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Abstract

Background: Plant products are a reliable source of traditional and contemporary medications.

Obijectives: This research investigates the impact that the Calotropis procera plant has on the Eimeria magna oocysts and sporozoites.
Materials and Methods: Twelve well-plates of 3 mL containing | % 104 unsporulated oocysts were revealed to six treat-
ments: 2.5% potassium dichromate solution as the non-treated control, four concentrations of C. procera extract (12.5, 25,
50, and 100 mg/mL), and toltrazuril 25 mg/mL as traditional medicine, in addition to 250, 500, 750, and 1,000 pg/mL concen-
trations for anti-sporozoites activities. The mixture was examined (after 24, 48, 72, and 96 h) for oocysticidal activities and
after 12 and 24 h for anti-sporozoite activities.

Results: The results showed that the extract contained five chemical components. The extract exhibited notable inhibition
of E. magna oocysts at 100 mg/mL doses, with suppression rates of approximately 89% after 96 h, nearly similar to the utilized
reference drug, toltrazuril. While C. procera extract exhibited inhibition, the highest suppression of 89% of E. magna sporo-
zoite viability was observed at a concentration of 1,000 pm/mL at 24 h. The inhibitory rate increases with a more extended
incubation duration and a higher concentration ratio.

Conclusion: The findings demonstrated that C. procera extract possesses inhibitory properties for oocyst sporulation,
confirming that using the extract to treat coccidiosis is effective.
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Introduction et al., 2017). Given the associated risks of conventional treat-
ments for coccidiosis, there is an increasing trend toward
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and snake bites have all been linked to the giant milkweed
(McGaw et al., 2022). With known benefits in various
ailments, including analgesic, anti-cancer, anti-coagulant,
anti-inflammatory (Jain et al., 2014), and anti-microbial
properties, C. procera has demonstrated its efficacy in pre-
venting coccidian and inhibiting oocyst sporulation in
Eimeria papillata (Mpofu, 2022; Murshed et al., 2022).
Recent studies have also highlighted its oocysticidal activity
against Eimeria stiedae (Murshed et al., 2023).

The Eimeria genus is a predominant cause of coccidiosis,
a widespread and impactful parasitic infection affecting ani-
mals. Particularly in local rabbit populations, it leads to sub-
stantial mortality rates, contributing to annual losses reaching
up to 13 billion dollars in poultry farming (Blake et al., 2020;
Pakandl et al., 1995). Eimeria magna, identified as a slightly
pathogenic species developing in the duodenum, adds to the
complexity of this issue (Pakandl, 2005). The life cycle of
Eimeria involves both external and endogenous phases, with
its classification as an obligatory parasite in the Apicomplexa
phylum. Entering the host through the oral route, these para-
sites infect and proliferate within mucosal epithelia and vari-
ous digestive tract sections, causing gastrointestinal damage,
inflammation, bloody or watery feces, and other symptomatic
manifestations, morbidity, and death (Chapman, 2014).
According to scientific studies, this pathogen has the poten-
tial to disrupt the microbiota of the intestinal tract and make
the environment of the intestinal tract more conducive to the
growth of pathogenic bacteria like Clostridium perfringens,
which can ultimately lead to necrotic enteritis (Madlala et al.,
2021). Eimeria infection destroys the host’s mucosal cells,
leading to increased cell permeability, leakage of nutrients
and plasma proteins, reduced digestion, and decreased pro-
tein absorption. These side impact contribute to coccidiosis’s
clinical and subclinical manifestations (Yang et al., 2020).
Dehydration, anemia, hypoproteinemia, and malabsorption
of nutrients are among the potential outcomes of induced villi
atrophy, which can also lead to electrolyte imbalance. The
consequence of the problem is that commercial rabbits suffer
economic costs (Montoro-Huguet et al., 2021). Managing
these disorders necessitates costly therapeutic interventions,
including chemoprophylaxis and live-attenuated vaccines,
with notable downsides such as potential parasite resurgence
and medication resistance (Madlala et al., 2021). Given the
existing challenges, searching for novel agents with unique
modes of action is imperative (Muthamilselvan et al., 2016).
Natural products, such as C. procera, have emerged as poten-
tial supplementary and alternative means of controlling coc-
cidiosis. C. procera’s anti-coccidial action suggests it may be
a useful substitute for chemotherapy drugs for Eimeria
species (Murshed et al., 2023).

Considering this background, this research investigates
the impact of C. procera in handling rabbit E. magna oocysts
and sporozoites through in vitro trials, providing valuable
insights into potential alternative therapies for coccidiosis.

Materials and Methods

Collected Plant Leaf

Extracts from the leaves of C. procera were obtained from the
herbal located in the desert of Riyadh, Saudi Arabia, and the
plant’s identification was validated by a taxonomist in the
Botany Department of King Saud University. The leaves
were desiccated for three days in an incubator at 43°C, there-
after pulverized into a powder, and immersed by blending
with 80% methanol for 30 h at +4°C with periodic agitation.
Whatman filter papers were employed to purify the leaf
extract. The generated extract was subsequently concentrated
and dried using a rotary vacuum evaporator (Yamato RE300,
Tokyo, Japan) at 40°C and reduced pressure. The crude
extracts were stored at —20°C until utilized in an experiment.
Distilled water was employed to dissolve the material for the
various trials (Begashaw et al., 2017).

Infrared Spectroscopy

After preparing the sample to be analyzed, a minute portion
of the extract was homogenized and combined with an exces-
sive quantity of potassium bromide powder (1:99 wt%,
102648742, Sigma—Aldrich, Berlin, Germany). The material
was subjected to a rough mashing process before being placed
in a pellet-forming die. An optical spectrometer manufac-
tured by Thermo Scientific and referred to as the NICOLET
6700 Fourier-transform infrared spectrometer (FT-IR) was
utilized to analyze the infrared spectrum. The ability to fore-
cast which components had the potential to be the most active
was made. The word “several waves” (cm™) is utilized to
represent the greatest significant number of waves that are
absorbed. At a temperature of 25°C, spectra were recorded
with a resolution of 4 cm, and the spectral range extended
from 4,000 to 400 cm™! (Mansoori et al., 2020).

Parasite

The study was conducted by Veterinary and Sanitary Expertise
(Saudi Arabia) at the King Saud University Parasitology
Laboratory of the Department of Zoology. Samples of the
rabbits’ feces were analyzed when it was discovered that they
were naturally infected with Eimeria. The feces were exam-
ined for oocysts of Eimeria spp. The type was obtained from
E. magna oocysts (Ogedengbe, 2011).

Eimeria magna Oocysts Sporulation Test by
C. procera In Vitro

To determine the impacts different concentrations of
C. procera have on the sporulation of E. magna oocysts, an
experiment was conducted both in vifro. In this study,
C. procera was introduced into a mixture of 2.5% potassium
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dichromate that included 1 x 10* oocysts. The ultimate con-
centration of the mixture ranged from 5% to 1.25%. It was
decided not to treat the oocysts that were in the control group.
Every treatment was carried out three times to ensure accu-
racy. After each petri dish had been incubated at a tempera-
ture of 28°C for 4 days, the sporulation percentage was
determined for each treatment by counting the number of
oocysts that had sporulated and those that had not sporulated
using the McMaster technique. Additionally, morphological
alterations, malformations, and the percentage of destruction
were evaluated for each therapeutic intervention.

Experiment Application

Unsporulated E. magna oocysts collected from the duodenum
of infected rabbits were used for oocyst sporulation analysis. E.
magna oocyst sporulation was conducted in an aqueous solu-
tion of 2.5% potassium dichromate (K,Cr,0,) (10* oocysts/
mL) with or without 100 pg/mL of extracts at 25°C for 70 h. An
examination under a microscope and a count of the number of
sporulation and inhibitory oocysts in a total of 100 oocysts
were used to determine the percentage of sporulated oocysts.

dichromate solution served as a control. Each treatment was
repeated three times under the same conditions. The results
were recorded after 12 and 24 h to determine the viable spo-
rozoites. A McMaster chamber was utilized to carry out spo-
rozoite counting. After determining the number of viable and
non-viable sporozoites, the viability of viable sporozoites
was calculated from a total of 100 using the following math-
ematical law:

Vi% control — Vi%bile)
Vi% control

x100

Inhibition of Viability(Vi) % = (

Statistical Analysis

Using a statistical program SPSS 22 (SPSS, Chicago, IL,
USA), one-way analysis of variance (ANOVA) was carried
out for every experimental group, along with Duncan’s post
hoc test for any further multiple comparisons. A significant
level was set at p <.05. To evaluate the correlations between
variables, a straightforward linear correlation study was con-
ducted using Pearson’s approach.

Mean oocyst number of control — Mean oocysts number of treatment "

100

Oocystsdecrease % =

Mean oocyst number of control

Preparation of Sporulated Oocysts

After obtaining E. magna oocysts from the duodenum, these
oocysts were cleaned and concentrated using the flotation
method. The sporulated oocysts were stored in K,Cr,0O; at a
concentration of 2.5% at a temperature of 4°C until they were
utilized to conduct experimental infections. The E. magna
field isolates were maintained alive by undergoing periodic
transmission (passage) through young rabbits in the Animal
House of the Zoology Department, which also houses the
Parasitology Laboratory, according to the method used by
Schito et al. (1996).

Anti-sporozoite Activity of C. procera Under
In Vitro Conditions

Phosphate-buffered saline (PBS) at pH 7.5 was used to clean
oocyst samples that had been stored in potassium dichromate
solution. The centrifuge was used in Falcon tubes with 10 mL
suspended at 1,008 g for approximately 15 min, 3—6 times
until the K,Cr,0, solution was completely removed. The
oocysts were incubated in a water bath for 1 h at a tempera-
ture of 42°C, shaking the tubes. The parasite suspension with
1,000 sporozoites was then split into two parts, each contain-
ing 125, 250, 500, and 1,000 pg/mL of the extract. These
parts were then put into a 3 mL Petri dish with 24 wells. To
facilitate comparison, a reference treatment of toltrazuril at a
dose of 30 pg/mL was used. In addition, the potassium

Results

To conduct spectroscopy on the leaf extracts of C. procera, an
FT-IR spectrometer was employed. The results of the analysis
revealed that the principal bands were located at 3,347.92,
2,115.89, 1,508.78, 1,050.52, 1,050.52, and 926.18 cm™,
respectively, as illustrated in Figure 1. The active phytochem-
ical components were produced in the following manner:
N—H stretching, N=C=S stretching, N—O stretching, CO—O—
CO stretching, and C=C bending, with an absorbance ranging
from 400 to 4,000/cm™! (Table 1).

The effects of different doses of C. procera during different
periods on preventing E. magna sporulation were tested. The
methanolic extract showed that the longer the incubation peri-
ods, the greater the rate of inhibition, and the opposite for the
sporulation rate. As the incubation time increased, the rate of
sporulation inhibition continued to vary depending on the extract
concentration (p < .05) in the treatment groups. In general, the
best dose for inhibiting the parasite was 100 mg/mL compared
with the control group and the reference treatment (Figure 2).

The experimental groups showed highly significant rates
of inhibition with increasing dose, and the statistical analysis
showed that there were statistically significant differences
between the 100 mg/mL dose compared to the control group
(p < .01) and between the reference drug of toltrazuril of
30 pg/mL compared to the control group (p <.05). Meanwhile,
the rest of the other doses did not show any statistically
significant differences (Figure 3).
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Figure |. The Examination of the Leaf Extract of Calotropis procera was Conducted Using an FT-IR Spectrometer for Infrared

Spectroscopy.

Table I. Infrared Spectrometer (IR) Spectra of Calotropis procera Leaf Extracts by Frequency Range.

Frequency Range (cm-') Absorption (cm™') Appearance Transmittance (%) Group

Compound Class

3,000-2,500 3,347.92 Medium 4 N-H stretching Secondary amine
2,400-2,000 2,115.89 Strong 15 N=C=N stretching Carbodiimide
1,600-1,300 1,508.78 Strong 7 N-O stretching Nitro compound
1,050-1,040 1,050.52 Strong, broad 5 CO-0O-CO stretching Anhydride
1,000-650 926.18 Strong 8 C=C bending Alkene

Figure 4 apparition the main effects of sporulation time
and experimental groups on sporulation and non-sporulation
(%) of E. magna oocysts sporulation in vitro. It demonstrates
that the sporulation percentage increased with incubation
time and, conversely, the non-sporulation percentage
decreased. The rate of sporulation inhibition rose consider-
ably with incubation time up to 96 h (p < .05), showing that
the rate of sporulation inhibition differed significantly
between 24, 48, and 72 h exposures (Figure 4).

The microscopic examination and counting of oocysts
treated with C. procera at various concentrations resulted in
deformed oocysts with cracked walls and lysis. The sporula-
tion rate for the control after 96 h was 97% + 1.41%. At the
doses of 100 mg/mL of C. procera and the reference drug 25
pg/mL of toltrazuril (p <.05), the sporulation rate was signifi-
cantly inhibitory. The inhibition rates of C. procera and the
reference drug relative to the control were 97%, 9%, 52%,
63%, 75%, and 9%, respectively. Also, the oocysticidal effect

was confirmed by the higher ratio of degenerated oocysts
0.67%, 64.23%, 41.31%, 40.64%, 29.43%, and 64.65% for
control, 100, 50, 25, 12.5 mg/mL of extract, and 25 pg/mL of
toltrazuril, respectively compared to the control (Table 2).

There was a negative correlation between sporulation and
concentration percentage. The linear equation showed the
highest coefficient of determination (R?) p value is .000244,
The result is significant at p < .05. for sporulation. The p
value is .039412. The result is significant at p < .05, for the
destruction (Figure 5).

Anti-sporozoite Activity of C. procera: In Vitro

A test was conducted to determine the sporozoite vitality rate
in C. procera according to the length of the incubation period
and the extract concentration rate in measuring the vitality. It
was observed after 12 and 24 h of incubation that 1,000
pg/mL of extract and 25 pg/mL toltrazuril showed
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Figure 2. Influences of C. procera on the Sporulation of E. magna Oocysts in vitro Throughout Different Periods to Determine the Best
Concentration of the Extract Compared to the Reference Treatment with the Control.

Note: Significance (*): p < 0.01, (#): p < 0.05, and (*¥): p-value < 0.01.
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Figure 3. The Results Show that C. Procera Impacts the Number of E. magna Oocysts Inhibited in vitro at Different Concentrations (Control, 12.5, 25,
50, 100, and 25 Toltrazuril mg/mL).

Note: * p-value < 0.05. n = 3. CPE: Calotropis procera extract.
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Figure 4. The Impact of C. procera on E. magna Oocysts Inhibition
in vitro at Different Periods (24, 48, 72, and 96 hours).

Note: * p-value < 0.05. n = 3. CPE: Calotropis procera extract; h, hours.

Destructive oocyst %

Figure 5. Liner Correlation Between Destructed Oocyst and
Doses of C. procera.

Note: The p-value is .039412. The result is significant at p < 0.05.

Table 2. Effect of Different Doses of Calotropis procera on
Sporulation and Destructive Rates of E. magna Oocysts, in-vitro.

Concentration Sporulated Destructive
(mg/mL) Oocysts (%) Oocysts (%)
Control + 2.5% DPS 97 £ 1412 0.67 + 0.57¢

100 mg/mL CPE 9 £ 2.44¢ 64.23 + 6,422
50 mg/mL CPE 52 + 4.89¢ 41.31 + 6.66°
25 mg/mL CPE 63 + 5.35¢b 40.64 + 7.02°¢
12.5 mg/mL CPE 75 + 9.27b¢ 29.43 + 3.05¢¢
Toltrazuril 25 pg/mL 9 +0.99% 64.65 £ 5.13¢

Note: CPE: Calotropis procera extract. Means with different superscripts
in columns or rows show significant differences (P < 0.05). Those with the
same superscripts are not significantly different.

statistically significant changes (p < .05) in the viability rate
of E. magna sporozoites when compared to the control treat-
ment (K,Cr,0,). In contrast, the sporozoites at lower extract
concentrations (500, 250, and 125 pg/mL) displayed varying
degrees of vitality (Figure 6).

12h m24h

100

Viability sporulation%

Figure 6. The Results of the Effects of C. procera Leaf Extract In
vitro Vitality on E. magna Sporozoites after 12 and 24 hours.

Note: * significant differences compared to the control and 25 pl/mL of
toltrazuril (p < 0.05, n = 3).
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Figure 7. The Comparison of Influences C. procera Leaf Extract,
at Varying Doses, on the in vitro Inhibition of the Vitality of E.
magna Sporozoites Between 12 and 24 hours.

Note: *: indicates a p-value of < 0.01.

Figure 7 illustrates that the experimental groups have a
substantial effect on sporozoite vitality rates, which rise with
increasing incubation time, and vice versa for non-vitality
percentage. Therefore, the sporozoite inhibition rate increased
considerably with incubation time up to 12 h (p < .05); the
sporozoite inhibition rate did not change significantly
between 12- and 24-h exposure (Figure 7).

The viability % of sporozoites exhibited a negative correla-
tion with increasing concentration (y = —18.8 x +15.133, R? =
0.9453, p < .05), while there were no significant differences at
the 1,000 pg/mL concentration of extract and the reference
drug (25 pg/mL of toltrazuril). This suggests that the efficacy
of the extract at this concentration is comparable to the estab-
lished reference drug. This finding raises interesting questions
about the potential of C. procera leaf extract (CPLE) as a
promising alternative in the context of E. magna control, espe-
cially considering its equivalence to toltrazuril (Figure 8).
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Figure 8. The Comparison of Influences C. procera Leaf Extract,
at Varying Doses, on the in vitro Inhibition of the Vitality of E.
magna Sporozoites Between |2 and 24 hours.

Note: *: indicates a p-value of < 0.01.

Discussion

Coccidiosis, a globally prevalent disease, significantly ham-
pers rabbit productivity, leading to substantial financial losses.
The associated morbidity and mortality from these parasitic
infections not only impair livestock productivity but also pose
a severe health risk (Nowland et al., 2015). Understanding the
current species and prevalence of intestinal parasites becomes
crucial for minimizing financial losses in the rabbit sector,
assessing infection risks, and implementing effective control
measures (Nwosu et al., 2007). Numerous authors have
explored the impact of diverse plant extracts on oocyst viabil-
ity and the duration of sporulation (Fatoba & Adeleke, 2018).
These extracts have proven effective in inhibiting sporulation
and reducing the vitality of Eimeria oocysts (Khan et al., 2020).
The consistent application of natural extracts in animal farms,
including rabbits and poultry, could emerge as a therapeutic
and preventive strategy to diminish the survival rate of oocysts
belonging to the genus Eimeria and prevent them from matur-
ing (Kuralkar & Kuralkar, 2021). The impact of natural prod-
uct extracts on the oocysts of these parasitic protozoa has been
the subject of extensive research. In our previously published
work, experiments detailed the effects of Nerium oleander leaf
extract against E. magna and Eunotia exigua oocysts, bile
against Eimeria columbae and E. papillata oocysts, and C.
procera leaf extracts against E. stiedae oocysts (Murshed et al.,
2023). In a methanolic extract exposed to oocysts for 96 h, the
results demonstrated a significant inhibition, ranging from
90% to 98%.

The effectiveness of C. procera extract against E. magna
can be attributed to several mechanisms: Alkaloids found in
C. procera, such as calotropin and uscharin, have been dem-
onstrated to have cytotoxic effects on different pathogens

(Singhetal.,2024). Flavonoids are known for their antioxidant
properties; flavonoids can disrupt cellular processes in
parasites (Chagas et al., 2022). The extract may inhibit the
germination of Eimeria oocysts by interfering with environ-
mental cues necessary for activation (Risco-Castillo, 2022).
Flavonoids and other active compounds inhibit metabolic
pathways in E. magna (Murota et al., 2018). For instance,
targeting enzymes involved in glycolysis or mitochondrial
function reduces ATP production, impairing the parasite’s
ability to thrive and reproduce (Lyu et al., 2023).
Phytochemicals such as flavonoids could play a role in modu-
lating signaling pathways that trigger oocyst activation
(Memariani et al., 2024). They may interfere with the energy
metabolism of E. magna by inhibiting key enzymes involved
in glycolysis and other metabolic pathways (Morad et al.,
2023). Tannins have astringent characteristics and can bind to
proteins, potentially compromising the structural integrity of
the parasite’s surface proteins and enzymes that are essential
to life (Bah & Etonihu, 2024; Chithra et al., 2023). Saponin
compounds can alter membrane permeability, leading to cell
lysis (Berlowska et al., 2015). Saponins from C. procera may
damage the oocyst membranes of Eimeria, making it easier
for the contents inside to leak out and eventually kill the para-
site (Murshed et al., 2022). The anti-parasitic activity of C.
procera extract against E. magna oocysts and sporozoites
appears to be multifaceted, involving a combination of phyto-
chemical interactions that disrupt cellular integrity, inhibit
metabolic processes, and potentially enhance host immunity.

This study investigated the impact of C. procera extract
over varying durations (24, 48, 72, and 96 h) and concentra-
tions (12.5%, 25%, 50%, and 100%) on E. magna oocyst
sporulation in vitro. The highest effectiveness of the tested
concentrations resulted in approximately 91% inhibition of
sporulation after 96 h of exposure to a 100% C. procera con-
centration. In contrast, the control group (K,Cr,0,) exhibited
a high level of oocyst sporulation. The efficacy of different
extract concentrations varied depending on the concentration
percentage and incubation period of the oocysts. Comparing
extract concentrations of 50%, 25%, and 12.5% to the control
group, the highest rates of inhibition and lowest rates of spor-
ulation were observed, while lower concentrations showed no
statistically significant differences. These findings align with
Murshed et al. (2023), who reported that C. procera may
reduce E. stiedae oocysts at high concentrations. Extended
incubation times and higher doses often improved the inhibi-
tion rate. Moreover, at a dose of 1,000 ug/mL, C. procera
exhibited the maximum inhibition rate of Eimeria steal spo-
rozoite viability (92%) and the lowest rate of inhibition (8%)
at 125 pg/mL. These results are consistent with (Murshed
et al., 2022), who found that oocyst inhibition in potassium
dichromate could reach approximately 96% at higher concen-
trations of C. procera. The outcomes indicated a gradual and
dose-dependent decrease in oocyst sporulation. The extract
inhibited oocyst sporulation at doses of 50%, 25%, and 10%,
with corresponding inhibition rates of 71.7%, 33.11%, and
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19.88%. Sporulation and inhibition were directly related over
an extended period (Gupta et al., 2002; Murshed et al., 2023).
The effectiveness of other extracts varied based on concentra-
tion percentage and incubation time. Generally, the extract
concentration of 100% exhibited the highest rates of inhibi-
tion and the lowest rates of sporulation compared to the con-
trol group. Lower concentrations (50%, 25%, and 12.5%) of
C. procera did not show statistically significant differences.
These findings concur with Murshed et al. (2022), who
observed that sheep bile could suppress E. stiedae oocysts at
high concentrations. Increased incubation time and larger
doses generally enhanced the inhibition rate. Additionally, C.
procera showed the highest rate of inhibition of E. stiedae
sporozoite viability (92%) at 1,000 pg/mL and the lowest rate
of inhibition (8%) at 125 pg/mL. The current findings align
with Murshed et al. (2023), who found that higher concentra-
tions of extract could inhibit oocysts by approximately 96%
in potassium dichromate. Moreover, the results demonstrated
the ability to suppress oocyst sporulation in a dose-dependent
manner over time. In concentrations of 50%, 25%, and 10%
of C. procera, the inhibition rates were 71.7%, 33.11%, and
19.88%, respectively. Therefore, a direct association between
inhibition and sporulation was observed over an extended
period (Bezerra et al., 2017; Murshed et al., 2023).

The results align with Remmal’s study, where the effects
of eight plant extracts, essential oils, and their combination
were investigated as potential treatments for coccidial infec-
tion, particularly against E. tenella (Remmal et al., 2013).
Remmal independently assessed the primary components of
essential oils, including carvacrol, isoecugenol, thymol, euge-
nol, and carvone, and found their effectiveness against coc-
cidian. In another study, the anti-coccidial effects of essential
oils from Artemisia argyi and Camellia sinensis, along with
extracts from Punica granatum L., Plantago asiatica L.,
Bidens pilosa L., Acalypha australis L., Pteris multifida Poir,
and Portulaca oleracea L., were explored for their potential
as anti-coccidial agents. These substances demonstrated the
ability to inhibit E. fenella invasion both in vitro and in vivo
(Han et al., 2022). A study by Cedric et al. (2018) suggested
that P macrophylla extracts might have influenced the
decreased sporozoite viability by interfering with calcium-
mediated signaling in the sporozoites. Vitis vinifera leaf
extracts also affected E. papillae oocysts, and these are con-
sistent with our results. The findings affirm that C. procera
effectively prevents the formation of oocysts.

Conclusion

The elimination of parasites is critical to the health of organ-
isms, which in turn can contribute to the development of sus-
tainable production methods that maintain the health of
consumers. It is concluded that the extract of C. procera
leaves played an important role in inhibiting oocysts and pre-
venting their sporulation, and it also has a destructive effect

against oocysts. Additional empirical research is required to
elucidate the pharmacological and therapeutic characteristics
of the plant to identify active ingredients. The development of
substantial medicinal drugs derived from the active phyto-
chemical constituents of C. procera will be enabled.
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