-Gangneux & Dardé, 2012).
Moreover, they exhibit limited efficacy against tissue
cysts, highlighting the need for safer and more
effective alternatives.

2. Emergence of Herbal Medicine as an
Alternative Therapy

Herbal medicine has long been used in traditional
medical systems for managing parasitic infections. In
recent decades, scientific interest in phytotherapy has
surged, particularly for diseases with limited or toxic
treatment options. Herbal compounds offer
advantages including low toxicity, affordability,
immunomodulatory properties, and multi-targeted
mechanisms of action (Ezzat et al., 2020). Numerous
studies have identified plant-derived bioactives with
antitoxoplasmic  activity, including alkaloids,
flavonoids, terpenoids, and essential oils.

3. Key Medicinal Plants with Antitoxoplasma
Activity

a. Nigella sativa (Black Seed)

Thymoquinone, the major bioactive in Nigella sativa,
has demonstrated potent anti-Toxoplasma effects in
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murine models. Mahmoudv and et al. (2015) reported
significant reductions in tachyzoite counts and
improved survival rates in infected mice treated with
black seed oil. Its efficacy is attributed to its
antioxidant, anti-inflammatory, and
immunostimulatory properties.

b. Allium sativam (Garlic)

Garlic contains allicin, a sulfur-containing compound
with broad-spectrum antimicrobial properties. El-
Maadawy et al. (2016) showed that garlic oil, when
administered to pregnant mice infected with T.
gondii, significantly reduced parasite load in fetal
and placental tissues. Garlic's ability to modulate
immune responses and disrupt parasite metabolism
contributes to its therapeutic value.

c. Artemisia annua (Sweet Wormwood)
Artemisinin, widely known for its antimalarial
activity, also exhibits anti-Toxoplasma effects.
Studies have demonstrated that artemisinin
derivatives reduce tachyzoite viability and inhibit
parasite replication. Its mechanism may involve
reactive  oxygen  species  generation  and
mitochondrial dysfunction in the parasite.

d. Berberis vulgaris (Barberry)

Berberine, an isoquinoline alkaloid extracted from
barberry, has shown significant efficacy against T.
gondii. Abou El-Nour et al. (2020) reported that
berberine-treated mice displayed decreased brain
cysts and enhanced histopathological outcomes.

4. Summary of 50 Case Studies on Herbal Treatment
This review draws upon 50 published case studies
involving herbal interventions for toxoplasmosis.
These cases span various experimental models,
including in vitro cultures, murine models, and
limited human clinical trials. The majority of studies
reported the followings: Significant reduction in
parasite burden. Immunological enhancement (e.g.,
increased IFN-y and IL-12 levels) .Improvement in
oxidative stress markers (e.g., reduced MDA and
increased SOD levels) and minimal adverse effects
compared to standard drugs

Although most studies are preclinical, the
consistency in positive outcomes supports further
development of herbal therapies. Several studies also

suggest synergistic effects when herbal extracts are
combined with conventional drugs, potentially
reducing the required dose and toxicity of synthetic
compounds.

Results

The review analyzed 50 case studies evaluating the
efficacy of herbal compounds against Toxoplasma
gondii across in vitro, in vivo, and limited clinical
settings. The findings demonstrated a consistent
trend of antiparasitic activity in a wide range of plant-
derived bioactives.

Efficacy in Parasite Reduction: 94% of the studies
reported a statistically significant decrease in parasite
load, particularly during the acute tachyzoite stage.
Compounds such as thymoquinone (Nigella sativa),
berberine (Berberis vulgaris),
(Artemisia annua) were repeatedly associated with

and artemisinin

reductions in parasite burden in brain, liver, and
placental tissues.

Immunomodulatory Effects: Many of the herbal
treatments enhanced immune responses, including
elevated IFN-y, IL-12, and

TNF-a levels. This was observed in cases using
curcumin, apigenin, and rutin.

Antioxidant and Anti-inflammatory Action: Over
half of the reviewed compounds reduced oxidative
stress markers (e.g., MDA) and restored antioxidant
defenses (e.g., SOD and catalase), indicating their
ability to mitigate the inflammatory damage caused
by toxoplasmosis.

Safety Profile: Herbal agents displayed minimal
toxicity in animal models. Unlike pyrimethamine-
sulfadiazine, they did not induce bone marrow
suppression or hepatotoxicity. No teratogenic effects
were reported in fetal models treated with garlic oil
and other plant derivatives.

Synergistic Potential: Approximately 20% of the
studies explored combinations of herbal agents with
conventional drugs. These combinations (e.g.,
piperine with standard chemotherapy) demonstrated
synergistic effects, reducing the required drug dosage
and limiting side effects.
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Distribution of Experimental Models

Both in vitro and in vivo

INn vitro only 24.0%

INn vivo (murine)

Figure 1: Distribution of Experimental Models in Reviewed Studies.

Proportion of Studies Reporting Synergistic Effects with Conventional Drugs

Reported Synergy

80.0%

No Synergy Reported

Figure 2: Percentage of Studies Reporting Synergistic Effects with Conventional Drugs.

Discussion

The outcomes of this review support the growing
body of evidence highlighting medicinal plants as
promising therapeutic alternatives or adjuncts in
toxoplasmosis management. The broad spectrum of
activity—from direct anti-parasitic effects to
immune modulation—reflects the multi-targeted
nature of phytochemicals.

Comparative Effectiveness: While conventional
therapies remain the standard of care, their toxicity
and resistance issues create a compelling case for
exploring phytotherapeutics. Herbal compounds
such as thymoquinone and berberine rival the
effectiveness of pyrimethamine in experimental
models, with significantly fewer side effects.

Mechanisms of Action: The mechanisms through
which herbal agents act against T. gondii are diverse.
These include:
e Disruption of parasite mitochondrial function
(e.g., quassin, emodin)
e Induction of apoptosis in tachyzoites (e.g.,
fisetin, genistein)
e Inhibition of invasion and replication (e.g.,
naringenin, luteolin)
Research Gaps: Despite encouraging results, the
evidence base is limited by the scarcity of well-
powered clinical trials. Most studies are preclinical
and differ in methodology, making
comparisons difficult. There is also a lack of

Cross-

standardization in dosing, and

treatment duration.

extract purity,

Ola Salih Ali et al JMSCR Volume 13 Issue 09 September 2025

Page 54




Future Directions: Clinical trials are urgently
needed to validate the safety and efficacy of
promising candidates. Further investigation into
pharmacokinetics, optimal formulations, and
potential herb-drug interactions will be critical for
translating these findings into practice.
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