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INTRODUCTION                                                                 

Toxoplasmosis  is caused by an obligate 
intracellular coccidian protozoan; T. gondii. It 
has a wide diversity of intermediate hosts and 
so a worldwide distribution. It is one of the most 
common parasitic infections affecting human and 
warm-blooded animals. Besides, T. gondii is a vastly 
significant economic and veterinary medical concern 
in livestock industry as an essential zoonosis[1]. The 
global T. gondii seroprevalence was estimated to be 
32.9% in pregnant women[2]. Moreover, its worldwide 
prevalence in domestic and wild cats, the key 
definitive hosts, was reported to be 35% and 59%, 
respectively[3]. In Egypt, up to 95% of domestic cats are 
infected with T. gondii[4]. Man acquires the infection 
via ingestion of raw or undercooked meat, containing 
tissue cysts or by accidental consumption of food and 
drinks, polluted with mature oocysts. Trans-placental 

transmission is another principal route of infection 
that may lead to serious fetal consequences[5]. This 
protozoan has three infectious forms: bradyzoites in 
tissue cysts, sporozoites in oocysts and tachyzoites 
in pseudocysts. Tachyzoites, as rapidly proliferating 
forms, are the chief cause of the acute phase of the 
disease and are accountable for deleterious pathologic 
effects[6]. The infection is usually guarded by the host 
immune reaction and remains dormant in neural and 
muscle tissues for life of immunocompetent hosts. 
Most cases are asymptomatic however, individuals 
with compromised immune system could undergo 
reactivation and suffer life-threatening sequelae[7].

Protection against intracellular pathogens such as 
T. gondii, mainly depends on the host cell-mediated 
immune response. A crucial step in eliminating this 
parasite is the activation of macrophages and T 
lymphocytes essentially CD8+ cells for production 
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ABSTRACT

Background: The currently available therapeutics for treatment of toxoplasmosis are associated with 
various adverse effects, highlighting the urgent need for development of safer, more tolerable and cost-
effective medications for treatment of such a disease. These properties can be properly afforded by natural 
compounds. 
Objective: The purpose of the current work was to assess the efficacy of cumin seed oil (CSO) in the 
treatment of acute toxoplasmosis in mice models.
Material and Methods:  The total phenol and flavonoid contents of CSO were estimated using Folin_
Ciocalteu assay and aluminum trichloride reaction, respectively. The CSO was orally administered at a 
dose of 5 ml/kg/d, starting 24 h post infection (PI) and continued for five consecutive days. In comparison 
to SeptrinTM, the therapeutic effectiveness was assessed using the following parameters: parasitological 
(animal survival, parasite burden, viability, and infectivity), ultrastructural (scanning electron microscopy, 
SEM), immunological (serum tumor necrosis factor alpha, TNF-α), and histopathological (liver, spleen, 
and brain).
Results: The total phenol and flavonoid contents of CSO were 84.65±0.22 mg gallic acid equivalents 
/g (GAE/g) and 52.08±0.18 mg quercetin equivalent/g (QE/g), respectively. Both SeptrinTM and CSO 
markedly improved the animal survival and reduced the parasite burdens in different specimens. They 
significantly deteriorated tachyzoite viability and infectivity. In CSO-treated mice, distorted crescent-
shaped tachyzoites, deep depressions, membrane pores and huge vesicular swellings were detected by 
SEM. The immunological study showed that treatment with either SeptrinTM or CSO obviously decreased 
TNF-α, substantially reduced the necro-inflammatory reaction, and subsequently ameliorated the 
histopathologic changes in different organs.
Conclusion:  The evidences gathered herein support that CSO may be useful as a safe, natural therapy 
for acute toxoplasmosis considering both the anti-inflammatory and the anti-Toxoplasma properties. 
However, the mode of antiprotozoal action of the oil components should be further investigated. 
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of T helper 1 (Th1) cytokines. In particular, tumor 
necrosis factor alpha (TNF-α) was reported to clearly 
elicit a protective role in toxoplasmic retinochoroiditis, 
by inhibiting the parasite proliferation in retinal 
pigment epithelial cells[8]. However, in early pregnancy 
increased levels of TNF-α due to T. gondii infection 
induced excessive inflammatory reaction, leading to 
abortion[9]. Moreover, AIDS patients with active ocular 
or cerebral toxoplasmosis were found to have high 
levels of TNF-α that contributed to the inflammatory-
mediated tissue damage[10].

Currently, the recommended treatment regimens 
of toxoplasmosis include combined therapeutics such 
as pyrimethamine-sulfadiazine, pyrimethamine-
clindamycin, and trimethoprim-sulfamethoxazole. They 
are commonly used in the treatment of toxoplasmic 
encephalitis and ocular toxoplasmosis[11,12]. Although 
the available drugs possess adequate efficiencies, they 
are often associated with adverse effects as allergy, 
bone marrow suppression, folic acid deficiency, and 
hematologic toxicity, osteoporosis, teratogenic effects, 
and renal problems[13]. These harmful outcomes 
highlight the urgent need for development of new, 
safe, and cost-effective medications for treatment of 
toxoplasmosis. 

In this respect, natural stuffs and their composites 
are the most productive resources for the therapy of a 
wide scope of diseases. For instance, spices are beneficial 
bionutrients when inserted in food ingredients or in 
nutritional supplements. From ancient ages, spices 
were consumed as additives to enhance food taste and 
essence. They also comprise plentiful medicinal assets 
and are manipulated in treatment of several disorders. 
Cumin is one of the popular spices habitually utilized 
as a flavoring aromatic in the Mediterranean kitchen[14]. 
It possesses a tiny hairy, brownish, boat-shaped seed, 
retaining a spicy sweet aroma with faintly bitter and 
pungent flavor. It is a chief component of curry and 
chili powder used for flavoring lots of commercial 
food products. In conventional medicine, cumin was 
safely employed as antispasmodic and diuretic agent 
and also to relieve toothaches, epilepsy, jaundice, 
dyspepsia, flatulence, maldigestion, and diarrhea[14]. Its 
scientific name is Cuminum cyminum (L.) that belongs 
to the Apiaceae (Umbelliferae) family[15]. Cumin leaves, 
flowers, fruits, and seeds are the valuable portions 
of this plant. The pharmacological examinations 
revealed that C. cyminum possesses insecticidal, anti-
inflammatory, analgesic, antioxidant, anticancer, 
antidiabetic, antiplatelet aggregation, hypotensive, 
bronchodilator and antimicrobial properties[16,17]. 
The cumin seed oil (CSO) exhibited an antibacterial 
influence on various Gram-positive and Gram-negative 
strains[18]. It showed a wide-spectrum antifungal 
competence against distinctive pathogenic Candida 
species[19]. Moreover, its antiviral influence on herpes 
simplex virus-1, was reported[20].

The reported antimicrobial and anti-inflammatory 
characteristics of C. cyminum (L.) and its influence on 
the pro-inflammatory pursuit of a Th1 cytokine “TNF-
α“challenged us to assess CSO efficacy in the treatment 
of acute toxoplasmosis in mice, experimentally infected 
with the virulent T. gondii RH strain.

 MATERIAL AND METHODS                                                                 

This case control experimental study was conducted 
during the period from June 2021 to December 2021 
at the Medical Parasitology Department, Faculty of 
Medicine, Alexandria University, Egypt.

Study design: Laboratory mice were infected with 
T. gondii RH strain. The total contents of phenol and 
flavonoid in CSO were estimated. The efficacy of CSO 
was evaluated in comparison to SeptrinTM, through 
parasitological, ultrastructural, immunological, and 
histopathological studies.

Experimental animals: Ninety-four laboratory-bred 
male Swiss albino mice, four to six weeks old, weighing 
20-25 g were used in the current study. Animals 
were housed in a colony room in the animal house of 
Medical Parasitology Department, Alexandria Faculty 
of Medicine, with a 12:12 hours light/dark cycle at 
20-25°C and 70% humidity. They were maintained in 
metallic, well-ventilated, clean cages. Food pellets and 
water were continuously supplied and bedding was 
changed daily. 

Parasite maintenance and animal infection: 
Toxoplasma gondii RH HXGPRT (-) virulent strain was 
obtained from the laboratory of Medical Parasitology 
Department,  Alexandria Faculty of Medicine, Alexandria, 
Egypt. It was maintained by serial intraperitoneal (IP) 
inoculation of tachyzoites in albino mice every five 
days. One milliliter of sterile isotonic saline (0.9%) was 
injected into the peritoneal cavity of infected mice on 
the fifth day post-infection (PI). The peritoneal fluid 
was withdrawn and examined for tachyzoites under 
light microscope (x400). This process was repeated 
three times to wash thoroughly the peritoneal cavity. 
The obtained tachyzoites were washed three times 
with phosphate buffered saline (PBS) pH 7.4 and then 
diluted to be used for experimental animal infection 
at a dose of 3.5 x 103 tachyzoites/mouse through IP 
route[21].

Tested compounds: SeptrinTM oral suspension 
(40 mg trimethoprim, 200 mg sulphamethoxazole) 
(GlaxoSmithKline, S.A.E) was implemented as a 
reference therapy at a dose of 0.5 mg/kg/d[22]. A volume 
of 5 ml of the SeptrinTM oral suspension was added to 
995 ml PBS, pH 7.4, to obtain a final drug concentration 
of 240 mg/L for administration of 50 μl/mouse/d. 
Cumin seed oil (Sigma Aldrich, Germany) was orally 
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administered at a volume of 125 μl that was equivalent 
to the dose of 5 ml/kg/d[21].

Assessment of the bioactive compounds (phenol 
and flavonoid) in CSO: The total phenol content in 
CSO was estimated using Folin-Ciocalteu assay[23]. This 
estimation depends on the reduction of Folin-Ciocalteu 
reagent (Phosphomolybdate and phosphotungstate) 
by the phenolic compounds present in CSO. The 
absorbance of the reduced reagent was measured with 
a spectrophotometer at 760nm wavelength. The total 
concentration of phenol compounds was calculated 
and expressed as gallic acid equivalent per gram 
(GAE/g). The total flavonoid content was estimated 
by applying the aluminum trichloride reaction 
method[24]. Absorbance of the reaction mixture was 
read spectrophotometrically at 510 nm wavelength. 
The total flavonoid concertation was calculated and 
expressed as quercetin equivalent per gram (QE/g). 
Both analytic tests were carried out in triplicates.

Animal categorizing and treatment schedule: Of the 
total 94 animals included in the study, sixty-four were 
allocated in four groups (16 mice each) as follows: 
group I exemplified the normal, uninfected mice (non-
infected control), they were injected with one ml PBS, pH 
7.4 through IP route. Group II represented the infected, 
untreated animals (infected control). Group III included 
the infected, SeptrinTM-treated mice (therapeutic 
control). Group IV comprised the infected, CSO-treated 
animals. The employed treatment regimens began 24 h 
PI and were maintained for five consecutive days[21]. Six 
mice from each group were euthanized on the 7th d PI 
with an over-dose of thiopental sodium. The remaining 
ten mice in each group, were observed to estimate the 
survival rate. The other 30 naive mice were allocated to 
judge parasite infectivity.

Parasitological study
Survival rate: The number of living mice was recorded 
daily until all experimentally infected mice died. The 
survival rate was calculated in each group according 
to the following equation: Number of survived mice/
number of mice at the beginning of the experiment 
×100[25].

Parasite burden: Livers, spleens and brains were 
isolated from euthanized experimentally infected mice. 
Impression smears were separately performed for 
each mouse from each organ and stained with Giemsa. 
Toxoplasma gondii tachyzoites were counted in 
different tissue smears under oil immersion objective 
(×100) lens. The mean values of ten different fields 
for each mouse and for each group were calculated[25]. 
The peritoneal fluid containing tachyzoites was 
collected separately from experimentally infected 
mice and centrifuged at 2000 rpm for ten minutes[21]. 
The sediment was suspended in one ml PBS (pH 7.4) 
and extracellular tachyzoites were counted three 

times under light microscope (x400) using Neubeuer 
haemocytometer. The mean parasite count was 
calculated for each mouse and for each studied group.

Parasite mean viability rate (VR): Tachyzoites from 
peritoneal fluid of experimentally infected mice, were 
separately stained with 0.4% trypan blue to test their 
viability[26]. Parasite viability rate was determined 
for each mouse by evaluating the number of viable 
tachyzoites/100 parasites, under light microscope 
using high power lens (X40). This step was repeated 
three times and the mean viability rate was calculated 
for each group[26].

Infectivity rate (IR): To assess parasite infectivity, 
ten naï�ve mice for each infected group (II, III, IV) 
were intraperitoneally inoculated with tachyzoites 
previously collected from infected animals, at a dose of 
1x103 tachyzoites/mouse. They were named groups IIˋ, 
IIIˋ and IVˋ, respectively. Seven days later, mice were 
euthanized, peritoneal cavities were washed, and the 
IR was determined for each group by calculating the 
percentage of mice positive for tachyzoites infection 
(infected mice) following this equation: IR = (Number 
of infected mice at the sacrifice time/Number of naï�ve 
mice inoculated with T. gondii tachyzoites) X 100[27].

Ultrastructural study: Tachyzoites obtained from the 
peritoneal wash of the infected untreated group II and 
CSO-treated group IV were fixed in 2.5% glutaraldehyde 
and processed for scanning electron microscopy (SEM).

Immunological study: Two ml of blood was collected 
separately from mice, in the non-infected control group 
I and the experimentally infected groups II, III and IV, 
euthanized seven days PI. Sera were separated and 
stored at -20oC to be used for quantification of TNF-α 
using ELISA MAX™ Deluxe Set Mouse TNF-α (Biolegend.
com) according to the manufacturer instructions[28]. 

Histopathological study: Equal parts from the liver, 
spleen and brain tissues were fixed in 10% buffered 
formalin, dehydrated in ascending series of ethyl 
alcohol, cleared in xylol, and embedded in paraffin. 
Serial sections, 4-micron thick, were cut and processed 
for staining with hematoxylin and eosin (H&E). They 
were dehydrated and then mounted in Canada balsam. 
Tissue sections were examined for pathological 
changes using standard light microscopy and the 
severity of inflammation was assessed in a blinded 
fashion. Both number of necro-inflammatory foci and 
degree of portal inflammation were assessed in liver 
sections. The necro-inflammatory foci were scored 
as (0= <1 focus per lobule, 1= at least one focus per 
lobule, 2= multiple foci per lobule). Meanwhile, portal 
inflammation was scored as (0= absent, 1= focal in some 
portal tracts, 2= focal in all or diffuse in some tracts, 3= 
diffuse inflammation in all portal tracts). Both scores 
were grouped in final activity grade using METAVIR 
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activity grading system[29]. A four-point scale was done, 
in which A0 indicates no activity, A1: minimal or mild, 
A2: moderate, and A3: severe activity.

Statistical analysis: Data were fed to the computer and 
analyzed using IBM SPSS software package version 20.0. 
(Armonk, NY: IBM Corp). The Kolmogorov-Smirnov 
was used to verify the normality of distribution of 
variables. Comparisons between groups for categorical 
variables were assessed using Chi-square test (Fisher 
or Monte Carlo), ANOVA was used for comparing the 
four studied groups and Post Hoc test (Tukey) for 
pairwise comparison. Significance of the obtained 
results was considered at the 5% level (P<0.05).

Ethical consideration: All animals were handled in 
strict accordance with the Egyptian National Animal 
Welfare Standards. The study protocol was approved 
by the Ethics Committee of Faculty of Medicine, 
Alexandria University (Approval number: 0305203).

 RESULTS                                                                 

Assessment of the bioactive compounds (phenol 
and flavonoid) in CSO: The total phenol content 
of CSO was determined as 84.65±0.22 mg GAE/g, 
meanwhile the total flavonoid content was calculated 
as 52.08±0.18 mg QE/g.

Parasitological study
Survival rate: Figure (1) shows that 90% of the infected 
untreated mice (group II) died by the 7th day PI. However, 
all mice treated with either SeptrinTM or CSO (group III 
and IV) were alive till the 9th d PI. Furthermore, by the 
15th d PI, the survival rates of SeptrinTM-treated and 
CSO-treated groups were 70% and 50%, respectively. 
On statistical basis, oral treatment with SeptrinTM and 
CSO markedly elevated (P<0.001) the mean survival 
duration (14.9±2.0 d, 13.6±2.2 d, respectively), when 
compared to the infected untreated control group II 
(7.1±0.3 d) (Table 1). Interestingly, CSO showed an 
equivalent effect on the animal survival as compared to 
SeptrinTM (P=0.418) (Table 1).

Parasite burden: Both SeptrinTM and CSO (groups III 
and IV) significantly reduced the tachyzoite burdens, 
when compared to the infected untreated group II 
(P<0.05) (Table 2). This was evidenced in all studied 
hepatic, splenic and cerebral impression smears and 
also in peritoneal fluid of groups III and IV. However, 
the efficacy of CSO was not as potent as SeptrinTM, 
when compared to each other regarding this valuable 
parameter (P<0.05) (Table 2). 

Parasite mean viability rate (VR): By staining with 
trypan blue, viable tachyzoites appeared crescent in 
shape with faint blue cytoplasm and dark blue nucleus 
however, dead ones had dark blue cytoplasm (Fig. 
2). Statistically, both SeptrinTM and CSO significantly 
reduced the viability rates of T. gondii tachyzoites in 
comparison to the infected untreated control group 
II (P<0.001) (Table 3). Meanwhile, considering this 
parameter as the reference therapy in group III, 
SeptrinTM elicited a significantly (P<0.001) higher 
efficacy (lower reduction) than CSO (greater reduction) 
(Table 3). 

Fig. 1. Kaplan-Meier survival curve for overall survival rate in 
different studied groups. Group I: Non-infected control; Group 
II: Infected untreated control; Group III: Infected SeptrinTM-
treated; Group IV: Infected CSO-treated.

Table 1. A comparison between the different studied groups according to survival duration.

Days PI
Study groups Statistical analysis

I (n=10) II (n=10) III (n=10) IV (n=10) F test P value
Mean ± SD.
Median (Min.-Max)
P0

16.3 ± 2.2
17 (10–17)

7.1 ± 0.3
7 (7 – 8)
<0.001*

14.9 ± 2
15 (11–17)

0.353

13.6 ± 2.2
14 (10–16)

0.014*
47.190 <0.001*

Significance P1<0.001*, P2<0.001*, P3=0.418
I: Non-infected control. II: Infected untreated control. III: Infected SeptrinTM-treated. IV: Infected CSO-treated. *: Statistically significant 
(P≤0.05). F: For ANOVA test, a pairwise comparison between each two groups using Post Hoc Test (Tukey). P: P value for comparing 
between the studied groups. P0: P value for comparing between group I and each other group. P1: P value for comparing between 
groups II and III. P2: P value for comparing between groups II and IV. P3: P value for comparing between groups III and IV.

Fig. 2. Parasite viability test with trypan blue stain. Viable 
tachyzoites are crescent in shape with faint blue cytoplasm 
(black arrows) and dark blue nucleus however, dead 
tachyzoites have dark blue cytoplasm (white arrows) (x400).
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Infectivity rate: Both treated groups, III and IV showed 
a statistically significant deterioration in parasite 
infectivity (P=0.001 and P=0.033, respectively), when 
compared to the infected untreated control group II 
(Table 4). Interestingly, the comparison between these 
two groups, III and IV revealed that CSO apparently 
affected the tachyzoite infectivity close to the reference 
treatment; SeptrinTM (P=0.350) (Table 4). 

Ultrastructural study: By SEM, T. gondii tachyzoites 
collected from the peritoneal exudate of infected 
untreated group II showed the normal crescent shape 

with a completely regular smooth surface (Fig. 3A). 
However, those obtained from the infected CSO-treated 
group IV revealed obvious parasite enlargement with 
irregular surface, longitudinal furrows and small thin 
projections from the anterior end (Fig. 3B). Additionally, 
tachyzoites possessing an abnormally elongated 
anterior portion with multiple deep depressions and an 
anterior membrane-pore were also detected (Fig. 3C). 
Furthermore, there was a swollen tachyzoite with an 
obviously distorted crescent shape, surface dimples and a 
huge vesicular swelling (Fig. 3D).

Table 2. A comparison between the experimentally infected groups according to parasite burdens in different organs’ impression 
smears (tachyzoites/10 oil fields) and peritoneal wash (tachyzoites/ml x 104)

Parasite burden
Study infected groups Statistical analysis

II (n=6) III (n=6) IV (n=6) F test P value
Liver 

Median (Min. - Max)
Mean ± SD

13.5 (10.6 - 15.8)
13.3 ± 2

2.7 (1.2 – 3.2)
2.4 ± 0.8

7.5 (6.1 – 8.2)
7.3 ± 0.8

100.348 <0.001*

Significance P1<0.001*, P2<0.001*, P3<0.001*
Spleen

Median (Min. - Max)
Mean ± SD

7.3 (6.8 – 8.6)
7.5 ± 0.7

1.9 (1.6 – 2.4)
1.9 ± 0.3

3.7 (3.2 – 4.5)
3.8 ± 0.5

153.888 <0.001*

Significance P1<0.001*, P2<0.001*, P3<0.001*
Brain

Median (Min. - Max)
Mean ± SD

2.7 (2.4 – 3.6)
2.9 ± 0.5

0.9 (0.4 – 1.1)
0.8 ± 0.3

1.5 (1.2 – 2)
1.5 ± 0.3

54.016 <0.001*

Significance P1<0.001*, P2<0.001*, P3<0.007*
Peritoneal wash 

Median (Min. - Max)
Mean ± SD

49.5 (42 – 52)
48 ± 4

4 (3 – 5)
4 ± 0.7

16.8 (13 – 21.5)
17 ± 3.5

317.172 <0.001*

Significance P1<0.001*, P2<0.001*, P3<0.001*

Table 3. Comparison between the experimentally infected groups according to parasite mean viability rate.

Viability rate
Study infected groups Statistical analysis

II (n=6) III (n=6) IV (n=6) F test P value
Median (Min. - Max)
Mean ± SD

100 ± 0.0
100.0 (100.0 -100.0)

15.0 ± 1.79
14.5 (13.0 -18.0)

46.0 ± 7.59
45.0 (38.0 -56.0) 547.796 <0.001*

Significance P1<0.001*, P2<0.001*, P3<0.001*
II: Infected untreated control. III: Infected SeptrinTM-treated. IV: Infected CSO-treated. *: Statistically significant (P≤0.05). F: For 
ANOVA test, a pairwise comparison between each two groups using Post Hoc Test (Tukey). P: P value for comparing between the 
three studied groups. P1: P value for comparing between groups II and III. P2: P value for comparing between groups II and IV. P3: 
P value for comparing between groups III and IV.

Table 4. A comparison between the infected studied groups according to parasite infectivity rate.
Study infected groups Statistical analysis

II` (n=10) III` (n=10) IV` (n=10)
X2 MCP

No. (%) No. (%) No. (%)
Infectivity rate 10 (100%) 2 (20%) 5 (50%) 547.796 <0.001*
Significance FEP1<0.001*, FEP2<0.033*, FEP3<0.350

II`: Corresponding to infected untreated control group. III`: Corresponding to infected SeptrinTM-treated group. IV`: Corresponding 
to infected CSO-treated group. *: Statistically significant (P≤ 0.05). X2: Chi square test. FE: Fisher Exact test. MC: Monte Carlo test. No: 
Number. P: P value for comparing between the three studied groups. P1: P value for comparing between groups II and III. P2: P value 
for comparing between groups II and IV. P3: P value for comparing between groups III and IV.

II: Infected untreated control. III: Infected SeptrinTM-treated. IV: Infected CSO-treated. *: Statistically significant (P≤0.05). F: For ANO-
VA test, a pairwise comparison between each two groups using Post Hoc Test (Tukey). P: P value for comparing between the three 
studied groups. P1: P value for comparing between groups II and III. P2: P value for comparing between groups II and IV. P3: P value 
for comparing between groups III and IV.
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Immunological study: There was an obvious 
elevation in the serum level of TNF-α in the infected 
untreated control group II as compared to the non-
infected group I (P<0.001) (Table 5). Both treatment 
regimens, SeptrinTM and CSO markedly decreased 
TNF-α serum levels, when compared to the untreated 
group II (P<0.001) (Table 5). Moreover, there was 
no statistically significant difference in TNF-α serum 
levels between SeptrinTM-treated mice (group III) and 
the non-infected control ones (P=0.097) (Table 5). 
Notably, treatment with CSO showed a reducing effect 
on TNF-α-serum-level, when compared to SeptrinTM 
(P=0.053) (Table 5). 

Histopathological study: On histopathologic 
examination of H&E-stained hepatic sections, the 
infected untreated control group II showed a thick 
edematous hepatic capsule covered by inflammatory 
exudate that is rich in tachyzoites and lymphocytes. 
The hepatic architecture showed mild disorganization 
with multiple parenchymal necro-inflammatory foci 
(Fig. 4A). Evident congestion and vascular dilatation 
of portal vessels, sinusoids and central veins were 
observed (Fig. 4A). Hepatocytes showed diffuse 
feathery degenerative changes. Lobular inflammatory 
infiltrates composed of neutrophils admixed with 
lymphocytes, plasma cells and rare giant cells were 
detected. Multiple foci were seen per lobule (score 
2). Focal interface hepatitis and moderate portal 
mononuclear infiltrate composed of lymphocytes 
and plasma cells were observed in most of the portal 
tracts (score 2) (Fig. 4B). Necrotic hepatocytes and 
intra/extra cellular tachyzoites were also detected 

(Fig. 4C). The necro-inflammatory grade was A3 (sever 
activity) according to METAVIR scoring system.

In infected SepterinTM-treated group III, there 
was an evident improvement of liver histopathology 
with restoration of the hepatic architecture. The 
capsular edema was minimal, the parenchymal necro-
inflammatory foci were few, and the portal inflammation 
was minimal with mild congestion of portal vessels, 
sinusoids, and central veins (Fig. 4D). Hepatocytes 
showed no degenerative changes and there was a mild, 
focal mononuclear infiltration of the portal tract with no 
interface hepatitis (score 0), and with improved portal 
vascular dilatation (Fig. 4E). Lobular inflammatory foci 
declined to one per liver lobule (score 1) showing necrotic 
hepatocytes, while tachyzoites were rarely detected 
(Fig. 4F). The necro-inflammatory grade dropped to 
A1 (minimal activity). Of note, CSO-treated group IV 
showed a marked amelioration of hepatic pathology 
and an obvious improvement of the necro-inflammatory 
scoring similar as SepterinTM-treated group but with focal 
interface hepatitis (score 1) (Fig. 4G-I). 

The H&E-stained splenic sections of the infected 
control group II showed splenic capsule infiltrated by 
lymphocytes, severely congested red pulp, possessing 
numerous megakaryocytes and epithelioid histiocytes 
with intracellular parasites (Fig. 5A, B). The lymphoid 
pulp appeared compressed with rare germinal centers. 
Both SeptrinTM and CSO had obviously improved the 
splenic architecture. Lymphoid hyperplasia was noted 
with mild red pulp congestion and rarely observed 
tachyzoites (Fig. 5C-F).

A B

C D

Fig. 3. SEM of T. gondii tachyzoites collected from the peritoneal exudate of 
infected untreated group II (A) and infected CSO-treated group IV (B-D). A: A 
normal tachyzoite showing the crescent shape with a completely regular smooth 
surface. B: A treated parasite demonstrating a markedly enlarged tachyzoite 
with irregular surface, longitudinal furrows (arrows) and small thin projections 
from the anterior end (arrowhead). C: Two treated tachyzoites, one possessing 
an abnormally-elongated anterior portion and irregular surface with multiple 
deep depressions (arrows), the other one revealing a pore at the anterior part 
(arrowhead) with preservation of its crescent shape. D: A treated swollen 
tachyzoite showing an obviously-distorted crescent shape, surface dimples 
(arrows) and a huge vesicular swelling (arrowhead).

Table 5. Comparison between the different studied groups according to the levels of TNF-α in serum samples.

TNF-α (pg/ml)
Study groups Statistical analysis

I (n=6) II (n=6) III (n=6) IV (n=6) F test P value
Mean ± SD.
Median (Min.-Max)
P0

35.3 ± 0.7
35.3(34.4–36.1)

402.5 ± 70.3
404.3(330.8–472.4)

<0.001*

85.4 ±4.5
85(80.2–91.1)

0.097

141.8 ± 1.9
141 (140.2–144.3)

0.014*
129.074 <0.001*

Significance P1<0.001*, P2<0.001*, P3=0.053

I: Non-infected control. II: Infected untreated control. III: Infected SeptrinTM-treated. IV: Infected CSO-treated. *: Statistically 
significant (P≤0.05). F: For ANOVA test, a pairwise comparison between each two groups using Post Hoc Test (Tukey). P: P value for 
comparing between the studied groups. P0: P value for comparing between group I and each other group. P1: P value for comparing 
between groups II and III. P2: P value for comparing between groups II and IV. P3: P value for comparing between groups III and IV.
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Histopathologic brain sections of the infected 
untreated group II revealed sever meningitis with 
focal parenchymal mononuclear infiltrates. Neuronal 
degenerative changes were widely seen in different 
cerebral areas as well as perivascular edema however, 
tachyzoites were not detected by H&E stain (Fig. 

6 A, B). An obvious improvement was observed in 
both SeptrinTM and CSO-treated groups, in terms of 
mild meningitis, focal neuronal degeneration, focal 
perivascular edema and non-detectable mononuclear 
infiltrates (Fig. 6 C, D).

A

C

B

D

Fig. 6. Histopathologic examination of H&E-stained cerebral tissues, obtained 
from T. gondii RH strain-infected mice (infected untreated control, infected 
SeptrinTM-treated and infected CSO-treated groups; II (A, B), III (C) and IV 
(D), respectively). A) Sever meningitis (asterisk). B) Multiple parenchymal 
nodules of inflammatory mononuclear cells (black arrows), perivascular edema 
(v) and neuronal degenerative changes (arrowheads). C and D represent 
mild meningitis (asterisk), focal perivascular edema (v) and focal neuronal 
degeneration (arrowheads) with no parenchymal mononuclear cell infiltrates.

Fig. 5. Histopathologic examination of H&E-stained splenic tissues, obtained from T. gondii RH strain-infected mice (infected 
untreated control, infected SeptrinTM-treated and infected CSO-treated groups II (A, B), III (C, D) and IV (E, F), respectively). 
A) Hyperplastic severely congested red pulp with dilated sinusoids. B) High power of congested red pulp possessing numerous 
epithelioid histiocytes (yellow circles) with numerous extra cellular tachyzoites (yellow arrows). C) Mild congestion of red pulp and 
hyperplastic lymphoid follicles. D) High power of red pulp with no detectable epithelioid cells. E) Mild congestion of the red pulp 
and hyperplastic lymphoid follicles. F) High power of few epithelioid cells (yellow circles) with scanty tachyzoites (yellow arrows) 
in the red pulp.
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Fig. 4. Histopathologic examination of H&E-stained 
hepatic tissues, obtained from T. gondii RH strain infected 
mice (infected untreated control, infected SeptrinTM-
treated and infected CSO-treated groups; II, III and IV, 
respectively). Group II (A-C), III (D-F) and IV (G-I). 
A) The capsule (asterisk) is edematous and covered by 
inflammatory exudate, multiple necro-inflammatory 
foci (black arrows) and moderate portal inflammation 
(red arrow) were observed with marked congestion of 
portal vessels and central veins (v). B) High power of 
portal tract with moderate mononuclear infiltration (red 
arrow), interface hepatitis and dilatation of portal vessels 
(v). C) High power of one necro-inflammatory focus 
showing necrotic hepatocytes (black arrow) and intra/
extra cellular tachyzoites (arrow heads). D) Minimal 
capsular (asterisk) edema, few necro-inflammatory foci 
(black arrow) and minimal portal inflammation (red 
arrow) were demonstrated with moderate congestion 
of portal vessels and central veins (v). E) High power of 
portal tract with minimal mononuclear inflammatory 
infiltrate (red arrow) and no interface hepatitis. F) 
High power of one necro-inflammatory focus showing 
necrotic hepatocytes (black arrow) while tachyzoites 
were not detected. G) The liver capsule (asterisk) was 
slightly edematous with residual inflammatory exudate, 
few necro-inflammatory foci (black arrow) minimal 
portal inflammation (red arrow) and dilatation of portal 
vessels and central veins (v). H) high power of portal 
tract with minimal mononuclear infiltration (red arrow) 
and no interface hepatitis. I) High power of one necro-
inflammatory focus showing necrotic hepatocytes (black 
arrow) with no detectable tachyzoites.
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DISCUSSION                                                                 

Treatment of human toxoplasmosis represents a 
true challenge. The currently available therapeutics 
cannot clear latent infection with T. gondii and are 
often intolerable by patients. Considering these 
constraints, the search for alternative drugs with novel 
mechanisms of action needed upgrading[30]. Since many 
centuries, plants and their derivatives have been used 
as a valuable natural resource for traditional remedies. 
Recently, there is an increasing interest in the field of 
ethno-pharmacological research for the treatment of 
parasitic infections[31].

Cuminum cyminum (L.) was reported to possess 
ovicidal properties where the exposure to its essential 
oil-vapours resulted in 100% mortality of the eggs of 
stored-product insects such as flour beetle (Tribolium 
confusum) and Mediterranean flour moth (Ephestia 
kuehniella)[32]. Moreover, cuminaldehyde, a major 
constituent of CSO, exerted high irritant activity against 
female A. gambiae mosquitoes[17]. Notably, thymol 
and carvacrol were proved to possess a synergistic 
insecticidal effect on the larvae of Amblyomma 
sculptum and Dermacentor nitens[33,34]. Hence, the 
current experiment was designed to explore the anti-
Toxoplasma activity of CSO in mice models. We chose 
CSO in our study because the essential oils of medicinal 
plants seemed to possess a better antimicrobial effect 
in comparison to powder, alcoholic and aqueous 
extracts, that are related to the main components of 
such oils[35].

In the present work, untreated mice, experimentally 
infected with T. gondii RH strain (group II) had 
rapidly died within seven days PI. This agrees with 
previous experiments conducted on similar parasite 
strains[21,36-38]. The low survival rate of animals after 
infection was attributed to rapid invasion of the 
host cells, uncontrolled parasite proliferation and 
aggressive tachyzoite dissemination in different 
organs[39]. Both SeptrinTM (group III) and CSO (group 
IV) had significantly prolonged the mean survival 
duration to nearly 15 d. Comparable results were 
demonstrated when Sophora flavescens alkaloids 
(oxymatrine and matrine) were used to treat 
experimental toxoplasmosis in comparison to 
spiramycin as a reference drug[40]. Additionally, Azami 
et al.[37] recorded a marked increase in animal survival 
time when they used curcumin nanoemulsion alone in 
a similar experiment. The same findings were reported 
upon implementing trimethoprim-sulfamethoxazole, 
spiramycin-metronidazole and two different 
pyrimethamine combination therapies in treatment of 
acute toxoplasmosis[21,38]. 

The concept of using trimethoprim in a fixed 
combination with sulfamethoxazole (SeptrinTM) is 
attributed to their complementary and synergistic 
mechanisms of action. Sulfamethoxazole is recognized 

as a structural analogue of para-aminobenzoic 
acid, possessing a competitive inhibitory effect on 
dihydropetroate synthetase. This inhibits the synthesis 
of intermediary dihydrofolic acid from its precursors. 
Meanwhile, trimethoprim acts as a structural analogue 
of pteridine part of dihydrofolic acid which competitively 
inhibits dihydrofolate reductase. This subsequently 
downregulates tetrahydrofolic acid production; the 
physiologically active form of folic acid and a necessary 
cofactor in the synthesis of thymidine, purines, and 
DNA[41]. This sequential blockade of two enzymes in 
one pathway results in an effective microbicidal action 
as T. gondii was recognized as an obligate thymidine 
manufacturer and was suggested to lack alternative 
mechanisms for folate acquisition. These facts justify 
the more potent efficacy of SeptrinTM than CSO on the 
parasite proliferation and burden in different tissues 
and on the tachyzoite viability in our study. 

Herein, the oral five-day therapy with CSO succeeded 
to decrease the tachyzoite burdens significantly, 
in all studied tissue smears and also in peritoneal 
exudates, when compared to the infected untreated 
group II. Similar results were reported upon use of 
the essential oil of Bunium persicum (Boiss), another 
member of Apiaceae family, for the same duration to 
treat experimental acute toxoplasmosis with promising 
yields[42]. Counting tachyzoites in peritoneal exudate 
was reported to be valuable in the assessment of the 
anti-Toxoplasma activity of natural compounds[37]. 
Furthermore, the essential oil isolated from an Apiaceae 
member “Daucus crinitus desf” exerted a marked growth 
inhibitory effect on chloroquine-resistant Plasmodium 
falciparum culture[43].

Regarding the tachyzoite mean viability rate, it 
was significantly   reduced by both  SeptrinTM and CSO  
therapies in comparison to the infected untreated 
controls. Similarly,  the  tachyzoite  viability  was  
extremely affected, when methanolic extracts of 
Sambucus nigra, Caprifoliaceae family were applied 
on Toxoplasma RH strain-infected macrophages[44]. 
Assessment of this parameter was crucial to 
evaluate the anti-Toxoplasma potentials of different 
compounds[36,38,40].

The mechanism of the growth inhibition and 
viability deterioration elicited by CSO has not been 
studied in a detailed manner, considering the great 
number of different groups of chemical compounds 
that exist in essential oils. It is worth noting that their 
antimicrobial activity is not attributed to one specific 
mechanism but they have many targets in the cell[45,46]. 
Not all the involved mechanisms are separate targets; 
some are affected as an outcome of another mechanism 
being targeted[35]. Regarding the mechanism by 
which CSO might exert its antiprotozoal effect, it was 
reported that phenolic compounds, such as thymol 
and carvacrol, may inactivate essential enzymes, react 
with the cell membrane, or disturb genetic material[46]. 
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This assumption could also explain the drastic 
deterioration in parasite infectivity in our study since 
plasma membrane and parasitic enzymes are crucial 
in tachyzoite attachment and mammalian host cell 
invasion[48]. Parasite infectivity is a good indicator for 
anti-Toxoplasma pursuit of candidate agents[36].

The antimicrobial activity of essential oils is 
assigned to a number of terpene, terpenoid and phenolic 
constituents[49]. Phytochemical analysis revealed 
monoterpenoids (camphor, carvacrol, thymol, linalool…
etc) and monoterpene hydrocarbons (α-pinene and 
β-pinene) as chemical constituents of CSO[20]. Such 
monoterpenoids were proved to have an antiprotozoal 
activity against P. falciparum[50], G. lamblia[51] and T. 
brucei[52]. Furthermore, α-pinene showed a considrable 
antiparasitic effect on L. brasiliensis and T. cruzi[53]. 
Cuminaldehyde was pointed out as the major compound 
associated with the pharmacological properties of C. 
cyminum seeds[54]. Although cuminaldehyde is a special 
monoterpenoid possessing an aromatic ring which 
makes it resemble phenyl propanoids with a proven 
antiplasmodial activity, it couldn’t exert an antimalarial 
action[55]. Notably, studies using C. cyminum oil or the 
oil monoterpenic components, α-pinene and β-pinene 
proved their anthelmintic activities against the third 
stage larvae of Anisakis simplex[56,57]. 

The essential oil of C. cyminum (L.) potentiated the 
efficacy of ciprofloxacin on multiple bacteria[58,59]. It 
had a synergistic antibacterial activity with the food 
preservative “nisin” against food-borne pathogens and 
markedly inhibited the growth of such pathogens[18,60]. 
Similarly, it elicited a good antimicrobial effect on 
different bacteria including multidrug resistant strains 
of Salmonella spp. It was assumed that the bioactive 
compounds in this oil may have halted the proper 
assembly of cell membrane, which ultimately affected 
the cell shape and inhibited its growth[61].

Scanning electron microscopy revealed 
major ultrastructural changes in CSO-treated 
group. Comparable findings were recorded upon 
treatment of experimentally infected mice with 
Nigella sativa oil, aluvia, nitazoxanide, spiramycin-
metronidazole[21,36,38]. Essential  oils interact very 
closely with the cell membrane phospholipids by the 
aid of short carbon chains and high hydrophobicity 
of their constituents[62]. Like typical lipophiles, they 
can pass through the cytoplasmic membrane, disrupt 
the structure of different layers of polysaccharides, 
fatty acids, and phospholipids. Moreover, they could 
interact with proteins embedded in the cytoplasmic 
membrane, causing structural deformation, and 
increasing its permeability[62,63]. These facts might 
explain the ultrastructural changes revealed in our 
experiment in which, there was an obvious elevation 
in the serum level of TNF-α in the infected untreated 
control mice. This was supported by previous 
investigators[64,65]. Increased level of such a pro-

inflammatory cytokine commences with Toxoplasma 
glycosylphosphatidylinositol recognition by host toll-
like receptors (TLRs). Specifically, TLR2 and TLR4 are 
activated and subsequently trigger TNF-α production 
by macrophages[64]. Expression of indoleamine 
2,3-dioxygenase, an enzyme involved in the catabolism 
of tryptophan and an amino acid important for 
tachyzoites replication, was modulated by TNF-α, 
contributing to parasite-growth inhibition[66]. Notably, 
neutrophils represent a valuable army in the early 
fight against Toxoplasma through induction of various 
cytokines involving TNF-α. This cytokine synergizes 
with IL-12 to produce IFN-γ, thereby promoting the 
T cell-dependent pathway of host resistance to the 
parasite. TNF-α seemed to play a vital role in host 
defense against T. gondii; mice exhibiting neutrophils 
depletion displayed uncontrolled tachyzoite replication 
and lethal systemic pathology[67]. Additionally, it was 
postulated that, in the early phase of infection, TNF-α 
can induce egress of tachyzoites from infected cells 
to help parasites invade other host cells for mass 
replication. Meanwhile, activated macrophages can 
eliminate TNF-α -induced egressed tachyzoites in the 
late infection phase[68]. 

In the present study, treatment with CSO showed a 
reducing effect, comparable to SeptrinTM considering 
TNF-α-serum-level. This could be attributed to the 
anti-inflammatory property of CSO, since it markedly 
inhibited the expression of messenger RNA (mRNAs) of 
multiple pro-inflammatory mediators: inducible nitric 
oxide synthase, cyclooxygenase-2, IL-1 and IL-6[69]. 
Moreover, CSO efficiently blocks lipopolysaccharide-
induced transcriptional activation of nuclear factor-
kappa B (NF-κB) and inhibits the phosphorylation 
of extracellular signal-regulated kinase and c-Jun 
N-terminal kinase inflammatory pathways[69]. 
Subsequently, TLR2 and TLR4 become unable to induce 
macrophages to produce TNF-α. Our results also might 
be explained by the concomitant inhibitory effects on 
parasite proliferation and deteriorating pursuit of 
tachyzoite viability and infectivity, exerted by SeptrinTM 
and CSO. Hence, the reduced host cell invasion and 
decreased inflammatory reaction. 

On histopathologic basis, the infected untreated 
control group II revealed disorganized hepatic 
architecture, diffuse hepatocyte degeneration, 
lobular and portal inflammation score 2, and necro-
inflammation grade A3. This group showed splenic-
capsule lymphocytic infiltration, congested red pulp 
with megakaryocytes and epithelioid histiocytes laden 
with tachyzoites. Comparable histopathologic outcomes 
were previously reported[21,70]. The concomitant high 
level of TNF-α in such a group can cause the infiltration 
with the inflammatory cells and the necrotic cellular 
damages[71].

Administration of CSO (group IV) showed marked 
reduction in the necro-inflammatory reaction and 
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amelioration of the histopathologic changes, observed 
in hepatic, splenic and cerebral tissues. This finding 
could be attributed to the anti-Toxoplasma activity 
as well as its anti-inflammatory property. Our 
results are supported by previous studies in which 
the essential oil of Nigella sativa was employed for 
treatment of schistosomiasis and acute toxoplasmosis 
in experimentally infected mice[21,72]. The substantial 
improvement in the histopathologic sequels especially 
hepatitis and meningitis provide another explanation 
for the prolonged animal survival duration upon 
treatment with both SeptrinTM and CSO. On the other 
hand, the lymphocytic tissue infiltration was still 
detected in CSO-treated mice. This inflammatory 
reaction may be due to the failure of CSO to eliminate 
tachyzoites completely. Furthermore, C. cyminum was 
reported to possess an immunomodulatory activity 
through stimulation of T lymphocytes and induction of 
Th 1 cytokines[73]. 

Overall, the evidence gathered herein, support that 
CSO can be useful as a safe, natural therapy for acute 
toxoplasmosis considering both the anti-inflammatory 
and the anti-Toxoplasma possessions. However, the 
mode of antiprotozoal action of the oil components 
should be further investigated.
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