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Toxocara vitulorum (T. vitulorum) is a significant intestinal nematode that has led to a large global economic loss
for farm animals. While there is a paucity of safe and effective anthelmintic drug development against it. Thus,
this work aimed to estimate the antiparasitic effect of Thymol, Balanites aegyptiaca (B. aegyptiaca), and propolis
as an alternative treatments against T. vitulorum larvae in vivo. To achieve this purpose, the embryonation of T.
vitulorum eggs were done in vitro. Then, a total of thirty female wester rats were divided into six groups (5 each).
Infected rats were orally inoculated by 2500 eggs containing third stage larvae. These groups were (control
negative), (control positive), treated with (piperazine citrate 300 mg/kg), (thymol 40 mg/kg), (B. aegyptiaca 250
mg/kg), and (propolis 100 mg/kg). Parasitological and histopathological responses of all treated groups were
evaluated at 7 and 14 days post infection (dpi). Microscopical examination of lung, liver (pepsin digested organs)
and brain (squashed method) were used for counting of larvae. The numbers of larvae reduced at 14 dpi and
accomplished the highest reduction in Thymol group (75%) followed by Propolis group (55.8%) and B. aegyptiaca
group (53.8%) than in control positive group. Histopathological examination proved that thymol followed by
propolis and B. aegyptiaca extracts were effective in improving the pathological changes and had a good effect
on organ damage protection that was caused by T. vitulorum larvae. So, they can be used as an alternative, safe,
and effective treatment of T. vitulorum infection.
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INTRODUCTION

Toxocariasis was listed by the "US Centers for Disease Control and
Prevention (CDC)" as one of the most five parasite infections that people ignore
(Holland, 2017). It is a wide pervasive zoonotic disease originated by nematodes
(Gasser, 2013). Of all Toxocara species, Toxocara vitulorum (T. vitulorum) has the
least zoonotic importance (Moyo, 2002). Human beings are deemed an accidental
host for T. vitulorum infections, in which its larvae never mature into adult worms
(Macpherson, 2013). Humans are infected through the ingestion of eggs containing
third stage larva from a variety of environmental sources polluted with host feces
(Ma et al., 2018). Furthermore, the existence of T. vitulorum larvae in milk is a risk
agent for visceral larvae migrans as a result of drinking unpasteurized milk from
diseased animals (Glickman et al., 1987).

Toxocariasis in children is more common than in adults due to a lack of
personal hygiene (Carvalho and Rocha, 2014). Larvae of T. vitulorum migrate
through the lung and liver of paratenic hosts and subsequently spread to other
organs (brain, kidney, and muscles) (Shehata et al., 2022). Then it encysted in
different body organs and tissues for months or years (somatic migration), leading
to ocular larval migrans (OLM), visceral larva migrans (VLM), neurotoxocariasis, and
covert toxocariasis (Ma et al., 2018). Toxocara vitulorum is a species of nematode
Toxocaridae that inhabits cattle and buffaloes small intestines worldwide and is
especially common in subtropical and tropical geographical areas (Roberts, 1990;
Raza et al., 2013; Venjakob et al., 2017; Dewair and Bessat, 2020). Young animals
are more susceptible to the infection that causes one of the most economically
important diseases of young calves (1-3 months old) (Singh et al., 2008; Amin and
El-Kabany, 2013). In Egypt, T. vitulorum infection was widespread in buffalo and
cattle calves and deemed a common clinical problem resulting in economic losses
(Sultan et al., 2015). It is transmitted from the dam to the calf through colostrum
milk as a main source of infection, and then calves start to shed the eggs in feces
at day 22 after birth (Srivastava and Sharma, 1981; Roberts et al., 1990; Aydin et
al., 2006; Avcioglu and Balkaya, 2011) causing severe harm to the intestinal
mucous membrane (Singh et al., 2008). This infection has been associated with
increased morbidity and mortality in calves, along with stunted uncompensated
growth in the survivors (Shehata et al., 2022).

Dewair and Bessat (2020) discovered T. vitulorum infection in the colostrum
milk of buffaloes and cows through the postparturient period. The wall of the small
intestines of calves is penetrated by larvae “2-8 hours” later and goes direct to the
liver through the portal vein, whereas a few arrive at the mesenteric lymph nodes.
Then, the infection propagates to other body organs, including the lungs, brain,
kidneys, muscles and peripheral lymph nodes (Rizk et al., 2018). In general, T.
vitulorum infection is often exhibited by diarrhea, constipation, pica, poor growth
rate, bad performance, and intestinal obstruction as a result of heavy infestation
(Rizk et al., 2018). The infection is subclinical, although heavy infections by a huge
number of worms lead to diarrhea and severe enteritis (Roberts, 1990). Without a
correct diagnosis and suitable treatment, high mortality rates in bovine calves
cause severe economic losses (Dewair and Bessat, 2020). The huge fecal egg
production in diseased animals, the extreme resistance of eggs to adverse
ecological conditions, and the most commonly utilized anthelmintic drugs were
ineffective in combat either larval or adult stages, that led to a probable threat to
animal health (Aydin et al., 2006). So, searching for more safe and effective
treatments against the Toxocara infection is an urgent issue.

Toxocariasis therapy is established largely on chemical drugs (Hassan, et al.
2016) which create severe side effects (resistant parasites, chemical residues in
host tissues and environmental pollution). Such problems diverted the attention of
researchers to the development of alternative approaches for treatment (Igbal et
al., 2003). While, EI-Nahas et al. (2020) mentioned that there is no satisfactory drugs
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against toxocariasis till now. Currently, there are several medications that are used
to treat animal toxocariasis, with some showing potential against adult worms.
However, none have eradicated the tissue's larval stages of Toxocara, which are a
main source of vertical transmission, and treatment of larvae in paratenic hosts is
also essential to interrupting the life cycle of the parasite (Shehata et al., 2022).

Phytotherapy is well-defined as a treatment created with plants and attracts
the attention of researchers as an alternate treatment in recent years (Duru et al.,
2023). Thyme "Thymus vulgaris (T. vulgaris)" comprises a lot of thymol (20-54% of
the crude plant) which is one of the main constituents of thyme essential oils and
has anthelmintic and anti-microbial efficiencies (Kowalczyk et al., 2020). Also,
Balanites aegyptiaca is a member of family Zygophyllaceae and is popularly well-
known as “desert date” that reflects its edible fruits and could be of value in
helminthes elimination (Shalaby et al., 2012; Murthy et al., 2020). Propolis is a
resinous substance that collected by bees from numerous plant sources, which is
a gummy, sticky, and balsamic substance; bees use it to seal the bee-hive holes.
It is utilized in traditional medicine and has at least 300 chemical composites
(Hossain et al., 2022). Its composition varies according to plant source, geography,
seasons, climate, and environmental circumstances (Hossain et al., 2022).
Moreover, it showed anthelmintic activity against the adult worm of Fasciola
gigantica (Hegazi et al., 2007).

The present study was carried out to evaluate the parasitological and
pathological effects of the Thymol, B. aegyptiaca methanolic extract, Propolis
ethanolic extract as alternative treatments of T. vitulorum in the experimentally
infected rats.

MATERIALS AND METHODS

Ethics Statement
The ethical standards for animal regulations were followed and approved by
Faculty of Veterinary Medicine, Assiut University (06/2023/0137).

Collection of T. vitulorum adult worms

It was collected from naturally infected cattle calve feces (2-months old) who
administered a dosage of an anthelmintic (piperazine citrate) and purgative
(magnesium sulphate). The adult worms that were expelled in the feces were
immediately collected and transferred in 0.9% physiological saline to the laboratory
(Venjakob et al., 2017). Then washed for removal of any adherent fecal materials
for several times and the adult worms were differentiated females from males
based on their morphological features (Soulsby and Mdnnig, 1968). Females were
sustained as a source of eggs and the males were discarded laterly (Hassan et al.,
2016; Dewair and Bessat, 2020).

Collection of T. vitulorum eggs and embryonation

The eggs were extracted by slit-cutting along the uterine regions of worms
(Fan and Su, 2004) and left in distilled water-filled plastic containers at room
temperature (28°C = 4°C) overnight. The eggs were released by gently squeezing
the worm's body using smooth-toothed forceps. After that, egg samples were
examined microscopically to check for the extracted eggs quality. For
embryonation, the eggs were sieved, washed in distilled water 2-3 times and then
precipitated by centrifugation at (800 rpm for 5 minutes) several times. Then the
eggs were incubated in 50 ml falcon tubes with distilled water at temperature (28°C
+ 4°C) with the size of water to the egg mass not more than 5:1. Then, the water
changed and aerated every 2 days. Incubation was continued for 4 weeks with
periodical evaluation of eggs with light microscope for embryonic development
(Dewair and Bessat, 2020).
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Piperazine citrate
The commercial anthelmintic piperazine citrate (100%) was brought from (EI-
Road for Chem. & Med. Preps. Company Egypt).

Thymol

The pure crystallized thymol (Prolabo-N°de code 20728.23, RHONE-
POULENC- 12. Rue Pelée. 75- Paris) were used. Purified thymol was dissolved in
10% Dimethyl sulphoxide LR (DMSO) (ALPHA CHEMIKA - INDIA) as an emulsifier
(Shehata et al., 2022).

Preparation of Balanites aegyptiaca methanolic extract

Fresh fruits of B. aegyptiaca were gathered from a cultivated field nearby
“South Valley University”. Identifying the collected fruits was conducted and a
voucher specimen of the plant (code: Ba.50) was preserved in the herbarium
“Department of Pharmacognosy, Faculty of Pharmacy, South Valley University,
Egypt”.

The fruits were washed thoroughly to remove any debris; The kernels of fruits
were discarded and the remaining mesocarp were dried up at room temperature
prior ground to giving a fine powder. Then, the extract was prepared via maceration
(500 gm of dried mesocarp were soaked in methanol 90% for 72 h) and then
subjected to the extraction in “Soxhlet apparatus” till complete exhaustion. After
that, the extract was filtered using a filter paper (Whatman No.1), and evaporated
by a rotary evaporator at 40°C under reduced pressure. Then, the solvent-free
residue was kept at 4°C for consequent preparation of the required doses (Shalaby
et al., 2010).

Preparation of propolis ethanolic extract

50 grams of Bee Propolis (Imtenan Healthy Shop, Obour City, Egypt) was
extracted using 250 ml of 80% ethanol for two days while being stirred frequently,
then filtration. The extraction process was then repeated three times. After that, the
alcoholic extract evaporated underneath vacuum at 40°C, until it was completely
dry. The solvent-free residue was kept at 4°C until the required dosage was
prepared (Hassan et al., 2016).

Experimental design and protocol

Thirty female wister rats, 6-8 weeks, weighing 120-150 g were obtained and
reared in the animal house of “Faculty of Medicine, Assiut University”. Rats were
divided into six groups (each of five rats) and were placed in cages. These rats were
kept at a surrounded temperature (20-25°C), with a relative humidity of 55%, with
the lights turned off at 7.00 PM and a 12 hour light-dark cycle. The animals were
nourished by standard food and water under appropriate environmental conditions
(Shehata et al., 2022). The rats were treated and handled in accordance with
"international guidelines and ethical committee of Faculty of Veterinary Medicine”.

All groups except the negative control group were inoculated orally with 2500
embryonated T. vitulorum eggs which suspended in (0.5 mL) saline solution through
a gastric tube to each rat (Shehata et al., 2022), followed by the administration of
(0.5 ml) distilled water to the rats in order to flush out any remnant eggs in the
syringe (Llanes et al., 2019; Shehata et al., 2022). During the experiment, a negative
control group was given orally (one ml) of distilled water. The rats of positive control
group were infected without treatment. The rats administrated piperazine citrate
(800 mg/kg Bw) in the drinking water (piperazine citrate treated group). The rats
received thymol (40 mg/kg Bw) in the drinking water (thymol treated group)
(Shehata et al., 2022). The rats given propolis (100 mg/kg Bw) in the drinking water
(propolis treated group) (Hassan et al., 2016). The rats received B. aegyptiaca (250
mg/kg Bw) in the drinking water (B. aegyptiaca treated group) (Shalaby et al., 2012).
All treated groups received treatment once daily for 7 sequential days beginning
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from the first day of infection (EI-Nahas et al., 2020). This experiment was sustained
till day 14 post-infection.

Collection and processing of samples

The rats were euthanized “2 rats from each group on days 7 post infection”
and “3 rats from each group on days 14 post infection” and the tissues samples
(lungs, liver and brain) were gathered for parasitological and histopathological
inspections (Llanes et al., 2019). Each sample of liver, lungs was divided into two
parts, one part for artificial digestion and the other part for histopathological
examination (Cardillo et al., 2009).

Parasitological examination

Each liver and lungs samples were minced and digested completely.
Subsequently, the tissues were placed into the digestive solution (pepsin, 5 g; Hcl
37%, 10 ml in 1,000 ml/water) "Pepsin 1:3000 ex. Porcine Stomach Mucosa, 0.8
Anson U/mg. Batch No 8993790 (Sisco research laboratories Pvt. Ltd., India)" and
preserved at 37°C overnight to recover the residual larvae. The digested
suspension was sieved using a filter. The Sedimental liquid was centrifuged at
1,500 rpm for 2 min. The supernatant was discarded, leaving only about 2 ml of the
sediments which mixed thoroughly and the samples were examined
microscopically (100 x magnification) for the existence of larvae (Zibaei et al., 2010;
Llanes et al., 2019). Each brain was divided into two parts for parasitological and
histopathological observations. The brain tissues were cut into small portions and
without any digestion squashed between two slides, and larvae were examined and
counted directly via light microscope (100 x and 400 x magnification) (Llanes et al.,
2019; EI-Nahas et al., 2020).

The percentage of larval reduction after treatment was calculated in

accordance with the following formula: Reduction (%) = C%T x 100 (EI-Nahas et

al., 2020) (C is the number of recovered larvae from positive control group and T is
the number of recovered larvae from treated group).

Histopathological examination

At 7 and 14 days post-infection, rats of each group were sacrificed and
necropsied and the organs (liver, lungs and brain) examined grossly for pathological
lesions. Then, the tissues specimens were taken from each rat in groups then were
processed and stained with “Hematoxylin and eosin (H&E)” for histopathological
inspection according to (Bancroft and Gambl, 2008). This inspection using light
microscope (10X, 40X objective lens) to evaluate the effects of the different
treatments on the histopathological picture (Cardillo et al., 2009; Shehata et al.,
2022). Examination of histological slide preparations of lung, liver, and brain was
performed using a light microscope with (10x objective lens) of five different fields
of view for each sample to score histopathological lesions (Gibson-Corley et al.,
2013).

Statistical analysis
The statistical analysis was performed using “One-way analysis of variance
(ANOVA)”, followed by the “Tukey post-hoc test”. P values “less than 0.05” were

considered significant difference between treated groups via “the statistical
software SPSS (Version 16; SPSS Inc., Chicago, USA)” (Shehata et al., 2022).

RESULTS

The adult worms were identified as T. vitulorum depending on its
morphological characters and distinguished into male adult worms (17 — 21 cm
length) with the mean + SD were (19.00 + 2.83) and female adult worms (27 - 31
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cm length) with the mean + SD were (26.25 + 3.78) (Figure 1). The extracted eggs
from adult females were (ovoid to spherical) with average measured 75 x 81.4 pm
(70.2x80.6 pm to 83x84.8 pm) with the mean + SD were (74.95 + 4.52 x 81.4 +
3.21) and revealed successful embryonic development in the laboratory conditions,
wherein eggs developed from unembryonated stage to eggs containing fully
developed larvae passing through different embryonic developmental stages that
recognized inside the eggs with microscopic examination. Some larvae were
emerged naturally from a tiny hole in the eggshell (Figure 2).

Figure 1 Showing Toxocara vitulorum adult worms collected from naturally infected calves. White
arrow: adult female, black arrow: adult male.
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Figure 2 Showing Toxocara vitulorum eggs developmental stages: (A) One cell, (B) Two cell, (C)
Three cell, (D) Four cell, (E) early-morula, (F) late-morula, (G) blastula, (H) gastrula, () The embryo
becomes long enough allowing the two ends of the “U” to meet each other and the embryo forms
a close ring, (J) Second-stage larva, (K) Third stage larva, (L, M) Larva naturally emerged from a
small hole in the egg shell and (N, O, P) T. vitulorum larvae from infected rats tissues, (N) A larva
in the liver (artificial tissue digestion), (O) A larva in the lung (artificial tissue digestion) and (P) A
larva in the brain (squash method).

At day 7 post infection, the control positive group revealed 41 larvae in lung
and liver. With introduction of all kinds of treatments at day 7 post infection, the
larval number decreased and achieved the highest reduction in Thymol group
(61%) followed by Propolis group (24.4%) and B. aegyptiaca group (9.8%).
Whereas, no reduction in larvae in piperazine citrate group. On the other hand, only
one larva was found in the brain of B. aegyptiaca group. There was significant
difference between larval recovery in lung, liver and brain at day 7 post-infection
between control positive group and Thymol group, B. aegyptiaca group and
Propolis group (P = 0.00) with no significant difference between control positive
group and piperazine citrate group (P = 1.00) (Table 1).

At day 14 post infection, the maximum number of T. vitulorum larvae was 52
that observed in the lung and liver and brain of control positive group. While, the
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larval number reduced and achieved the highest reduction (84.6%) in piperazine
citrate group followed by Thymol group (75%), Propolis group (55.8%), and B.
aegyptiaca group (53.8%). The larvae numbers declined from the examined liver
samples. Whereas, larvae were observed in some brain tissues examined in all
groups except the Propolis group. There was significant difference between larval
recovery in lung, liver and brain at day 14 post-infection between control positive
group and piperazine citrate group, Thymol group, B. aegyptiaca group and
Propolis group (P = 0.000). No significant difference was found between B.
aegyptiaca group and Propolis group (P = 0.738) and the number of recovered
larvae was recorded in (Figure 2, Table 2).

Table 1 Effects of alternative treatments on experimentally infected two rats with T. vitulorum
embryonated eggs at day 7 post infection

No. of larvae recovered Reduction percent
Total No. 5
from of larvae (%)
Lung Liver Brain Lung Liver Total
Control positive group 302 112 0 412 0 0 0
Piperazine citrate group 26° 15° 0 412 13.3 0 0
Thymol group 13° 3° 0 16° 56.7 72.7 61
Balanites aegyptiaca group 16¢ 20° 1 37° 46.7 0 9.8
Propolis group 15% 16° 0 31 50 0 24.4

abed: Different superscript letters in the same column indicate significantly different values for a given
parameter (p < 0.05 by post hoc Tukey’s test) (P = 0.00 and 0.03 of Lung; P = 0.00 of Liver; P = 0.00
of total larvae number); same superscript letters in the same column indicate not significantly different
values for a given parameter (p > 0.05 by post hoc Tukey’s test) (P = 0.74 and 0.18 of Lung; P = 0.74
of Liver; P =1.00 of total larvae number).

Table 2 Effects of alternative treatments on experimentally infected three rats with T. vitulorum
embryonated eggs at day 14 post infection

No. of larvae per gm recovered

Reduction percent

from th)tlawo. (%)

Lung Liver Brain otfarvae Lung Liver Total
Control positive group 43° 8° 1 52° 0 0 0
Piperazine citrate group 5° 2° 1 8° 88.4 75 84.6
Thymol group 6° 6° 1 13° 86 25 75
Balanites aegyptiaca 20° 2° 2 24¢ 53.5 75 53.8
group
Pero"S group 174 62 0 23¢ 60.5 25 55.8

abed: Different superscript letters in the same column indicate significantly different values for a given
parameter (p < 0.05 by post hoc Tukey’s test) (P = 0.00 and 0.03 of Lung; P = 0.00 of Liver; P = 0.000
of total larvae number); same superscript letters in the same column indicate not significantly different
values for a given parameter (p > 0.05 by post hoc Tukey’s test) (P = 0.74 of Lung; P = 0.18 and 1.00
of Liver; P = 0.74 of total larvae number).

The gross examination of rats at 7 dpi revealed congested lungs and liver in
control positive group and piperazine treated group while liver and lungs of all other
infected groups appeared nearly normal in color and texture. While, inspection of
necropsied rats at 14 dpi revealed normal lungs and liver in control negative group
(Figure 3A) and mild congested lungs and enlarged congested liver in control
positive group (Figure 3B). While, there is mild congested lungs and mild dark liver
in piperazine treated group (Figure 3C) and mild congested lungs and nearly normal
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liver of thymol treated group (Figure 3D). In B. aegyptiaca treated group showed
focal hemorrhagic area on lungs with normal liver colour (Figure 3E) and in Propolis
treated group, the lungs and liver were nearly normal in colour (Figure 3F).

The histological picture of rat’s lungs of control negative group at 7 and 14
dpi, showed normal lung alveoli and bronchioles (Figure 4A, B). In control positive
group at 7 dpi, the larvae detected nearby congested vasculature and associated
with eosinophilic reaction, lymphocytes and macrophages with collapsed alveoli
and thickening of inter alveolar septa (Figure 4C). While, at 14 dpi, the cross section
of larvae found surrounded by eosinophils, peribronchial granulomatous reaction
and degenerative changes of bronchial epithelium (Figure 4D). In piperazine treated
group, the lungs tissues were remarkable eosinophilic granulomas with no
recognizable larvae at 7 dpi (Figure 4E). But, at 14 dpi, the larvae detected and
surrounded by eosinophilic reaction with peribronchial lymphocytic infiltrates and
hyperplasia of bronchiolar epithelium (Figure 4F, Table 3).

Figure 3 Macroscopic pictures of rats necropsy in different groups at 14 dpi showing: (A) Control
negative group: normal lungs and liver. (B) Control positive group: mild congested lungs and
enlarged congested liver. (C) Piperazine treated group: mild congested lungs and mild dark liver.
(D) Thymol treated group: mild congested lungs and nearly normal liver. (E) Balanites aegyptiaca
treated group: focal hemorrhagic area on normal lungs and normal liver colour. (F) Propolis
treated group: nearly normal lungs and liver.

The rat’s lungs of Thymol treated group at 7 dpi, the larvae detected and
surrounded by eosinophil with lymphocytic infiltration and hyperplasia of
bronchiolar epithelium (Figure 4G). Also, at 14 dpi, the larvae noticed with
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lymphocytes, periphery macrophage reaction and mild bronchiolar epithelium
hyperplasia (Figure 4H). Whereas, B. aegyptiaca group, at 7 dpi revealed
eosinophil, lymphocytic reaction around larval cross section and congested blood
artery (Figure 4l). At 14 dpi, B. aegyptiaca group, showed marked eosinophilic
granuloma surround larvae with perivascular edema and hemorrhages (Figure 4J).
In Propolis group, at 7 dpi, the larvae observed with eosinophils and lymphocytes
infiltration, peribronchial granuloma and increased bronchial goblet cells with
intrabronchial sloughed cells and mucinous material (Figure 4K). Whereas, at 14
dpi, the Propolis treated group revealed improvement in lung tissues even though
presence of the larva between bronchiole and blood vessel accompanied by
congested vein and perivascular edema were noticed (Figure 4L, Table 3).

Histopathological examination of the rat’s liver in the control negative group
at 7 and 14 dpi showed normal hepatic architecture at the central vein and portal
area (Figure 5A, B). while, at 7 dpi in control positive group, we noticed remarkable
periportal inflammatory cells infiltration (mainly eosinophils and lymphocytes) with
portal vascular congestion and hydropic hepatic degeneration, but there were not
recognizable larvae surrounding portal area (Figure 5C). While, at 14 dpi larvae
cross sections observed in periportal area associated with mild lymphocytic
reaction and vacuolar degenerative changes of hepatocytes were persisted (Figure
5D). While, livers tissues in piperazine group there were cross sections of larvae
near the bile duct surrounded by lymphocytic reaction, congested hepatic vein and
degenerative changes of hepatocytes around the portal area (Figure 5E). However,
at 14 dpi, the larvae persist detected in portal area associated with mild
lymphocytic reaction with minimal cytoplasmic fat vacuoles of periportal
hepatocytes (Figure 5F). In Thymol treated group at 7 dpi larvae were observed
surrounded by lymphocytic infiltration accompanied by congested hepatic vein but
adjacent hepatocytes appeared within normal (Figure 5G). At 14 dpi revealed
lymphocytes and periphery macrophage reaction with no larva detection (Figure
5H). In B. aegyptiaca group, at 7 dpi noticed mild lymphocytic reaction around
portal area without larval detection (Figure 5I). While, at 14 dpi there were marked
lymphocytes and macrophages infiltration surrounded the larva with mutable newly
formed bile ductules and sporadic hepatocytes necrosis (Figure 5J). Whereas, in
Propolis group at 7 dpi revealed cross sections of larvae, with minimal lymphocytes
infiltration and edema surround the congested hepatic vein (Figure 5K). And at 14
dpi showed minimal lymphocytic reaction with no larva detection and nearly normal
hepatic parenchyma (Figure 5L, Table 3).

Histopathological examination of rat brains at 7 dpi larvae detected only in
one brain of B. aegyptiaca group histologically larvae noticed within ruptured
superficial brain artery containing like clump of trapped larvae surrounded by
hemorrhages (Figure 6A). Thrombus and hemorrhage of brain blood vessel
appeared in the grey matter of the brain (Figure 6B). While, in 14 dpi most infected
groups revealed signs of larval migratory lesions but larvae detected histologically
in the brain of Piperazine group appeared as transverse sections of larvae around
superficial vein and longitudinal larval sections (Figure 6C) and within gray matter
of brain showed congested blood vessels, hemorrhagic tract and astrocytes
reaction (Figure 6D). Histopathological score lesions for lung, liver and brain were
shown in (Table 3).
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Figure 4 Photomicrographs of H&E stained rat’s lungs: (A, B) Control negative group at 7 dpi and
14 dpi showing normal lung histology of alveoli and bronchioles. (C) Control positive group at 7
dpi larvae were recognized near congested blood vessel (square) associated with eosinophilic
reaction, lymphocytes and macrophages. (D) Control +ve group at 14 dpi larval cross section
surrounded by eosinophils (square), peribronchial granulomatous reaction and degenerative
changes of bronchial epithelium. (E) Piperazine group at 7 dpi eosinophilic granuloma (square)
but no recognizable larval remained. (F) Piperazine group at 14 dpi detection of larvae surrounded
by eosinophilic reaction (square) and hyperplasia of bronchiolar epithelium. (G) Thymol group at
7 dpi larvae surrounded by eosinophil, lymphocytes infiltration (square) and hyperplasia of
bronchiolar epithelium. (H) Thymol group at 14 dpi larvae were recognized with lymphocytes and
periphery macrophage reaction (square) and mild bronchiolar epithelium hyperplasia. (I) Balanites
aegyptiaca group at 7 dpi eosinophil and lymphocytic reaction around larval cross section
(square) and congested blood artery. (J) B. aegyptiaca group at 14 dpi marked eosinophilic
granuloma surround larvae (square), perivascular edema and hemorrhages. (K) Propolis group at
7 dpi larva with eosinophils and lymphocytes infiltration (square), peribronchial granuloma and
increase bronchial goblet cells with intrabronchial sloughed cells and mucinous material. (L)
Propolis group at 14 dpi larva detection between bronchiole and vein (square), congested vein
and perivascular edema.
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Figure 5 Photomicrographs of H&E stained rat’s livers: (A, B) control negative group at 7 dpi and
14 dpi showing normal hepatic histology at central vein and portal area. (C) Control positive
group at 7 dpi eosinophilic reaction with associated lymphocytes and macrophages but no
recognizable larvae surrounding portal area (arrow) and vacuolar degeneration of hepatocytes.
(D) Control +ve group at 14 dpi cross section of larvae (square) near portal area with mild
lymphocytic reaction and degenerative changes of hepatocytes. (E) Piperazine group at 7 dpi
larvae cross section near bile duct surrounded by lymphocytic reaction (square) and congested
hepatic vein. (F) Piperazine group at 14 dpi larvae surrounded by lymphocytic reaction in portal
area (square). (G) Thymol group at 7 dpi larvae surrounded by lymphocytic infiltration (square)
and congested hepatic vein. (H) Thymol group at 14 dpi lymphocytes and periphery macrophage
reaction but no larvae were recognized (square). (I) Balanites aegyptiaca group at 7 dpi, mild
lymphocytic reaction around the portal area without larval detection (square). (J) B. aegyptiaca
group at 14 dpi marked lymphocytes and macrophages infiltration surround larva (square) and
mutable newly formed bile ductules. (K) Propolis group at 7 dpi larva with minimal lymphocytes
infiltration (square) and edema surround congested hepatic vein. (L) Propolis group at 14 dpi
minimal lymphocytic reaction, no larva detection (square) and nearly normal hepatic
parenchyma.
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Figure 6 Photomicrographs of rats brains stained with H&E stain: (A) At 7 dpi: ruptured superficial
brain artery containing like clump of trapped larvae (square) surrounded by hemorrhages (arrow).
(B) At 7 dpi: thrombus and hemorrhage of brain blood vessel (arrows). (C) At 14 dpi: transverse
sections of larvae around vein (square), longitudinal larval sections (arrows), congested blood
vessels and hemorrhages. (D) At 14 dpi: hemorrhagic tract within the brain (arrow).

DISCUSSION

In tropical countries and nations, toxocariasis is one of the most grave
parasitic diseases, resulting in high morbidity and mortality in buffalo calves
(Srivastava and Sharma 1981). In addition, Dewair and Bessat (2020) identified T.
vitulorum larvae in the infected buffalo cows colostrum/milk samples which mainly
detected through the first two weeks (3-12 days) after parturition. The
transmammary route considered the main mode of infection in bovine toxocariasis.
That establish a challenge to the keepers of livestock, especially when toxocariasis
is widely spread with non-routinely applied of anthelmintic treatment (Jones et al.,
2009; Borgsteede et al., 2012; Chelladurai et al., 2015; Dewair and Bessat, 2020).
Conventional microscopic inspection with tissue digestion considered one of the
most essential diagnostic methods to decide migration routes of parasite and the
lesions that induced through the experimental infection by Toxocara species in
paratenic hosts (Cardillo et al., 2009; Zibaei et al., 2010; Naderbandi et al., 2022).

Table 3 Histopathological score lesions for lung, liver and brain in all 6 groups
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Liver

Larval CS
detection near
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Periportal
inflammatory
infiltration
Inflammatory
cells aggregation
Hepatocytes
vacuolar
degeneration
Periportal
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necrosis
Congested
vasculature
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N.B: (-) means 1-3 slides showing lesions, (+) means 4-7 slides showing lesion, (++) means 8-11 slides
showing lesion and (+++) means 12-15 slides showing lesion.

ERINARY
ATIVE
ENCES

Our findings identified the adult worms of T. vitulorum based on its
morphological characters and recognized into males (17 - 21 cm length) and
females (27 - 31 cm length). The extracted eggs from adult females were (ovoid to
spherical) with average measured 75 x 81.4 pm (70.2x80.6 ym to 83x84.8 pm) and
showed successful embryonic development in the vitro, where eggs developed
from “unembryonated stage to eggs containing fully developed larvae” passing
through various embryonic developmental stages which identified inside the eggs
by microscopic inspection. While some larvae were naturally emerging from a small
hole in the eggshell. Similar to results recorded by Mehlhorn (2015) who found
males and females adult worms of T. vitulorum in the ruminant’s small intestine.
The females length measure (20-30 cm) and the males length measure (15-25 cm).
The eggs were typically with rough surface which measure (70-95 x 60-75 pm) and
excreted unembryonated in the feces.
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Our observation has shown many developmental stages of T. vitulorum
eggs. Similar developmental stages reported previously by Cruz et al. (2012) and
Abou-El-Naga (2018) who mentioned the developmental stages of Ascaris
lumbricoides and Toxocara canis (T. canis) eggs. In the current study, larvae were
found in liver, lung and brain of the infected rats. This indicates that T. vitulorum
had undertaken body migration in rats. The observed gross and histopathological
tissues alterations attributed to the migration of these larvae and established that
the rats might act as T. vitulorum paratenic host and could be used as toxocariasis
animal model as mentioned by (Llanes et al., 2019). This clarified by Cardillo et al.
(2009) who recorded hatching of larvae and its migration out of the intestine to be
lodged in tissues and organs.

In the current work, the control positive group revealed microscopically 41
larvae in lung and liver at 7 dpi. While, the maximum number of T. vitulorum larvae
were 52 that observed in the lung and liver and brain of control positive group at
14 dpi. This agree with Llanes et al. (2019) who mentioned that the neurotrophic
and hepato-pulmonary phases of migration of T. vitulorum larvae in rats have been
detected and larvae were observed in the infected rats lungs, liver and brains. Also,
Naderbandi et al. (2022) who stated that the tissues digestion with microscopic
examination revealed occurrence of larvae in the lungs and liver. This explained by
Zibaei et al. (2010) who suggested that the transmission of larvae was starting from
the intestine toward the lungs and liver then to the kidneys, heart, muscles and
brain.

In our findings, gross examination of rats at 7 dpi showed congested lung
and liver in control positive group. Which matching with Cardillo et al. (2009) and
Janecek et al. (2014) who recorded grossly hemorrhages widely spread in the
infected mice lungs with Toxocara cati (T. cati). Histopathological inspection of
control positive rats lungs showed eosinophilic cellular granuloma which
embedded in pulmonary tissues with degenerative changes of bronchial epithelium
with collapsed alveoli and thickening of inter alveolar septa. Our results matching
with Bowman et al. (1987) and Llanes et al. (2019) who detected the existence of
eosinophilia, persistent pulmonary inflammation, and increased IgE production
without presence of Toxocara larvae as a result of presence of high levels of
circulating parasite antigens which still in the blood circulation even after infection.
Also, Cardillo et al. (2009), Resende et al. (2015) and Llanes et al. (2019) added that
the immunological aberrations, especially the existence of inflammatory cells and
airways destruction coincided in different animals including mice and rats.

Histopathological findings of control positive rats livers showed
characteristic vacuolar degenerative alterations in hepatocytes, congestion of
portal blood vessel with peripheral blood eosinophilia, cholangitis, edema with
eosinophilic cellular granuloma that embedded inside hepatic tissues. Similar
results recorded by Shehata et al. (2022) in the liver of rats infected by T. vitulorum.
These findings coincide with those of Auliyah et al. (2021) who described that liver
damage particularly around the portal venous region as a result of Toxocara spp.
migration through blood stream which caused hemorrhage, inflammatory cells
infiltration, multifocal necrosis and epithelial proliferation of the bile duct. Also, Azizi
et al. (2007) added that infected larvae of T. vitulorum during parenchymal migration
in the liver leading to secrete toxic metabolites damage the integrity of hepatocytes
leading to its degenerative cloudy swelling. Furthermore, these toxic larval
secretions stimulate the production of eosinophils as an immune response (Auliyah
et al., 2021). While, Musa et al. (2011) and Amin and El-Kabany (2013) explained
that these lesions which caused by T. vitulorum larvae could be attributed to the
proteolytic activity of enzymes which secreted by the larvae and caused moderate
to severe histopathological changes in the liver parenchyma.

The effectiveness of toxocariasis control should be assessed by retention of
larvae in the lung and liver, the reduction of eosinophilic granuloma formation in the
liver and finally the resistance of the lungs to infection (Shehata et al., 2022).
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Piperazine used to control ascariasis in birds and mammals since a long period.
The piperazine has effect on adult worms more than younger stages. However, the
drug has little effect on the larval worms found in the host's tissues (Courtney and
Roberson, 1995).

In the present study, no reduction in larvae in piperazine citrate group at day
7 post infection with no significant difference between control positive group and
piperazine citrate group. While, the reduction percent of larval number in piperazine
citrate group was (84.6%) at 14 dpi with significant difference amongst larval
recovery in “lung, liver and brain” between control positive group and piperazine
citrate group. These results agreed with Islam et al. (2006) who confirmed that
exposure to piperazine instantly resulting in partial relaxation of “Ascaris suum lung
third stage larvae”, which could lead to partial paralysis of the larvae. Furthermore,
it inhibit a wide range of functional enzymes/proteins of the third stage larvae of
Ascaris suum which invasing lung due to the strong anti moulting effect of
piperazine.

Current research revealed that the lung tissue of piperazine group showed
remarkable eosinophilic granulomas with no recognizable larvae at 7 dpi. But, at
14 dpi, the larvae were detected and surrounded by eosinophilic reaction with
peribronchial lymphocytic infiltrates and hyperplasia of bronchiolar epithelium.
While, in liver tissue showed cross sections of larvae near the bile duct surrounded
by lymphocytic reaction, congested hepatic vein, and degenerative changes of
hepatocytes around the portal area at 7 dpi. However, at 14 dpi, the larvae persist
detected in portal area associated with mild lymphocytic reaction with minimal
cytoplasmic fat vacuoles of periportal hepatocytes. These results were supported
by other studies which refered to that piperazine caused side effects on Toxocara
infected young calves (Rajkhowa et al., 2004). These side effects included diarrhea
and restlessness with resistance of parasite in some treated animals with it as
antitoxocariasis drug (Avcioglu and Balkaya, 2011).

The using of the medicinal herbs increased over the last few years (Shalaby
et al., 2012). Medicinal plants are broadly utilized for the treatment of numerous
diseases, involving parasitic infections. It is imperative to conduct thorough
scientific investigations to encourage the utilization of herbal remedies and plant-
derived medications owning antiparasitic properties which are less toxic, less
expensive and more readily available compared to commercial anthelmintics.
Furthermore, the hazards associated with the veterinary drugs residues in animal
by-products particularly milk and underscore the significance of complementary
medicines (Shehata et al., 2022).

Duru et al. (2023) and Chroho et al. (2024) stated that Thyme have phyto-
therapeutic potentials as antioxidant, antiparasitic, antiviral, antibacterial and
antifungal. The thyme essential oils contain compounds like carvacrol, along with
a significant amount of thymol. In the our investigation, the reduction percent of
larvae in Thymol group was (61% at day 7 and 75% at day 14 post infection) with
significant difference between Thymol and control positive groups. This in agree
with Shehata et al. (2022) who stated that recovered larvae numbers of T. vitulorum
at day 7 post-infection from different organs was significantly lower in thymol
treated group than in control positive infected rats.

The anti-helmintic effect of thymol attributed to the paralysing of the parasite,
similarly to the macrocyclic lactones mechanism of action and the inhibition of
feeding functions and movement (Duru et al., 2023). Besides, Ferreira et al. (2016)
discovered that thymol, which constitutes about 50% of the active components of
thyme extract, mediates its antiparasitic activity.

Our findings matched with Amin and El-Kabany (2013) who mentioned that
the treatment with oil of Thyme was significantly reduced the number of T. vitulorum
larvae (38.2%) in the infected rat’s livers on 7 dpi. Likewise, Amin et al. (2016) and
Hafez et al. (2019) added that the treatment of experimentally T. canis infected rats
by thyme oil was effective in comparison with the control groups. Also, Arafa et al.
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(2020) recorded that many researchers reported therapeutic use of thymol as
treatment for a variety of parasitic infections.

Histopathological examination of liver and lung of thymol treated group at 7
dpi showed larvae in the lung and the liver that surrounded by lymphocytic reaction
with nearly normal adjacent parenchyma. Also, at 14 dpi, the larvae still observed
in the lung and surrounded by macrophages and lymphocytes, while the liver
contained mild lymphocytic reaction without recognizable larvae with quite normal
surrounding tissues. These findings agreed with Shehata et al. (2022) who
confirmed that the treatment with thymol had a substantial improvement in lung
and hepatic tissues with reduction in the inflammation degree (reduced the damage
of liver and severity of its inflammation) as a result of thymol anti-inflammatory and
antioxidative properties with reduction in the numbers of Toxocara larvae in lungs
and livers of rats. Also, Sahoo et al. (2021) explained the powerful antioxidant
properties of Thymol due to the existence of a phenolic hydroxyl group in it which
given it its capablity in reducing the production of reactive oxygen species.
Moreover, Amin and El-Kabany (2013) added that thyme administration pre or after
T. vitulorum infections improve the histopathological changes resulted from
infection. These results revealed that thymol had influences on the development of
larvae and T. vulgaris has a powerful effect in protection of organs against its
damage induced by T. vitulorum infection.

Balanites aegyptiaca fruits is edible, produce valuable oil and contains
saponins that are lethal to some invertebrates (Chapagain and Wiesman, 2005;
Shalaby et al., 2012). Based on the results presented in our study, the number of
larvae reduced in B. aegyptiaca group 9.8% at day 7 and 53.8% at day 14 post
infection with significant difference of the total larval recovery between B.
aegyptiaca and control positive groups. Our findings compatible with Shalaby et al.
(2010) who documented significant reductions in the number of encysted and
migrating Trichinella spiralis (T. spiralis) larvae in rats after treatment with B.
aegyptiaca and Shalaby et al. (2012) who found that the B. aegyptiaca fruits
methanolic extract could provide a cheaper and suitable alternative treatment for
T. vitulorum worms. It exhibited a strong and progressive effect on the cuticle of
adult T. vitulorum in vitro and had a noticeable inhibitory effect on the development
of T. vitulorum eggs. Consequently, it could potentially aid in decreasing the
presence of infective eggs in the host environment post-treatment. This was
concurred with that previously reported by Chapagain and Wiesman (2008) who
stated that the saponin is one of the major B. aegyptiaca secondary metabolites. It
has a strong relationship between the saponin content of the methanolic extracts
of B. aegyptiaca which had effect on T. spiralis adult worms (Shalaby et al., 2010).
In addition to Gnoula et al. (2006) who insulated a steroidal saponin, balanitin 7
from B. aegyptiaca fruits and verified its significant potential for anthelmintic
activity. Therefore, it might be suggested that the influence of B. aegyptiaca on
adult worms of T. vitulorum could be attributed to the presence of secondary
metabolites with one or multiple biological activities as saponins (Shalaby et al.,
2012).

In B. aegyptiaca treated group at 7 dpi there were mild lymphocytic reaction
without larval detection in the liver. But in the lung larvae were observed surrounded
by eosinophilic reaction. At 14 dpi both liver and lung larvae were found surrounded
by characteristic eosinophilic infiltration and the adjacent parenchymal tissue
appeared nearly normal. The reduction of inflammation besides pathological
lesions could be attributed to the antimicrobial, anti-inflammatory properties of B.
aegyptiaca extract which was in agreement with Murthy et al. (2020) who
documented that extracts isolated from B. aegyptiaca had anti-inflammatory,
antioxidant, hepatoprotective and antimicrobial activities in numerous previous
studies.

The potential utilize of natural products such as a source of the novel
anthelmintic drug remains limited. There has been an increasing interest on natural
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products such as propolis which act as a significant source of biologically active
composites (Hassan et al.,, 2016; Hossain et al., 2022). Propolis is primarily
composed of “resin (50%), wax (30%), essential oils (10%), pollen (5%) and another
organic compounds (5%)” which include phenolic compounds, flavonoids, esters,
beta-steroids, terpenes, aromatic aldehydes, sesquiterpenes, alcohols and stilbene
terpenes (Hassan et al., 2016; Hossain et al., 2022).

In the current study, the larval number declined in Propolis group 24.4% at
day 7 and 55.8% at day 14 post infection with significant difference of the total
larval recovery between Propolis and control positive groups. Our findings
indicated that ethanolic extract of propolis has anthelmintic effect against T.
vitulorum larvae. This was coincided with Hassan et al. (2016) who discovered that
propolis ethanolic extract had anthelmintic activity against adult worms of T.
vitulorum resulting in significant damage and subsequent death of the worms. Also,
Hegazi et al. (2007) reported anthelminthic potential of an ethanolic extract of
Egyptian propolis, in vitro it had effect on the adult worms of Fasciola gigantica and
an ovicidal activity on eggs of Fasciola gigantica, resulting in complete inhibition of
egg development and eventually death.

Histopathological picture of lungs and livers in Propolis group revealed
improvement in lung and hepatic histology even though larvae with lymphocytes
and eosinophils infiltration. This improvement in tissue may be due to the biological
properties of Propolis such as anti-inflammatory, antioxidant, anti-proliferative,
neuroprotective effects, stimulating the immune system and activating the parasite
death mechanisms (Hossain et al., 2022). Which is in agreement with Soares (2006)
who mentioned that propolis can act on microorganisms directly in vitro. While,
activating the microorganisms death mechanisms as a result of stimulation of the
immune system in vivo.

There are no larvae observed in the brain tissues of examined rats at 7 dpi
of all groups except group of B. aegyptiaca. While, larvae were detected in the brain
tissues examined at 14 dpi in all groups except Propolis group. This in agreement
with Cardillo et al. (2009) who reported that T. cati causes significant brain lesions
in mice on 4 to 28 days post inoculation and Santos et al. (2009) reported an
increase in the recovery of larvae in the brain of rats starting at 15 dpi. This
explained by Samanta and Ansari (1990) and El-Nahas et al. (2020) who established
that the larvae can escape from the lethal response of immune started with
treatment and so, this larvae that reach the brain are no longer susceptible to
antihelminthic agents. In contrast with Naderbandi et al. (2022) who mentioned
microscopic examination revealed the absence of T. cati larvae through migration
into brain tissue and Zibaei et al. (2010) recorded an increase in T. cati larval
infection after day 70 dpi in the brain of rats.

Toxocara vitulorum larvae could be detected histopathologically in one brain
of B. aegyptiaca group at 7 dpi and appeared as a clump of trapped larvae within
ruptured superficial cerebrum arteriole. While, at 14 dpi, the larval cross sections
were observed around the venule without any evidence of inflammatory cell
infiltration or granulomatous reaction. On the other hand, in piperazine group,
hemorrhagic tract that surrounded by astrocytes reaction were detected inside the
brain gray matter with no larval detection in brain of propolis group at 7 dpi or 14
dpi. Similarly, Llanes et al. (2019) recorded that active migration of larvae in the
brain lead to larval sections without cellular reaction around them and areas of
hemorrhages. Also, Cardillo et al. (2009) and Janecek et al. (2014) reported
numerous superficial hemorrhagic foci which seemed on the brain of mice through
the first week of infection due to the bleeding and injuries caused by larvae which
penetrated out of arteries on the surface of the brain. In addition, larvae of T. canis
do not accumulate purposely in the brain and be incapable to leave and trapped in
the brain because of their size that near those of the brain arteries (Bisseru, 1969).
Remarkably, the brain is deemed as a site of “immunological privilege” where
inflammatory cells do not or rarely encircle the larvae compared to other organs
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(Llanes et al., 2019). Our findings were in disagreement with Resende et al. (2015)
who observed in the mice brain, very mild inflammatory reaction which can explain
the neuroaffinity of T. canis. Additionally, the brain functions as a reservoir for the
parasite, and the regular presence of the larvae in the host's brain acts as a
significant source of infection for both humans and other animals, with the rat
serving as a paratenic host (Dunsmore et al., 1983).

CONCLUSIONS

The natural alternative remedies (Thymol, B. aegyptiaca, and Propolis)
reduced T. vitulorum larvae count and improved the pathological lesions induced
by it in experimentally infected rats, so it is advised to include them as a possible
treatment for Toxocara infection in calves. This is no published data available about
use of B. aegyptiaca and propolis as natural therapies of T. vitulorum in vivo. So,
we encourages further studies of using combination of these natural products for
the remedy of T. vitulorum in vivo.
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